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nRF24xx Link Integrity
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To gain access to a world wide open frequency band, developers around the world are
considering moving their RF applications from lower frequency (< 1GHz) dedicated
or locally open bands to the world wide 2.4 GHz ISM band. With the nRF24XX RF
component family from Nordic VLSI, also low cost applications can now easily use
the 2.4 GHz band.


In comparison to lower frequency bands, the 2.4 GHz band is wide (83.5 MHz) and
not divided into channels allowing for much higher data rates (wider frequency
channels) and a variety of RF solutions to operate within the same frequency band.


A range of RF systems occupying the same frequency band is very different from the
existing RF systems using narrow band channel and consequently low data rate. This
rises questions on how to maintain your system integrity and communication stability.


This document guides you through the jump from a low frequency narrow band
channel design to a low cost 2.4 GHz solution using nRF24XX from Nordic VLSI. It
also addresses how to coexist with different interfering RF systems found in the 2.4
GHz band.


The rest of the document is made as a case study, where we look into how a 2.4 GHz
mouse/keyboard solution with maximum reliability, link integrity and low cost is
made using two nRF2402 transmitters and one nRF2401 transceiver from Nordic
VLSI. This is an application that traditionally has utilized a narrow frequency band
channel at 27 MHz.


The following requirements are set to the application:


1. Mouse and keyboard combo functionality
2. Low cost, one-way communication system
3. Minimal user configuration
4. Protocol ensuring RF system link integrity


The following issues will be covered:
• General discussion of system integrity in ISM bands
• Going from 27MHz to 2.4GHz
• How to design efficiently with nRF24XX


• How to design the transmitters
• How to coexist with other systems
• How to design the DuoCeiver™ receiver


• Coexistence with other systems
• Current consumption
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When venturing into the 2.4 GHz ISM band also containing known wide spread and
powerful systems like wireless LAN (WLAN) and Bluetooth, quality-of-service and
system integrity are issues of great concern.


Traditionally the RF specification of the device itself (utilizing SAW filters etc.) and
limiting the number of operators (licensing) in a band has carried the main burden in
accomplishing this.


But in open bands, such as the ISM, there can be an unlimited number of devices and
systems in operation. RF protocols that can cope with the occasional collision while
maintaining system integrity become increasingly important.


In addition to the security that is inherent in the RF package itself (addressing and
CRC), system integrity is improved by the following:


1. Acknowledge of received packages, retransmission if transfer failed.
2. Dynamic frequency allocation
3. Frequency jumping / spread spectrum
4. Multiple transmissions of the same data


Before considering what should be implemented, there is one major decision that has
to be made that will dictate what options you have:


1. Two-way communication using RF transceivers
2. One-way communication using a transmitter-receiver solution


To be able to implement the protocol features 1-3 listed above you MUST have two-
way communication utilizing RF transceivers.
If you do not have two-way communication you effectively remove the feedback in
the system and it becomes impossible for the system to manage itself and verify that
the communication in fact is OK.


Two-way systems are generally more expensive than one-way systems, the tradeoff
here is clearly a price-performance issue.


Due to cost requirements many customers specify that only a one-way
keyboard/mouse combo system without user configuration is acceptable. In the next
section such a system is presented exploiting all the features the Nordic VLSI
nRF24xx devices gives.
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When going from the traditional 27 MHz solutions to the Nordic VLSI nRF24xx
2.4 GHz solution, not only is  the leap in frequency large, the change in design
approach and thinking should also be considerable.


����� 6WDQGDUG����0+]�V\VWHP


In the low data rate 27 MHz systems, each node in a system has to stay on the air
virtually all the time while the equipment is used because the transfer time of one RF
package are in the same order as the up-date rate of the mouse/keyboard.


Example:
RF data rate 9.6 kbit/s
Packet length: 100 bits
Typical mouse up-date rate: 10 – 15 ms


To transfer one package will take:
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A new package from the mouse is in other words ready for transfer as soon as the last
one is finished. Since the system has to stay on the air for as long as it is in use, the
only thing separating two devices or systems in this case is the frequencies they
operate at. Narrow band channels with strict requirements to channel selectivity and
RF blocking is hence of vital importance since this is the only thing ensuring your
system integrity.


����� 1RUGLF�9/6,�Q5)��;;�6\VWHP


In the Nordic VLSI nRF24xx devices, the on-chip ShockBurst protocol engine
enables the same low speed, low cost micro controller running a 27 MHz system to
handle a 1 Mbit/s RF link.
The mouse from the example above will now use only:
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It is transferring the same amount of data as previously, but in a significantly reduced
timeframe. This means that your RF channel actually is free and can be used by others
for 10.3 – 15 ms between each package you need to transfer.
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This major drop in time on the air of course reduces the risk of being jammed by other
systems significantly. Since most of the other operators in the 2.4 GHz band also
operate on similar data rates, no single channel is occupied for long periods of time.


If a low data rate system is introduced at 2.4 GHz this will give rise to other problems
especially for that system itself we will discuss this further later in the document.


Due to the low cost and high data rate offered by the nRF24xx devices in ShockBurst
mode, a system based on these devices is fundamentally different compared to a
narrow band, low data rate system. It is important to take full advantage of the high
data rate both to minimize risk of jamming, prolonging battery lifetime and keeping
the rest of the design low cost and simple. Using nRF24XX will make the total
solution smaller, easy to manufacture and will offer what the end user perceives as
"good range and performance".


7KH�QHZ�ZD\�
While keeping the same low cost solution in the rest of the system the rules of
designing the RF front changes:


��0+]� low data rate = long time on air = collisions likely = strict frequency
separation needed.
Q5)��[[: high data rate = short time on air = collisions unlikely = time
sharing on one frequency partly replaces the need for the strict frequency
separation.


The nRF24XX solution will also offer a possibility of manufacturing with high yield,
using a small low cost PCB antenna with a good range. The direct consequence of this
is that the number of complaints and returns from dissatisfied end users complaining
about "not working" (lack of range?) will be eliminated.
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In this section we will present a wireless mouse keyboard combo solution based on
Nordic VLSI nRF24xx devices.  In the next sections, we look at how the system will
cope with interference from other systems, and what current consumption and battery
lifetime can be expected.


����� +RZ�WR�GHVLJQ�WKH�WUDQVPLWWHUV


The Nordic VLSI 2.4 GHz devices for one-way communication are the nRF2402,
2.4GHz transmitter, and the nRF24E2. The nRF24E2 consists of a nRF2402
transmitter, an 8051 micro controller and an 8 channel, 10 bit ADC embedded on one
chip. By using the nRF24E2 the external micro controller can be removed resulting in
a single chip solution. Remember that any references to micro controller functionality
in the rest of this document also can be done using the nRF24E2 embedded 8051
controller.


For the following discussion the nRF2402 is used as an example.


With one-way communication and no user configuration several parameters must be
set prior to shipping the systems. This requires that mouse, keyboard and receiver are
paired in production.


In a one-way system, the following parameters must be set in the design phase:
1. RF channel
2. Output power
3. Other RF protocol parts such as addressing, CRC length and payload


length
4. Up-date rate (time between packages, default 10 ms)


We will explore how such a system can be made, how it will perform and what
system integrity we can expect.


Since the peripheral units is battery powered and the receiver is fitted on the PC with
ample power available, minimizing the current consumption in the peripherals is
important. By activating the RF front end for a short time as possible as seldom as
possible the average current consumption is minimized.


The receiver can be assumed to receive continuously, this means that the transmitter
can send its packages whenever it has a new sample for the PC. A timer in the
mouse/keyboard manages this timing.
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All the communication is split into packets. The RF packages consist of 4 bytes
payload for the mouse and max 8 for the keyboard. Since the only difference is the
payload length, the mouse protocol is used as an example in the rest of this section.


In addition to the payload the RF packet must have some overhead to ensure correct
communication:


1. Preamble (8bit) to initiate the RX demodulator upon the start of the
package.


2. RX address (up to 40 bits), The ‘name’ of the receiver the packet is
intended for


3. CRC (8 bit): cyclic redundancy check, ensuring that bit errors in the packet
is detected.


The numbers in parenthesis, is the number of bits used in the nRF2402 ShockBurst
protocol. The packet length will hence be 8+40+32+8 = 88 bits.


����� 7KH�6KRFN%XUVW�SULQFLSOH


The nRF24xx ShockBurst protocol engine handles the protocol and high speed part of
the RF communication.
To send a package the micro controller has to:


1. Set nRF2402 CE high
2. Clock in the address of the receiver and the payload section of the packet.
3. This is done on 3 wire serial interface on a speed decided by the micro


controller. The nRF2402 current consumption during this operation is
25uA.


4. Once the address and payload is clocked in, the micro controller sets CE
low, this initiates the ShockBurst engine which handles the rest.


5. The ShockBurst engine calculates CRC and adds preamble and CRC to the
data clocked in.


6. The RF front end is powered up (power up delay 195 us)
7. The packet is sent (1 Mbit/s = time on air: 88us)
8. The nRF2402 automatically returns to stand-by.


The nRF2402 can now sleep (stand-by or power down) until the next package is to be
transmitted.


If the micro controller is connected to  a nRF2402, the data between the micro
controller and the nRF2402 can be kept at 9.6 kbit/s, while the data rate on the air is
1 Mbit/s. This means that both the time-on-air and the average current consumption of
the RF front end are divided by the factor 9.2ms/88us = 105. This is illustrated in
Figure 4.1, where the grayed out area is the time on air with peak TX current
consumption.
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Figure 4.1 Time on air and current consumption 9.6kBit/s vs. nRF2402


The data rate alone makes the nRF2402 0.095 times less likely to be jammed, and
reducing the average current consumption 105 times compared to a traditional system
runing at 9.6 kbit/s.


While the nRF2402 is on the air the neighbour channel selectivity and the RX
blocking in the receiver in the system decides the immunity towards other
transmitters, just like in any other system.


Occasional jamming results in loss of a packet and it is down to the RF protocol to
ensure that the system does not suffer from these occasional losses.


����� +RZ�WR�GHVLJQ�WKH�'XR&HLYHU�UHFHLYHU


As the receiver in the system you should use the nRF2401 transceiver or nRF24E1
which is a device similar to nRF24E2 but with the nRF2401 transceiver instead of
nRF2402 embedded. It has the same 8051 micro controller and the same ADC.


This document uses the nRF2401 for all examples.


On the PC side where there is ample power, you can leave the receiver on
permanently.


traditional 9.6kBit/s


nRF24XX with ShockBurst
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ShockBurst receive:
1. After configuration to receive, CE is set high to activate the device
2. After a 200us power up delay the receiver is up and running.
3. The ShockBurst protocol engine interrupts the micro controller only when


a package with valid address and correct CRC is received.
4. The micro controller can then clock out the payload; The ShockBurst


engine strips of the entire overhead in the RF protocol (preamble, address
and CRC).


5. Clocking out is done on a 3-wire interface and at a speed set by the micro
controller.


Since the ShockBurst engine handles all the data recovery routines the receiving
micro controller doesn’t have to spend resources on checking incoming messages that
is not intended for it. The ShockBurst feature with address and CRC decoding
significantly reduces processor computing power and memory requirements, a major
reason why low cost, low power micro controllers can be used with the nRF24xx
devices.


�������'XR&HLYHU�


Since there are two independent transmitters in the same system (mouse and
keyboard) it is impossible to guarantee that packages from them never will collide
when occupying the same RF channel. To guarantee this Nordic VLSI has
implemented the DuoCeiver function in the nRF2401. When this option is enabled the
nRF2401 works on two separate RX channels fixed 8 MHz apart.


DuoCeiver


ShockBurst Engine


FIFO 1


FIFO 2


nRF2401


Auto-Address & CRC Compute


DR1


DATA


CLK1


DR2


CLK2


DOUT2


nRF2401


nRF2401


8MHz


MCU


Figure 4.2  nRF2401 DuoCeiver


Both RX channels have all ShockBurst features and have separate interrupt lines and
I/O interfaces (Figure 4.2).
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If you configure the keyboard nRF2402 to send for instance on RF channel 2 (2.402
GHz) and configure the receiver to the same channel, the DuoCeiver feature opens up
another receiver 8 MHz above the first (i.e. @ RF CH10, 2.410 GHz). If you
configure the mouse to this RF channel, the nRF2401 on the PC side will be able to
receive packets simultaneously from both mouse and keyboard through the same
antenna.


Using DuoCeiver you ensure no interference between the keyboard and the mouse.
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To make a robust system, it is important to understand how other systems operating in
the 2.4GHz bands affect your system. How to handle collisions depends on what kind
of system is interfering with the transmission.


We divide the different systems into 4 categories:
1. Direct spread spectrum devices (WLAN)
2. Burst and frequency jumping systems (nRF24xx and Bluetooth)
3. Single channel, low data rate systems.
4. Multiple systems of same type (Multiple  nRF24XX Combo systems)


����� :LUHOHVV�/$1


Powerful systems with large amounts of data being transferred like WLAN use direct
spread spectrum to spread the RF energy across a wide frequency range. One WLAN
utilizes a 22 MHz wide channel and the energy density towards the outer reaches of
the direct sequence transmission is down to at least –10dBm (according to FCC
guidelines). Furthermore, any physical separation between a nRF24XX device and
WLAN will reduce the received RF energy from the WLAN. The inverse square law
dictates that 6dB of output power is lost with each doubling of distance from the
transmission source, typically the location of say, a WLAN access point will be
mounted high up and well separated from the nRF24XX link.


It can be seen in figure 5.1 that typically, only one W-LAN network will be physically
co-existing in any particular area. This means that 75% of the ISM band is W-LAN
free, this equates to 60+ channels free for nRF24xx operation. Fig 3.2 shows that at
the outer channels utilised by the W-LAN transmission there is a sharp fall-off in
signal strength and therefore the nRF communication may well be able to operate in
this region with only some degradation of system sensitivity as a result.


Typically W-LAN free
spectrum


nRF24xx W-LAN


2.4 GHz ISM band


dBm


Figure 5. 1 nRF24xx coexisting with WLAN (measured at receiver)
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Bluetooth is today most common system in the 2.4GHz space and the Nordic VLSI
nRF24XX devices share the same basic radio architecture. The difference is
Bluetooth’s need for a complex protocol engine increase the power consumption and
cost dramatically.


The following example show how the nRF24XX coexist with the Bluetooth, which
jumps among 79 channels, but only stays on one channel for 625 us (Figure 5.3).


Figure 5.3  nRF24xx coexisting with Bluetooth


If a collision occurs at the channel used by the nRF24xx system, we know that the
channel will be free again for the nrF2402 to re-transmit the package within 625 us.


Ch annels


=> 6dB
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nRF24xx
communication can
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Likelyhood of  interference


Figure 5.2 nRF24xx operating at outer limits of W-LAN spectrum
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The longest one has to wait is when a Bluetooth device starts to transmit just as one
nRF2402 packet is finishing, we then know that the channel will be occupied for up
to ~625us. If we wait beyond this before re-transmitting the channel is likely to be
vacant again. So, by sending each package from the nRF2402 2 times > 625 us apart
one of them will get across. This is show in Figure 5.4.
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Figure 5.4 nRF2402 jammed by Bluetooth


What does this mean for the mouse SW?
To re-send the package the nRF2402 must


1. Clock it in again
2. Wait for the stand-by to TX delay (195 us)
3. package is sent


This means that you have at least:


VVV µµµ 430195625 =−


to clock in the address and payload of the package again.
This section is 72 bits long. If you start to clock in a new package immediately after
the first one is finished, you can use a data rate of up to:
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When you have finished clocking in and the nRF2402 is finished settling the channel
it will be free to use again.


If the collision occurs with a different nRF24xx device we know that it will be off the
air within 262 us (max length ShockBurst package), which enables you to re-transmit
even faster. By sending each packet twice, you will avoid interference with Bluetooth
and other frequency jumping devices.
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In a one-way combo system the receiver can detect a fixed frequency low data rate
system, but there is no way to tell the pure transmitters that they are jammed and
should change the TX frequency.


The positive side is that transmitters which are sending almost continuously on one
channel are required to have a RF output power less than 0 dBm, so the influence is
limited in space (distance) and is for the main part handled by the RF blocking in the
nRF2401 receiver.


The solution for the end user if a problem is detected is physical separation between
devices, or a manual way of setting a new frequency.


The low data rate systems themselves are on the other hand vulnerable to interference
from a multitude of systems because the long time they stay on the air. Even with
RSSI to detect any traffic in the channel they don’t have any guarantee against a
second device suddenly appearing on their channel during their transmission. A
Bluetooth system would jump to a different channel and complete its communication
well before the low data rate device has finished its communication only to find that it
has been corrupted.


Furthermore RSSI or other means of detection of free channels is only of real use if
your turn around time is a fraction of the time you and others are on the air. If the turn
around time is too long another device might have moved in. Remember that the
nRF2402 will stay on the air for only 88us.


����� 0XOWLSOH�V\VWHPV�RI�VDPH�W\SH


As previously discussed  the DuoCeiver feature enables a mouse/keyboard combo that
can operate without collisions between them.
When multiple nRF24xx mouse/keyboard systems are operating within a confined
area the high data rate and ShockBurst keeps the probability of collisions low, even if
the combo systems share the same frequencies. Each mouse-keyboard system is active
on the air in one channel for only 1.75% (2*88us/10ms) of the 10ms up-date period of
the peripherals.


������� /LPLW�WUDQVPLVVLRQ�UDQJH


To establish how many systems that actually might interfere with each other we must
take look at the line of sight ranges one achieve, what the data rate and protocol gives
and what obstacles means to a 2.4 GHz link.
Unlike 27 MHz systems, the range achievable with 2.4 GHz solutions is more
confined firstly because the transmission losses in air is much greater on 2.4GHz and
secondly because 2.4 GHz doesn’t travel well through walls etc.
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Signals from a 2.4 GHz system in the next room is generally so attenuated that it can’t
make problems for you. This statement is based more on experiences and empirical
research in the business rather than straightforward mathematics. Mathematical
models trying to cover this will by no means be straightforward in any case.


So if all systems outside a room can be ignored one is left with the systems in the
same room. This is of course not a strict rule, but applies so widely that also in other
systems (like Bluetooth) it is said that “one system covers one room”.


If we take an open office space as an example, mouse-keyboard systems can be placed
alongside each other without significant obstacles between them. To keep the math
simple we say that each workstation (each system) occupies 1 m2, meaning that the
distance from the TX to RX in one system is below 1 m and the next is no closer than
1 m away. These factors can of course easily be scaled.


There are 3 factors that isolate the different systems from each other:
1. Physical distance (range of each system)
2. Receiver selectivity (RF blocking)
3. Time on air for each system.


������� /LQH�RI�VLJKW�UDQJH


If the output power for each transmitter is high it will of course cover a large area
which again put stricter demands on the channel selectivity in all of the receivers in
the area.


Since the sensitivity of the nRF24xx devices are fixed for a given data rate, the range
of each system is dictated by the output power of the transmitter and the gain of the
TX and RX antenna respectively.


With ¼ wave PCB whip antenna gain of -5 - -10 dBi you can achieve an effective
radiated power (ERP) from the transmitters of < –5dBm @ 0 dBm TX output power
and a receiver sensitivity of  > –75 dBm. In other words the free space loss (FSL) in
the system is < 70 dB.


Free space loss is given by:
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31.5 m  is a much longer range than is needed or feasible in such systems. By
reducing the output power to –10 dBm, you get a FSL of 60 dB and consequently a
LOS range of  ~10 meters. This gives you a range that is not to long while keeping
some head room for losses caused by small obstacles like tables or the PC/screen
itself.


������� 5HFHLYHU�VHOHFWLYLW\


If two transmitters with the specifications from the last section goes on the air on the
same channel at the same time, the unwanted one must be 6 dB (co-channel rejection,
table 4, nRF2401 data sheet) weaker than the wanted one. With an increase in FSL of
6 dB for each doubling of range, this means that the distance from the unwanted
transmitter must be 2 times the distance from the wanted. In other words if the
distance between the mouse and the receiver on your PC is 0.5m the other mouse
must be > 1 m away from your receiver. This is illustrated in fig.5.4.2. Here TX1 is a
communication system with RX1, TX2 communicates with RX2, TX3 communicates
with RX3 etc. As long as the circle of clear communication is maintained (has a
diameter that is twice the distance between the TX device and the RX device) the
nRF24xx systems will not interfere with each other.


If the two systems in question operates on neighboring channels, the ‘hostile’ system
just needs to be further away than your own transmitter (neighbour channel selectivity
(+/- 1 MHz)= -1 dB, table 4, nRF2401 data sheet).


If the two systems are 3 channels (3MHz) apart the hostile systems transmitter can be
placed 16 times closer to your receiver than your own transmitter without interfering
with your wanted communication.


So in the office environment example, the only systems that can interfere with each
other are the ones right next to each other. The second system down the row will be
sufficiently weak not to interfere even if they send in the same channel at the same
time.
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Figure 5.5 Interference reduced by physical separation of 2x system comm’s distance
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Remember that the interference ‘problems’ described in the last section only will
occur if the transmitters go on the air at the exact same time. In a 2.7 MHz system,
where the different transmitters are on the air almost continuously this is the crucial
make or brake point. But in a nRF24xx system you also benefit from the short time on
air. 1 Mbit/s data rate, offered by the nRF ShockBurst feature, reduces the active time
on air for each mouse (same for keyboards in their channel) system to 1.75%.


If we imagine a group of tables or two long rows facing each other, we have on
system one on each side and 3 across. If we look at the office environment the
maximum number of systems that are in range to interfere are 5.


We can assume that the different systems are completely independent so the time they
occupy the RF channel is a stochastic variable. So, the probability of a collision is
how likely it is that the channel is occupied by one of the other systems, or:
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Where:
Pcol : probability of collision
n: number of interfering systems
Tf: The time each interfering system occupies the channel
Tud: The period of the transmissions


With the numbers found above using retransmit this is:


088.0
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882
5 =⋅⋅=


PV
XV


3
FRO


So the higher data rate reduces the chance for collisions from 1 (9.6 kbit/s all systems
on the air continuously) to only 0.088.


1RWH�
This probability is valid only when all the systems are active, this means that all the 6
users in the area must operate (push) their mouse continuously. As soon as one lets go
of the mouse it can go to sleep and hence the probability will drop further.


For example: In battery lifetime calculations IBM use an active time (i.e. mouse
physically in use sending every 10 ms) of ~20 min/day, which translates to 1.3%
active time. This reduces the low probability already achieved with the high data rate
by another factor of a similar magnitude. If the use of the mouse is seen as a
stochastic variable as well, the probability now drops to 0.0012.


1RWH�
One issue is still not resolved: If two nRF24xx one-way mouse-keyboard systems
collide, the packets will be lost. With both systems running the same re-transmit
timing both the packages will be lost because if the first packets collide so will the
second.


Implementing a random delay in the re-transmit timing solves this problem. I.e. the
time between the transmitter sending packet 1 and 2 is not only dictated by the time a
Bluetooth devices might occupy the channel, but is also varied to avoid any
possibility that both packages sent are corrupted by collisions with another nRF24xx
system running the same protocol.


������� 0XOWLSOH�IUHTXHQFLHV


Finally by shipping systems randomly programmed to for instance 6 different
frequencies you will reduce Pcol  with another factor because the 5 interfering systems
described above now also is spread in frequency. The probability for collisions now
can be anywhere from 0 (all 6 systems on different frequencies) to the same as above
(all systems on the same channel) it is all down to how randomly the systems are
shipped and placed in the final office environment.
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The described nRF24xx Mouse/Keyboard combo system using only one channel for
mouse communication (+ the DuoCeiver feature for the keyboard) have a very little
probability of interference.  Based on the co-channel rejection we have shown that in
a typical environment, the maximum number of system that can interfere with each
other is 6.


With 6 systems the probability for RF collisions is only: 0.088 + 0.013= 0.0012. This
is based on use of nRF24xx ShockBurst, IBM’s ‘operational time of mouse’ estimates
and assumes that one system can see any channel occupancy (time on air of the
interfering systems) as a stochastic event.


By programming mouse/keyboard systems to 5-6 different RF channels during
production, one can get the theoretical probability for collisions even closer to 0.
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Due to the high data rate given by ShockBurst the average current consumption of a
nRF24xx -based design can be reduced considerably compared to existing low data
rate 27MHz systems. By minimizing the active time of the RF front end (using
ShockBurst) one minimizes the average current consumption.
For a mouse, utilizing nRF2402, the average current consumption when active and
sending 2 packets for each mouse up date is:
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Compared to the constant 10 mA of a low data rate system. When it comes to the total
average current drawn by the mouse one has to take into account the active time each
day etc. In the Nordic VLSI ASA white paper 3 axis mouse, some assumptions is
presented and the following average current consumption and battery lifetime is
calculated. Here it is found that the entire mouse will have an expected battery
lifetime of 1.5 – 2 years from a 1000mAh cell.


In the receiver the current consumption of the nRF2401 will be 24 mA if it is kept on
permanently running DuoCeiver. By implementing simple timing routines in the RX
micro controller the RF front end can be shut down saving current here as well. Since
PC’s generally has ample power supply, this is more a question whether one has the
needed timers free for this use.
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Using the nRF24xx family of device’s customers can make mouse/keyboard combo
systems that:


1. Can operate in an environment with very good RF link integrity in the
2.4 GHz ISM band


2. Has an extremely low average current consumption in the peripherals
(average RF current consumption only 0.5mA when active), extending
battery lifetime.


3. Can utilize low-cost micro controllers while still offering 1 MBit/s data
rates on the air, enabling outstanding RF performance, with likelihood of
collision and blocking virtually eliminated.


4. Use low cost PCB antennas offering supreme range compared to existing
27MHz systems.


5. Very small physical outline, both RF layout and antenna.
6. Single-chip 2.4GHz solution which is optimized for high volume


production.
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Nordic VLSI ASA reserves the right to make changes without further notice to the
product to improve reliability, function or design. Nordic VLSI does not assume any
liability arising out of the application or use of any product or circuits described
herein.
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These products are not designed for use in life support appliances, devices, or systems
where malfunction of these products can reasonably be expected to result in personal
injury. Nordic VLSI ASA customers using or selling these products for use in such
applications do so at their own risk and agree to fully indemnify Nordic VLSI ASA
for any damages resulting from such improper use or sale.


White paper revision: 14.03.2004


All rights reserved ®. Reproduction in whole or in part is prohibited without the prior
written permission of the copyright holder.
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Antenna tuning
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White Paper v1.0


The antenna is an important component in any radio design. This means that it is very important to tune the 
antenna correctly to achieve the best performance for the radio. If the antenna is not correctly tuned, a lot of 
transmitter power is lost, the operating range is shortened and, interference problems increase.


This white paper explains how to tune an antenna and subsequently improve radio communication range.
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1 Antenna resonance explained
The capacitance and inductance of an antenna is determined by its physical properties and its environment. 
The most important parameter for the antenna resonance is the length. A long antenna resonates at a lower 
frequency than a shorter antenna because the wavelength decreases when the frequency increases. This 
means the length of the antenna is directly proportional to the frequency and the wavelength. 


Since an antenna is designed around a resonant frequency, its bandwidth is limited to that specific resonant 
frequency. For example, an antenna designed for 900 MHz cannot be used at 2.4 GHz.


The capacitance and inductance can be changed either by changing the length, or by using external 
components, inductors, or capacitors. 


An antenna with a different impedance from the system impedance (an un-tuned antenna) reflects some of 
the RF power back into the transmitter. The reflected power is lost in the tuning network or the power 
amplifier. The ratio between the power absorbed by the antenna and the reflected power is called Standing 
Wave Ratio (SWR). Perfect radiation of the power gives an SWR = 1.0 and increasing numbers means more 
reflected power. This can be measured with an SWR meter or a network analyzer.


An antenna needs to resonate at the operating frequency to maximize its radiation. The resonance 
frequency is where the impedance of the inductance XL equals the impedance of the capacitance XC. So at 
the resonance frequency the antenna appears purely resistive. The resistance is a combination of loss 
resistance and radiation resistance. For an optimized system, the impedance seen into the antenna should 
match the characteristic impedance (system impedance), which is normally 50 ohm.
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2 Why tune the antenna?
The efficiency and radiation pattern of an antenna depends on:


• Size and shape of the antenna element
• The housing
• Proximity to metal
• Shape and size of the ground plane


A single-ended monopole antenna works together with the ground plane to form a dipole antenna. 
Consequently, the ground plane can be described as the ‘second half’ of the antenna. 


This means that even if the antenna performs well in one application, it will almost never get the same 
performance in another application. Therefore, a cut-and-paste approach is not recommended. The antenna 
needs to be adapted to different applications.


An un-tuned antenna has less efficiency than a tuned antenna. Higher efficiency means more radiated 
power and increased operation range. For optimum performance, the antenna has to be tuned to increase 
the operation range. 
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3 Smith chart explained
The Smith chart is a graphical aid that helps calculating transmission lines and antenna tuning circuits. It can 
be used to represent parameters like impedance, admittance, reflection coefficients, scattering parameters 
(Snn), noise figure circles, constant gain circles, and regions for unconditional stability. This chapter 
concentrate on impedance and admittance plots and the reflection coefficient only.


The Smith chart is a plot of complex reflection overlaid with an impedance and/or admittance grid. All 
impedances (Z) or admittances (Y), real or imaginary, can be plotted in a Smith chart. The impedance is in 
ohm (Ω) and the admittance in Siemens (S). 


 Figure 1  The Smith chart
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3.1 The Resistance circles and the Reactance arcs


 Figure 2  Impedance plot with Reactance arcs and Resistance circles
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3.2 The Conductance circles and the Susceptance arcs


 Figure 3  Admittance plot with Conductance circles and Susceptance arcs
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3.3 Moving the impedance point


 Figure 4  Moving the impedance point 


You can move the impedance along the constant arcs or circles in the Smith chart in the following way:


• Inserting a reactive series component moves the impedance along the resistance circles 
• Inserting a reactive shunt component moves the impedance along the conductance circles
• An inductor moves the impedance upwards 
• A capacitor moves the impedance downwards
• A piece of transmission line moves the impedance clockwise around the origin


Increasing series
inductance


Decreasing shunt
inductance


Decreasing series
capacitance


Increasing shunt
capacitance
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Impedance equations:


 Equation 1  Impedance represented by resistance (R) and the reactance (X).


 Equation 2  Capacitor impedance (where ω is 2πf)


 Equation 3  Inductor impedance


The impedance is the reciprocal of the admittance:
 


 Equation 4  Impedance


Admittance equations:


 Equation 5  Admittance represented by the conductance (G) and susceptance (B):


The admittance is the reciprocal of the impedance:
 


 Equation 6  Admittance


 Equation 7  Capacitor admittance


 Equation 8  Inductor admittance
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The Smith chart is referenced to a characteristic impedance of 1, called normalization. The Smith chart can 
be used with any characteristic impedance, but is mostly used in a 50 ohm system. Any impedance, Z, may 
be normalized by dividing it by the characteristic impedance, so the normalized impedance z is given by:


 Equation 9  Normalized impedance


Similarly, for normalized admittance y:


 Equation 10  Normalized admittance


Note: For a series-connected circuit, the impedances can be added, and for a shunt-connected 
circuit, the admittances can be added.


When working with a series-connected circuit or inserting elements in series with an existing circuit or 
transmission line, the resistance and reactance components are easily manipulated on the ‘impedance’ 
Smith chart. 


Similarly, when working with a parallel-connected circuit or inserting elements in parallel with an existing 
circuit or transmission line, the conductance and susceptance components are easily manipulated on the 
‘admittance’ Smith chart. 


Normally, the Smith chart has both the impedance lines and the admittance lines in the same chart, see 
Figure 5 below.


 Figure 5  Impedance and admittance lines


Impedance lines Admittance lines Impedance and admittance lines 
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4 Methods of tuning an antenna 
There are the following two methods to tune an antenna: 


• If the physical dimensions of the antenna can be altered, for example, with a PCB antenna, 
adjusting the length will be one part of the tuning. Another part is to add a component, 
inductor, or capacitor, to pull the antenna impedance towards the 50 ohm center point.


• If the antenna cannot be altered physically, more external components must be used to 
tune the antenna. These external components are called the matching network.


4.1 Length adjustment and a single component
 The antenna length must be adjusted so the impedance seen into the antenna falls somewhere on the 
conductance circle that passes through the origin.


Then a component needs to be added to get the impedance moved to the center. If the initial impedance is 
on the upper half, add a shunt capacitor, see Figure 7. If the initial impedance is on the lower half, add a 
shunt inductor, see Figure 8.


For convenience, a shunt capacitor is preferred. A shunt can be removed without changing the rest of the 
circuit and a capacitor is cheaper than an inductor. 


   


 Figure 6  Shunt capacitor


DP 1, Initial antenna impedance


TP 2, Resulting 
impedance with a 
shunt capacitor
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If the antenna impedance is on the same circle, but on the bottom half of the Smith chart, a shunt inductor 
pulls the impedance upwards. 


If a series component is preferred, the same applies, but here the impedance is moved along the constant 
resistance circles, as in Figure 9.


 


 Figure 9  Series capacitor 


 Figure 7  Shunt capacitor  Figure 8  Shunt inductor


 Figure 10  Series capacitor  Figure 11  Series inductor


 


DP 1, Initial antenna 
impedance


TP 2, Resulting 
impedance
with series capacitor
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4.2 Pi-network 
Adding a pi-network is a very flexible way to tune an antenna. It gives the possibility to change the antenna 
impedance from any value to 50 ohm. The pi-network consists of three components in a pi-configuration. 
First, one shunt, then one in series, and finally another shunt, see Figure 12.


 Figure 12  Pi-network


At least two components are needed to get the antenna impedance to 50 ohm. This depends on where in 
the Smith chart the initial antenna impedance is placed. Figure 13 to Figure 16 shows the different 
configurations with inductors and capacitors. The shaded area is the forbidden region for the shown 
configuration. In the forbidden region the shown configuration cannot transform the antenna impedance 
to 50 ohm. 
ZS is seen into the source and ZL is seen into the antenna.


Z2


Z1 Z3


GND GND


Antenna50ohm
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 Figure 13  Network configuration with corresponding forbidden region


 Figure 14  Network configuration with corresponding forbidden region


 Figure 15  Network configuration with corresponding forbidden region


 Figure 16  Network configuration with corresponding forbidden region


ZS ZL


Forbidden Region


ZS ZL


Forbidden Region


ZS ZL
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ZS ZL
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5 Calculating the component values
This chapter describes how to calculate the values on the capacitors and/or inductors needed for antenna 
tuning.


The examples in Section 5.1, section 5.2 on page 17, and section 5.3 on page 18 explain how to calculate the 
values.


5.1 Adding a series capacitor
Adding a series capacitor (or inductor) only changes the imaginary part of the impedance, the reactance. 


For example, the initial impedance is measured on a network analyzer to be 50+j100 ohm, see Figure 17. 
This is the point where the 50 ohm resistance circle meets the 100 ohm reactance arc. 


 Figure 17  Initial impedance


DP 1, Initial impedance


Constant resistance circle


Constance reactance arc
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To align the impedance to the 50 ohm point, a series capacitor is needed. The capacitor moves the 
impedance down the resistance circle. A capacitor that adds -j100 ohm is then needed to cancel the 
reactance. If the frequency is 2.4 GHz, the value of the capacitor becomes:


 


 Equation 11  Capacitor impedance


And by rearranging Equation 11, the capacitor value will be:


    


 Equation 12  Capacitor value 


Note that  


Figure 18 shows the impedance after the series capacitor is added. 


 Figure 18  Adding a series capacitor
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5.2 Adding a shunt capacitor
Adding a shunt capacitor (or inductor) only changes the imaginary part of the admittance, the susceptance.


For example, the initial impedance of the antenna is measured to be 10+j20 ohm. Adding a shunt capacitor 
moves the impedance along the conductance circles in the admittance part of the Smith chart. 


 Figure 19  Adding a shunt capacitor


From Equation 6, the admittance of the impedance 10+j20 ohm is calculated to be:


 Equation 13  Calculation of the admittance of the impedance


The admittance point can also be found directly on the network analyzer.


The capacitor moves the admittance along the susceptance line so it needs to add j0.04 S to reach the 50 
ohm point. 
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To calculate the capacitor value, use the equation from Equation 7:


 Equation 14  Calculating the capacitor value


This means the shunt capacitor should be 2.65 pF to get 50 ohm impedance.


5.3 Using more than one component
In this example, the initial antenna impedance is measured to be 13.6-j29.3 ohm. The normalized 
impedance is 0.272-j0.586 ohm. The Smith chart in Figure 20 shows that the antenna is capacitive. 


 Figure 20  Adding more than one component, initial impedance
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A shunt inductor moves the impedance up along the conductance circles in the admittance chart up to TP 2 
in Figure 21. TP 2 has an impedance of 1.0+j0.7 ohm normalized or 50+j35 ohm.


 Figure 21  Adding more than one component, first step: shunt inductor added
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TP 2, Resulting impedance
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Now a series capacitor moves the impedance down along the resistance circles in the impedance chart 
towards TP 3 in Figure 22.


 Figure 22  Adding more than one component, second step: series capacitor added


To find the value of the components, first find the admittance in DP 1 and TP 2 and calculate the difference 
in susceptance on the two points. 


When moving along the susceptance circles, the conductance is constant. Read out the susceptance value 
of DP 1 and subtract it from the value found in TP 2. The values can be found by moving along the 
susceptance lines to the edge. 


To find the values in the system impedance (50 ohm) instead of the normalized Smith chart, divide the 
values by the system impedance. 


DP 1 reads 1.4 S in the normalized Smith chart. TP 2 reads -0.475 S. 


 Equation 15  Find values in the system impedance
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The inductor value then becomes:


 Equation 16  Inductor value calculation


To calculate the capacitor value, use the reactance value at TP 2. The value is j0.75 ohm normalized or j36.5 
ohm in the system impedance chart. To get to the 50 ohm point (origin), the capacitor must add -j36.5 ohm.


The capacitor value then becomes:


 Equation 17  Capacitor value calculation


The resulting pi-network has the following configuration:


 Figure 23  Pi network configuration
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6 Non-ideal components
Unfortunately, there is no such thing as a perfect component. No component alters only the reactance or 
susceptance. All real components has parasitic effects caused by the physical housing, the terminals, and 
how it is mounted on the PCB. 


6.1 Capacitors
A capacitor has an equivalent model as shown in Figure 24. 


• C is the actual capacitor value 
• ESR is the equivalent series resistance
• L is the inductance in the leads or terminals. 


In addition to these, there is always some stray capacitance to ground.


 Figure 24  Capacitor model


At low frequencies, the capacitor's impedance is just like expected from the specified capacitor value, 
because the parasitic effects are relatively small. As the frequency increases, the parasitic effects in the 
component starts to influence the overall impedance. Smaller components have a greater parasitic 
influence than larger components. 


At the self-resonance frequency, the capacitive and inductive impedances cancel each other out leaving 
only a resistive component. The self-resonance is given by: 


 Equation 18  Self-resonance


At frequencies above the self-resonance frequency, the capacitor behaves like an inductor.
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6.2 Inductors
An inductor has an equivalent model as shown in Figure 25. 


• Rdc is equal to the DC resistance
• L is the inductance
• C is the capacitance between the terminals 


The inductor is purely resistive at the self-resonance frequency.


 Figure 25  Inductor model


If the self-resonance frequency is known, the parasitic components can be calculated:


 Equation 19  Parasitic value calculation


Or


 Equation 20  Parasitic value calculation


This means that when the frequency increases, the real component value will start to deviate from the ideal 
value. This complicates the calculations of the component values. 
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A component is specified at a given frequency by the manufacturer. If used at higher frequencies, the 
component value starts to deviate. Figure 26 shows how an inductor's value increases as the frequency 
increases towards the resonance frequency.Note that when the inductance starts to deviate, the 
component-to-component variation also increases, because the SFR of each component has a significant 
influence. It is therefore always best to choose inductance values that ensure that the inductance value is in 
its ‘constant’ range. 


 Figure 26  Inductor values over frequency


To speed up the calculations of accurate component values when tuning antennas at higher frequencies, RF 
simulation software can be used. But it is often better and faster to estimate the values using the Smith chart 
and then fine tune the values by measurements on the actual device.
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7 Equipment needed to tune an antenna
For accurate impedance measurement, a Vector Network Analyzer (VNA) must be used. The VNA measures 
both amplitude and phase, so it will display complex impedance values. The VNA must always be calibrated 
before use, to compensate for cable length and loss.


Solder a short coaxial cable to the circuit that is to be analyzed. The length of the coaxial cable can be 
compensated on the VNA. It is important to use short cables and solder the screen to a good ground 
connection close to where the impedance is to be measured. The center conductor must also be kept as 
short as possible to avoid adding too much series inductance. 
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8 Examples
To better explain how the impedance matching is done, some examples are needed. Section 8.1 shows how 
to match a chip antenna and section 8.2 on page 33 shows how to match a ¼ wave PCB antenna. 


8.1 Chip antenna
A chip antenna needs to be tuned with external components. Measure the initial impedance by shorting the 
series component with a 0 ohm resistor and removing any shunt components. The antenna must be isolated 
from the radio so it may be best to work on a board with the radio and matching network removed. Figure 
27 shows the impedance measured into the chip antenna. 


 Figure 27  Initial impedance
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From the Smith chart and the figures (forbidden regions), two topologies can be used: 


Calculated values for the two topologies gives the following schematics:


Both (a) and (b) have reasonable component values. Capacitors between 0.5 pF and 5.6 - 10 pF and 
inductors between 1.0 nH and 10 nH are preferable. The standard value closest to the calculated value must 
be selected. 


 Figure 28  Option (a)  Figure 29  Option (b)


 Figure 30  Calculated values for (a)  Figure 31  Calculated values for (b)


 Figure 32  Standard values for (a)  Figure 33  Standard values for (b)
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This results in the measurements shown in Figure 34 and Figure 35.


 Figure 34  First measurement option (a)
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 Figure 35  First measurement option (b)


The resulting impedance is not in origin so some adjustments have to be done. Capacitors must often be 
selected smaller than the calculated value because of pad to ground capacitance and capacitance between 
the pads. The 0 ohm resistor used to measure the initial capacitance equals a 1 nH inductor. This means in 
the option (b) case, the series inductor must be made larger to compensate for this. The values that give the 
best performance are given in Figure 36 and Figure 37.


 Figure 36  Option (a)  Figure 37  Option (b)


 


0 0.2 0.5 1 2 5 10


-5


-2


-1


-0.5


0.5


1


2


5


CH1  1 U


CENTER 2.45 GHz SPAN 1 GHz


 


FIL
1k1k
FIL
1k1k


CAL


OFS


CPL


S11    


1


23


1:  14.85   -j2.187  


                 2.4 GHz


2:  16.44   -j6.757  


                2.48 GHz


3:  16.60   -j7.499  


                2.45 GHz


Date:      23.MAY.12  12:48:17


0.5pF


C


2.2nH


L
ZS=50ohm


GND


Antenna


1.0pF
C


5.6nH


L


ZS=50ohm


GND

Page 29 of 38







White Paper - Antenna Tuning v1.0

Impedance and SWR measurements can be found in Figure 38 to Figure 41. A normal aim is for a SWR equal 
to or below 2.0. Both option (a) and option (b) satisfy this requirement.


 Figure 38  Impedance after matching option (a)
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 Figure 39  SWR after matching option (a)


 


+400 MHz


1 U/


1 U


11 U


CH1 1 U/ REF 1 U


CENTER 2.45 GHz SPAN 1 GHz100 MHz/


SWRLIN


FIL
1k1k
FIL
1k1k


CAL


OFS


CPL


S11    


1


23


1:    1.906  U


        2.4 GHz


2:    1.488  U


       2.48 GHz


3:    1.518  U


       2.45 GHz


 1 U


Date:      21.MAY.12  14:27:51

Page 31 of 38







White Paper - Antenna Tuning v1.0

 Figure 40  Impedance after matching option (b)
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 Figure 41  SWR after matching option (b)


8.2 PCB antenna
A PCB antenna is often made of a ¼ wavelength PCB track that extends out from the ground plane. If the 
antenna is laid parallel with the edge of the ground plane, its impedance will not be 50 ohm when it 
resonates. Theoretically, a ¼ wavelength antenna has an impedance of 73 ohm when it resonates. 


Figure 42 shows the impedance measured when the antenna is isolated from the radio. In this case, the 
length of the antenna can be adjusted, and a single component is used to tune the antenna. 
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 Figure 42  Initial impedance


If it is not possible to get the impedance exactly 50 ohm by adjusting the length of the antenna, a 
component must be used to pull the impedance to the 50 ohm point. It is preferable to use a shunt 
capacitor since a capacitor is cheaper than an inductor and because a shunt component can be removed 
without any impact. 


When the length of the antenna is adjusted, it is important to completely remove the piece of track that is 
cut off since any remaining metal affects the antenna. 


After the length is adjusted, and the impedance is getting close to the conductance circle that passes 
through the center of the Smith chart, see Figure 43, a suitable capacitor is used to bring the impedance to 
the 50 ohm point, see Figure 44. In this case, a 1.0 pF capacitor gives the best results. The exact value can be 
calculated, or it can be found by trial and error.
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 Figure 43  Impedance after length adjustment
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 Figure 44  Impedance after length adjustment and adding a shunt capacitor
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 Figure 45  SWR after length adjustment and adding a shunt capacitor
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Liability disclaimer
Nordic Semiconductor ASA reserves the right to make changes without further notice to the product to 
improve reliability, function or design. Nordic Semiconductor ASA does not assume any liability arising out 
of the application or use of any product or circuits described herein.


Life support applications
Nordic Semiconductor’s products are not designed for use in life support appliances, devices, or systems 
where malfunction of these products can reasonably be expected to result in personal injury. Nordic 
Semiconductor ASA customers using or selling these products for use in such applications do so at their 
own risk and agree to fully indemnify Nordic Semiconductor ASA for any damages resulting from such 
improper use or sale.


Contact details
For your nearest dealer, please see http://www.nordicsemi.com.
Information regarding product updates, downloads, and technical support can be accessed through your 
My Page account on our homepage.
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Frequency Agility Protocol for
nRF24XX


nAN24-07


1. General
This application note describes the low-level Frequency Agility Protocol for nRF24XX. This
is a protocol that gives protection against disturbing traffic from frequency stationary systems
like WLAN and frequency hopping devices like Bluetooth.


The protocol is generic and can be used in many different systems that require resistance
against disturbance from other systems. By using this protocol, a system can operate in close
proximity with systems using different WLAN  channels, 2,4GHz cordless phones, 2,4GHz
remote controls, microwave ovens, Bluetooth devices and other proprietary 2,4GHz systems.
Basing its functionality on recovery by retransmission of lost packets, it will be much more
reliable than a uni-directional communication protocol.


This document describes the assumptions that the protocol is based on, a description of the
functionality, implementation described with state machine diagrams, current consumption
calculations and C-code examples.


A 2.4GHz-mouse/keyboard application is a typical 2.4GHz application that will be used in
proximity with WLAN and Bluetooth nodes. This document will for that reason use the
wireless mouse/keyboard application when describing the Frequency Agility Protocol for
nRF24XX.
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Figure 1: Wireless 2.4GHz mouse/keyboard application


As seen in Figure 1, a wireless 2.4GHz mouse/keyboard application consists of a wireless
mouse, a wireless keyboard and a receiver unit for the PC side, referred to as a “dongle” in the
rest of this document.







APPLICATION NOTE


Frequency Agility Protocol for nRF24XX


Nordic Semiconductor ASA      -      Vestre Rosten 81, N-7075 Tiller, Norway      -       Phone +47 72 89 89 00      -       Fax +47 72 89 89 89
Revision: 1.0 Page 2 of 22  October 2004


2. Assumptions


The frequency agility protocol is built on a series of assumptions regarding mouse / keyboard
applications and the traffic in the 2.4GHz band.


The traffic in the 2.4GHz band is mainly consistent of frequency stationary systems like
WLAN and frequency-hopping systems like Bluetooth. While frequency stationary systems
operate in a specific part of the band, frequency-hopping systems will generate traffic in the
whole band. All traffic generated by systems operating in the 2.4GHz band is packet based.


At a given channel in the 2.4GHz band, if a frequency hopping system is present, the
likelihood of a collision with traffic from that system is the same in every channel. It is
therefore no use in changing the operating channel if disturbed by a frequency hopping
system. If the disturbance comes from a frequency stationary system, it is possible to move in
such manner that the likelihood for a collision with the same system on the new channel is
minimal.


A mouse will require a much higher update rate than a keyboard. It is assumed that when a
mouse is used, it should be updated every 8th millisecond. The mouse will therefore have
priority in front of the keyboard regarding updates.


The disturbance from other systems will be strongest close to the PC, and the dongle attached
to the PC will suffer the most.


3. Frequency agility protocol for a 2.4GHz mouse/keyboard application


Based on the previous assumptions the definition of the frequency agility protocol emerges:
  “A protocol that will move own traffic to another channel in the 2.4GHz band if a stationary
disturbance occurs at the currently used frequency.”


  


  The main functionality of the frequency agility protocol will be to:
•  Detect stationary disturbance.
•  Move in such manner that new disturbance from the same source will not occur.
•  Do not move if disturbed by a frequency hopping source.
•  Give priority to mouse traffic.


It is important to notice that this protocol will only force a change in operating frequency
when a stationary disturbance occurs. After it has changed the operating frequency, it will be
on the new channel for a relative long time.


The frequency agility protocol functionality is based on the communication between the
mouse and the dongle. When the mouse is in use, it will send a packet to the dongle every 8th


millisecond and wait for acknowledge. The mouse will re-send a packet up to two times if no
acknowledgement has been received. Bluetooth will stay up to 650 microseconds on one
channel before hopping. This means that if a Bluetooth system is knocking out the mouse’s
first attempt to send a packet, the next two should get trough since each packet –
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acknowledgement cycle takes about one millisecond. It is therefore not likely that a frequency
hopping system will cause a change in frequency.


If all three attempts to send a packet fail, the mouse and dongle will change channel according
to a table. The table is built up to take care of the functionality that avoids disturbance from
the same source at the new channel. Figure 2 shows a typical table with channels used by the
frequency agility protocol. The table is “WLAN weighted,” meaning it will find the next
channel outside of the assumed WLAN channel that is disturbing the currently used channel.


Index Channel Frequency [MHz]
0 2 2402
1 32 2432
2 70 2470
3 5 2405
4 35 2435
5 68 2468
6 8 2408
7 39 2439
8 65 2465
9 11 2411


10 41 2441
11 62 2462


Figure 2: Example of a WLAN weighted channel table


As seen from the Figure 3, the WLAN traffic can be found in three sub-bands in the 2.4GHz
band. Looking at Figure 2 and Figure 3 we’ll see that the table in Figure 2 will take care of
moving the traffic out of a disturbing WLAN channel.
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Figure 3: WLAN channels in the 2.4GHz band


If a channel is found to be very noisy, it is desired not to use that channel again. A timing of
how long a channel has been used before disturbance occurs will tell how noisy the channel
is. Channels that are found to be too noisy can be masked out for a period of time. Masked out
channels will not be used for a while.
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4. Implementation


This chapter will give a state machine description of the frequency agility protocol for a
mouse and a keyboard communicating with a dongle at the PC side of the link.


4.1. The mouse implementation


Figure 4 shows the complete state machine of the frequency agility protocol running in the
mouse. The following text will explain the different states.


Idle,
No


movement
No RF


Idle,
In use


RF updating


Movement or
button event


Send "Go to
sleep" packet


to dongle


Timeout -
No user events


Send Packet
to Dongle
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Wait for ACK


Re-send
Packet.
RSC++


Timeout
And


RSC<2


ACK received


Change
frequency


Timeout
And


RSC==2


Wait for
dongle to
time out


Update and
check


channel loop
counter


Dongle still present


Dongle out of range


Wait for
ACK...


Figure 4: State machine diagram of the protocol on the mouse side


Idle, No movement, No RF is the state where the user does not use the mouse. This is the
state where the mouse spends most of its time. In this state, the mouse will only poll for
movement. There is no RF communication going on here.


As soon as a user event occurs, the mouse will go into the Idle, In Use, RF updating state. In
this state, the mouse will send a packet to the dongle by entering the Send Packet to Dongle
state every 8th millisecond. The packets are sent with a fixed interval even if no new user data
is present.


After finishing sending the packet, the mouse moves to the state Wait for ACK
(acknowledgement.)  Normally an acknowledgement will be received from the dongle and the
mouse returns to the Idle, In Use, RF updating state. This loop is the normal communication
loop.
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Sometimes, if a packet from the mouse to the dongle gets lost, or an acknowledgement from
the dongle to the mouse fails to be received, a timeout must occur in the Wait for ACK state.
Which state to enter next will then depend on the “Re-Send Counter” (RSC.) If it is less than
two for the current packet, the packet is re-sent by entering the Re-send Packet state. If the
RSC equals two, the mouse enters the Change Frequency state.


In the Change Frequency state it will perform a table look up to find the next channel to use.
It will also mask out a channel that is very noisy, preventing use of this channel in close
future. A background timer telling how long the current channel has been used will give input
to the masking process. If a channel has been used for less than 20ms before a new frequency
change is initiated, it should be masked out. The masked out channels should be reset after a
given time period.


After changing frequency, the mouse enters the Wait for dongle to time out state. Since the
dongle might has received the packets from the mouse, and it is the acknowledgements that
have been lost that is the reason for the frequency change, the mouse must wait for the dongle
to time out.


Then the mouse will enter the Update and check channel loop counter state where it
updates and check its channel loop counter to determine if the dongle is still present or not.
This decision is made from checking how many times the mouse has looped trough the
channel table without contact with the dongle. If the decision is that the dongle is still present,
the mouse returns to the Send Packet to Dongle state, if not it returns to the Idle, No
movement, No RF state.


In the Idle, In Use, RF updating state the mouse will time out if no user evens has not
occurred in a while. The mouse will then send a “I’m going to sleep” packet to the dongle by
entering the Send “Go to sleep” packet to dongle state. After receiving acknowledgement
from the dongle, the mouse enters the low power state; Idle, No movement, No RF.
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4.2. The keyboard implementation


Figure 5 shows the complete state machine of the frequency agility protocol running in the
keyboard. The following text will explain the different states.
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Send Packet
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Re-send
Packet.
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Timeout
And


RSC<2


ACK received


Change
frequency


Timeout
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Dongle out of range


Figure 5: State machine diagram of the protocol on the keyboard side


The Idle, No RF state is the state where the keyboard is most of its time. In this state it does
not perform any RF communications. Only when a key press occurs, the keyboard enters the
Send Packet to dongle state.


As for the mouse, it will right after sending the packet, enter the state Wait for ACK, where it
waits for an acknowledgement to arrive. Normally it will be received, and the keyboard will
return to the Idle, No RF state.


If no acknowledgement is received, the keyboard will perform the same re-send behavior as
the mouse. If  acknowledgement still doesn’t arrive, the keyboard will change frequency in
the Change Frequency state.


The keyboard will use a channel table like the mouse, but it will not perform any masking of
channels. After changing frequency, the keyboard will also determine if the dongle is present
or not in the Update and check channel loop counter state. If the dongle is still present, it
will return to the Send Packet to dongle state where it will try to send the packet to the
dongle at the new channel. If the dongle is not present, it will go to the Idle, No RF state.
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As seen here, the keyboard will follow the mouse and the dongle in frequency. The dongle or
the mouse will not tell the keyboard that a channel change has taken place. The keyboard will
therefore have to run trough its channel table until it finds the dongle, if the mouse and dongle
have moved. Since this is a relative rare event, it will not cause any problems for the keyboard
user. The benefit is that the keyboard does not need to receive messages from the dongle
when it rests in the idle state, and will therefore use minimum of current.


4.3. The dongle implementation


Figure 6 shows the complete state machine of the frequency agility protocol running in the
keyboard. The following text will explain the different states.


Idle


Send ACK to
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Send ACK to
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Mouse Packet
Received


Keyboard Packet
Received


Check if
mouse


is going to
sleep


Go to next
channel


Timeout.
Dongle has not received a
packet from the mouse in 8
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Check if
channel


change is
allowed


Yes


No


Figure 6: State machine diagram of the protocol on the dongle side


The dongle uses the DuoCeiver functionality and is able to receive from two different
channels simultaneously, one for the mouse and one for the keyboard.


In the Idle state it checks for received packets from the mouse and the keyboard. If two arrive
at the same time, it will give priority to the mouse since the mouse requires the highest update
rate.
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If a packet from the mouse is received, it will enter the Check if mouse is going to sleep state
and set a flag if the mouse is going to sleep and clear the flag if it is an ordinary packet from
the mouse. It will then acknowledge the received packet by entering the Send ACK to mouse
state and finally return to the Idle state.


If a packet is received from the keyboard, the dongle will acknowledge it by entering the
Send ACK to keyboard state and then return to the Idle state.


If eight milliseconds elapse without receiving any packets from the mouse, the dongle will
enter the Check if channel change is allowed state. If the mouse sleeps, the dongle is not
allowed to change channel. Also, if the dongle has not had communication with the mouse on
the current channel, it is not allowed to change channel. This is done to avoid a “runaway
dongle.“


If the dongle is allowed to change channel it will enter the Go to next channel state, if not it
will return to the Idle state. In the Go to next channel state, the dongle will do the same
exercise as the mouse regarding masking of channels. After an eventual masking the dongle
will change its operating channel and return to the Idle state.


5. Proof of concept


A demonstration of this frequency agility protocol exists. Nordic Semiconductor has
developed the “nRF24XX Bi-directional mouse/keyboard demo” that runs the frequency
agility protocol. This demo can be used to evaluate the protocol running on the nRF24E1 in
environment where WLAN and other 2.4GHz systems are operating.


The dongle that comes with the “nRF24XX Bi-directional mouse/keyboard demo” can be
plugged directly into a USB port. The dongle has a form factor that is very close to a real
mouse/keyboard application dongle.


The two PS/2 reader boards that comes with the “nRF24XX Bi-directional mouse/keyboard
demo” can be connected to a PS/2 mouse or a PS/2 keyboard and then emulate the
functionality of a wireless mouse and a wireless keyboard. Both PS/2 readers can be used
simultaneously, emulating a real wireless desktop solution.


Since the PS/2 reader board is not a real mouse or a keyboard, it has some limitations. The
user should beware that the “nRF24XX Bi-directional mouse/keyboard demo” does not
include the sleep mode for the mouse. Some of the timing constants used by the demo might
also differ from optimal timing constants in a real mouse/keyboard application.
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6. Current consumption


The mouse and the keyboard will have to turn on their receiver while waiting for an
acknowledgement to arrive from the dongle. That is the reason why the mouse and the
keyboard will use more current in a bi-directional solution compared to a uni-directional
solution. In this chapter we’ll have a closer look at the current consumption for both the
mouse and the keyboard.


6.1. The mouse current consumption


The calculations shown in Figure 7 give an average current consumption for the RF
communication when the mouse is used.


Packet Length from Mouse to PC Pl 80 bits
8bit preamble, 32 bit address, 24bit X,Y and Z 
movement, 8 bit buttons, 8 bit CRC


Packet length from PC to Mouse AckL 56 bits
8bit preamble, 32 bit address, 8 bit ACK info, 
8 bit CRC


Data rate DR 1 Mbit/s
nRF24E1 TX current consumption Itx 13 mA
nRF24E1 RX currnet consumption Irx 19 mA
Mouse Update Rate Tur 8 ms
Time in TX mode Ttxm 282 us
Time in RX mode Trxm 300 us Long enough to catch a packet, with margins 


An ACK packet is 56 bits long (56us.) RX 
startup time is 202us.
This gives 42us spare time to margins


Average current consumption in TX only IavgTX 0,46 mA
This is the average current consumption when 
the mouse is actually used


Average current consumption in RX only IavgRX 0,71 mA
This is the average current consumption when 
the mouse is actually used


Average current consumption, Two way solution IavgTW 1,17 mA
This is the average current consumption when 
the mouse is actually used


Figure 7: Calculation of the average current consumption when the mouse is used


As seen in Figure 7 the average current consumption for the mouse in use is 1.17mA. The
calculation assumes a update rate of one packet every 8th millisecond. In a real mouse
application, this will be the current consumption used by the nRF part when the mouse is
updating the dongle. The actual average current consumption will depend on how often the
mouse is used.
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6.2. The keyboard current consumption


Since the keyboard does not use the nRF device unless a key is pressed, the average current
consumption will depend on how often a key is pressed. The calculation in Figure 8 shows the
total energy used by the nRF device to send a keyboard packet and receive acknowledgement
from the dongle.


Packet Length from Keyboard to PC Pl 112 bits
8bit preamble, 32 bit address, 64 bit payload, 
8 bit CRC


Packet length from PC to Keyboard AckL 56 bits
8bit preamble, 32 bit address, 8 bit ACK info, 
8 bit CRC


Data rate DR 1 Mbit/s
nRF24E1 TX current consumption Itx 13 mA
nRF24E1 RX currnet consumption Irx 19 mA
Time in TX mode Ttxm 314 us
Time in RX mode Trxm 300 us Long enough to catch a packet, with margins 


An ACK packet is 56 bits long (56us.) RX 
startup time is 202us.
This gives 42us spare time to margins


Energy consumption in TX only IavgTX 1,13E-06 mAh Energy used to send the keyboard packet
Energy consumption in RX only IavgRX 1,58E-06 mAh Energy used to receive ACK
Energy consumption, Two way solution IavgTW 2,72E-06 mAh Total energy used pr key press


Figure 8: Calculation of the energy consumption pr key press


The nRF device uses a total of 2.72 nAh of energy every time a key is pressed.


7. Code
This chapter shows code examples of the frequency agility protocol. It can be used as
reference for implementing similar functionality in a real mouse/keyboard application.
The code will only show the parts needed for the frequency agility protocol.
Higher level protocol layers must be added by the individual application engineer.


The code is written to run on the nRF24E1 8051 core.
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7.1. C-code for the mouse


unsigned char SpiReadWrite(unsigned char b)
{
    EXIF &= ~0x20;                  // Clear SPI interrupt
    SPI_DATA = b;                   // Move byte to send to SPI data register
    while((EXIF & 0x20) == 0x00)    // Wait until SPI hs finished transmitting
        ;
    return SPI_DATA;
}


void TXPacket(void)
{


unsigned char b;
CE=1; // Set CE high


    for(b=0;b<BufPacket.length;b++) // Load packet into ShockBurst TX register
    {
        SpiReadWrite(BufPacket.buf[b]);
    }
    CE = 0; // Clear CE, transmission starts


Delay100us(3); // Wait 300us
}


void ChangeChannel(unsigned char channel,RXtx)
{


CE=0; // CE=0 before configuration
Delay100us(0); // Delay min 5us before...
CS = 1; // ..CS=1
LCH=channel;    // Remember LastCHannel


    SpiReadWrite((channel<<1)|RXtx); // Write LSB to RF config
    CS = 0; // CS=0 to end configuration


if(RXtx) // If in RX mode...
{


Delay100us(0); // ..delay min 5us before..
CE = 1; // ..CE=1


}
}


unsigned char CheckACK(void)
{


if(DR1) // Check if data has been received
{


PID=SpiReadWrite(0); // Save received info
    NoDodge=SpiReadWrite(0); // Save received info


SpiReadWrite(0);
SpiReadWrite(0);
return 1; // Return 1 to indicate ACK received


    }
else


return 0; // Return 0 to indicate no ACK received
}


unsigned char WaitForACK(unsigned char x)
{


while((!CheckACK())&(x>0))  // Check if ACK is received
{


x--; // Decrement counter
ChangeChannel(LCH,0); // Go TX at same channel
TXPacket(); // Retransmit
ChangeChannel(LCH,1); // Go RX at same channel
Delay100us(ACKTime); // Delay, enable ACK to arrive


}
if(x>0) //


return 1; // Return 1 if ACK has been received
else


return 0; // Return 0 if ACK has not been received
}
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void ConfigRF(void)
{


unsigned char b;
CE=0;
CS = 1;


    Delay100us(0);
    for(b=0;b<rconf.n;b++)
    {
        SpiReadWrite(rconf.buf[b]);
    }
    CS = 0;
}


void TXMousePacket(unsigned char b,x,y,z)
{


unsigned char i;
if(!notsendt)
{


PWMDUTY=220;
y=~y+1; // Adjust Y coordinate
z=~z+1; // Adjust Z coordinate
PID++; // Increment PacketID counter
if((PID)>200) // reset PID at 200


PID=0;
for(i=0;i<AddressLength;i++) // Load address


BufPacket.buf[i]=RXAddress[i];
BufPacket.buf[5]=PID; // Send PID first in payload
BufPacket.buf[6]=b; // Send button bits
BufPacket.buf[7]=x; // Send X movement
BufPacket.buf[8]=y; // Send Y movement
BufPacket.buf[9]=z; // Send Z movement
BufPacket.buf[10]=0x00;// Reserved
BufPacket.length=11;
PWMDUTY=50;


}
}


void TickLimitReached(unsigned char TL)
{


unsigned char i;
CLKOUT=1; // Bring the clock low to inhibit PS/2
ChangeChannel(LCH,0); // Go TX at same channel
TXPacket(); // Send the packet
ChangeChannel(LCH,1); // Go RX at same channel
Delay100us(ACKTime); // Delay
if(!WaitForACK(2)) // Check if ACK is received
{ // No ACK received in 2 attempts


if(MaskTick<20) // Check if channel should be masked
MaskTable[DTi]=1; // Mask it.


MaskTick=0; // Clear MaskTick
i=DTi; // Remember last DTi
DTi++; // Increment DTi
if(DTi>(DodgeTableSize-1)) // Check for Wrap


DTi=0;
while(MaskTable[DTi]) // Find the next channel not masked
{


DTi++; // Incrementing DTi
if(DTi>(DodgeTableSize-1)) // Check if wrap


DTi=0;
if(DTi==i) // Check if checked before
{


for(i=0;i<DodgeTableSize;i++) // Reset mask table
MaskTable[i]=0;


break;
}


}
if(!NoDodge) //


ChangeChannel(DodgeTable[DTi],1); // Go RX at new channel
if(!speeddodge) // Relaod LittleTick..
{


LittleTick=0; // with 0 if first time changed
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speeddodge=1;
}
else
{


LittleTick=TL-2; // with TL-2 if not first time changed
}


}
else
{


speeddodge=0; // Clear flag if communication with dongle
LittleTick=TL-5; // Adjust LittleTick to avoid dongle timeout
notsendt=0; // Clear the notsend flag


}
CLKOUT=0;


}


void Timer2ISR (void) interrupt 5  using 1
{


LittleTick++; // Increment LittleTick
if(MaskTick<250) // Increment MaskTick if less than 250


MaskTick++;
    TF2 = 0;        // Clear timer2 interrupt
}
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7.2. C-code for the keyboard


unsigned char SpiReadWrite(unsigned char b)
{
    EXIF &= ~0x20;                  // Clear SPI interrupt
    SPI_DATA = b;                   // Move byte to send to SPI data register
    while((EXIF & 0x20) == 0x00)    // Wait until SPI hs finished transmitting
        ;
    return SPI_DATA;
}


void TXPacket(void)
{


unsigned char b;
CE=1; // Set CE high


    for(b=0;b<BufPacket.length;b++) // Load packet into ShockBurst TX register
    {
        SpiReadWrite(BufPacket.buf[b]);
    }
    CE = 0; // Clear CE, transmission starts


Delay100us(3); // Wait 300us
}


void ChangeChannel(unsigned char channel,RXtx)
{


CE=0; // CE=0 before configuration
Delay100us(0); // Delay min 5us before...
CS = 1; // ..CS=1
LCH=channel;    // Remember LastCHannel


    SpiReadWrite((channel<<1)|RXtx); // Write LSB to RF config
    CS = 0; // CS=0 to end configuration


if(RXtx) // If in RX mode...
{


Delay100us(0); // ..delay min 5us before..
CE = 1; // ..CE=1


}
}


unsigned char CheckACK(void)
{


if(DR1) // Check if data has been received
{


PID=SpiReadWrite(0); // Save received info
    NoDodge=SpiReadWrite(0); // Save received info


SpiReadWrite(0);
SpiReadWrite(0);
return 1; // Return 1 to indicate ACK received


    }
else


return 0; // Return 0 to indicate no ACK received
}


unsigned char WaitForACK(unsigned char x)
{


while((!CheckACK())&(x>0))  // Check if ACK is received
{


x--; // Decrement counter
ChangeChannel(LCH,0); // Go TX at same channel
TXPacket(); // Retransmit
ChangeChannel(LCH,1); // Go RX at same channel
Delay100us(ACKTime); // Delay, enable ACK to arrive


}
if(x>0) //


return 1; // Return 1 if ACK has been received
else


return 0; // Return 0 if ACK has not been received
}
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void ConfigRF(void)
{


unsigned char b;
CE=0;
CS = 1;


    Delay100us(0);
    for(b=0;b<rconf.n;b++)
    {
        SpiReadWrite(rconf.buf[b]);
    }
    CS = 0;
}


void TXKeyPacket(unsigned char b,x)
{


unsigned char i;
CLKOUT=1; // Bring the clock low to inhibit PS/2
PWMDUTY=220; // Turn on the LED
PID++; // Increment PacketID counter
if((PID)>200) // reset PID at 200


PID=0;
for(i=0;i<AddressLength;i++)


BufPacket.buf[i]=RXAddress[i]+1;
// Address bytes on keyboard is incremented with 1.


BufPacket.buf[5]=PID; // First byte in payload is PID
BufPacket.buf[6]=b; // Flags for special keys
BufPacket.buf[7]=x; // Key scan code
BufPacket.buf[8]=0x00; // Reserved
BufPacket.buf[9]=0x00; // Reserved
BufPacket.buf[10]=0x00;// Reserved
BufPacket.length=11; // Set packet length


ChangeChannel(LCH,0); // Go TX at same channel
TXPacket(); // Send packet
ChangeChannel(LCH,1); // Go RX at same channel
Delay100us(ACKTime); // Delay
while(!WaitForACK(2)) // Check if ACK is received
{ // Change channel if not


DTi++;
if(DTi>(DodgeTableSize-1))


DTi=0;
ChangeChannel(DodgeTable[DTi]+8,1); // Go RX at new channel


}
PWMDUTY=50; // Turn off the LED
CLKOUT=0; // Release clock to enable PS/2


}
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7.3. C-code for the dongle


#include <Nordic VLSI\reg24e1.h>


struct RFConfig
{
    unsigned char n;
    unsigned char buf[15];
};


struct Packet
{


unsigned char length;
unsigned char buf[20];


};


typedef struct RFConfig RFConfig;
typedef struct Packet Packet;


#define ADDR_INDEX 7  // Index to address bytes in RFConfig.buf
#define ADDR_COUNT 5  // Number of address bytes
#define DodgeTableSize 9 // Dodge table size
#define AddressLength 5
#define tickperiod 1 // in ms
#define timervalue (65536-16000000/(4*(1000/tickperiod))) // Calculate timer value


const unsigned char RXAddress[] = {0xED, 0xBA, 0x7E, 0xDF, 0xDD};
const unsigned char DodgeTable[] = {2,27,52,8,33,58,14,39,64};
unsigned char MaskTable[] = {0,0 ,0 ,0,0 ,0 ,0 ,0 ,0};


const RFConfig rconf = // nRF configuration word
{
    15,
    0x30, 0x30, 0xEE, 0xBB, 0x7F, 0xE0, 0xDE, 0xED,
    0xBA, 0x7E, 0xDF, 0xDD, 0xA1, 0xEF, 0x46
};


unsigned char LCH,PID=0,NoDodge=0,DTi=0,LittleTick=0,MaskTick=0;
volatile unsigned char flag=0;


Packet BufPacket;
Packet OutPack;


void convoy(unsigned char type);


void Delay100us(volatile unsigned char n)
{
    unsigned char i;
    while(n--)
        for(i=0;i<32;i++)
            ;
}


unsigned char SpiReadWrite(unsigned char b)
{
    EXIF &= ~0x20;                  // Clear SPI interrupt
    SPI_DATA = b;                   // Move byte to send to SPI data register
    while((EXIF & 0x20) == 0x00)    // Wait until SPI hs finished transmitting
        ;
    return SPI_DATA;
}


void ChangeChannel(unsigned char channel,RXtx)
{


CE=0; // CE=0 before configuration
Delay100us(0); // Delay min 5us before...
CS = 1; // ..CS=1
LCH=channel;    // Remember LastCHannel
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SPI_CTRL = 0x02;                      // Connect SPI to RADIO CH1
    SpiReadWrite((channel<<1)|RXtx); // Write LSB to RF config
    CS = 0; // CS=0 to end configuration


if(RXtx) // If in RX mode...
{


Delay100us(0); // ..delay min 5us before..
CE = 1; // ..CE=1


}
}
void ConfigRF(void)
{


unsigned char b;
CE=0; // Set CE low
Delay100us(0); // Short delay
CS = 1; // Set CS high
SPI_CTRL = 0x02;                // Connect SPI to RADIO CH1


    for(b=0;b<rconf.n;b++) // Clock out all configuration data
    {
        SpiReadWrite(rconf.buf[b]);
    }
    CS = 0; // Clear CS -> End configuration
}


unsigned char ReceiveMouse(void)
{


if(DR1) // Check if DR1 is high
{


SPI_CTRL = 0x02;            // Connect SPI to RADIO CH1
BufPacket.length=0; // Clear Buffer packet length
while(DR1) // Clock out all received data
{


      BufPacket.buf[BufPacket.length++]=SpiReadWrite(0);
}
return 1; // Return 1 to indicate reception


    }
else


return 0; // Return 1 to indicate no reception
}


unsigned char ReceiveKeyboard(void)
{


if(DR2) // Check if DR2 is high
{
    SPI_CTRL = 0x03;            // Connect SPI to RADIO CH2


BufPacket.length=0; // Clear Buffer packet length
while(DR2) // Clock out all received data
{


      BufPacket.buf[BufPacket.length++]=SpiReadWrite(0);
}
return 1; // Return 1 to indicate reception


    }
else


return 0; // Return 1 to indicate no reception


}


void TXPacket(void)
{


unsigned char b;
CE=1; // Set CE high
SPI_CTRL = 0x02;               // Connect SPI to RADIO CH1


    for(b=0;b<BufPacket.length;b++) // Clock out the packet
    {
        SpiReadWrite(BufPacket.buf[b]);
    }
    CE = 0; // Set CE low (TX starts)


Delay100us(3); // Wait 300us
}


void Timer2ISR (void) interrupt 5  using 1
{


LittleTick++; // Increment LittleTick every ms
if(MaskTick<250)


MaskTick++; // Increment MaskTick every ms until 250
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    TF2 = 0;                        // Clear timer2 interrupt
}


void Init(void)
{
    // I/O
    P0_DIR = 0x02;       // P0.1 is input, rest are output


P1_DIR = 0x00;
P1 = 0x00;


    // SPI:
    SPICLK = 0x00;          // Max SPICLK (=CLK/8)
    SPI_CTRL = 0x02;        // Connect SPI to RADIO CH1


    // Radio
    PWR_UP = 1;             // Turn on Radio
    Delay100us(30);         // Wait > 3ms


ConfigRF();


    // TIMER2:
    TR2 = 0;                // Stop timer2 if running
    CKCON |= 0x20;          // T2M=1 (/4 timer clock)


    RCAP2L = timervalue;    //
    RCAP2H = timervalue>>8; //


    TF2 = 0;                // Clear any pending timer2 interrupts
    TR2 = 1; // Start timer2
    ET2 = 1;                // Enable timer2 interrupts


    // System
    EA = 1; // Enable global interrupts
}


void BuildACK(unsigned char CCC)
{


unsigned char i;
BufPacket.buf[5]=BufPacket.buf[0]; // Return the PID to the device
for(i=0;i<AddressLength;i++) // Build address


BufPacket.buf[i]=RXAddress[i];
BufPacket.buf[6]=CCC; // Add user byte
BufPacket.buf[7]=0; // Future use
BufPacket.buf[8]=0; // Future use
BufPacket.length=9; // Set the packet length


}


void main(void)
{


unsigned char OldKeyboardPacketID,OldMousePacketID;
unsigned char MouseSleeps=0,hasmoved=1,i,n;
Init();
ChangeChannel(DodgeTable[DTi],1); // Go RX at first channel in the DodgeTable
while(1)
{


if(ReceiveMouse()) // Check if data from the mouse has arrived
    {


if(OldMousePacketID != BufPacket.buf[0])// Check if it is a new packet
(not a re-sent one.)


{
OldMousePacketID=BufPacket.buf[0];// Save the new packet ID
for(i=0;i<BufPacket.length;i++)
// Transfer received data to the USB out buffer


OutPack.buf[i]=BufPacket.buf[i];
flag=0x01; // Flag that new mouse data are present


// A check of if the mouse is going to sleep
// must be done here to set the MouseSleep flag
// The MouseSleep flag is cleard if a new packet
// is received from the mouse.


}
LittleTick=0; // Clear the tick counter







APPLICATION NOTE


Frequency Agility Protocol for nRF24XX


Nordic Semiconductor ASA      -      Vestre Rosten 81, N-7075 Tiller, Norway      -       Phone +47 72 89 89 00      -       Fax +47 72 89 89 89
Revision: 1.0 Page 19 of 22  October 2004


hasmoved=0;// Clear the "hasmoved" flag -> allow dongle to move in freq
ChangeChannel(LCH,0); // Go TX at same channel
BuildACK(NoDodge); // Build the acknowledgement
TXPacket(); // Send the acknowledgement to the mouse
ChangeChannel(LCH,1); // Go RX at same channel


}
else


if(ReceiveKeyboard()) // Check if data from the keyboard has arrived
    {


if(OldKeyboardPacketID != (BufPacket.buf[0]))// Check if it is a
new packet (not a re-sent one.)


{
OldKeyboardPacketID=(BufPacket.buf[0]);// Save the new


packet ID
for(i=0;i<BufPacket.length;i++)// Transfer received data


to the USB out buffer
OutPack.buf[i]=BufPacket.buf[i];


flag=0x05;// Flag that new keyboard data are present
}
ChangeChannel(LCH+8,0);// Go TX at keyboard channel (8MHz up)
BuildACK(NoDodge); // Build the acknowledgement
TXPacket(); // Send the acknowledgement to the


keyboard
ChangeChannel(LCH-8,1);// Go RX at operating channel (8MHz down)


}


if((LittleTick>8)&(!hasmoved)&(!MouseSleeps))// Timeout?
{


// If it hasn't moved since last time a mouse packet arrived


// and the mouse doesn't sleep...
LittleTick=0; // Clear the tick counter
hasmoved=1; // Set the "hasmoved" flag
if(MaskTick<50)// Check if it is reason to mask the old channel


MaskTable[DTi]=1;
MaskTick=0; // Reset the MaskTick counter
n=DTi; // Remember old DTi
DTi++; // Increment DodgeTable index
while(MaskTable[DTi]) // Find an unmasked channel
{


DTi++;
if(DTi>(DodgeTableSize-1))


DTi=0;
if(n==DTi)
{


NoDodge=1;// If all channels are masked, stop dodging
break;


}
}
if(DTi>(DodgeTableSize-1))// Check for wrap


DTi=0;
ChangeChannel(DodgeTable[DTi],1);// Go RX at new channel


}
convoy(flag); // Send flags to USB convoy routine (the next layer.)
flag=0; // Clear flags


}
}
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1. LIABILITY DISCLAIMER
Nordic Semiconductor ASA reserves the right to make changes without further notice to the
product to improve reliability, function or design. Nordic Semiconductor does not assume any
liability arising out of the application or use of any product or circuits described herein.


LIFE SUPPORT APPLICATIONS
These products are not designed for use in life support appliances, devices, or systems where
malfunction of these products can reasonably be expected to result in personal injury. Nordic
Semiconductor ASA customers using or selling these products for use in such applications do
so at their own risk and agree to fully indemnify Nordic Semiconductor ASA for any damages
resulting from such improper use or sale.


Application Note, Revision: 1.0, Date: 12.10.2004.


Application Note order code: nAN24-07


All rights reserved ®. Reproduction in whole or in part is prohibited without the prior written
permission of the copyright holder.
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main.c File Reference


This file contain the main initialisation and allows users to make their choices of operational mode. More...

#include <stdint.h>

#include <stdbool.h>

#include "hal_nrf.h"

#include "target_includes.h"

#include "radio.h"

#include "sb/radio_sb.h"

#include "esb/radio_esb.h"

#include "pl/radio_pl.h"

#include "sb/application_sb.h"

#include "esb/application_esb.h"

#include "pl/application_pl.h"

#include "system.h"






Go to the source code of this file.			


			
Defines





			#define 			OFF   0


			 			LED should be off.  



			#define 			ON   1


			 			LED should be on.  



			#define 			SEK_0   0


			 			Function should loop for 0 seconds.  



			#define 			SEK_1   10


			 			Function should loop for aprox 1 seconds.  



			#define 			SEK_2   20


			 			Function should loop for aprox 2 seconds.  



			#define 			SEK_3   30


			 			Function should loop for aprox 3 seconds.  



			
Enumerations





			enum  			state_t { 

  DEVICE_IDLE =  0, 
DEVICE_PRX_IDLE, 
DEVICE_PTX_IDLE, 
DEVICE_PRX_SB, 


  DEVICE_PRX_ESB, 
DEVICE_PRX_PL, 
DEVICE_PTX_SB, 
DEVICE_PTX_ESB, 


  DEVICE_PTX_PL, 
NO_CHANGE


 }


			 			Contain the common radio functions, implemented in radio.c.  More...



			
Functions





			static state_t 			get_next_state (state_t current_state)


			 			Implementation of the state transition.  



			void 			main (void)


			 			Function that initialises everything.  



			static void 			show_status (state_t operation)


			 			Shows the state the state_machine is in.  



			static void 			wait_for_button_release (void)


			 			Function that runs in a loop until all buttons are released.  



			
Variables





			static code const uint8_t 			address [HAL_NRF_AW_5BYTES] = {0x22,0x33,0x44,0x55,0x01}


			 			The address of the radio.  



			static const uint8_t 			show_state [][5]


			 			Defines the leds that should be turned on by the show_status() function and how long the light should be on.  



			static const state_t 			state_machine [][3]


			 			The state transistion table.  











Detailed Description



This file contain the main initialisation and allows users to make their choices of operational mode. 

Implements a state machine through the enum state, the state_machine array, and the get_next_state() function.



To choose between the differnt modes, after startup press:


			B1 for PTX mode			B1 for ShockBurst in PTX mode. Indicate with LED1 on


			B2 for Enhanced ShockBurst in PTX mode. Indicate with LED2 on


			B3 for Enhanced ShockBurst with Bidirectional data in PTX mode. Indicate with LED1 and LED2 on









			B2 for PRX mode			B1 for ShockBurst in PRX mode. Indicate with LED1 and LED3 on


			B2 for Enhanced ShockBurst in PRX mode. Indicate with LED2 and LED3 on


			B3 for Enhanced ShockBurst with Bidirectional data in PRX mode. Indicate with LED1, LED2 and LED3 on

















			Author:


			Per Kristian Schanke 







Definition in file main.c.




Define Documentation






      			#define OFF   0          











LED should be off. 








Definition at line 106 of file main.c.




Referenced by show_status().














      			#define ON   1          











LED should be on. 








Definition at line 104 of file main.c.




Referenced by show_status().














      			#define SEK_0   0          











Function should loop for 0 seconds. 








Definition at line 108 of file main.c.














      			#define SEK_1   10          











Function should loop for aprox 1 seconds. 








Definition at line 110 of file main.c.














      			#define SEK_2   20          











Function should loop for aprox 2 seconds. 








Definition at line 112 of file main.c.














      			#define SEK_3   30          











Function should loop for aprox 3 seconds. 








Definition at line 114 of file main.c.












Enumeration Type Documentation






      			enum state_t          











Contain the common radio functions, implemented in radio.c. 




Contain the specific radio functions for a radio in ShockBurst, implemented in sb/radio_sb.c Contain the specific radio functions for a radio in Enhanced ShockBurst, implemented in esb/radio_esb.c Contain the specific radio functions for a radio in Enhanced ShockBurst with Bidirectional data, implemented in pl/radio_pl.c Contain the application functions for a radio in ShockBurst, implemented in sb/application_sb.c Contain the application functions for a radio in Enhanced ShockBurst, implemented in esb/application_esb.c Contain the application functions for a radio in Enhanced ShockBurst with Bidirectional data, implemented in pl/application_pl.c Contain the functions for delays, system functions and some timers, implemented in system.c The possible states of the system. 


			Enumerator: 


			
			DEVICE_IDLE 			
The device is idle. 


			DEVICE_PRX_IDLE 			
The device will operate in PRX mode. 


			DEVICE_PTX_IDLE 			
The device will operate in PTX mode. 


			DEVICE_PRX_SB 			
The device will operate in PRX mode with ShockBurst functionailty. 


			DEVICE_PRX_ESB 			
The device will operate in PRX mode with Enhanced ShockBurst functionailty. 


			DEVICE_PRX_PL 			
The device will operate in PRX mode with Enhanced ShockBurst functionailty with Bidirectional data. 


			DEVICE_PTX_SB 			
The device will operate in PTX mode with ShockBurst functionailty. 


			DEVICE_PTX_ESB 			
The device will operate in PTX mode with Enhanced ShockBurst functionailty. 


			DEVICE_PTX_PL 			
The device will operate in PTX mode with Enhanced ShockBurst functionailty with Bidirectional data. 


			NO_CHANGE 			
No state change. 














Definition at line 67 of file main.c.












Function Documentation






      			static state_t get_next_state           			(			state_t 			 current_state          			 ) 			 [static]











Implementation of the state transition. 




Changes state based on the current state and the value of a pressed button. Waits til button is released before it returns.






			Parameters:


			
  						current_state 			The current state of the statemachine 













			Returns:


			The next state. Returns current_state if state_machine indicated NO_CHANGE 







Definition at line 234 of file main.c.




References B1_PRESSED, B2_PRESSED, B3_PRESSED, delay_10ms(), NO_CHANGE, and state_machine.




Referenced by main().














      			void main           			(			void 			          			 ) 			











Function that initialises everything. 




Calls system_init () which is hardware dependant, and device_boot_msg () from system.c. It implementes a simple statemachine to handle the input from the user on the evaluation board. With two clicks, the user can choose between primary transmitter mode (PTX) and primary reciever mode (PRX), and between the functionality levels ShockBurst (sb), Enchanced ShockBurst, and Enhanced ShockBurst with Bidirectional data (pl). 



Definition at line 165 of file main.c.




References address, device_boot_msg(), DEVICE_IDLE, DEVICE_PRX_ESB, DEVICE_PRX_IDLE, device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), DEVICE_PRX_PL, DEVICE_PRX_SB, DEVICE_PTX_ESB, DEVICE_PTX_IDLE, device_ptx_mode_esb(), device_ptx_mode_pl(), device_ptx_mode_sb(), DEVICE_PTX_PL, DEVICE_PTX_SB, get_next_state(), GLOBAL_INT_ENABLE, HAL_NRF_PRX, HAL_NRF_PTX, LED_ALL_OFF, radio_esb_init(), radio_pl_init(), radio_sb_init(), show_status(), system_init(), and wait_for_button_release().














      			static void show_status           			(			state_t 			 operation          			 ) 			 [static]











Shows the state the state_machine is in. 








Definition at line 271 of file main.c.




References LED1_ON, LED2_ON, LED3_ON, LED_ALL_OFF, OFF, ON, show_state, start_timer(), and wait_for_timer().




Referenced by main().














      			static void wait_for_button_release           			(			void 			          			 ) 			 [static]











Function that runs in a loop until all buttons are released. 








Definition at line 264 of file main.c.




References B1_PRESSED, B2_PRESSED, B3_PRESSED, and delay_10ms().




Referenced by main().












Variable Documentation






      			code const uint8_t address[HAL_NRF_AW_5BYTES] = {0x22,0x33,0x44,0x55,0x01} [static]          











The address of the radio. 




Parameter to the radio init 



Definition at line 137 of file main.c.




Referenced by main().














      			const uint8_t show_state[][5] [static]          











Initial value:


 

{{ON ,  ON ,  ON ,  ON,             SEK_0},  
 {OFF,  OFF,  ON ,  ON,             SEK_0},  
 {OFF,  OFF,  OFF,  ON,             SEK_0},  
 {ON ,  OFF,  ON ,  OFF,            SEK_3},  
 {OFF,  ON ,  ON ,  OFF,            SEK_3},  
 {ON ,  ON ,  ON ,  OFF,            SEK_3},  
 {ON ,  OFF,  OFF,  OFF,            SEK_3},  
 {OFF,  ON ,  OFF,  OFF,            SEK_3},  
 {ON ,  ON ,  OFF,  OFF,            SEK_3},  
}




Defines the leds that should be turned on by the show_status() function and how long the light should be on. 

Column 1 is LED1 ON/OFF, column 2 is LED2 ON/OFF, column 3 is LED3 ON/OFF, column 4 indicates wheter all light should be turned off (OFF) or if the pattern already lit up should stay on (ON), column 5 is the time the lights should stay in a locking loop (rounds of 100ms). 



Definition at line 123 of file main.c.




Referenced by show_status().














      			const state_t state_machine[][3] [static]          











Initial value:


 

{ {DEVICE_PTX_IDLE, DEVICE_PRX_IDLE, NO_CHANGE},      
  {DEVICE_PRX_SB,   DEVICE_PRX_ESB,  DEVICE_PRX_PL},  
  {DEVICE_PTX_SB,   DEVICE_PTX_ESB,  DEVICE_PTX_PL},  
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE}       
}




The state transistion table. 

Indicates which state the statemachine should jump to as next state.



Example on use:


  next_state = state_machine[current_state][button_pressed];
  if (next_state == NO_CHANGE)
     next_state = current_state;




 
Definition at line 90 of file main.c.




Referenced by get_next_state().
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Enhanced ShockBurst


[Operational modes]



This group of files contain the radio-setup and application for Enhanced ShockBurst.  
More...			


			
Files





			file  			application_esb.c


			 			Application to show the functionality of the Enhanced ShockBurst mode. 







			file  			radio_esb.c


			 			Initialise the radio in Enhanced ShockBurst mode. 















Detailed Description



This group of files contain the radio-setup and application for Enhanced ShockBurst. 

The application starts in this mode by first pressing B1 or B2 to choose between running as PRX and PTX and then press B2 to start in Enhanced ShockBurst. 
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Hardware dependant


This group contain the files that are hardware dependant.  
More...			


			
Files





			file  			system.c


			 			System level functions: Timers, port setup, interrupt handlers, and other system functions. 







			
Modules





			 			nRF24L01


			 			Group containing the files that define dependencies to the nRF24L01 radio and the Cygnal C8051F320 microcontroller. 










			 			nRF24LU1


			 			Group containing the files that define dependencies to the nRF24LU1 radio and microcontroller. 















Detailed Description



This group contain the files that are hardware dependant. 
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hal_nrf_f32x_hw.c File Reference


MCU depenent source code for accessing the nRF24L01 radio. More...

#include <stdint.h>

#include <Cygnal\C8051F320.h>






Go to the source code of this file.			


			
Functions





			uint8_t 			hal_nrf_rw (uint8_t value)


			 			Basis function, nrf_rw This function is used by the basis functions to exchange data with the data.  



			void 			hal_spi_init (uint8_t spi_speed)










Detailed Description



MCU depenent source code for accessing the nRF24L01 radio. 




			Author:


			Runar Kjellhaug 







Definition in file hal_nrf_f32x_hw.c.




Function Documentation






      			void hal_spi_init           			(			uint8_t 			 spi_speed          			 ) 			















Definition at line 28 of file hal_nrf_f32x_hw.c.




Referenced by system_init().
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hal_nrf_hw.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2132 $
00012  */ 
00013 
00020 #ifndef HAL_NRF_HW_H__
00021 #define HAL_NRF_HW_H__
00022 
00023 #include <Cygnal\c8051f320.h>
00024 
00025 sbit CSN = P0^3;  // CSN PIN for BFB
00026 sbit CE = P0^4;   // CE PIN
00027 
00031 #define CSN_LOW() do {CSN = 0;} while(0)
00032 
00036 #define CSN_HIGH() do {CSN = 1;} while(0)
00037 
00041 #define CE_LOW() do {CE = 0;} while(0)
00042 
00046 #define CE_HIGH() do {CE = 1;} while(0)
00047 
00051 #define CE_PULSE() do { \
00052   uint8_t count; \
00053   count = 20; \
00054   CE_HIGH();  \
00055   while(count--) \
00056     ; \
00057   CE_LOW();  \
00058   } while(0)
00059 
00060 #endif /* HAL_NRF_HW_H__ */
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radio_esb.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2089 $
00012  */ 
00013 
00014 #ifndef RADIO_ESB_H__
00015 #define RADIO_ESB_H__
00016 
00023 void radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);
00024 
00025 #endif
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hal_nrf_hw.c File Reference


Implementation of hal_nrf_rw. More...

#include <Nordic\reg24lu1.h>

#include <stdint.h>

#include "hal_nrf.h"






Go to the source code of this file.			


			
Functions





			uint8_t 			hal_nrf_rw (uint8_t value)


			 			Basis function, nrf_rw This function is used by the basis functions to exchange data with the data.  











Detailed Description



Implementation of hal_nrf_rw. 

hal_nrf_rw is an SPI function which is hardware dependent. This file contains an implementation for nRF24LU1. 



Definition in file hal_nrf_hw.c.
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Operational modes


This group contain the groups that set up the radio in different modes.  
More...			


			
Modules





			 			ShockBurst


			 			This group of files contain the radio-setup and application for ShockBurst. 







			 			Enhanced ShockBurst


			 			This group of files contain the radio-setup and application for Enhanced ShockBurst. 










			 			Enhanced ShockBurst with ACK payload


			 			This group of files contain the radio-setup and application for Enhanced ShockBurst with ACK payload. 















Detailed Description



This group contain the groups that set up the radio in different modes. 
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Enhanced ShockBurst with ACK payload


[Operational modes]



This group of files contain the radio-setup and application for Enhanced ShockBurst with ACK payload.  
More...			


			
Files





			file  			application_pl.c


			 			Application to show the functionality of the Enhanced ShockBurst mode with Bidirectional data. 







			file  			radio_pl.c


			 			Initialise the radio in Enhanced ShockBurst mode with Bidirectional data. 















Detailed Description



This group of files contain the radio-setup and application for Enhanced ShockBurst with ACK payload. 

The application starts in this mode by first pressing B1 or B2 to choose between running as PRX and PTX and then press B3 to start in Enhanced ShockBurst with ACK payload. 
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nordic_common.h


Go to the documentation of this file.00001 /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is confidential property of Nordic Semiconductor. The use,
00004  * copying, transfer or disclosure of such information is prohibited except by express written
00005  * agreement with Nordic Semiconductor.
00006  */
00007 
00014 #ifndef NORDIC_COMMON_H__
00015 #define NORDIC_COMMON_H__
00016 
00018 //lint -emacro((572),SWAP) // Suppress warning 572 "Excessive shift value"
00019 #define SWAP(x) ((((x)&0xFF)<<8)|(((x)>>8)&0xFF))
00020 
00022 #define MSB(a) ((a & 0xFF00) >> 8)
00023 
00024 #define LSB(a) ((a & 0xFF))
00025 
00027 #define MIN(a, b) ((a) < (b) ? (a) : (b))
00028 
00029 #define MAX(a, b) ((a) < (b) ? (b) : (a))
00030 
00031 #define BIT_0 0x01 
00032 #define BIT_1 0x02 
00033 #define BIT_2 0x04 
00034 #define BIT_3 0x08 
00035 #define BIT_4 0x10 
00036 #define BIT_5 0x20 
00037 #define BIT_6 0x40 
00038 #define BIT_7 0x80 
00040 #endif // NORDIC_COMMON_H__
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radio_sb.c File Reference


Initialise the radio in ShockBurst mode. More...

#include "hal_nrf.h"

#include "radio_sb.h"

#include "system.h"

#include "radio.h"






Go to the source code of this file.			


			
Functions





			void 			radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in ShockBurst mode.  











Detailed Description



Initialise the radio in ShockBurst mode. 

This is done by opening pipe0 without auto ACK and disabeling auto retransmits.






			Author:


			Per Kristian Schanke 







Definition in file radio_sb.c.




Function Documentation






      			void radio_sb_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in ShockBurst mode. 




This mean that there are no auto-retransmit or auto-acknowledgment enabled.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 27 of file radio_sb.c.




Referenced by main().
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nRF24L01


[Hardware dependant]



Group containing the files that define dependencies to the nRF24L01 radio and the Cygnal C8051F320 microcontroller.  
More...			


			
Files





			file  			l01_bfb/mcu.c


			 			Implementation of C8051F320 hardware functions. 







			file  			l01_bfb/target_includes.h


			 			Target specific include directives. 















Detailed Description



Group containing the files that define dependencies to the nRF24L01 radio and the Cygnal C8051F320 microcontroller. 
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system.c File Reference


System level functions: Timers, port setup, interrupt handlers, and other system functions. More...

#include "hal_nrf.h"

#include "radio.h"

#include "system.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			void 			delay_100ms (void)


			 			Delay of aprox 100ms.  



			void 			delay_10ms (void)


			 			Delay of aprox 10ms.  



			void 			device_boot_msg (void)


			 			Runs a LED pattern to indicate startup.  



			static void 			run_timer (uint16_t time)


			 			Starts timer 1.  



			void 			start_timer (uint16_t time)


			 			Starts a timer that runs time ms.  



			void 			t0_ov_interrupt (void)


			 			Interrupt handler for timer0.  



			bool 			timer_done (void)


			 			Checks the timer flags and return the status.  



			void 			wait_for_timer (void)


			 			Runs a loop that waits for the timer to be done.  



			
Variables





			volatile uint8_t 			led_blink


			 			Indicates which LED is set to blink.  



			static uint8_t 			timer_rounds


			 			How many times timer 1 should be restarted to be able to run for the wanted amount of time.  











Detailed Description



System level functions: Timers, port setup, interrupt handlers, and other system functions. 




			Author:


			Per Kristian Schanke 







Definition in file system.c.




Function Documentation






      			void delay_100ms           			(			void 			          			 ) 			











Delay of aprox 100ms. 








Definition at line 81 of file system.c.




Referenced by device_ptx_mode_pl(), and sysclk_init().














      			void delay_10ms           			(			void 			          			 ) 			











Delay of aprox 10ms. 








Definition at line 75 of file system.c.




Referenced by device_boot_msg(), get_next_state(), system_init(), and wait_for_button_release().














      			void device_boot_msg           			(			void 			          			 ) 			











Runs a LED pattern to indicate startup. 








Definition at line 41 of file system.c.




Referenced by main().














      			static void run_timer           			(			uint16_t 			 time          			 ) 			 [static]











Starts timer 1. 







			Parameters:


			
  						time 			The runtime in timer cycles 














Definition at line 133 of file system.c.




References T1_MODE1, T1_SET_HB, T1_SET_LB, and T1_START.




Referenced by start_timer(), timer_done(), and wait_for_timer().














      			void start_timer           			(			uint16_t 			 time          			 ) 			











Starts a timer that runs time ms. 




As it is only possible to run for aprox 50ms using the internal timers, anything above 50ms is done by restarting the counter. To restart the counter, either wait_for_timer() or timer_done() should be called. These check the timer and restart it if needed.






			Parameters:


			
  						time 			How many ms you want the timer to run 














Definition at line 113 of file system.c.




Referenced by delay_100ms(), delay_10ms(), device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_esb(), device_ptx_mode_sb(), radio_esb_init(), radio_pl_init(), radio_sb_init(), and show_status().














      			void t0_ov_interrupt           			(			void 			          			 ) 			











Interrupt handler for timer0. 




Turns off all blinking LED's. Hardware dependant in setting up timers and interrupt vector. 



Definition at line 91 of file system.c.




References LED1_INDEX, LED1_OFF, LED2_INDEX, LED2_OFF, LED3_INDEX, LED3_OFF, and led_blink.














      			bool timer_done           			(			void 			          			 ) 			











Checks the timer flags and return the status. 




Restarts the timer if needed.






			Returns:


			If the clock is done or not 






			Return values:


			
  						true 			clock is done 


						false 			clock is not done 














Definition at line 162 of file system.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), and device_prx_mode_sb().














      			void wait_for_timer           			(			void 			          			 ) 			











Runs a loop that waits for the timer to be done. 




Restarts the timer if needed 



Definition at line 144 of file system.c.




Referenced by delay_100ms(), delay_10ms(), device_ptx_mode_esb(), device_ptx_mode_sb(), radio_esb_init(), radio_pl_init(), radio_sb_init(), and show_status().












Variable Documentation






      			volatile uint8_t led_blink          











Indicates which LED is set to blink. 








Definition at line 29 of file system.c.




Referenced by device_boot_msg(), and t0_ov_interrupt().














      			uint8_t timer_rounds [static]          











How many times timer 1 should be restarted to be able to run for the wanted amount of time. 








Definition at line 33 of file system.c.




Referenced by start_timer(), timer_done(), and wait_for_timer().
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ShockBurst


[Operational modes]



This group of files contain the radio-setup and application for ShockBurst.  
More...			


			
Files





			file  			application_sb.c


			 			Application to show the functionality of the ShockBurst mode. 







			file  			radio_sb.c


			 			Initialise the radio in ShockBurst mode. 















Detailed Description



This group of files contain the radio-setup and application for ShockBurst. 

The application starts in this mode by first pressing B1 or B2 to choose between running as PRX and PTX and then press B1 to start in ShockBurst. 
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hal_nrf_reg.h


Go to the documentation of this file.00001 /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is confidential property of Nordic Semiconductor. The use,
00004  * copying, transfer or disclosure of such information is prohibited except by express written
00005  * agreement with Nordic Semiconductor.
00006  *
00007  * $Rev: 1731 $
00008  *
00009  */
00010 
00019 #ifndef HAL_NRF_REG_H__
00020 #define HAL_NRF_REG_H__
00021 
00024 /* nRF24L01 Instruction Definitions */
00025 #define WRITE_REG     0x20  
00026 #define RD_RX_PLOAD_W   0x60  
00027 #define RD_RX_PLOAD   0x61  
00028 #define WR_TX_PLOAD   0xA0  
00029 #define WR_ACK_PLOAD  0xA8  
00030 #define WR_NAC_TX_PLOAD 0xB0  
00031 #define FLUSH_TX      0xE1  
00032 #define FLUSH_RX      0xE2  
00033 #define REUSE_TX_PL   0xE3  
00034 #define LOCK_UNLOCK   0x50  
00036 #define NOP           0xFF  
00038 
00039 
00041 /* nRF24L01 * Register Definitions * */
00042 #define CONFIG        0x00  
00043 #define EN_AA         0x01  
00044 #define EN_RXADDR     0x02  
00045 #define SETUP_AW      0x03  
00046 #define SETUP_RETR    0x04  
00047 #define RF_CH         0x05  
00048 #define RF_SETUP      0x06  
00049 #define STATUS        0x07  
00050 #define OBSERVE_TX    0x08  
00051 #define CD            0x09  
00052 #define RX_ADDR_P0    0x0A  
00053 #define RX_ADDR_P1    0x0B  
00054 #define RX_ADDR_P2    0x0C  
00055 #define RX_ADDR_P3    0x0D  
00056 #define RX_ADDR_P4    0x0E  
00057 #define RX_ADDR_P5    0x0F  
00058 #define TX_ADDR       0x10  
00059 #define RX_PW_P0      0x11  
00060 #define RX_PW_P1      0x12  
00061 #define RX_PW_P2      0x13  
00062 #define RX_PW_P3      0x14  
00063 #define RX_PW_P4      0x15  
00064 #define RX_PW_P5      0x16  
00065 #define FIFO_STATUS   0x17  
00066 #define DYNPD         0x1C  
00067 #define FEATURE       0x1D  
00070 
00071 /* nRF24L01 related definitions */
00072 /* Interrupt definitions */
00073 /* Operation mode definitions */
00074 
00078 typedef enum {
00079     HAL_NRF_MAX_RT = 4,     
00080     HAL_NRF_TX_DS,          
00081     HAL_NRF_RX_DR           
00082 } hal_nrf_irq_source_t;
00083 
00084 /* Operation mode definitions */
00088 typedef enum {
00089     HAL_NRF_PTX,            
00090     HAL_NRF_PRX             
00091 } hal_nrf_operation_mode_t;
00092 
00096 typedef enum {
00097     HAL_NRF_PWR_DOWN,       
00098     HAL_NRF_PWR_UP          
00099 } hal_nrf_pwr_mode_t;
00100 
00104 typedef enum {
00105     HAL_NRF_18DBM,          
00106     HAL_NRF_12DBM,          
00107     HAL_NRF_6DBM,           
00108     HAL_NRF_0DBM            
00109 } hal_nrf_output_power_t;
00110 
00114 typedef enum {
00115     HAL_NRF_1MBPS,          
00116     HAL_NRF_2MBPS           
00117 } hal_nrf_datarate_t;
00118 
00122 typedef enum {
00123     HAL_NRF_PLL_UNLOCK,     
00124     HAL_NRF_PLL_LOCK        
00125 } hal_nrf_pll_mode_t;
00126 
00130 typedef enum {
00131     HAL_NRF_LNA_LCURR,      
00132     HAL_NRF_LNA_HCURR       
00133 } hal_nrf_lna_mode_t;
00134 
00138 typedef enum {
00139     HAL_NRF_CRC_OFF,        
00140     HAL_NRF_CRC_8BIT = 2,   
00141     HAL_NRF_CRC_16BIT       
00142 } hal_nrf_crc_mode_t;
00143 
00147 typedef enum {
00148     HAL_NRF_TX_PLOAD = 7,   
00149     HAL_NRF_RX_PLOAD,        
00150     HAL_NRF_ACK_PLOAD
00151 } hal_nrf_pload_command_t;
00152 
00158 // nRF24L01 Address struct
00159 
00160 /*
00161 //typedef struct {
00162 //   uint8_t p0[5];            
00163 //    uint8_t p1[5];            
00164 //    uint8_t p2[1];            
00165 //    uint8_t p3[1];            
00166  //   uint8_t p4[1];            
00167  //   uint8_t p5[1];            
00168  //   uint8_t tx[5];            
00169 //} hal_nrf_l01_addr_map;
00170 
00171 
00175 typedef enum {
00176     HAL_NRF_PIPE0,              
00177     HAL_NRF_PIPE1,              
00178     HAL_NRF_PIPE2,              
00179     HAL_NRF_PIPE3,              
00180     HAL_NRF_PIPE4,              
00181     HAL_NRF_PIPE5,              
00182     HAL_NRF_TX,                 
00183     HAL_NRF_ALL = 0xFF          
00186 } hal_nrf_address_t;
00187 
00191 typedef enum {
00192     HAL_NRF_AW_3BYTES = 3,      
00193     HAL_NRF_AW_4BYTES,          
00194     HAL_NRF_AW_5BYTES           
00195 } hal_nrf_address_width_t;
00196 
00197 
00200 
00201 #define MASK_RX_DR    6     
00202 #define MASK_TX_DS    5     
00203 #define MASK_MAX_RT   4     
00204 #define EN_CRC        3     
00205 #define CRCO          2     
00206 #define PWR_UP        1     
00207 #define PRIM_RX       0     
00209 
00212 #define PLL_LOCK      4     
00213 #define RF_DR         3     
00214 #define RF_PWR1       2     
00215 #define RF_PWR0       1     
00216 #define LNA_HCURR     0     
00218 
00219 /* STATUS 0x07 */
00222 #define RX_DR         6     
00223 #define TX_DS         5     
00224 #define MAX_RT        4     
00225 #define TX_FULL       0     
00227 
00228 /* FIFO_STATUS 0x17 */
00231 #define TX_REUSE      6     
00232 #define TX_FIFO_FULL  5     
00233 #define TX_EMPTY      4     
00234 #define RX_FULL       1     
00235 #define RX_EMPTY      0     
00237 
00238 #endif // HAL_NRF_REG_H__
00239 
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radio_pl.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2089 $
00012  */ 
00013 
00014 #ifndef RADIO_PL_H__
00015 #define RADIO_PL_H__
00016 
00018 #define ALL_PIPES (0x3F)
00019 
00027 void radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);
00028 
00029 #endif
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hal_nrf_hw.c


Go to the documentation of this file.00001 /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is confidential property of 
00004  * Nordic Semiconductor. The use, copying, transfer or disclosure of such
00005  * information is prohibited except by express written agreement with 
00006  * Nordic Semiconductor.
00007  */
00008 
00015 #include <Nordic\reg24lu1.h>
00016 #include <stdint.h>
00017 #include "hal_nrf.h"
00018 
00019 uint8_t hal_nrf_rw(uint8_t value)
00020 {
00021   RFDAT = value;
00022   RFSPIF = 0;     // ! IMPORTANT ! Clear RF SPI ready flag
00023                   // after data written to RFDAT..
00024   while(!RFSPIF); // wait for byte transfer finished
00025     ;
00026   return RFDAT;   // return SPI read value
00027 }
00028 
00029 
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nordic_common.h File Reference


Common defines and macros for firmware developed by Nordic Semiconductor. More...






Go to the source code of this file.			


			
Defines





			#define 			BIT_0   0x01


			 			The value of bit 0.  



			#define 			BIT_1   0x02


			 			The value of bit 1.  



			#define 			BIT_2   0x04


			 			The value of bit 2.  



			#define 			BIT_3   0x08


			 			The value of bit 3.  



			#define 			BIT_4   0x10


			 			The value of bit 4.  



			#define 			BIT_5   0x20


			 			The value of bit 5.  



			#define 			BIT_6   0x40


			 			The value of bit 6.  



			#define 			BIT_7   0x80


			 			The value of bit 7.  



			#define 			LSB(a)   ((a & 0xFF))


			 			The lower 8 bits (of a 16 bit value).  



			#define 			MAX(a, b)   ((a) < (b) ? (b) : (a))


			 			Leaves the maximum of the two arguments.  



			#define 			MIN(a, b)   ((a) < (b) ? (a) : (b))


			 			Leaves the minimum of the two arguments.  



			#define 			MSB(a)   ((a & 0xFF00) >> 8)


			 			The upper 8 bits of a 16 bit value.  



			#define 			SWAP(x)   ((((x)&0xFF)<<8)|(((x)>>8)&0xFF))


			 			Swaps the upper byte with the lower byte in a 16 bit variable.  











Detailed Description



Common defines and macros for firmware developed by Nordic Semiconductor. 




			Author:


			Ken A. Redergaard 







Definition in file nordic_common.h.




Define Documentation






      			#define BIT_0   0x01          











The value of bit 0. 








Definition at line 31 of file nordic_common.h.




Referenced by hal_nrf_get_transmit_attempts().














      			#define BIT_1   0x02          











The value of bit 1. 








Definition at line 32 of file nordic_common.h.




Referenced by hal_nrf_get_rx_data_source(), and hal_nrf_get_transmit_attempts().














      			#define BIT_2   0x04          











The value of bit 2. 








Definition at line 33 of file nordic_common.h.




Referenced by hal_nrf_get_crc_mode(), hal_nrf_get_rx_data_source(), hal_nrf_get_transmit_attempts(), and hal_nrf_set_crc_mode().














      			#define BIT_3   0x08          











The value of bit 3. 








Definition at line 34 of file nordic_common.h.




Referenced by hal_nrf_get_crc_mode(), hal_nrf_get_rx_data_source(), hal_nrf_get_transmit_attempts(), and hal_nrf_set_crc_mode().














      			#define BIT_4   0x10          











The value of bit 4. 








Definition at line 35 of file nordic_common.h.




Referenced by hal_nrf_get_clear_irq_flags(), hal_nrf_get_irq_flags(), and hal_nrf_get_packet_lost_ctr().














      			#define BIT_5   0x20          











The value of bit 5. 








Definition at line 36 of file nordic_common.h.




Referenced by hal_nrf_get_clear_irq_flags(), hal_nrf_get_irq_flags(), and hal_nrf_get_packet_lost_ctr().














      			#define BIT_6   0x40          











The value of bit 6. 








Definition at line 37 of file nordic_common.h.




Referenced by hal_nrf_get_clear_irq_flags(), hal_nrf_get_irq_flags(), hal_nrf_get_packet_lost_ctr(), and hal_nrf_open_pipe().














      			#define BIT_7   0x80          











The value of bit 7. 








Definition at line 38 of file nordic_common.h.




Referenced by hal_nrf_get_packet_lost_ctr(), and hal_nrf_open_pipe().














      			#define LSB          			(			a 			          			 ) 			   ((a & 0xFF))











The lower 8 bits (of a 16 bit value). 








Definition at line 24 of file nordic_common.h.














      			#define MAX          			(			a,         


									b 			          			 ) 			   ((a) < (b) ? (b) : (a))











Leaves the maximum of the two arguments. 








Definition at line 29 of file nordic_common.h.














      			#define MIN          			(			a,         


									b 			          			 ) 			   ((a) < (b) ? (a) : (b))











Leaves the minimum of the two arguments. 








Definition at line 27 of file nordic_common.h.














      			#define MSB          			(			a 			          			 ) 			   ((a & 0xFF00) >> 8)











The upper 8 bits of a 16 bit value. 








Definition at line 22 of file nordic_common.h.














      			#define SWAP          			(			x 			          			 ) 			   ((((x)&0xFF)<<8)|(((x)>>8)&0xFF))











Swaps the upper byte with the lower byte in a 16 bit variable. 








Definition at line 19 of file nordic_common.h.
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application_pl.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2088 $
00012  */ 
00013 
00014 #ifndef APPLICATION_PL_H__
00015 #define APPLICATION_PL_H__
00016 
00020 void device_ptx_mode_pl(void);
00021 
00025 void device_prx_mode_pl(void);
00026 
00027 #endif
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application_pl.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2311 $
00012  */ 
00013 
00045 #include "hal_nrf.h"
00046 #include "system.h"
00047 #include "radio.h"
00048 #include "application_pl.h"
00049 #include "target_includes.h"
00050 
00052 static xdata uint8_t pload_pl[RF_PAYLOAD_LENGTH];
00053 
00054 void device_ptx_mode_pl(void)
00055 {
00056   while(true)
00057   {
00058     // Wait til the packet is sent
00059     do {
00060       radio_irq ();
00061     } while((radio_get_status ()) == RF_BUSY);
00062 
00063     // Blink LED2 if ACK is recieved, LED3 if not
00064     if (((radio_get_status ()) == RF_TX_DS) 
00065         || ((radio_get_status ()) == RF_TX_AP))
00066     {
00067       LED2_BLINK();
00068     }
00069     else
00070     {
00071       LED3_BLINK();
00072     }
00073 
00074     // If ACK payload was recieved, get the payload
00075     if (radio_get_status () == RF_TX_AP)
00076     {
00077       // Get the payload from the PRX and set LED1 accordingly
00078       if (radio_get_pload_byte (0) == 1)
00079       {
00080         LED1_ON();
00081       }
00082       else
00083       {
00084         LED1_OFF();
00085       }
00086     }
00087 
00088     // Sleep 100ms
00089     delay_100ms();
00090 
00091     // Set up the payload according to the input button 1
00092     pload_pl[0] = 0;
00093 
00094     if(B1_PRESSED())
00095     {
00096       pload_pl[0] = 1;
00097     }
00098 
00099     //Send the packet
00100     radio_send_packet(pload_pl, RF_PAYLOAD_LENGTH);           
00101   }
00102 }
00103 
00104 void device_prx_mode_pl(void)
00105 {
00106   CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever
00107 
00108   while(true)
00109   { 
00110     // Setup and put the ACK payload on the FIFO
00111     pload_pl[0] = 0;
00112 
00113     if(B1_PRESSED())
00114     {
00115       pload_pl[0] = 1;
00116     }
00117 
00118     hal_nrf_write_ack_pload (0, pload_pl, RF_PAYLOAD_LENGTH);
00119 
00120     start_timer(110);
00121     
00122     // Run until either 110ms has lapsed 
00123     // OR there is data on the radio
00124     do
00125     {
00126       radio_irq ();
00127     } while ((radio_get_status () == RF_IDLE) && !timer_done());
00128 
00129     // Blink LED2 if ACK payload was sent, LED3 if not
00130     if ((radio_get_status ()) == RF_TX_DS
00131        || (radio_get_status ()) == RF_TX_AP)
00132     {
00133       LED2_BLINK();
00134     }
00135     else
00136     {
00137       LED3_BLINK();
00138     }
00139 
00140     if ((radio_get_status ()) == RF_RX_DR
00141        || (radio_get_status ()) == RF_TX_AP)
00142     {
00143       // Get the payload from the PTX and set LED1 accordingly
00144       if (radio_get_pload_byte (0) == 1)
00145       {
00146         LED1_ON();
00147       }
00148       else
00149       {
00150         LED1_OFF();
00151       }
00152     }
00153     else
00154     {
00155       LED1_OFF();
00156     }
00157 
00158     // Set radio status to idle
00159     radio_set_status (RF_IDLE);
00160   }
00161 
00162   EX0 = 1;
00163 }
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application_pl.h File Reference




Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_pl (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_pl (void)


			 			This function is called if the application is entering the PTX mode.  











Function Documentation






      			void device_prx_mode_pl           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 104 of file application_pl.c.




References B1_PRESSED, CE_HIGH, hal_nrf_write_ack_pload(), LED1_OFF, LED1_ON, LED2_BLINK, LED3_BLINK, pload_pl, radio_get_pload_byte(), radio_get_status(), radio_irq(), radio_set_status(), RF_IDLE, RF_PAYLOAD_LENGTH, RF_RX_DR, RF_TX_AP, RF_TX_DS, start_timer(), and timer_done().














      			void device_ptx_mode_pl           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 54 of file application_pl.c.




References B1_PRESSED, delay_100ms(), LED1_OFF, LED1_ON, LED2_BLINK, LED3_BLINK, pload_pl, radio_get_pload_byte(), radio_get_status(), radio_irq(), radio_send_packet(), RF_BUSY, RF_PAYLOAD_LENGTH, RF_TX_AP, and RF_TX_DS.












Generated on Wed Feb 13 12:04:45 2008 for Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 by 

 1.5.3 







  			Main Page


			Modules


			Files








hal_nrf_l01.c File Reference


			Author:


			Runar Kjellhaug 






More...

#include <stdint.h>

#include <stdbool.h>

#include "nordic_common.h"

#include "hal_nrf.h"






Go to the source code of this file.			


			
Defines





			#define 			SET_BIT(pos)   ((uint8_t) (1<<( (uint8_t) (pos) )))


			#define 			UINT8(t)   ((uint8_t) (t))


			
Functions





			void 			hal_nrf_clear_irq_flag (hal_nrf_irq_source_t int_source)


			 			Clear one selected interrupt flag.  



			void 			hal_nrf_close_pipe (hal_nrf_address_t pipe_num)


			 			Close radio pipe(s).  



			void 			hal_nrf_disable_ack_pl (void)


			 			Disables the ACK payload feature.  



			void 			hal_nrf_disable_dynamic_ack (void)


			 			Disables the no-ack feature.  



			void 			hal_nrf_disable_dynamic_pl (void)


			 			Disables the dynamic payload feature.  



			void 			hal_nrf_enable_ack_pl (void)


			 			Enables the ACK payload feature.  



			void 			hal_nrf_enable_dynamic_ack (void)


			 			Enables the no-ack feature.  



			void 			hal_nrf_enable_dynamic_pl (void)


			 			Enables the dynamic payload feature.  



			void 			hal_nrf_flush_rx (void)


			 			Flush RX FIFO.  



			void 			hal_nrf_flush_tx (void)


			 			Flush TX FIFO.  



			uint8_t 			hal_nrf_get_address (uint8_t address, uint8_t *addr)


			 			Get address for selected pipe.  



			uint8_t 			hal_nrf_get_address_width (void)


			 			Get address width for radio.  



			uint8_t 			hal_nrf_get_auto_retr_status (void)


			 			Get auto retransmit parameters.  



			bool 			hal_nrf_get_carrier_detect (void)


			 			Get the carrier detect flag.  



			uint8_t 			hal_nrf_get_clear_irq_flags (void)


			 			Read then clears all interrupt flags.  



			uint8_t 			hal_nrf_get_crc_mode (void)


			 			Get CRC mode.  



			uint8_t 			hal_nrf_get_datarate (void)


			 			Get radio's current on-air datarate.  



			uint8_t 			hal_nrf_get_fifo_status (void)


			uint8_t 			hal_nrf_get_irq_flags (void)


			 			Read all interrupt flags.  



			bool 			hal_nrf_get_irq_mode (uint8_t int_type)


			 			Read current interrupt mode for selected interrupt source.  



			hal_nrf_lna_mode_t 			hal_nrf_get_lna_gain (void)


			 			Get LNA gain mode.  



			uint8_t 			hal_nrf_get_operation_mode (void)


			 			Get radio's current operation mode.  



			uint8_t 			hal_nrf_get_output_power (void)


			 			Get radio's current TX output power.  



			uint8_t 			hal_nrf_get_packet_lost_ctr (void)


			 			Get packet lost counter Use this function to get the packet(s) counter.  



			uint8_t 			hal_nrf_get_pipe_status (uint8_t pipe_num)


			 			Get pipe status.  



			hal_nrf_pll_mode_t 			hal_nrf_get_pll_mode (void)


			 			Get PLL mode.  



			uint8_t 			hal_nrf_get_power_mode (void)


			 			Get radio's current power mode.  



			bool 			hal_nrf_get_reuse_tx_status (void)


			 			Get status of reuse TX function.  



			uint8_t 			hal_nrf_get_rf_channel (void)


			 			Get radio's current RF channel.  



			uint8_t 			hal_nrf_get_rx_data_source (void)


			 			Get RX data source.  



			uint8_t 			hal_nrf_get_rx_fifo_status (void)


			 			Get radio's RX FIFO status.  



			uint8_t 			hal_nrf_get_rx_pload_width (uint8_t pipe_num)


			 			Get RX payload width for selected pipe.  



			uint8_t 			hal_nrf_get_transmit_attempts (void)


			 			Get radio's transmit attempts status.  



			uint8_t 			hal_nrf_get_tx_fifo_status (void)


			 			Get radio's TX FIFO status.  



			void 			hal_nrf_lock_unlock ()


			 			Activate features Sends the ACTIVATE command to the RF tranceiver.  



			uint8_t 			hal_nrf_nop (void)


			 			No Operation command.  



			void 			hal_nrf_open_pipe (hal_nrf_address_t pipe_num, bool auto_ack)


			 			Open radio pipe(s) and enable/ disable auto acknowledge.  



			uint16_t 			hal_nrf_read_multibyte_reg (uint8_t reg, uint8_t *pbuf)


			 			Basis function, read_multibyte register .  



			uint8_t 			hal_nrf_read_reg (uint8_t reg)


			 			Basis function read_reg.  



			uint8_t 			hal_nrf_read_rx_pl_w ()


			 			Reads the payload width of the received ack payload.  



			uint16_t 			hal_nrf_read_rx_pload (uint8_t *rx_pload)


			 			Read RX payload.  



			void 			hal_nrf_reuse_tx (void)


			 			Reuse TX payload.  



			bool 			hal_nrf_rx_fifo_empty (void)


			 			Check for RX FIFO empty.  



			bool 			hal_nrf_rx_fifo_full (void)


			 			Check for RX FIFO full.  



			void 			hal_nrf_set_address (hal_nrf_address_t address, uint8_t *addr)


			 			Set radio's RX address and TX address.  



			void 			hal_nrf_set_address_width (hal_nrf_address_width_t address_width)


			 			Set radio's address width.  



			void 			hal_nrf_set_auto_retr (uint8_t retr, uint16_t delay)


			 			Set auto acknowledge parameters.  



			void 			hal_nrf_set_crc_mode (hal_nrf_crc_mode_t crc_mode)


			 			Set the CRC mode used by the radio.  



			void 			hal_nrf_set_datarate (hal_nrf_datarate_t datarate)


			 			Set radio's on-air datarate.  



			void 			hal_nrf_set_irq_mode (hal_nrf_irq_source_t int_source, bool irq_state)


			 			Enable or disable interrupt for radio.  



			void 			hal_nrf_set_lna_gain (hal_nrf_lna_mode_t lna_gain)


			 			Set radio's LNA gain mode.  



			void 			hal_nrf_set_operation_mode (hal_nrf_operation_mode_t op_mode)


			 			Set radio's operation mode.  



			void 			hal_nrf_set_output_power (hal_nrf_output_power_t power)


			 			Set radio's TX output power.  



			void 			hal_nrf_set_pll_mode (hal_nrf_pll_mode_t pll_mode)


			 			Set radio's PLL mode.  



			void 			hal_nrf_set_power_mode (hal_nrf_pwr_mode_t pwr_mode)


			 			Set radio's power mode.  



			void 			hal_nrf_set_rf_channel (uint8_t channel)


			 			Set radio's RF channel.  



			void 			hal_nrf_set_rx_pload_width (uint8_t pipe_num, uint8_t pload_width)


			 			Set payload width for selected pipe.  



			void 			hal_nrf_setup_dyn_pl (uint8_t setup)


			 			Sets the dynamic payload features for the RX pipes The input parameter contains is a byte where the bit values tells weather the pipe uses the ack payload feature or not.  



			bool 			hal_nrf_tx_fifo_empty (void)


			 			Check for TX FIFO empty.  



			bool 			hal_nrf_tx_fifo_full (void)


			 			Check for TX FIFO full.  



			void 			hal_nrf_write_ack_pload (uint8_t pipe, uint8_t *tx_pload, uint8_t length)


			 			Write ack payload Writes the payload that will be transmitted with the ack on the given pipe.  



			void 			hal_nrf_write_multibyte_reg (uint8_t reg, uint8_t *pbuf, uint8_t length)


			 			Basis function, write_multibyte register.  



			uint8_t 			hal_nrf_write_reg (uint8_t reg, uint8_t value)


			 			Basis function write_reg.  



			void 			hal_nrf_write_tx_pload (uint8_t *tx_pload, uint8_t length)


			 			Write TX payload to radio.  











Detailed Description



			Author:


			Runar Kjellhaug 












Definition in file hal_nrf_l01.c.




Define Documentation






      			#define SET_BIT          			(			pos 			          			 ) 			   ((uint8_t) (1<<( (uint8_t) (pos) )))















Definition at line 26 of file hal_nrf_l01.c.




Referenced by hal_nrf_clear_irq_flag(), hal_nrf_close_pipe(), hal_nrf_get_irq_mode(), hal_nrf_open_pipe(), and hal_nrf_set_irq_mode().














      			#define UINT8          			(			t 			          			 ) 			   ((uint8_t) (t))















Definition at line 27 of file hal_nrf_l01.c.




Referenced by hal_nrf_read_rx_pload(), hal_nrf_set_address_width(), hal_nrf_set_crc_mode(), hal_nrf_set_output_power(), and hal_nrf_write_tx_pload().












Function Documentation






      			uint8_t hal_nrf_get_fifo_status           			(			void 			          			 ) 			















Definition at line 323 of file hal_nrf_l01.c.




References FIFO_STATUS, and hal_nrf_read_reg().




Referenced by hal_nrf_get_reuse_tx_status().
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nRF24LU1


[Hardware dependant]



Group containing the files that define dependencies to the nRF24LU1 radio and microcontroller.  
More...			


			
Files





			file  			lu1_bfb/mcu.c


			 			Implementation of nRF24LU1 hardware functions. 







			file  			lu1_bfb/target_includes.h


			 			Target specific include directives. 















Detailed Description



Group containing the files that define dependencies to the nRF24LU1 radio and microcontroller. 
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hal_nrf_reg.h File Reference


Register definitions for the nRF HAL module. More...






Go to the source code of this file.			


			
Defines





			- Register Memory Map -



			#define 			CD   0x09


			 			nRF24L01 carrier detect register  



			#define 			CONFIG   0x00


			 			nRF24L01 config register  



			#define 			DYNPD   0x1C


			 			nRF24L01 Dynamic payload setup  



			#define 			EN_AA   0x01


			 			nRF24L01 enable Auto-Acknowledge register  



			#define 			EN_RXADDR   0x02


			 			nRF24L01 enable RX addresses register  



			#define 			FEATURE   0x1D


			 			nRF24L01 Exclusive feature setup  



			#define 			FIFO_STATUS   0x17


			 			nRF24L01 FIFO status register  



			#define 			OBSERVE_TX   0x08


			 			nRF24L01 transmit observe register  



			#define 			RF_CH   0x05


			 			nRF24L01 RF channel register  



			#define 			RF_SETUP   0x06


			 			nRF24L01 RF setup register  



			#define 			RX_ADDR_P0   0x0A


			 			nRF24L01 receive address data pipe0  



			#define 			RX_ADDR_P1   0x0B


			 			nRF24L01 receive address data pipe1  



			#define 			RX_ADDR_P2   0x0C


			 			nRF24L01 receive address data pipe2  



			#define 			RX_ADDR_P3   0x0D


			 			nRF24L01 receive address data pipe3  



			#define 			RX_ADDR_P4   0x0E


			 			nRF24L01 receive address data pipe4  



			#define 			RX_ADDR_P5   0x0F


			 			nRF24L01 receive address data pipe5  



			#define 			RX_PW_P0   0x11


			 			nRF24L01 # of bytes in rx payload for pipe0  



			#define 			RX_PW_P1   0x12


			 			nRF24L01 # of bytes in rx payload for pipe1  



			#define 			RX_PW_P2   0x13


			 			nRF24L01 # of bytes in rx payload for pipe2  



			#define 			RX_PW_P3   0x14


			 			nRF24L01 # of bytes in rx payload for pipe3  



			#define 			RX_PW_P4   0x15


			 			nRF24L01 # of bytes in rx payload for pipe4  



			#define 			RX_PW_P5   0x16


			 			nRF24L01 # of bytes in rx payload for pipe5  



			#define 			SETUP_AW   0x03


			 			nRF24L01 setup of address width register  



			#define 			SETUP_RETR   0x04


			 			nRF24L01 setup of automatic retransmission register  



			#define 			STATUS   0x07


			 			nRF24L01 status register  



			#define 			TX_ADDR   0x10


			 			nRF24L01 transmit address  



			CONFIG register bit definitions



			#define 			CRCO   2


			 			CONFIG register bit 2.  



			#define 			EN_CRC   3


			 			CONFIG register bit 3.  



			#define 			MASK_MAX_RT   4


			 			CONFIG register bit 4.  



			#define 			MASK_RX_DR   6


			 			CONFIG register bit 6.  



			#define 			MASK_TX_DS   5


			 			CONFIG register bit 5.  



			#define 			PRIM_RX   0


			 			CONFIG register bit 0.  



			#define 			PWR_UP   1


			 			CONFIG register bit 1.  



			- Instruction Set -



			#define 			FLUSH_RX   0xE2


			 			Flush RX register command.  



			#define 			FLUSH_TX   0xE1


			 			Flush TX register command.  



			#define 			LOCK_UNLOCK   0x50


			 			Lock/unlcok exclusive features.  



			#define 			NOP   0xFF


			 			No Operation command, used for reading status register.  



			#define 			RD_RX_PLOAD   0x61


			 			Read RX payload command.  



			#define 			RD_RX_PLOAD_W   0x60


			 			Read RX payload command.  



			#define 			REUSE_TX_PL   0xE3


			 			Reuse TX payload command.  



			#define 			WR_ACK_PLOAD   0xA8


			 			Write ACK payload command.  



			#define 			WR_NAC_TX_PLOAD   0xB0


			 			Write ACK payload command.  



			#define 			WR_TX_PLOAD   0xA0


			 			Write TX payload command.  



			#define 			WRITE_REG   0x20


			 			Register write command.  



			RF_SETUP register bit definitions



			#define 			LNA_HCURR   0


			 			RF_SETUP register bit 0.  



			#define 			PLL_LOCK   4


			 			RF_SETUP register bit 4.  



			#define 			RF_DR   3


			 			RF_SETUP register bit 3.  



			#define 			RF_PWR0   1


			 			RF_SETUP register bit 1.  



			#define 			RF_PWR1   2


			 			RF_SETUP register bit 2.  



			STATUS register bit definitions



			#define 			MAX_RT   4


			 			STATUS register bit 4.  



			#define 			RX_DR   6


			 			STATUS register bit 6.  



			#define 			TX_DS   5


			 			STATUS register bit 5.  



			#define 			TX_FULL   0


			 			STATUS register bit 0.  



			FIFO_STATUS register bit definitions



			#define 			RX_EMPTY   0


			 			FIFO_STATUS register bit 0.  



			#define 			RX_FULL   1


			 			FIFO_STATUS register bit 1.  



			#define 			TX_EMPTY   4


			 			FIFO_STATUS register bit 4.  



			#define 			TX_FIFO_FULL   5


			 			FIFO_STATUS register bit 5.  



			#define 			TX_REUSE   6


			 			FIFO_STATUS register bit 6.  



			
Enumerations





			enum  			hal_nrf_address_t { 

  HAL_NRF_PIPE0, 
HAL_NRF_PIPE1, 
HAL_NRF_PIPE2, 
HAL_NRF_PIPE3, 


  HAL_NRF_PIPE4, 
HAL_NRF_PIPE5, 
HAL_NRF_TX, 
HAL_NRF_ALL =  0xFF


 }


			 			Structure containing the radio's address map.  More...



			enum  			hal_nrf_address_width_t { HAL_NRF_AW_3BYTES =  3, 
HAL_NRF_AW_4BYTES, 
HAL_NRF_AW_5BYTES
 }


			 			An enum describing the radio's address width.  More...



			enum  			hal_nrf_crc_mode_t { HAL_NRF_CRC_OFF, 
HAL_NRF_CRC_8BIT =  2, 
HAL_NRF_CRC_16BIT
 }


			 			An enum describing the radio's CRC mode.  More...



			enum  			hal_nrf_datarate_t { HAL_NRF_1MBPS, 
HAL_NRF_2MBPS
 }


			 			An enum describing the radio's on-air datarate.  More...



			enum  			hal_nrf_irq_source_t { HAL_NRF_MAX_RT =  4, 
HAL_NRF_TX_DS, 
HAL_NRF_RX_DR
 }


			 			An enum describing the radio's irq sources.  More...



			enum  			hal_nrf_lna_mode_t { HAL_NRF_LNA_LCURR, 
HAL_NRF_LNA_HCURR
 }


			 			An enum describing the radio's LNA mode.  More...



			enum  			hal_nrf_operation_mode_t { HAL_NRF_PTX, 
HAL_NRF_PRX
 }


			 			An enum describing the radio's power mode.  More...



			enum  			hal_nrf_output_power_t { HAL_NRF_18DBM, 
HAL_NRF_12DBM, 
HAL_NRF_6DBM, 
HAL_NRF_0DBM
 }


			 			An enum describing the radio's output power mode's.  More...



			enum  			hal_nrf_pll_mode_t { HAL_NRF_PLL_UNLOCK, 
HAL_NRF_PLL_LOCK
 }


			 			An enum describing the radio's PLL mode.  More...



			enum  			hal_nrf_pload_command_t { HAL_NRF_TX_PLOAD =  7, 
HAL_NRF_RX_PLOAD, 
HAL_NRF_ACK_PLOAD
 }


			 			An enum describing the read/write payload command.  More...



			enum  			hal_nrf_pwr_mode_t { HAL_NRF_PWR_DOWN, 
HAL_NRF_PWR_UP
 }


			 			An enum describing the radio's power mode.  More...











Detailed Description



Register definitions for the nRF HAL module. 





Definition in file hal_nrf_reg.h.
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radio_pl.h File Reference




Go to the source code of this file.			


			
Defines





			#define 			ALL_PIPES   (0x3F)


			 			For turning on dynamic payload on all pipes.  



			
Functions





			void 			radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in Enhanced ShockBurst mode with ACK payload.  











Define Documentation






      			#define ALL_PIPES   (0x3F)          











For turning on dynamic payload on all pipes. 




Sets bits 0-6 



Definition at line 18 of file radio_pl.h.




Referenced by radio_pl_init().












Function Documentation






      			void radio_pl_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in Enhanced ShockBurst mode with ACK payload. 




This mean that we enable auto-retransmit and auto-acknowledgment as in Enhanced ShockBurst, and the features auto-ack payload and dynamic payload width.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 30 of file radio_pl.c.




References ALL_PIPES, DYNPD, FEATURE, HAL_NRF_ALL, HAL_NRF_AW_5BYTES, hal_nrf_close_pipe(), HAL_NRF_CRC_16BIT, hal_nrf_enable_ack_pl(), hal_nrf_enable_dynamic_pl(), hal_nrf_lock_unlock(), hal_nrf_open_pipe(), HAL_NRF_PIPE0, HAL_NRF_PRX, HAL_NRF_PTX, HAL_NRF_PWR_UP, hal_nrf_read_reg(), hal_nrf_set_address(), hal_nrf_set_address_width(), hal_nrf_set_auto_retr(), hal_nrf_set_crc_mode(), hal_nrf_set_operation_mode(), hal_nrf_set_power_mode(), hal_nrf_set_rf_channel(), hal_nrf_set_rx_pload_width(), hal_nrf_setup_dyn_pl(), HAL_NRF_TX, radio_set_status(), RF_CHANNEL, RF_IDLE, RF_PAYLOAD_LENGTH, RF_POWER_UP_DELAY, RF_RETRANS_DELAY, RF_RETRANSMITS, start_timer(), and wait_for_timer().
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target_includes.h File Reference


Target specific include directives. More...

#include <Cygnal\c8051f320.h>

#include "hal_nrf.h"






Go to the source code of this file.			


			
Defines





			#define 			B_PRESSED   0


			 			The value on the line when a button is pressed.  



			#define 			CYCLES_PR_MS   1000


			 			This is a constant showing how many clock cycles that is counted by a timer to make up 1ms.  



			#define 			GLOBAL_INT_DISABLE()   do{EA = 0;}while(0)


			 			Disable all interrupts.  



			#define 			GLOBAL_INT_ENABLE()   do{EA = 1;}while(0)


			 			Enable all interrupts.  



			#define 			INTERRUPT_T0   INTERRUPT_TIMER0


			 			Definition of interrupt names.  



			#define 			LED_OFF   1


			 			The value on the line that turn the LED off.  



			#define 			LED_ON   0


			 			The value on the line that turn the LED on.  



			#define 			MAX_RUNTIME   65


			 			The maximum runtime in ms that a timer might run.  



			#define 			MAX_TIME   (0 - MAX_RUNTIME * CYCLES_PR_MS)


			 			This constant defines the value the timer should be set to for running for the maximum time.  



			#define 			RADIO_ACTIVITY()   (IE0 == 1)


			 			The register on the radio indicating activity on the radio.  



			#define 			RESET_RADIO_ACTIVITY()   (IE0 = 0)


			 			How to reset the activity register.  



			#define 			T0_START()


			 			Start timer0.  



			#define 			T0_STOP()


			 			Stop timer0.  



			#define 			T1_MODE1()   (TMOD |= 0x10)


			 			Initialise Timer 1 in mode 1 (16-bit timer).  



			#define 			T1_SET_HB(x)   (TH1 = x)


			 			Sets the high bit of timer 1.  



			#define 			T1_SET_LB(x)   (TL1 = x)


			 			Sets the low bit of timer 1.  



			#define 			T1_START()


			 			Start timer1.  



			#define 			T1_STOP()


			 			Stop timer1.  



			#define 			TIMER1_OVERFLOW()   (TF1 == 1)


			 			Checks for overflow on timer1.  



			
Variables





			sbit 			B1 = P2^1


			 			Button 1 on BFB.  



			sbit 			B2 = P2^2


			 			Button 2 on BFB.  



			sbit 			B3 = P2^3


			 			Button 3 on BFB.  



			sbit 			LED1 = P1^0


			 			LED1 on BFB.  



			sbit 			LED2 = P1^1


			 			LED2 on BFB.  



			sbit 			LED3 = P1^2


			 			LED3 on BFB.  











Detailed Description



Target specific include directives. 

The file name is standardised, but the contents will vary according to the target. Separate the files by locating them in different folders. The goal is to avoid the use #ifdef for conditional compilation, which is difficult to maintain and prone to errors.



This target include contains the files for nRF24L01.






			Author:


			Per Kristian Schanke 







Definition in file l01_bfb/target_includes.h.




Define Documentation






      			#define B_PRESSED   0          











The value on the line when a button is pressed. 








Definition at line 43 of file l01_bfb/target_includes.h.














      			#define CYCLES_PR_MS   1000          











This is a constant showing how many clock cycles that is counted by a timer to make up 1ms. 




Calculation of this constant:


      Ocilatorspeed / Clock divider / 1000ms/sec
      12MHz         / 12            / 1000ms/sec = 1000




 
Definition at line 63 of file l01_bfb/target_includes.h.




Referenced by start_timer().














      			#define GLOBAL_INT_DISABLE          			(





 
          			          			 ) 			   do{EA = 0;}while(0)











Disable all interrupts. 








Definition at line 78 of file l01_bfb/target_includes.h.














      			#define GLOBAL_INT_ENABLE          			(





 
          			          			 ) 			   do{EA = 1;}while(0)











Enable all interrupts. 








Definition at line 77 of file l01_bfb/target_includes.h.




Referenced by main().














      			#define INTERRUPT_T0   INTERRUPT_TIMER0          











Definition of interrupt names. 








Definition at line 51 of file l01_bfb/target_includes.h.














      			#define LED_OFF   1          











The value on the line that turn the LED off. 








Definition at line 33 of file l01_bfb/target_includes.h.














      			#define LED_ON   0          











The value on the line that turn the LED on. 








Definition at line 32 of file l01_bfb/target_includes.h.














      			#define MAX_RUNTIME   65          











The maximum runtime in ms that a timer might run. 




Calculated by taking the maximum number your timer might take and divide that by CYCLES_PR_MS. On the nRF24L01 evaluation kit this is 0xFFFF / 1000 = 65 (aprox). 



Definition at line 70 of file l01_bfb/target_includes.h.




Referenced by start_timer().














      			#define MAX_TIME   (0 - MAX_RUNTIME * CYCLES_PR_MS)          











This constant defines the value the timer should be set to for running for the maximum time. 








Definition at line 75 of file l01_bfb/target_includes.h.




Referenced by start_timer(), timer_done(), and wait_for_timer().














      			#define RADIO_ACTIVITY          			(





 
          			          			 ) 			   (IE0 == 1)











The register on the radio indicating activity on the radio. 








Definition at line 45 of file l01_bfb/target_includes.h.




Referenced by radio_irq().














      			#define RESET_RADIO_ACTIVITY          			(





 
          			          			 ) 			   (IE0 = 0)











How to reset the activity register. 








Definition at line 49 of file l01_bfb/target_includes.h.




Referenced by radio_irq().














      			#define T0_START          			(





 
          			          			 ) 			











Value:


do{  TR0 = 1; \
                        ET0 = 1; \
                        EA  = 1; \
                        }while(0)




Start timer0. 





Definition at line 82 of file l01_bfb/target_includes.h.














      			#define T0_STOP          			(





 
          			          			 ) 			











Value:


do{ TR0 = 0; \
                      ET0 = 0; \
                      }while(0)




Stop timer0. 





Definition at line 87 of file l01_bfb/target_includes.h.














      			#define T1_MODE1          			(





 
          			          			 ) 			   (TMOD |= 0x10)











Initialise Timer 1 in mode 1 (16-bit timer). 








Definition at line 102 of file l01_bfb/target_includes.h.




Referenced by run_timer().














      			#define T1_SET_HB          			(			x 			          			 ) 			   (TH1 = x)











Sets the high bit of timer 1. 








Definition at line 106 of file l01_bfb/target_includes.h.




Referenced by run_timer().














      			#define T1_SET_LB          			(			x 			          			 ) 			   (TL1 = x)











Sets the low bit of timer 1. 








Definition at line 104 of file l01_bfb/target_includes.h.




Referenced by run_timer().














      			#define T1_START          			(





 
          			          			 ) 			











Value:


do{  TR1 = 1; \
                        ET1 = 0; \
                        TF1 = 0; \
                        EA  = 1; \
                        }while(0)




Start timer1. 





Definition at line 91 of file l01_bfb/target_includes.h.




Referenced by run_timer().














      			#define T1_STOP          			(





 
          			          			 ) 			











Value:


do{ TR1 = 0; \
                      ET1 = 0; \
                      }while(0)




Stop timer1. 





Definition at line 97 of file l01_bfb/target_includes.h.




Referenced by timer_done(), and wait_for_timer().














      			#define TIMER1_OVERFLOW          			(





 
          			          			 ) 			   (TF1 == 1)











Checks for overflow on timer1. 








Definition at line 53 of file l01_bfb/target_includes.h.




Referenced by timer_done(), and wait_for_timer().












Variable Documentation






      			sbit B1 = P2^1          











Button 1 on BFB. 








Definition at line 39 of file l01_bfb/target_includes.h.














      			sbit B2 = P2^2          











Button 2 on BFB. 








Definition at line 40 of file l01_bfb/target_includes.h.














      			sbit B3 = P2^3          











Button 3 on BFB. 








Definition at line 41 of file l01_bfb/target_includes.h.














      			sbit LED1 = P1^0          











LED1 on BFB. 








Definition at line 35 of file l01_bfb/target_includes.h.














      			sbit LED2 = P1^1          











LED2 on BFB. 








Definition at line 36 of file l01_bfb/target_includes.h.














      			sbit LED3 = P1^2          











LED3 on BFB. 








Definition at line 37 of file l01_bfb/target_includes.h.
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radio.h File Reference


Radio header file for the nRF24LU1 example application. More...






Go to the source code of this file.			


			
Defines





			#define 			RF_CHANNEL   40


			 			Defines the channel the radio should operate on.  



			#define 			RF_PAYLOAD_LENGTH   10


			 			Defines the payload length the radio should use.  



			#define 			RF_POWER_UP_DELAY   2


			 			Defines the time it takes for the radio to come up to operational mode.  



			#define 			RF_RETRANS_DELAY   250


			 			Defines the retransmit delay.  



			#define 			RF_RETRANSMITS   15


			 			Defines how many retransmitts that should be performed.  



			
Enumerations





			enum  			radio_status_t { 

  RF_IDLE, 
RF_MAX_RT, 
RF_TX_DS, 
RF_RX_DR, 


  RF_TX_AP, 
RF_BUSY


 }


			 			Enumerates the different states the radio may be in.  More...



			
Functions





			uint8_t 			radio_get_pload_byte (uint8_t byte_index)


			 			Gets the bit at position byte_index in pload.  



			radio_status_t 			radio_get_status (void)


			 			Get the current status of the radio.  



			void 			radio_irq (void)


			 			This function reads the interrupts.  



			void 			radio_send_packet (uint8_t *packet, uint8_t length)


			 			This function load the data to be sent into the radio, sends it, and waits for the response.  



			void 			radio_set_status (radio_status_t new_status)


			 			Sets the status of the radio.  











Detailed Description



Radio header file for the nRF24LU1 example application. 




			Author:


			Per Kristian Schanke 







Definition in file radio.h.




Define Documentation






      			#define RF_CHANNEL   40          











Defines the channel the radio should operate on. 








Definition at line 25 of file radio.h.




Referenced by radio_esb_init(), radio_pl_init(), and radio_sb_init().














      			#define RF_PAYLOAD_LENGTH   10          











Defines the payload length the radio should use. 








Definition at line 31 of file radio.h.




Referenced by device_prx_mode_pl(), device_ptx_mode_esb(), device_ptx_mode_pl(), device_ptx_mode_sb(), radio_esb_init(), radio_pl_init(), and radio_sb_init().














      			#define RF_POWER_UP_DELAY   2          











Defines the time it takes for the radio to come up to operational mode. 








Definition at line 28 of file radio.h.




Referenced by radio_esb_init(), radio_pl_init(), and radio_sb_init().














      			#define RF_RETRANS_DELAY   250          











Defines the retransmit delay. 




Should be a multiple of 250. If the RF_PAYLOAD_LENGTH is larger than 18, a higher retransmitt delay need to be set. This is because both the original package and ACK payload will be of this size. When the ACK payload exeedes 18 byte, it will not be able to recieve the full ACK in the ordinary 250 mikroseconds, so the delay will need to be increased. 



Definition at line 43 of file radio.h.




Referenced by radio_esb_init(), radio_pl_init(), and radio_sb_init().














      			#define RF_RETRANSMITS   15          











Defines how many retransmitts that should be performed. 








Definition at line 34 of file radio.h.




Referenced by radio_esb_init(), and radio_pl_init().












Enumeration Type Documentation






      			enum radio_status_t          











Enumerates the different states the radio may be in. 







			Enumerator: 


			
			RF_IDLE 			
Radio is idle. 


			RF_MAX_RT 			
Maximum number of retries have occured. 


			RF_TX_DS 			
Data is sent. 


			RF_RX_DR 			
Data recieved. 


			RF_TX_AP 			
Ack payload recieved. 


			RF_BUSY 			
Radio is busy. 














Definition at line 51 of file radio.h.












Function Documentation






      			uint8_t radio_get_pload_byte           			(			uint8_t 			 byte_index          			 ) 			











Gets the bit at position byte_index in pload. 







			Parameters:


			
  						byte_index 			The index of the bit 













			Returns:


			The value of pload[byte_index] 







Definition at line 51 of file radio.c.




References pload.














      			radio_status_t radio_get_status           			(			void 			          			 ) 			











Get the current status of the radio. 







			Returns:


			Status of the radio. May be one of: 






			Return values:


			
  						RF_IDLE 			Radio is idle 


						RF_MAX_RT 			Maximum number of retries have occured 


						RF_TX_DS 			The data are sent 


						RF_RX_DR 			Data is recieved 


						RF_TX_AP 			Ack payload recieved 


						RF_BUSY 			Radio is busy 














Definition at line 46 of file radio.c.




References status.














      			void radio_irq           			(			void 			          			 ) 			











This function reads the interrupts. 




It does the work of a interrupt handler by manually reading the interrupt flags and act on them. Sets the status with \ 



Definition at line 61 of file radio.c.




References hal_nrf_flush_tx(), hal_nrf_get_clear_irq_flags(), HAL_NRF_MAX_RT, hal_nrf_read_rx_pload(), HAL_NRF_RX_DR, hal_nrf_rx_fifo_empty(), HAL_NRF_TX_DS, pload, RADIO_ACTIVITY, radio_set_status(), RESET_RADIO_ACTIVITY, RF_MAX_RT, RF_RX_DR, RF_TX_AP, and RF_TX_DS.














      			void radio_send_packet           			(			uint8_t * 			 packet, 


									uint8_t 			 length			 


						)									











This function load the data to be sent into the radio, sends it, and waits for the response. 







			Parameters:


			
  						packet 			The data to send. Maximum 2 byte 


						length 			The length of the data 














Definition at line 37 of file radio.c.




References CE_PULSE, hal_nrf_write_tx_pload(), radio_set_status(), and RF_BUSY.














      			void radio_set_status           			(			radio_status_t 			 new_status          			 ) 			











Sets the status of the radio. 




Input parameter is checked to see if it is allowed.






			Parameters:


			
  						new_status 			The new status of the radio 














Definition at line 56 of file radio.c.




References status.
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radio_sb.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2310 $
00012  */ 
00013 
00022 #include "hal_nrf.h"
00023 #include "radio_sb.h"
00024 #include "system.h"
00025 #include "radio.h"
00026 
00027 void radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
00028 {
00029   hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
00030                                                  // Pipe 0 and 1 open by default
00031   hal_nrf_open_pipe(HAL_NRF_PIPE0, false);       // Open pipe0, without/autoack
00032 
00033   hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
00034   hal_nrf_set_auto_retr(0, RF_RETRANS_DELAY);    // Disables auto retransmit
00035 
00036   hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
00037   hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
00038   hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
00039                                                  // pipe0  
00040   
00041   if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
00042   {
00043     hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
00044   }
00045   else
00046   {
00047     hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
00048     hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
00049                                                  // Pipe0 expect 
00050                                                  // PAYLOAD_LENGTH byte payload
00051                                                  // PAYLOAD_LENGTH in radio.h
00052   }
00053 
00054   hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
00055                                                  // Defined in radio.h. 
00056                                                  // Frequenzy = 
00057                                                  //        2400 + RF_CHANNEL
00058   hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
00059 
00060 //hal_nrf_set_datarate(HAL_NRF_1MBPS);           // Uncomment this line for 
00061                                                  // compatibility with nRF2401 
00062                                                  // and nRF24E1
00063 
00064   start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
00065   wait_for_timer();                              // power up
00066 
00067   radio_set_status (RF_IDLE);                    // Radio now ready
00068 }                                                
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hal_nrf_f32x_hw.c


Go to the documentation of this file.00001 /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is confidential property of Nordic Semiconductor. The use,
00004  * copying, transfer or disclosure of such information is prohibited except by express written
00005  * agreement with Nordic Semiconductor.
00006  */
00007 
00015 #include <stdint.h>
00016 #include <Cygnal\C8051F320.h>
00017 
00018 uint8_t hal_nrf_rw(uint8_t value)
00019 {
00020   SPIDAT = value;
00021   while(!SPIF)                  // wait for byte transfer finished
00022     ;
00023   SPIF = 0;                     // and clear SPI flag
00024 
00025   return SPIDAT;                // return SPI read value.
00026 }
00027 
00028 void hal_spi_init(uint8_t spi_speed)
00029 {
00030   SPI0CKR = spi_speed;          // Set SPI(nRF24L01) speed    
00031 
00032   SPI0CFG = 0x40;               // SPI Master mode
00033   NSSMD0 = 0;                   // 3-Wire SPI mode
00034   NSSMD1 = 0;                   // NSS not used..
00035     
00036   XBR0 |= 0x02;                 // XBAR SPI I/O enable
00037   SPIEN = 1;                 // SPI enable
00038 }
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Hardware Abstraction Layer


			


			
Modules





			 			nRF HAL


			 			HAL interface for Nordic Semiconductor's radio chip. 












Detailed Description




Hardware Abstraction Layer (HAL)



The Hardware Abstraction Layer (HAL) is designed to provide a common interface for hardware modules that have - in most cases - an MCU dependent and varying implementation. Whereas the SFR registers and bit positions is probably different, there are is a common functionality and vocabulary for a given hardware module. That is what the HAL is supposed to provide to the user. 
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system.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2129 $
00012  */ 
00013  
00016 #ifndef SYSTEM_H__
00017 #define SYSTEM_H__
00018 
00019 extern volatile uint8_t led_blink;
00020 
00024 enum {
00025  LED1_INDEX,
00026  LED2_INDEX,
00027  LED3_INDEX
00028 };
00029 
00030 //lint -e717
00031 #define LED1_ON() do{LED1 = LED_ON;}while(0) 
00032 #define LED2_ON() do{LED2 = LED_ON;}while(0) 
00033 #define LED3_ON() do{LED3 = LED_ON;}while(0) 
00035 #define LED1_OFF() do{LED1 = LED_OFF;}while(0) 
00036 #define LED2_OFF() do{LED2 = LED_OFF;}while(0) 
00037 #define LED3_OFF() do{LED3 = LED_OFF;}while(0) 
00040 #define LED_ALL_OFF() do{ LED1_OFF(); \
00041                           LED2_OFF(); \
00042                           LED3_OFF(); \
00043                          }while(0)
00044 
00046 #define LED1_BLINK() do{  LED1_ON();        \
00047                           T0_START();       \
00048                           led_blink |= (1<<LED1_INDEX); \
00049                           }while(0)
00050 
00051 #define LED2_BLINK() do{  LED2_ON();        \
00052                           T0_START();       \
00053                           led_blink |= (1<<LED2_INDEX); \
00054                           }while(0)
00055 
00056 #define LED3_BLINK() do{  LED3_ON();        \
00057                           T0_START();       \
00058                           led_blink |= (1<<LED3_INDEX); \
00059                           }while(0)
00060 
00062 #define B1_PRESSED() (B1 == B_PRESSED)
00063 
00064 #define B2_PRESSED() (B2 == B_PRESSED)
00065 
00066 #define B3_PRESSED() (B3 == B_PRESSED)
00067 
00068 void system_init(void);       
00069 void device_boot_msg(void);   
00070 void delay_10ms(void);        
00071 void delay_100ms(void);       
00080 void start_timer(uint16_t time); 
00081 
00084 void wait_for_timer(void); 
00085 
00092 bool timer_done (void);    
00093 
00094 #endif // SYSTEM_H__
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radio_esb.h File Reference




Go to the source code of this file.			


			
Functions





			void 			radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in Enhanced ShockBurst mode.  











Function Documentation






      			void radio_esb_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in Enhanced ShockBurst mode. 




This mean that we enable auto-retransmit and auto-acknowledgment.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 27 of file radio_esb.c.




References HAL_NRF_ALL, HAL_NRF_AW_5BYTES, hal_nrf_close_pipe(), HAL_NRF_CRC_16BIT, hal_nrf_open_pipe(), HAL_NRF_PIPE0, HAL_NRF_PRX, HAL_NRF_PTX, HAL_NRF_PWR_UP, hal_nrf_set_address(), hal_nrf_set_address_width(), hal_nrf_set_auto_retr(), hal_nrf_set_crc_mode(), hal_nrf_set_operation_mode(), hal_nrf_set_power_mode(), hal_nrf_set_rf_channel(), hal_nrf_set_rx_pload_width(), HAL_NRF_TX, radio_set_status(), RF_CHANNEL, RF_IDLE, RF_PAYLOAD_LENGTH, RF_POWER_UP_DELAY, RF_RETRANS_DELAY, RF_RETRANSMITS, start_timer(), and wait_for_timer().
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hal_nrf_hw.h File Reference


Header file defining hardware dependent functions for nRF24LU1. More...

#include <Nordic\reg24lu1.h>






Go to the source code of this file.			


			
Defines





			#define 			CE_HIGH()   do { RFCE = 1; } while(0)


			 			Macro that set radio's CE line HIGH.  



			#define 			CE_LOW()   do { RFCE = 0; } while(0)


			 			Macro that set radio's CE line LOW.  



			#define 			CE_PULSE()


			 			Pulses the CE to nRF24L01 for at least 10 us.  



			#define 			CSN_HIGH()   do { RFCSN = 1; } while(0)


			 			Macro that set radio's CSN line HIGH.  



			#define 			CSN_LOW()   do { RFCSN = 0; } while(0)


			 			Macro that set radio's CSN line LOW.  



			#define 			MCSN_HIGH()   do { MCSN = 1; } while(0)


			 			Macro that set master SPI CSN line HIGH.  



			#define 			MCSN_LOW()   do { MCSN = 0; } while(0)


			 			Macro that set master SPI CSN line LOW.  











Detailed Description



Header file defining hardware dependent functions for nRF24LU1. 





Definition in file arch/hal/nrf24lu1/hal_nrf_hw.h.
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nRF24L01 Register definitions


[nRF HAL]



Header file defining register mapping with bit definitions. This file is radio-chip dependent, and are included with the hal_nrf.h.  
More...			


			
- Register Memory Map -





			#define 			CD   0x09


			 			nRF24L01 carrier detect register  



			#define 			CONFIG   0x00


			 			nRF24L01 config register  



			#define 			DYNPD   0x1C


			 			nRF24L01 Dynamic payload setup  



			#define 			EN_AA   0x01


			 			nRF24L01 enable Auto-Acknowledge register  



			#define 			EN_RXADDR   0x02


			 			nRF24L01 enable RX addresses register  



			#define 			FEATURE   0x1D


			 			nRF24L01 Exclusive feature setup  



			#define 			FIFO_STATUS   0x17


			 			nRF24L01 FIFO status register  



			#define 			OBSERVE_TX   0x08


			 			nRF24L01 transmit observe register  



			#define 			RF_CH   0x05


			 			nRF24L01 RF channel register  



			#define 			RF_SETUP   0x06


			 			nRF24L01 RF setup register  



			#define 			RX_ADDR_P0   0x0A


			 			nRF24L01 receive address data pipe0  



			#define 			RX_ADDR_P1   0x0B


			 			nRF24L01 receive address data pipe1  



			#define 			RX_ADDR_P2   0x0C


			 			nRF24L01 receive address data pipe2  



			#define 			RX_ADDR_P3   0x0D


			 			nRF24L01 receive address data pipe3  



			#define 			RX_ADDR_P4   0x0E


			 			nRF24L01 receive address data pipe4  



			#define 			RX_ADDR_P5   0x0F


			 			nRF24L01 receive address data pipe5  



			#define 			RX_PW_P0   0x11


			 			nRF24L01 # of bytes in rx payload for pipe0  



			#define 			RX_PW_P1   0x12


			 			nRF24L01 # of bytes in rx payload for pipe1  



			#define 			RX_PW_P2   0x13


			 			nRF24L01 # of bytes in rx payload for pipe2  



			#define 			RX_PW_P3   0x14


			 			nRF24L01 # of bytes in rx payload for pipe3  



			#define 			RX_PW_P4   0x15


			 			nRF24L01 # of bytes in rx payload for pipe4  



			#define 			RX_PW_P5   0x16


			 			nRF24L01 # of bytes in rx payload for pipe5  



			#define 			SETUP_AW   0x03


			 			nRF24L01 setup of address width register  



			#define 			SETUP_RETR   0x04


			 			nRF24L01 setup of automatic retransmission register  



			#define 			STATUS   0x07


			 			nRF24L01 status register  



			#define 			TX_ADDR   0x10


			 			nRF24L01 transmit address  



			
CONFIG register bit definitions





			#define 			CRCO   2


			 			CONFIG register bit 2.  



			#define 			EN_CRC   3


			 			CONFIG register bit 3.  



			#define 			MASK_MAX_RT   4


			 			CONFIG register bit 4.  



			#define 			MASK_RX_DR   6


			 			CONFIG register bit 6.  



			#define 			MASK_TX_DS   5


			 			CONFIG register bit 5.  



			#define 			PRIM_RX   0


			 			CONFIG register bit 0.  



			#define 			PWR_UP   1


			 			CONFIG register bit 1.  



			
- Instruction Set -





			#define 			FLUSH_RX   0xE2


			 			Flush RX register command.  



			#define 			FLUSH_TX   0xE1


			 			Flush TX register command.  



			#define 			LOCK_UNLOCK   0x50


			 			Lock/unlcok exclusive features.  



			#define 			NOP   0xFF


			 			No Operation command, used for reading status register.  



			#define 			RD_RX_PLOAD   0x61


			 			Read RX payload command.  



			#define 			RD_RX_PLOAD_W   0x60


			 			Read RX payload command.  



			#define 			REUSE_TX_PL   0xE3


			 			Reuse TX payload command.  



			#define 			WR_ACK_PLOAD   0xA8


			 			Write ACK payload command.  



			#define 			WR_NAC_TX_PLOAD   0xB0


			 			Write ACK payload command.  



			#define 			WR_TX_PLOAD   0xA0


			 			Write TX payload command.  



			#define 			WRITE_REG   0x20


			 			Register write command.  



			
RF_SETUP register bit definitions





			#define 			LNA_HCURR   0


			 			RF_SETUP register bit 0.  



			#define 			PLL_LOCK   4


			 			RF_SETUP register bit 4.  



			#define 			RF_DR   3


			 			RF_SETUP register bit 3.  



			#define 			RF_PWR0   1


			 			RF_SETUP register bit 1.  



			#define 			RF_PWR1   2


			 			RF_SETUP register bit 2.  



			
STATUS register bit definitions





			#define 			MAX_RT   4


			 			STATUS register bit 4.  



			#define 			RX_DR   6


			 			STATUS register bit 6.  



			#define 			TX_DS   5


			 			STATUS register bit 5.  



			#define 			TX_FULL   0


			 			STATUS register bit 0.  



			
FIFO_STATUS register bit definitions





			#define 			RX_EMPTY   0


			 			FIFO_STATUS register bit 0.  



			#define 			RX_FULL   1


			 			FIFO_STATUS register bit 1.  



			#define 			TX_EMPTY   4


			 			FIFO_STATUS register bit 4.  



			#define 			TX_FIFO_FULL   5


			 			FIFO_STATUS register bit 5.  



			#define 			TX_REUSE   6


			 			FIFO_STATUS register bit 6.  



			
Enumerations





			enum  			hal_nrf_address_t { 

  HAL_NRF_PIPE0, 
HAL_NRF_PIPE1, 
HAL_NRF_PIPE2, 
HAL_NRF_PIPE3, 


  HAL_NRF_PIPE4, 
HAL_NRF_PIPE5, 
HAL_NRF_TX, 
HAL_NRF_ALL =  0xFF


 }


			 			Structure containing the radio's address map.  More...



			enum  			hal_nrf_address_width_t { HAL_NRF_AW_3BYTES =  3, 
HAL_NRF_AW_4BYTES, 
HAL_NRF_AW_5BYTES
 }


			 			An enum describing the radio's address width.  More...



			enum  			hal_nrf_crc_mode_t { HAL_NRF_CRC_OFF, 
HAL_NRF_CRC_8BIT =  2, 
HAL_NRF_CRC_16BIT
 }


			 			An enum describing the radio's CRC mode.  More...



			enum  			hal_nrf_datarate_t { HAL_NRF_1MBPS, 
HAL_NRF_2MBPS
 }


			 			An enum describing the radio's on-air datarate.  More...



			enum  			hal_nrf_irq_source_t { HAL_NRF_MAX_RT =  4, 
HAL_NRF_TX_DS, 
HAL_NRF_RX_DR
 }


			 			An enum describing the radio's irq sources.  More...



			enum  			hal_nrf_lna_mode_t { HAL_NRF_LNA_LCURR, 
HAL_NRF_LNA_HCURR
 }


			 			An enum describing the radio's LNA mode.  More...



			enum  			hal_nrf_operation_mode_t { HAL_NRF_PTX, 
HAL_NRF_PRX
 }


			 			An enum describing the radio's power mode.  More...



			enum  			hal_nrf_output_power_t { HAL_NRF_18DBM, 
HAL_NRF_12DBM, 
HAL_NRF_6DBM, 
HAL_NRF_0DBM
 }


			 			An enum describing the radio's output power mode's.  More...



			enum  			hal_nrf_pll_mode_t { HAL_NRF_PLL_UNLOCK, 
HAL_NRF_PLL_LOCK
 }


			 			An enum describing the radio's PLL mode.  More...



			enum  			hal_nrf_pload_command_t { HAL_NRF_TX_PLOAD =  7, 
HAL_NRF_RX_PLOAD, 
HAL_NRF_ACK_PLOAD
 }


			 			An enum describing the read/write payload command.  More...



			enum  			hal_nrf_pwr_mode_t { HAL_NRF_PWR_DOWN, 
HAL_NRF_PWR_UP
 }


			 			An enum describing the radio's power mode.  More...








Detailed Description



Header file defining register mapping with bit definitions. This file is radio-chip dependent, and are included with the hal_nrf.h. 





Define Documentation






      			#define CD   0x09          











nRF24L01 carrier detect register 








Definition at line 51 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_carrier_detect().














      			#define CONFIG   0x00          











nRF24L01 config register 








Definition at line 42 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_crc_mode(), hal_nrf_get_irq_mode(), hal_nrf_get_operation_mode(), hal_nrf_get_power_mode(), hal_nrf_set_crc_mode(), hal_nrf_set_irq_mode(), hal_nrf_set_operation_mode(), and hal_nrf_set_power_mode().














      			#define CRCO   2          











CONFIG register bit 2. 








Definition at line 205 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_crc_mode().














      			#define DYNPD   0x1C          











nRF24L01 Dynamic payload setup 








Definition at line 66 of file hal_nrf_reg.h.




Referenced by hal_nrf_setup_dyn_pl(), and radio_pl_init().














      			#define EN_AA   0x01          











nRF24L01 enable Auto-Acknowledge register 








Definition at line 43 of file hal_nrf_reg.h.




Referenced by hal_nrf_close_pipe(), hal_nrf_get_pipe_status(), and hal_nrf_open_pipe().














      			#define EN_CRC   3          











CONFIG register bit 3. 








Definition at line 204 of file hal_nrf_reg.h.














      			#define EN_RXADDR   0x02          











nRF24L01 enable RX addresses register 








Definition at line 44 of file hal_nrf_reg.h.




Referenced by hal_nrf_close_pipe(), hal_nrf_get_pipe_status(), and hal_nrf_open_pipe().














      			#define FEATURE   0x1D          











nRF24L01 Exclusive feature setup 








Definition at line 67 of file hal_nrf_reg.h.




Referenced by hal_nrf_disable_ack_pl(), hal_nrf_disable_dynamic_ack(), hal_nrf_disable_dynamic_pl(), hal_nrf_enable_ack_pl(), hal_nrf_enable_dynamic_ack(), hal_nrf_enable_dynamic_pl(), and radio_pl_init().














      			#define FIFO_STATUS   0x17          











nRF24L01 FIFO status register 








Definition at line 65 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_fifo_status(), hal_nrf_get_rx_fifo_status(), hal_nrf_get_tx_fifo_status(), hal_nrf_rx_fifo_full(), hal_nrf_tx_fifo_empty(), and hal_nrf_tx_fifo_full().














      			#define FLUSH_RX   0xE2          











Flush RX register command. 








Definition at line 32 of file hal_nrf_reg.h.




Referenced by hal_nrf_flush_rx(), and hal_nrf_write_reg().














      			#define FLUSH_TX   0xE1          











Flush TX register command. 








Definition at line 31 of file hal_nrf_reg.h.




Referenced by hal_nrf_flush_tx(), and hal_nrf_write_reg().














      			#define LNA_HCURR   0          











RF_SETUP register bit 0. 








Definition at line 216 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_lna_gain(), and hal_nrf_set_lna_gain().














      			#define LOCK_UNLOCK   0x50          











Lock/unlcok exclusive features. 








Definition at line 34 of file hal_nrf_reg.h.




Referenced by hal_nrf_lock_unlock().














      			#define MASK_MAX_RT   4          











CONFIG register bit 4. 








Definition at line 203 of file hal_nrf_reg.h.














      			#define MASK_RX_DR   6          











CONFIG register bit 6. 








Definition at line 201 of file hal_nrf_reg.h.














      			#define MASK_TX_DS   5          











CONFIG register bit 5. 








Definition at line 202 of file hal_nrf_reg.h.














      			#define MAX_RT   4          











STATUS register bit 4. 








Definition at line 224 of file hal_nrf_reg.h.














      			#define NOP   0xFF          











No Operation command, used for reading status register. 








Definition at line 36 of file hal_nrf_reg.h.




Referenced by hal_nrf_nop(), and hal_nrf_write_reg().














      			#define OBSERVE_TX   0x08          











nRF24L01 transmit observe register 








Definition at line 50 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_auto_retr_status(), hal_nrf_get_packet_lost_ctr(), and hal_nrf_get_transmit_attempts().














      			#define PLL_LOCK   4          











RF_SETUP register bit 4. 








Definition at line 212 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_pll_mode(), and hal_nrf_set_pll_mode().














      			#define PRIM_RX   0          











CONFIG register bit 0. 








Definition at line 207 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_operation_mode(), and hal_nrf_set_operation_mode().














      			#define PWR_UP   1          











CONFIG register bit 1. 








Definition at line 206 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_power_mode(), and hal_nrf_set_power_mode().














      			#define RD_RX_PLOAD   0x61          











Read RX payload command. 








Definition at line 27 of file hal_nrf_reg.h.




Referenced by hal_nrf_read_multibyte_reg().














      			#define RD_RX_PLOAD_W   0x60          











Read RX payload command. 








Definition at line 26 of file hal_nrf_reg.h.




Referenced by hal_nrf_read_rx_pl_w().














      			#define REUSE_TX_PL   0xE3          











Reuse TX payload command. 








Definition at line 33 of file hal_nrf_reg.h.




Referenced by hal_nrf_reuse_tx(), and hal_nrf_write_reg().














      			#define RF_CH   0x05          











nRF24L01 RF channel register 








Definition at line 47 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_rf_channel(), and hal_nrf_set_rf_channel().














      			#define RF_DR   3          











RF_SETUP register bit 3. 








Definition at line 213 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_datarate(), and hal_nrf_set_datarate().














      			#define RF_PWR0   1          











RF_SETUP register bit 1. 








Definition at line 215 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_output_power(), and hal_nrf_set_output_power().














      			#define RF_PWR1   2          











RF_SETUP register bit 2. 








Definition at line 214 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_output_power(), and hal_nrf_set_output_power().














      			#define RF_SETUP   0x06          











nRF24L01 RF setup register 








Definition at line 48 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_datarate(), hal_nrf_get_lna_gain(), hal_nrf_get_output_power(), hal_nrf_get_pll_mode(), hal_nrf_set_datarate(), hal_nrf_set_lna_gain(), hal_nrf_set_output_power(), and hal_nrf_set_pll_mode().














      			#define RX_ADDR_P0   0x0A          











nRF24L01 receive address data pipe0 








Definition at line 52 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_address(), hal_nrf_read_multibyte_reg(), hal_nrf_set_address(), and hal_nrf_write_multibyte_reg().














      			#define RX_ADDR_P1   0x0B          











nRF24L01 receive address data pipe1 








Definition at line 53 of file hal_nrf_reg.h.














      			#define RX_ADDR_P2   0x0C          











nRF24L01 receive address data pipe2 








Definition at line 54 of file hal_nrf_reg.h.














      			#define RX_ADDR_P3   0x0D          











nRF24L01 receive address data pipe3 








Definition at line 55 of file hal_nrf_reg.h.














      			#define RX_ADDR_P4   0x0E          











nRF24L01 receive address data pipe4 








Definition at line 56 of file hal_nrf_reg.h.














      			#define RX_ADDR_P5   0x0F          











nRF24L01 receive address data pipe5 








Definition at line 57 of file hal_nrf_reg.h.














      			#define RX_DR   6          











STATUS register bit 6. 








Definition at line 222 of file hal_nrf_reg.h.














      			#define RX_EMPTY   0          











FIFO_STATUS register bit 0. 








Definition at line 235 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_rx_fifo_status(), and hal_nrf_rx_fifo_full().














      			#define RX_FULL   1          











FIFO_STATUS register bit 1. 








Definition at line 234 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_rx_fifo_status().














      			#define RX_PW_P0   0x11          











nRF24L01 # of bytes in rx payload for pipe0 








Definition at line 59 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_rx_pload_width(), and hal_nrf_set_rx_pload_width().














      			#define RX_PW_P1   0x12          











nRF24L01 # of bytes in rx payload for pipe1 








Definition at line 60 of file hal_nrf_reg.h.














      			#define RX_PW_P2   0x13          











nRF24L01 # of bytes in rx payload for pipe2 








Definition at line 61 of file hal_nrf_reg.h.














      			#define RX_PW_P3   0x14          











nRF24L01 # of bytes in rx payload for pipe3 








Definition at line 62 of file hal_nrf_reg.h.














      			#define RX_PW_P4   0x15          











nRF24L01 # of bytes in rx payload for pipe4 








Definition at line 63 of file hal_nrf_reg.h.














      			#define RX_PW_P5   0x16          











nRF24L01 # of bytes in rx payload for pipe5 








Definition at line 64 of file hal_nrf_reg.h.














      			#define SETUP_AW   0x03          











nRF24L01 setup of address width register 








Definition at line 45 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_address_width(), and hal_nrf_set_address_width().














      			#define SETUP_RETR   0x04          











nRF24L01 setup of automatic retransmission register 








Definition at line 46 of file hal_nrf_reg.h.




Referenced by hal_nrf_set_auto_retr().














      			#define STATUS   0x07          











nRF24L01 status register 








Definition at line 49 of file hal_nrf_reg.h.




Referenced by hal_nrf_clear_irq_flag(), and hal_nrf_get_clear_irq_flags().














      			#define TX_ADDR   0x10          











nRF24L01 transmit address 








Definition at line 58 of file hal_nrf_reg.h.














      			#define TX_DS   5          











STATUS register bit 5. 








Definition at line 223 of file hal_nrf_reg.h.














      			#define TX_EMPTY   4          











FIFO_STATUS register bit 4. 








Definition at line 233 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_tx_fifo_status(), and hal_nrf_tx_fifo_empty().














      			#define TX_FIFO_FULL   5          











FIFO_STATUS register bit 5. 








Definition at line 232 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_tx_fifo_status(), and hal_nrf_tx_fifo_full().














      			#define TX_FULL   0          











STATUS register bit 0. 








Definition at line 225 of file hal_nrf_reg.h.














      			#define TX_REUSE   6          











FIFO_STATUS register bit 6. 








Definition at line 231 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_reuse_tx_status().














      			#define WR_ACK_PLOAD   0xA8          











Write ACK payload command. 








Definition at line 29 of file hal_nrf_reg.h.




Referenced by hal_nrf_write_ack_pload().














      			#define WR_NAC_TX_PLOAD   0xB0          











Write ACK payload command. 








Definition at line 30 of file hal_nrf_reg.h.














      			#define WR_TX_PLOAD   0xA0          











Write TX payload command. 








Definition at line 28 of file hal_nrf_reg.h.




Referenced by hal_nrf_write_multibyte_reg().














      			#define WRITE_REG   0x20          











Register write command. 








Definition at line 25 of file hal_nrf_reg.h.




Referenced by hal_nrf_write_multibyte_reg(), and hal_nrf_write_reg().












Enumeration Type Documentation






      			enum hal_nrf_address_t          











Structure containing the radio's address map. 




Pipe0 contains 5 unique address bytes, while pipe[1..5] share the 4 MSB bytes, set in pipe1. 



 - Remember that the LSB byte for all pipes have to be unique! - An enum describing the nRF24L01 pipe addresses and TX address. 


			Enumerator: 


			
			HAL_NRF_PIPE0 			
Select pipe0. 


			HAL_NRF_PIPE1 			
Select pipe1. 


			HAL_NRF_PIPE2 			
Select pipe2. 


			HAL_NRF_PIPE3 			
Select pipe3. 


			HAL_NRF_PIPE4 			
Select pipe4. 


			HAL_NRF_PIPE5 			
Select pipe5. 


			HAL_NRF_TX 			
Refer to TX address. 


			HAL_NRF_ALL 			
Close or open all pipes. 




			See also:


			hal_nrf_set_address 
hal_nrf_get_address 



hal_nrf_open_pipe 



hal_nrf_close_pipe 
























Definition at line 175 of file hal_nrf_reg.h.














      			enum hal_nrf_address_width_t          











An enum describing the radio's address width. 







			Enumerator: 


			
			HAL_NRF_AW_3BYTES 			
Set address width to 3 bytes. 


			HAL_NRF_AW_4BYTES 			
Set address width to 4 bytes. 


			HAL_NRF_AW_5BYTES 			
Set address width to 5 bytes. 














Definition at line 191 of file hal_nrf_reg.h.














      			enum hal_nrf_crc_mode_t          











An enum describing the radio's CRC mode. 







			Enumerator: 


			
			HAL_NRF_CRC_OFF 			
CRC check disabled. 


			HAL_NRF_CRC_8BIT 			
CRC check set to 8-bit. 


			HAL_NRF_CRC_16BIT 			
CRC check set to 16-bit. 














Definition at line 138 of file hal_nrf_reg.h.














      			enum hal_nrf_datarate_t          











An enum describing the radio's on-air datarate. 







			Enumerator: 


			
			HAL_NRF_1MBPS 			
Datarate set to 1 Mbps. 


			HAL_NRF_2MBPS 			
Datarate set to 2 Mbps. 














Definition at line 114 of file hal_nrf_reg.h.














      			enum hal_nrf_irq_source_t          











An enum describing the radio's irq sources. 







			Enumerator: 


			
			HAL_NRF_MAX_RT 			
Max retries interrupt. 


			HAL_NRF_TX_DS 			
TX data sent interrupt. 


			HAL_NRF_RX_DR 			
RX data received interrupt. 














Definition at line 78 of file hal_nrf_reg.h.














      			enum hal_nrf_lna_mode_t          











An enum describing the radio's LNA mode. 







			Enumerator: 


			
			HAL_NRF_LNA_LCURR 			
LNA set to low current mode. 


			HAL_NRF_LNA_HCURR 			
LNA set to high current mode. 














Definition at line 130 of file hal_nrf_reg.h.














      			enum hal_nrf_operation_mode_t          











An enum describing the radio's power mode. 







			Enumerator: 


			
			HAL_NRF_PTX 			
Primary TX operation. 


			HAL_NRF_PRX 			
Primary RX operation. 














Definition at line 88 of file hal_nrf_reg.h.














      			enum hal_nrf_output_power_t          











An enum describing the radio's output power mode's. 







			Enumerator: 


			
			HAL_NRF_18DBM 			
Output power set to -18dBm. 


			HAL_NRF_12DBM 			
Output power set to -12dBm. 


			HAL_NRF_6DBM 			
Output power set to -6dBm. 


			HAL_NRF_0DBM 			
Output power set to 0dBm. 














Definition at line 104 of file hal_nrf_reg.h.














      			enum hal_nrf_pll_mode_t          











An enum describing the radio's PLL mode. 







			Enumerator: 


			
			HAL_NRF_PLL_UNLOCK 			
PLL unlocked, normal operation. 


			HAL_NRF_PLL_LOCK 			
PLL locked, test mode. 














Definition at line 122 of file hal_nrf_reg.h.














      			enum hal_nrf_pload_command_t          











An enum describing the read/write payload command. 







			Enumerator: 


			
			HAL_NRF_TX_PLOAD 			
TX payload definition. 


			HAL_NRF_RX_PLOAD 			
RX payload definition. 


			HAL_NRF_ACK_PLOAD 			















Definition at line 147 of file hal_nrf_reg.h.














      			enum hal_nrf_pwr_mode_t          











An enum describing the radio's power mode. 







			Enumerator: 


			
			HAL_NRF_PWR_DOWN 			
Device power-down. 


			HAL_NRF_PWR_UP 			
Device power-up. 














Definition at line 96 of file hal_nrf_reg.h.
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mcu.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2311 $
00012  */ 
00013  
00023 //#include "fap.h"
00024 #include <Cygnal\c8051f320.h>
00025 #include "stdint.h"
00026 #include "stdbool.h"
00027 #include "system.h"
00028 
00029 static void sysclk_init(void);
00030 static void port_init(void);
00031 extern void hal_spi_init(uint8_t spi_speed);
00032 
00033 //-----------------------------------------------------------------------------
00034 // Definitions
00035 //-----------------------------------------------------------------------------
00036 
00037 // USB clock selections (SFR CLKSEL)
00038 #define USB_4X_CLOCK       0x00         // Select 4x clock multiplier, for USB
00039 
00040 // System clock selections (SFR CLKSEL)
00041 #define SYS_INT_OSC        0x00         // Select to use internal oscillator
00042 
00043 //-----------------------------------------------------------------------------
00044 // Global Variable Declarations
00045 //-----------------------------------------------------------------------------
00046 
00047 void system_init (void)
00048 {
00049   uint16_t temp;
00050 
00051   PCA0MD &= ~0x40;              // Disable Watchdog timer
00052 
00053   REG0CN |= 0x80;               // Internal Voltage Regulator Disabled
00054 
00055   sysclk_init();                // initialize system clock
00056   
00057   port_init();                  // configure cross bar
00058  
00059   TCON |= 0x01;                 // Int1 level triggered  xxx same as ir0 = 1
00060 
00061   // Radio IRQ setup
00062   IT0 = 1;                      // /INT0, edge sens    
00063   IE0 = 0;                      // clear pending interrupt  
00064   EX0 = 0;                      // Extern interrupt0 (nRF) enabled  
00065  
00066    // PS2 IRQ setup
00067   IT1 = 1;                      // Int1 edge sens
00068   IE1 = 0;
00069   EX1 = 0;                      // PS2 IRQ
00070   PX1=1;                        // Int1 priority bit set (ps2)    
00071   
00072   hal_spi_init(0);              // SPI Init, 3-wire mode, CK/2 speed
00073 
00074   temp=0xffff;                  // Waiting ...  
00075   while(--temp)                 // nRF radio is booting up
00076     ;                           // temp value can be tuned.
00077 }
00078 
00079 void sysclk_init (void)
00080 {
00081 #ifdef _USB_LOW_SPEED_
00082   
00083   OSCICN |= 0x03;                       // Configure internal oscillator for
00084                                         // its maximum frequency and enable
00085                                         // missing clock detector
00086   
00087   CLKSEL  = SYS_EXT_OSC;                // Select System clock
00088   CLKSEL |= USB_INT_OSC_DIV_2;          // Select USB clock
00089 #else
00090   OSCICN |= 0x03;                       // Configure internal oscillator for
00091                                         // its maximum frequency and enable
00092                                         // missing clock detector
00093   
00094   CLKMUL  = 0x00;                       // Select internal oscillator as
00095                                         // input to clock multiplier
00096   
00097   CLKMUL |= 0x80;                       // Enable clock multiplier
00098   
00099   delay_100ms();                       // Delay for clock multiplier to begin
00100   
00101   CLKMUL |= 0xC0;                       // Initialize the clock multiplier
00102   
00103   while(!(CLKMUL & 0x20))               // Wait for multiplier to lock
00104     ;
00105   CLKSEL  = SYS_INT_OSC;                // Select system clock
00106   CLKSEL |= USB_4X_CLOCK;               // Select USB clock
00107 #endif  /* _USB_LOW_SPEED_ */
00108 }
00109 
00110 void port_init (void)
00111 {
00112   P0MDIN = 0xff;                        // Port 0 set as digital IO
00113   P1MDIN = 0xff;                        // Port 1 set as digital IO
00114   P2MDIN = 0xff;                        // Port 2 set as digital IO
00115 
00116   P0MDOUT = 0x8D;                       // P0.0(SCK), P0.2(MOSI), P0.3(CSN), P0.4(CE) Outputs, P0.5(IRQ) rest inputs
00117   P1MDOUT = 0x63;                       // P1.0(LED1), P1.1(LED2), P1.2(LED3), P1.3(LED4) Outputs, rest inputs
00118   P2MDOUT = 0x00;                       // P2.1(SW1), P2.2(SW2), P2.3(SW3), P2[7..4] Rotary Switch, Inputs
00119 
00120   P0 = 0x6A;                            // P0.3(CSN), P0.5(IRQ) High(pullups), rest low
00121   P1 = 0x7F;                            // P1[3..0] LEDS OFF
00122   P2 = 0xff;                            // P2[3..1] low(ext.pullups), P2[7..4] pullups
00123 
00124   XBR0 = 0x00;                          // No periferi routed to crossbar
00125   XBR1 |= 0x40;                         // Enable Crossbar
00126   IT01CF = 0x65;                        // Int0 assigned to P0.5 and Int1 assigned to P0.6
00127                                         // Both active low 
00128 }
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mcu.c File Reference


Implementation of nRF24LU1 hardware functions. More...

#include "hal_nrf.h"

#include "radio.h"

#include "system.h"






Go to the source code of this file.			


			
Functions





			void 			nrf_spi_init (void)


			 			Function that initialises the spi bus to the radio.  



			void 			port_init (uint8_t alt, uint8_t dir, uint8_t value)


			void 			system_init (void)


			 			Initialise the timers, ports, interupts, etc.  











Detailed Description



Implementation of nRF24LU1 hardware functions. 

This file implements the system_init() function, that sets up hardware such as internal clocks, timers, and IO ports.






			Author:


			Per Kristian Schanke 







Definition in file lu1_bfb/mcu.c.




Function Documentation






      			void nrf_spi_init           			(			void 			          			 ) 			











Function that initialises the spi bus to the radio. 








Definition at line 51 of file lu1_bfb/mcu.c.




Referenced by system_init().














      			void port_init           			(			uint8_t 			 alt, 


									uint8_t 			 dir, 


									uint8_t 			 value			 


						)									















Definition at line 44 of file lu1_bfb/mcu.c.














      			void system_init           			(			void 			          			 ) 			











Initialise the timers, ports, interupts, etc. 








Definition at line 32 of file lu1_bfb/mcu.c.




References delay_10ms(), nrf_spi_init(), and port_init().
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application_esb.c File Reference


Application to show the functionality of the Enhanced ShockBurst mode. More...

#include "hal_nrf.h"

#include "system.h"

#include "radio.h"

#include "application_esb.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_esb (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_esb (void)


			 			This function is called if the application is entering the PTX mode.  



			
Variables





			static xdata uint8_t 			pload_esb [RF_PAYLOAD_LENGTH]


			 			The data to send in ShockBurst mode.  











Detailed Description



Application to show the functionality of the Enhanced ShockBurst mode. 

PTX mode: 


			Sends a packet aprox every 100ms


			Accepts user interaction at Button 1:			Not pressed: Send 00 


			Pressed: Send 10 









			If a ACK was recieved, blink LED2


			If a ACK was not recieved, blink LED3







PRX mode: 


			Constantly checks for data


			If no packet recieved in aprox 100ms, turn off all leds


			If a packet is recieved, turn on lights according to packet content:			0: LED1 off


			1: LED1 on

















			Author:


			Per Kristian Schanke 







Definition in file application_esb.c.




Function Documentation






      			void device_prx_mode_esb           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 82 of file application_esb.c.




Referenced by main().














      			void device_ptx_mode_esb           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 46 of file application_esb.c.




Referenced by main().












Variable Documentation






      			xdata uint8_t pload_esb[RF_PAYLOAD_LENGTH] [static]          











The data to send in ShockBurst mode. 








Definition at line 44 of file application_esb.c.




Referenced by device_ptx_mode_esb().
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hal_nrf_hw.h File Reference


Header file defining the hardware depenent interface of the C8051F320. More...

#include <Cygnal\c8051f320.h>






Go to the source code of this file.			


			
Defines





			#define 			CE_HIGH()   do {CE = 1;} while(0)


			 			Macro that set radio's CE line HIGH.  



			#define 			CE_LOW()   do {CE = 0;} while(0)


			 			Macro that set radio's CE line LOW.  



			#define 			CE_PULSE()


			 			Pulses the CE to nRF24L01 for at least 10 us.  



			#define 			CSN_HIGH()   do {CSN = 1;} while(0)


			 			Macro that set radio's CSN line HIGH.  



			#define 			CSN_LOW()   do {CSN = 0;} while(0)


			 			Macro that set radio's CSN line LOW.  



			
Variables





			sbit 			CE = P0^4


			sbit 			CSN = P0^3










Detailed Description



Header file defining the hardware depenent interface of the C8051F320. 





Definition in file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Define Documentation






      			#define CE_HIGH          			(





 
          			          			 ) 			   do {CE = 1;} while(0)











Macro that set radio's CE line HIGH. 








Definition at line 46 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), and device_prx_mode_sb().














      			#define CE_LOW          			(





 
          			          			 ) 			   do {CE = 0;} while(0)











Macro that set radio's CE line LOW. 








Definition at line 41 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.














      			#define CE_PULSE          			(





 
          			          			 ) 			











Value:


do { \
  uint8_t count; \
  count = 20; \
  CE_HIGH();  \
  while(count--) \
    ; \
  CE_LOW();  \
  } while(0)




Pulses the CE to nRF24L01 for at least 10 us. 





Definition at line 51 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Referenced by radio_send_packet().














      			#define CSN_HIGH          			(





 
          			          			 ) 			   do {CSN = 1;} while(0)











Macro that set radio's CSN line HIGH. 








Definition at line 36 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Referenced by hal_nrf_lock_unlock(), hal_nrf_read_multibyte_reg(), hal_nrf_read_reg(), hal_nrf_read_rx_pl_w(), hal_nrf_write_ack_pload(), hal_nrf_write_multibyte_reg(), and hal_nrf_write_reg().














      			#define CSN_LOW          			(





 
          			          			 ) 			   do {CSN = 0;} while(0)











Macro that set radio's CSN line LOW. 








Definition at line 31 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Referenced by hal_nrf_lock_unlock(), hal_nrf_read_multibyte_reg(), hal_nrf_read_reg(), hal_nrf_read_rx_pl_w(), hal_nrf_write_ack_pload(), hal_nrf_write_multibyte_reg(), and hal_nrf_write_reg().












Variable Documentation






      			sbit CE = P0^4          















Definition at line 26 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.














      			sbit CSN = P0^3          















Definition at line 25 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.
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application_esb.h File Reference




Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_esb (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_esb (void)


			 			This function is called if the application is entering the PTX mode.  











Function Documentation






      			void device_prx_mode_esb           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 82 of file application_esb.c.




References CE_HIGH, LED1_OFF, LED1_ON, radio_get_pload_byte(), radio_get_status(), radio_irq(), radio_set_status(), RF_IDLE, RF_RX_DR, start_timer(), and timer_done().














      			void device_ptx_mode_esb           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 46 of file application_esb.c.




References B1_PRESSED, LED2_BLINK, LED3_BLINK, pload_esb, radio_get_status(), radio_irq(), radio_send_packet(), RF_BUSY, RF_PAYLOAD_LENGTH, RF_TX_DS, start_timer(), and wait_for_timer().
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application_sb.c File Reference


Application to show the functionality of the ShockBurst mode. More...

#include "hal_nrf.h"

#include "system.h"

#include "radio.h"

#include "application_sb.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_sb (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_sb (void)


			 			This function is called if the application is entering the PTX mode.  



			
Variables





			static xdata uint8_t 			pload_sb [RF_PAYLOAD_LENGTH]


			 			The data to send in ShockBurst mode.  











Detailed Description



Application to show the functionality of the ShockBurst mode. 

PTX mode: 


			Sends a packet aprox every 100ms


			Accepts user interaction at Button 1:			Not pressed: Send 00 


			Pressed: Send 10 














PRX mode: 


			Constantly checks for data


			If no packet recieved in aprox 100ms, turn off all leds


			If a packet is recieved, turn on lights according to packet content:			0: LED1 off


			1: LED1 on

















			Author:


			Per Kristian Schanke 







Definition in file application_sb.c.




Function Documentation






      			void device_prx_mode_sb           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 69 of file application_sb.c.




Referenced by main().














      			void device_ptx_mode_sb           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 43 of file application_sb.c.




Referenced by main().












Variable Documentation






      			xdata uint8_t pload_sb[RF_PAYLOAD_LENGTH] [static]          











The data to send in ShockBurst mode. 








Definition at line 41 of file application_sb.c.




Referenced by device_ptx_mode_sb().
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system.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2310 $
00012  */ 
00013 
00023 #include "hal_nrf.h"
00024 #include "radio.h"
00025 #include "system.h"
00026 #include "target_includes.h"
00027 
00029 volatile uint8_t led_blink;
00033 static uint8_t timer_rounds;
00034 
00039 static void run_timer (uint16_t time);
00040 
00041 void device_boot_msg(void)
00042 {
00043   uint8_t ctr;
00044 
00045   for(ctr=0;ctr<3;ctr++)
00046   {
00047     LED1_BLINK();
00048     while(led_blink)               // wait until LED released...
00049       ;
00050     delay_10ms();
00051 
00052     LED2_BLINK();
00053     while(led_blink)               // wait until LED released...
00054       ;
00055     delay_10ms();
00056 
00057     LED3_BLINK();
00058     while(led_blink)               // wait until LED released...
00059       ;
00060     delay_10ms();
00061 
00062     LED2_BLINK();
00063     while(led_blink)               // wait until LED released...
00064       ;
00065     delay_10ms();
00066 
00067     LED1_BLINK();
00068     while(led_blink)               // wait until LED released...
00069       ;
00070     delay_10ms();
00071 
00072   }
00073 }
00074 
00075 void delay_10ms(void)
00076 {
00077   start_timer(10);
00078   wait_for_timer();
00079 }
00080 
00081 void delay_100ms(void)
00082 {
00083   start_timer(100);
00084   wait_for_timer();
00085 }
00086 
00091 void t0_ov_interrupt(void) interrupt INTERRUPT_T0
00092 {
00093   TR0 = 0;                          // stop timer0
00094   TL0 = 0xE9;                       // reload timer..
00095   TH0 = 0xCB;
00096 
00097   if (led_blink & (1<<LED1_INDEX))
00098   {
00099     LED1_OFF();
00100   }
00101   if (led_blink & (1<<LED2_INDEX))
00102   {
00103     LED2_OFF();
00104   }
00105   if (led_blink & (1<<LED3_INDEX))
00106   {
00107     LED3_OFF();
00108   }
00109 
00110   led_blink = 0;
00111 }
00112 
00113 void start_timer (uint16_t time)
00114 {
00115   uint16_t setuptime;
00116   uint16_t firstruntime;
00117 
00118   firstruntime = (uint16_t)(time % MAX_RUNTIME);
00119 
00120   setuptime = 0 - (firstruntime * CYCLES_PR_MS);
00121   time -= firstruntime;
00122   timer_rounds = (uint8_t)(time / MAX_RUNTIME) + 1;
00123 
00124   if (setuptime == 0)
00125   {
00126     setuptime = MAX_TIME;
00127     timer_rounds--;
00128   }
00129 
00130   run_timer (setuptime);
00131 }
00132 
00133 static void run_timer (uint16_t time)
00134 {
00135   if (time != 0)
00136   {
00137     T1_MODE1(); // Setting up mode 1 on timer 1 (16-bit timer) 
00138     T1_SET_LB((uint8_t)time);
00139     T1_SET_HB((uint8_t)(time >> 8));
00140     T1_START();
00141   }
00142 }
00143 
00144 void wait_for_timer (void)
00145 {
00146   while (timer_rounds > 0)
00147   {
00148     while (!TIMER1_OVERFLOW())
00149       ;
00150 
00151     timer_rounds--;
00152 
00153     if (timer_rounds > 0)
00154     {
00155       run_timer (MAX_TIME);
00156     }
00157   }
00158 
00159   T1_STOP();
00160 }
00161 
00162 bool timer_done (void)
00163 {
00164   bool retval = false;
00165 
00166   if (TIMER1_OVERFLOW())
00167   {
00168     timer_rounds--;
00169 
00170     if (timer_rounds > 0)
00171     {
00172       run_timer (MAX_TIME);
00173     }
00174     else
00175     {
00176       retval = true;
00177       T1_STOP();
00178     }
00179   }
00180 
00181   return retval;
00182 }
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application_esb.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2088 $
00012  */ 
00013 
00014 #ifndef APPLICATION_ESB_H__
00015 #define APPLICATION_ESB_H__
00016 
00020 void device_ptx_mode_esb(void);
00021 
00025 void device_prx_mode_esb(void);
00026 
00027 #endif
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Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_sb (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_sb (void)


			 			This function is called if the application is entering the PTX mode.  











Function Documentation






      			void device_prx_mode_sb           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 69 of file application_sb.c.




References CE_HIGH, LED1_OFF, LED1_ON, radio_get_pload_byte(), radio_get_status(), radio_irq(), radio_set_status(), RF_IDLE, RF_RX_DR, start_timer(), and timer_done().














      			void device_ptx_mode_sb           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 43 of file application_sb.c.




References B1_PRESSED, pload_sb, radio_get_status(), radio_irq(), radio_send_packet(), RF_BUSY, RF_PAYLOAD_LENGTH, start_timer(), and wait_for_timer().
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main.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2477 $
00012  */ 
00013 
00034 #include <stdint.h>
00035 #include <stdbool.h>
00036 
00037 #include "hal_nrf.h"
00038 #include "target_includes.h"
00039 
00041 #include "radio.h"                
00044 #include "sb/radio_sb.h"          
00047 #include "esb/radio_esb.h"        
00050 #include "pl/radio_pl.h"          
00053 #include "sb/application_sb.h"    
00056 #include "esb/application_esb.h"  
00059 #include "pl/application_pl.h"    
00062 #include "system.h"               
00063 
00067 typedef enum {
00068   DEVICE_IDLE = 0, 
00069   DEVICE_PRX_IDLE, 
00070   DEVICE_PTX_IDLE, 
00071   DEVICE_PRX_SB,   
00072   DEVICE_PRX_ESB,  
00073   DEVICE_PRX_PL,   
00074   DEVICE_PTX_SB,   
00075   DEVICE_PTX_ESB,  
00076   DEVICE_PTX_PL,   
00077   NO_CHANGE        
00078 } state_t;
00079 
00090 static const state_t state_machine[][3] = 
00091 // B1               B2               B3                 CURRENT STATE
00092 { {DEVICE_PTX_IDLE, DEVICE_PRX_IDLE, NO_CHANGE},      
00093   {DEVICE_PRX_SB,   DEVICE_PRX_ESB,  DEVICE_PRX_PL},  
00094   {DEVICE_PTX_SB,   DEVICE_PTX_ESB,  DEVICE_PTX_PL},  
00095   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00096   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00097   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00098   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00099   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00100   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE}       
00101 };
00102 
00104 #define ON  1
00105 
00106 #define OFF 0
00107 
00108 #define SEK_0  0
00109 
00110 #define SEK_1 10
00111 
00112 #define SEK_2 20
00113 
00114 #define SEK_3 30
00115 
00123 static const uint8_t show_state[][5] = 
00124 //LED1, LED2, LED3, ALL off after?, Time, 
00125 {{ON ,  ON ,  ON ,  ON,             SEK_0},  
00126  {OFF,  OFF,  ON ,  ON,             SEK_0},  
00127  {OFF,  OFF,  OFF,  ON,             SEK_0},  
00128  {ON ,  OFF,  ON ,  OFF,            SEK_3},  
00129  {OFF,  ON ,  ON ,  OFF,            SEK_3},  
00130  {ON ,  ON ,  ON ,  OFF,            SEK_3},  
00131  {ON ,  OFF,  OFF,  OFF,            SEK_3},  
00132  {OFF,  ON ,  OFF,  OFF,            SEK_3},  
00133  {ON ,  ON ,  OFF,  OFF,            SEK_3},  
00134 };
00135 
00137 static code const uint8_t address[HAL_NRF_AW_5BYTES] = {0x22,0x33,0x44,0x55,0x01};
00138 
00147 static state_t get_next_state(state_t current_state);
00148 
00151 static void wait_for_button_release(void);
00152 
00155 static void show_status(state_t operation);
00156 
00165 void main(void) 
00166 {
00167   state_t current_state = DEVICE_IDLE;
00168 
00169   system_init();                  //Hardware dependant system initialisation
00170   device_boot_msg();              //Flashes LED's in a simple pattern
00171 
00172   GLOBAL_INT_ENABLE();            //Ensure that all interupts are turned on
00173 
00174   LED_ALL_OFF();                  //Turn off all lights
00175  
00176   wait_for_button_release ();     //Ensure that all buttons are released
00177 
00178   //Implemenation of a simple state machine. 
00179   while (true)
00180   {
00181     current_state = get_next_state (current_state);// Go to next state 
00182     wait_for_button_release ();                    // Ensure that all 
00183                                                    // buttons are released
00184     show_status (current_state);
00185     
00186     switch (current_state)
00187     {
00188       case DEVICE_IDLE:                       // No operation chosen yet
00189         break;
00190 
00191       case DEVICE_PRX_IDLE:                   // In PRX mode, but still lack 
00192         break;                                // functionality
00193 
00194       case DEVICE_PTX_IDLE:                   // In PTX mode, but still lack 
00195         break;                                // functionality
00196 
00197       case DEVICE_PRX_SB:                     // Start as PRX in ShockBurst 
00198         radio_sb_init (address, HAL_NRF_PRX);
00199         device_prx_mode_sb ();
00200         break;
00201 
00202       case DEVICE_PRX_ESB:                    // Start as PRX in Enhanced 
00203         radio_esb_init (address, HAL_NRF_PRX);// ShockBurst
00204         device_prx_mode_esb ();
00205         break;
00206 
00207       case DEVICE_PRX_PL:                     //Start as PRX in Enhanced 
00208         radio_pl_init (address, HAL_NRF_PRX); //ShockBurst with ACK payload
00209         device_prx_mode_pl ();
00210         break;
00211 
00212       case DEVICE_PTX_SB:                     //Start as PTX in ShockBurst
00213         radio_sb_init (address, HAL_NRF_PTX);
00214         device_ptx_mode_sb ();
00215         break;
00216 
00217       case DEVICE_PTX_ESB:                    //Start as PTX in Enhanced 
00218         radio_esb_init (address, HAL_NRF_PTX);//ShockBurst
00219         device_ptx_mode_esb ();
00220         break;
00221 
00222       case DEVICE_PTX_PL:                     // Start as PTX in Enhanced 
00223         radio_pl_init (address, HAL_NRF_PTX); // ShockBurst with ACK payload
00224         device_ptx_mode_pl ();
00225         break;
00226 
00227       default:                                // If in an illegal state, set to
00228         current_state = DEVICE_IDLE;       // default state (DEVICE_IDLE)
00229         break;
00230     }
00231   }
00232 }
00233 
00234 static state_t get_next_state (state_t current_state)
00235 {
00236   state_t next_state = NO_CHANGE;
00237 
00238   if (B1_PRESSED())                  // Swap state according to state_machine 
00239   {                                  // array with button input and 
00240                                      // current_state as input
00241      next_state = state_machine[current_state][0];
00242   }
00243   else if (B2_PRESSED())
00244   {
00245      next_state = state_machine[current_state][1];
00246   }
00247   else if (B3_PRESSED())
00248   {
00249      next_state = state_machine[current_state][2];
00250   }
00251 
00252   if (next_state == NO_CHANGE)      // If no statechange should occur, return 
00253   {                                 // previous state
00254     next_state = current_state;
00255   }
00256   else                              // As it takes some time for the button to
00257   {                                 // stabalise as pressed, give it a short 
00258     delay_10ms();                   // delay to stabalise
00259   }
00260 
00261   return next_state;
00262 }
00263 
00264 static void wait_for_button_release (void)
00265 {
00266   while (B1_PRESSED() || B2_PRESSED() || B3_PRESSED())  // Wait until all 
00267     ;                                                   // buttons are released
00268   delay_10ms();                                         // Delay to stabalise
00269 }
00270 
00271 static void show_status (state_t operation)
00272 {
00273   uint16_t time;
00274   LED_ALL_OFF();
00275 
00276   if (show_state[operation][0] == ON)
00277   {
00278     LED1_ON();
00279   }
00280   if (show_state[operation][1] == ON)
00281   {
00282     LED2_ON();
00283   } 
00284   if (show_state[operation][2] == ON)
00285   {
00286     LED3_ON();
00287   } 
00288 
00289   // If there is to be a delay where LED's are shown, but no input is
00290   // accepted, delay for the period indicated in show_state[operation][4]
00291   if (show_state[operation][4] > 0)
00292   {
00293     time = (uint16_t)(show_state[operation][4] * 100);
00294     start_timer(time);
00295     wait_for_timer();
00296   }
00297 
00298   // If the radio goes into an operational mode, all LED's should be turned off
00299   // before entering that mode
00300   if (show_state[operation][3] == OFF)
00301   {
00302     LED_ALL_OFF();
00303   } 
00304 }
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hal_nrf_hw.h


Go to the documentation of this file.00001 
00015 #ifndef _HAL_NRF_LU1_H_
00016 #define _HAL_NRF_LU1_H_
00017 
00018 #include <Nordic\reg24lu1.h>
00019 
00023 #define CSN_LOW() do { RFCSN = 0; } while(0)
00024 
00028 #define CSN_HIGH() do { RFCSN = 1; } while(0)
00029 
00033 #define CE_LOW() do { RFCE = 0; } while(0)
00034 
00038 #define CE_HIGH() do { RFCE = 1; } while(0)
00039 
00043 #define MCSN_LOW() do { MCSN = 0; } while(0)
00044 
00048 #define MCSN_HIGH() do { MCSN = 1; } while(0)
00049 
00053 #define CE_PULSE() do { \
00054   uint8_t count; \
00055   count = 20; \
00056   CE_HIGH();  \
00057   while(count--) \
00058     ; \
00059   CE_LOW();  \
00060   } while(0)
00061 
00062 #endif
00063 
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radio.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2310 $
00012  */ 
00013 
00024 #include "hal_nrf.h"
00025 #include "system.h"
00026 #include "radio.h"
00027 #include "target_includes.h"
00028 
00031 static xdata uint8_t pload[RF_PAYLOAD_LENGTH];
00035 static radio_status_t status;
00036 
00037 void radio_send_packet(uint8_t *packet, uint8_t length)
00038 {
00039   hal_nrf_write_tx_pload(packet, length);      // load message into radio
00040   
00041   CE_PULSE();                                 // send packet
00042 
00043   radio_set_status (RF_BUSY);                 // trans. in progress; RF_BUSY
00044 }
00045 
00046 radio_status_t radio_get_status (void)
00047 {
00048   return status;
00049 }
00050 
00051 uint8_t radio_get_pload_byte (uint8_t byte_index)
00052 {
00053   return pload[byte_index];
00054 }
00055 
00056 void radio_set_status (radio_status_t new_status)
00057 {
00058   status = new_status;
00059 }
00060 
00061 void radio_irq(void) 
00062 {
00063   if (RADIO_ACTIVITY())                         // Check if an interupt is
00064   {                                             // triggered
00065     switch(hal_nrf_get_clear_irq_flags ())
00066     {
00067       case (1<<HAL_NRF_MAX_RT):                 // Max retries reached
00068         hal_nrf_flush_tx();                     // flush tx fifo, avoid fifo jam
00069         radio_set_status (RF_MAX_RT);
00070         break;
00071       
00072       case (1<<HAL_NRF_TX_DS):                  // Packet sent
00073         radio_set_status (RF_TX_DS);
00074         break;
00075       
00076       case (1<<HAL_NRF_RX_DR):                  // Packet received
00077         while (!hal_nrf_rx_fifo_empty ())
00078         {
00079           hal_nrf_read_rx_pload(pload);
00080         }
00081         radio_set_status (RF_RX_DR);
00082         break;
00083   
00084       case ((1<<HAL_NRF_RX_DR)|(1<<HAL_NRF_TX_DS)): // Ack payload recieved
00085         while (!hal_nrf_rx_fifo_empty ())
00086         {
00087           hal_nrf_read_rx_pload(pload);
00088         }
00089         radio_set_status (RF_TX_AP);
00090         break;
00091   
00092       default:
00093         break;    
00094     }
00095 
00096     RESET_RADIO_ACTIVITY();
00097   }
00098 }
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radio.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2310 $
00012  */ 
00013 
00014 #ifndef RADIO_H__
00015 #define RADIO_H__
00016  
00025 #define RF_CHANNEL 40
00026 
00028 #define RF_POWER_UP_DELAY 2
00029 
00031 #define RF_PAYLOAD_LENGTH 10                           
00032 
00034 #define RF_RETRANSMITS 15
00035 
00042 #if (RF_PAYLOAD_LENGTH <= 18)
00043 #define RF_RETRANS_DELAY 250
00044 #else
00045 #define RF_RETRANS_DELAY 500
00046 #endif
00047 
00051 typedef enum {
00052   RF_IDLE,    
00053   RF_MAX_RT,  
00054   RF_TX_DS,   
00055   RF_RX_DR,   
00056   RF_TX_AP,   
00057   RF_BUSY     
00058 } radio_status_t;
00059 
00070 radio_status_t radio_get_status (void);
00071 
00077 void radio_set_status (radio_status_t new_status);
00078 
00084 uint8_t radio_get_pload_byte (uint8_t byte_index);
00085 
00091 void radio_send_packet(uint8_t *packet, uint8_t length);
00092 
00097 void radio_irq (void);
00098 
00099 #endif
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radio_sb.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2089 $
00012  */ 
00013 
00014 #ifndef RADIO_SB_H__
00015 #define RADIO_SB_H__
00016 
00023 void radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);
00024 
00025 #endif
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radio_pl.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2185 $
00012  */ 
00013 
00025 #include "hal_nrf.h"
00026 #include "radio_pl.h"
00027 #include "system.h"
00028 #include "radio.h"
00029 
00030 void radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
00031 {
00032   hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
00033                                                  // Pipe 0 and 1 open by default
00034   hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack 
00035 
00036   hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
00037   hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);
00038                                                  // Enables auto retransmit.
00039                                                  // 3 retrans with 250ms delay
00040 
00041   hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
00042   hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
00043   hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
00044                                                  // pipe0
00045 
00046 /*****************************************************************************
00047  * Changed from esb/radio_esb.c                                              *
00048  * Enables:                                                                  *
00049  *  - ACK payload                                                            *
00050  *  - Dynamic payload width                                                  *
00051  *  - Dynamic ACK                                                            *
00052  *****************************************************************************/
00053   hal_nrf_enable_ack_pl();                       // Try to enable ack payload
00054 
00055   // When the features are locked, the FEATURE and DYNPD are read out 0x00
00056   // even after we have tried to enable ack payload. This mean that we need to
00057   // activate the features.
00058   if(hal_nrf_read_reg(FEATURE) == 0x00 && (hal_nrf_read_reg(DYNPD) == 0x00))
00059   {
00060     hal_nrf_lock_unlock ();                      // Activate features
00061     hal_nrf_enable_ack_pl();                     // Enables payload in ack
00062   }
00063 
00064   hal_nrf_enable_dynamic_pl();                   // Enables dynamic payload
00065   hal_nrf_setup_dyn_pl(ALL_PIPES);               // Sets up dynamic payload on
00066                                                  // all data pipes.
00067 /*****************************************************************************
00068  * End changes from esb/radio_esb.c                                          *
00069  *****************************************************************************/
00070    
00071   if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
00072   {
00073     hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
00074   }
00075   else
00076   {
00077     hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
00078     hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
00079                                                  // Pipe0 expect 
00080                                                  // PAYLOAD_LENGTH byte payload
00081                                                  // PAYLOAD_LENGTH in radio.h
00082   }
00083 
00084   hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel
00085                                                  // Defined in radio.h. 
00086                                                  // Frequenzy = 
00087                                                  //        2400 + RF_CHANNEL
00088   hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
00089   
00090   start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
00091   wait_for_timer();                              // power up
00092   
00093   radio_set_status (RF_IDLE);                    // Radio now ready
00094 }    
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hal_nrf.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2132 $
00012  */ 
00013 
00022 #ifndef HAL_NRF_H__
00023 #define HAL_NRF_H__
00024 
00025 #include <stdint.h>
00026 #include <stdbool.h>
00027 
00028 #include "hal_nrf_reg.h"
00029 #include "hal_nrf_hw.h"
00030 
00031 
00034 /* Setup function prototypes */
00035 
00046 void hal_nrf_set_irq_mode(hal_nrf_irq_source_t int_source, bool irq_state);
00047 
00052 void hal_nrf_lock_unlock(void);
00053 
00056 void hal_nrf_enable_ack_pl(void);
00057 
00060 void hal_nrf_disable_ack_pl(void);
00061 
00064 void hal_nrf_enable_dynamic_pl(void);
00065 
00068 void hal_nrf_disable_dynamic_pl(void);
00069 
00076 void hal_nrf_setup_dyn_pl(uint8_t setup);
00077 
00081 uint8_t hal_nrf_read_rx_pl_w(void);
00082 
00089 void hal_nrf_write_ack_pload(uint8_t pipe, uint8_t *tx_pload, uint8_t length);
00090 
00093 void hal_nrf_enable_dynamic_ack(void);
00094 
00097 void hal_nrf_disable_dynamic_ack(void);
00098 
00108 uint8_t hal_nrf_get_clear_irq_flags(void);
00109 
00116 void hal_nrf_clear_irq_flag(hal_nrf_irq_source_t int_source);
00117 
00123 void hal_nrf_set_crc_mode(hal_nrf_crc_mode_t crc_mode);
00124 
00133 void hal_nrf_open_pipe(hal_nrf_address_t pipe_num, bool auto_ack);
00134 
00140 void hal_nrf_close_pipe(hal_nrf_address_t pipe_num);
00141 
00149 void hal_nrf_set_address(hal_nrf_address_t address, uint8_t *addr);
00150 
00158 void hal_nrf_set_auto_retr(uint8_t retr, uint16_t delay);
00159 
00166 void hal_nrf_set_address_width(hal_nrf_address_width_t address_width);
00167 
00175 void hal_nrf_set_rx_pload_width(uint8_t pipe_num, uint8_t pload_width);
00176 
00187 bool hal_nrf_get_irq_mode(uint8_t int_source);
00188 
00199 uint8_t hal_nrf_get_irq_flags(void);
00200 
00209 uint8_t hal_nrf_get_crc_mode(void);
00210 
00221 uint8_t hal_nrf_get_pipe_status(uint8_t pipe_num);
00222 
00234 uint8_t hal_nrf_get_address(uint8_t address, uint8_t *addr);
00235 
00245 uint8_t hal_nrf_get_auto_retr_status(void);
00246 
00252 uint8_t hal_nrf_get_packet_lost_ctr(void);
00253 
00260 uint8_t hal_nrf_get_address_width(void);
00261 
00270 uint8_t hal_nrf_get_rx_pload_width(uint8_t pipe_num);
00272 
00275 /* Operation function prototypes */
00276 
00283 void hal_nrf_set_operation_mode(hal_nrf_operation_mode_t op_mode);
00284 
00290 void hal_nrf_set_power_mode(hal_nrf_pwr_mode_t pwr_mode);
00291 
00297 void hal_nrf_set_rf_channel(uint8_t channel);
00298 
00304 void hal_nrf_set_output_power(hal_nrf_output_power_t power);
00305 
00312 void hal_nrf_set_datarate(hal_nrf_datarate_t datarate);
00313 
00322 uint8_t hal_nrf_get_operation_mode(void);
00323 
00332 uint8_t hal_nrf_get_power_mode(void);
00333 
00340 uint8_t hal_nrf_get_rf_channel(void);
00341 
00352 uint8_t hal_nrf_get_output_power(void);
00353 
00362 uint8_t hal_nrf_get_datarate(void);
00363 
00364 /* Status functions prototypes */
00365 
00376 uint8_t hal_nrf_get_tx_fifo_status(void);
00377 
00387 bool hal_nrf_tx_fifo_empty(void);
00388 
00398 bool hal_nrf_tx_fifo_full(void);
00399 
00410 uint8_t hal_nrf_get_rx_fifo_status(void);
00411 
00423 bool hal_nrf_rx_fifo_empty(void);
00424 
00434 bool hal_nrf_rx_fifo_full(void);
00435 
00442 uint8_t hal_nrf_get_transmit_attempts(void);
00443 
00453 bool hal_nrf_get_carrier_detect(void);
00454 
00455 /* Data operation prototypes */
00456 
00463 uint8_t hal_nrf_get_rx_data_source(void);
00464 
00472 uint16_t hal_nrf_read_rx_pload(uint8_t *rx_pload);
00473 
00482 void hal_nrf_write_tx_pload(uint8_t *tx_pload, uint8_t length);
00483 
00489 void hal_nrf_reuse_tx(void);
00490 
00499 bool hal_nrf_get_reuse_tx_status(void);
00500 
00506 void hal_nrf_flush_rx(void);
00507 
00513 void hal_nrf_flush_tx(void);
00514 
00521 uint8_t hal_nrf_nop(void);
00523 
00526 /* Test functions prototypes */
00527 
00534 void hal_nrf_set_pll_mode(hal_nrf_pll_mode_t pll_mode);
00535 
00542 hal_nrf_pll_mode_t hal_nrf_get_pll_mode(void);
00543 
00550 void hal_nrf_set_lna_gain(hal_nrf_lna_mode_t lna_gain);
00551 
00560 hal_nrf_lna_mode_t hal_nrf_get_lna_gain(void);
00561 
00562 /* hal_nrf_l01 basic functions, used by all the other functions */
00563 
00565 
00568 
00576 uint8_t hal_nrf_read_reg(uint8_t reg);
00577 
00586 uint8_t hal_nrf_write_reg(uint8_t reg, uint8_t value);
00587 
00599 uint16_t hal_nrf_read_multibyte_reg(uint8_t reg, uint8_t *pbuf);
00600 
00609 void hal_nrf_write_multibyte_reg(uint8_t reg, uint8_t *pbuf, uint8_t length);
00610 
00611 
00620 uint8_t hal_nrf_rw(uint8_t value);
00622 #endif // HAL_NRF_H__
00623 
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target_includes.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2477 $
00012  */ 
00013  
00026 #ifndef TARGET_INCLUDES_H__
00027 #define TARGET_INCLUDES_H__
00028 
00029 #include <Cygnal\c8051f320.h>
00030 #include "hal_nrf.h"
00031 
00032 #define LED_ON 0          
00033 #define LED_OFF 1         
00035 sbit LED1 = P1^0;         
00036 sbit LED2 = P1^1;         
00037 sbit LED3 = P1^2;         
00039 sbit B1  = P2^1;          
00040 sbit B2  = P2^2;          
00041 sbit B3  = P2^3;          
00043 #define B_PRESSED 0       
00045 #define RADIO_ACTIVITY() (IE0 == 1) 
00049 #define RESET_RADIO_ACTIVITY() (IE0 = 0)
00050 
00051 #define INTERRUPT_T0 INTERRUPT_TIMER0  
00053 #define TIMER1_OVERFLOW() (TF1 == 1)   
00063 #define CYCLES_PR_MS 1000
00064 
00070 #define MAX_RUNTIME 65
00071 
00075 #define MAX_TIME (0 - MAX_RUNTIME * CYCLES_PR_MS)
00076 
00077 #define GLOBAL_INT_ENABLE() do{EA = 1;}while(0) 
00078 #define GLOBAL_INT_DISABLE() do{EA = 0;}while(0)
00082 #define T0_START() do{  TR0 = 1; \
00083                         ET0 = 1; \
00084                         EA  = 1; \
00085                         }while(0)
00086 
00087 #define T0_STOP() do{ TR0 = 0; \
00088                       ET0 = 0; \
00089                       }while(0)
00090 
00091 #define T1_START() do{  TR1 = 1; \
00092                         ET1 = 0; \
00093                         TF1 = 0; \
00094                         EA  = 1; \
00095                         }while(0)
00096 
00097 #define T1_STOP() do{ TR1 = 0; \
00098                       ET1 = 0; \
00099                       }while(0)
00100 
00102 #define T1_MODE1() (TMOD |= 0x10)
00103 
00104 #define T1_SET_LB(x) (TL1 = x)
00105 
00106 #define T1_SET_HB(x) (TH1 = x)
00107 
00108 #endif // TARGET_INCLUDES_H__
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target_includes.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2477 $
00012  */ 
00013  
00026 #ifndef TARGET_INCLUDES_H__
00027 #define TARGET_INCLUDES_H__
00028 
00029 #include <Nordic\reg24lu1.h>
00030 
00031 #define LED_ON 1     
00032 #define LED_OFF 0    
00034 #define B1 P05       
00035 #define B2 P04       
00036 #define B3 P03       
00038 #define LED1 P00     
00039 #define LED2 P01     
00040 #define LED3 P02     
00042 #define B_PRESSED 0  
00044 #define RADIO_ACTIVITY() (RFF == 1) 
00047 #define RESET_RADIO_ACTIVITY() (RFF = 0) 
00050 #define TIMER1_OVERFLOW() (TF1 == 1) 
00060 #define CYCLES_PR_MS 1333
00061 
00066 #define MAX_RUNTIME 40
00067 
00071 #define MAX_TIME (0 - MAX_RUNTIME * CYCLES_PR_MS)
00072 
00073 #define GLOBAL_INT_ENABLE() do{EA = 1;}while(0) 
00074 #define GLOBAL_INT_DISABLE() do{EA = 0;}while(0)
00078 #define T0_START() do{  TR0 = 1; \
00079                         ET0 = 1; \
00080                         EA  = 1; \
00081                         }while(0)
00082 
00083 #define T0_STOP() do{ TR0 = 0; \
00084                       ET0 = 0; \
00085                       IE0 = 0; \
00086                       }while(0)
00087 
00088 #define T1_START() do{  TR1 = 1; \
00089                         ET1 = 0; \
00090                         TF1 = 0; \
00091                         EA  = 1; \
00092                         }while(0)
00093 
00094 #define T1_STOP() do{ TR1 = 0; \
00095                       ET1 = 0; \
00096                       }while(0)
00097 
00099 #define T1_MODE1() (TMOD |= 0x10)
00100 
00101 #define T1_SET_LB(x) (TL1 = x)
00102 
00103 #define T1_SET_HB(x) (TH1 = x)
00104 
00105 #endif // TARGET_INCLUDES_H__
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Main files


This group of files contain common files.  
More...			


			
Files





			file  			main.c


			 			This file contain the main initialisation and allows users to make their choices of operational mode. 







			file  			radio.c


			 			Radio functions. 










			file  			system.c


			 			System level functions: Timers, port setup, interrupt handlers, and other system functions. 















Detailed Description



This group of files contain common files. 

These files implement the common functionality and also handles the choice between different operational modes. 
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radio_esb.c File Reference


Initialise the radio in Enhanced ShockBurst mode. More...

#include "hal_nrf.h"

#include "radio_esb.h"

#include "system.h"

#include "radio.h"






Go to the source code of this file.			


			
Functions





			void 			radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in Enhanced ShockBurst mode.  











Detailed Description



Initialise the radio in Enhanced ShockBurst mode. 

This is done by opening pipe0 with auto ACK and with auto retransmits.






			Author:


			Per Kristian Schanke 







Definition in file radio_esb.c.




Function Documentation






      			void radio_esb_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in Enhanced ShockBurst mode. 




This mean that we enable auto-retransmit and auto-acknowledgment.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 27 of file radio_esb.c.




Referenced by main().
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system.h File Reference




Go to the source code of this file.			


			
Defines





			#define 			B1_PRESSED()   (B1 == B_PRESSED)


			 			Checks whether B1 is pressed or not.  



			#define 			B2_PRESSED()   (B2 == B_PRESSED)


			 			Checks whether B2 is pressed or not.  



			#define 			B3_PRESSED()   (B3 == B_PRESSED)


			 			Checks whether B3 is pressed or not.  



			#define 			LED1_BLINK()


			 			Initialize LED1 blinking.  



			#define 			LED1_OFF()   do{LED1 = LED_OFF;}while(0)


			 			Turn off LED1.  



			#define 			LED1_ON()   do{LED1 = LED_ON;}while(0)


			 			Turn on LED1.  



			#define 			LED2_BLINK()


			 			Initialize LED2 blinking.  



			#define 			LED2_OFF()   do{LED2 = LED_OFF;}while(0)


			 			Turn off LED2.  



			#define 			LED2_ON()   do{LED2 = LED_ON;}while(0)


			 			Turn on LED2.  



			#define 			LED3_BLINK()


			 			Initialize LED3 blinking.  



			#define 			LED3_OFF()   do{LED3 = LED_OFF;}while(0)


			 			Turn off LED3.  



			#define 			LED3_ON()   do{LED3 = LED_ON;}while(0)


			 			Turn on LED3.  



			#define 			LED_ALL_OFF()


			 			Turn off all LED's.  



			
Enumerations





			enum  			{ LED1_INDEX, 
LED2_INDEX, 
LED3_INDEX
 }


			 			Enumeration of the LED's to be used to indicate which bit in led_blink that indicate which LED.  More...



			
Functions





			void 			delay_100ms (void)


			 			Delay of aprox 100ms.  



			void 			delay_10ms (void)


			 			Delay of aprox 10ms.  



			void 			device_boot_msg (void)


			 			Runs a LED pattern to indicate startup.  



			void 			start_timer (uint16_t time)


			 			Starts a timer that runs time ms.  



			void 			system_init (void)


			 			Initialise the timers, ports, interupts, etc.  



			bool 			timer_done (void)


			 			Checks the timer flags and return the status.  



			void 			wait_for_timer (void)


			 			Runs a loop that waits for the timer to be done.  



			
Variables





			volatile uint8_t 			led_blink


			 			Indicates which LED is set to blink.  











Detailed Description




Definition in file system.h.




Define Documentation






      			#define B1_PRESSED          			(





 
          			          			 ) 			   (B1 == B_PRESSED)











Checks whether B1 is pressed or not. 








Definition at line 62 of file system.h.




Referenced by device_prx_mode_pl(), device_ptx_mode_esb(), device_ptx_mode_pl(), device_ptx_mode_sb(), get_next_state(), and wait_for_button_release().














      			#define B2_PRESSED          			(





 
          			          			 ) 			   (B2 == B_PRESSED)











Checks whether B2 is pressed or not. 








Definition at line 64 of file system.h.




Referenced by get_next_state(), and wait_for_button_release().














      			#define B3_PRESSED          			(





 
          			          			 ) 			   (B3 == B_PRESSED)











Checks whether B3 is pressed or not. 








Definition at line 66 of file system.h.




Referenced by get_next_state(), and wait_for_button_release().














      			#define LED1_BLINK          			(





 
          			          			 ) 			











Value:


do{  LED1_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED1_INDEX); \
                          }while(0)




Initialize LED1 blinking. 

Enables timer0 interrupts to stop the blinking. 



Definition at line 46 of file system.h.




Referenced by device_boot_msg().














      			#define LED1_OFF          			(





 
          			          			 ) 			   do{LED1 = LED_OFF;}while(0)











Turn off LED1. 








Definition at line 35 of file system.h.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_pl(), and t0_ov_interrupt().














      			#define LED1_ON          			(





 
          			          			 ) 			   do{LED1 = LED_ON;}while(0)











Turn on LED1. 








Definition at line 31 of file system.h.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_pl(), and show_status().














      			#define LED2_BLINK          			(





 
          			          			 ) 			











Value:


do{  LED2_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED2_INDEX); \
                          }while(0)




Initialize LED2 blinking. 

Enables timer0 interrupts to stop the blinking. 



Definition at line 51 of file system.h.




Referenced by device_boot_msg(), device_prx_mode_pl(), device_ptx_mode_esb(), and device_ptx_mode_pl().














      			#define LED2_OFF          			(





 
          			          			 ) 			   do{LED2 = LED_OFF;}while(0)











Turn off LED2. 








Definition at line 36 of file system.h.




Referenced by t0_ov_interrupt().














      			#define LED2_ON          			(





 
          			          			 ) 			   do{LED2 = LED_ON;}while(0)











Turn on LED2. 








Definition at line 32 of file system.h.




Referenced by show_status().














      			#define LED3_BLINK          			(





 
          			          			 ) 			











Value:


do{  LED3_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED3_INDEX); \
                          }while(0)




Initialize LED3 blinking. 

Enables timer0 interrupts to stop the blinking. 



Definition at line 56 of file system.h.




Referenced by device_boot_msg(), device_prx_mode_pl(), device_ptx_mode_esb(), and device_ptx_mode_pl().














      			#define LED3_OFF          			(





 
          			          			 ) 			   do{LED3 = LED_OFF;}while(0)











Turn off LED3. 








Definition at line 37 of file system.h.




Referenced by t0_ov_interrupt().














      			#define LED3_ON          			(





 
          			          			 ) 			   do{LED3 = LED_ON;}while(0)











Turn on LED3. 








Definition at line 33 of file system.h.




Referenced by show_status().














      			#define LED_ALL_OFF          			(





 
          			          			 ) 			











Value:


do{ LED1_OFF(); \
                          LED2_OFF(); \
                          LED3_OFF(); \
                         }while(0)




Turn off all LED's. 





Definition at line 40 of file system.h.




Referenced by main(), and show_status().












Enumeration Type Documentation






      			anonymous enum          











Enumeration of the LED's to be used to indicate which bit in led_blink that indicate which LED. 







			Enumerator: 


			
			LED1_INDEX 			



			LED2_INDEX 			



			LED3_INDEX 			















Definition at line 24 of file system.h.












Function Documentation






      			void delay_100ms           			(			void 			          			 ) 			











Delay of aprox 100ms. 








Definition at line 81 of file system.c.




References start_timer(), and wait_for_timer().














      			void delay_10ms           			(			void 			          			 ) 			











Delay of aprox 10ms. 








Definition at line 75 of file system.c.




References start_timer(), and wait_for_timer().














      			void device_boot_msg           			(			void 			          			 ) 			











Runs a LED pattern to indicate startup. 








Definition at line 41 of file system.c.




References delay_10ms(), LED1_BLINK, LED2_BLINK, LED3_BLINK, and led_blink.














      			void start_timer           			(			uint16_t 			 time          			 ) 			











Starts a timer that runs time ms. 




As it is only possible to run for aprox 50ms using the internal timers, anything above 50ms is done by restarting the counter. To restart the counter, either wait_for_timer() or timer_done() should be called. These check the timer and restart it if needed.






			Parameters:


			
  						time 			How many ms you want the timer to run 














Definition at line 113 of file system.c.




References CYCLES_PR_MS, MAX_RUNTIME, MAX_TIME, run_timer(), and timer_rounds.














      			void system_init           			(			void 			          			 ) 			











Initialise the timers, ports, interupts, etc. 








Definition at line 47 of file l01_bfb/mcu.c.




References hal_spi_init(), port_init(), and sysclk_init().














      			bool timer_done           			(			void 			          			 ) 			











Checks the timer flags and return the status. 




Restarts the timer if needed.






			Returns:


			If the clock is done or not 






			Return values:


			
  						true 			clock is done 


						false 			clock is not done 














Definition at line 162 of file system.c.




References MAX_TIME, run_timer(), T1_STOP, TIMER1_OVERFLOW, and timer_rounds.














      			void wait_for_timer           			(			void 			          			 ) 			











Runs a loop that waits for the timer to be done. 




Restarts the timer if needed 



Definition at line 144 of file system.c.




References MAX_TIME, run_timer(), T1_STOP, TIMER1_OVERFLOW, and timer_rounds.












Variable Documentation






      			volatile uint8_t led_blink          











Indicates which LED is set to blink. 








Definition at line 29 of file system.c.
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application_sb.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2311 $
00012  */ 
00013 
00034 #include "hal_nrf.h"
00035 #include "system.h"
00036 #include "radio.h"
00037 #include "application_sb.h"
00038 #include "target_includes.h"
00039 
00041 static xdata uint8_t pload_sb[RF_PAYLOAD_LENGTH];
00042 
00043 void device_ptx_mode_sb(void)
00044 {
00045   while(true)
00046   {
00047     // Wait til the packet is sent
00048     do {
00049       radio_irq ();
00050     } while((radio_get_status ()) == RF_BUSY);
00051 
00052     // Sleep 100ms
00053     start_timer(100);
00054     wait_for_timer();
00055 
00056     // Set up the payload according to the input button 1
00057     pload_sb[0] = 0;
00058 
00059     if(B1_PRESSED())
00060     {
00061       pload_sb[0] = 1;
00062     }
00063 
00064     //Send the packet
00065     radio_send_packet(pload_sb, RF_PAYLOAD_LENGTH);           
00066   }
00067 }
00068 
00069 void device_prx_mode_sb(void)
00070 {
00071   CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever
00072 
00073   while(true)
00074   { 
00075     start_timer(110);
00076 
00077     // Run until either 110ms has lapsed 
00078     // OR there is data on the radio
00079     do
00080     {
00081       radio_irq ();
00082     } while ((radio_get_status() == RF_IDLE) && !timer_done());
00083 
00084     if ((radio_get_status ()) == RF_RX_DR)
00085     {
00086       // Get the payload from the PTX and set LED1 accordingly
00087       if (radio_get_pload_byte(0) == 1)
00088       {
00089         LED1_ON();
00090       }
00091       else
00092       {
00093         LED1_OFF();
00094       }
00095     }
00096     else
00097     {
00098       LED1_OFF();
00099     }
00100 
00101     // Set radio status to idle
00102     radio_set_status(RF_IDLE);
00103   }
00104 }
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			 			Header file defining register mapping with bit definitions. This file is radio-chip dependent, and are included with the hal_nrf.h. 










			
<< SETUP FUNCTIONS >>





			void 			hal_nrf_clear_irq_flag (hal_nrf_irq_source_t int_source)


			 			Clear one selected interrupt flag.  



			void 			hal_nrf_close_pipe (hal_nrf_address_t pipe_num)


			 			Close radio pipe(s).  



			void 			hal_nrf_disable_ack_pl (void)


			 			Disables the ACK payload feature.  



			void 			hal_nrf_disable_dynamic_ack (void)


			 			Disables the no-ack feature.  



			void 			hal_nrf_disable_dynamic_pl (void)


			 			Disables the dynamic payload feature.  



			void 			hal_nrf_enable_ack_pl (void)


			 			Enables the ACK payload feature.  



			void 			hal_nrf_enable_dynamic_ack (void)


			 			Enables the no-ack feature.  



			void 			hal_nrf_enable_dynamic_pl (void)


			 			Enables the dynamic payload feature.  



			uint8_t 			hal_nrf_get_address (uint8_t address, uint8_t *addr)


			 			Get address for selected pipe.  



			uint8_t 			hal_nrf_get_address_width (void)


			 			Get address width for radio.  



			uint8_t 			hal_nrf_get_auto_retr_status (void)


			 			Get auto retransmit parameters.  



			uint8_t 			hal_nrf_get_clear_irq_flags (void)


			 			Read then clears all interrupt flags.  



			uint8_t 			hal_nrf_get_crc_mode (void)


			 			Get CRC mode.  



			uint8_t 			hal_nrf_get_irq_flags (void)


			 			Read all interrupt flags.  



			bool 			hal_nrf_get_irq_mode (uint8_t int_source)


			 			Read current interrupt mode for selected interrupt source.  



			uint8_t 			hal_nrf_get_packet_lost_ctr (void)


			 			Get packet lost counter Use this function to get the packet(s) counter.  



			uint8_t 			hal_nrf_get_pipe_status (uint8_t pipe_num)


			 			Get pipe status.  



			uint8_t 			hal_nrf_get_rx_pload_width (uint8_t pipe_num)


			 			Get RX payload width for selected pipe.  



			void 			hal_nrf_lock_unlock (void)


			 			Activate features Sends the ACTIVATE command to the RF tranceiver.  



			void 			hal_nrf_open_pipe (hal_nrf_address_t pipe_num, bool auto_ack)


			 			Open radio pipe(s) and enable/ disable auto acknowledge.  



			uint8_t 			hal_nrf_read_rx_pl_w (void)


			 			Reads the payload width of the received ack payload.  



			void 			hal_nrf_set_address (hal_nrf_address_t address, uint8_t *addr)


			 			Set radio's RX address and TX address.  



			void 			hal_nrf_set_address_width (hal_nrf_address_width_t address_width)


			 			Set radio's address width.  



			void 			hal_nrf_set_auto_retr (uint8_t retr, uint16_t delay)


			 			Set auto acknowledge parameters.  



			void 			hal_nrf_set_crc_mode (hal_nrf_crc_mode_t crc_mode)


			 			Set the CRC mode used by the radio.  



			void 			hal_nrf_set_irq_mode (hal_nrf_irq_source_t int_source, bool irq_state)


			 			Enable or disable interrupt for radio.  



			void 			hal_nrf_set_rx_pload_width (uint8_t pipe_num, uint8_t pload_width)


			 			Set payload width for selected pipe.  



			void 			hal_nrf_setup_dyn_pl (uint8_t setup)


			 			Sets the dynamic payload features for the RX pipes The input parameter contains is a byte where the bit values tells weather the pipe uses the ack payload feature or not.  



			void 			hal_nrf_write_ack_pload (uint8_t pipe, uint8_t *tx_pload, uint8_t length)


			 			Write ack payload Writes the payload that will be transmitted with the ack on the given pipe.  



			
<< OPERATION FUNCTIONS >>





			void 			hal_nrf_flush_rx (void)


			 			Flush RX FIFO.  



			void 			hal_nrf_flush_tx (void)


			 			Flush TX FIFO.  



			bool 			hal_nrf_get_carrier_detect (void)


			 			Get the carrier detect flag.  



			uint8_t 			hal_nrf_get_datarate (void)


			 			Get radio's current on-air datarate.  



			uint8_t 			hal_nrf_get_operation_mode (void)


			 			Get radio's current operation mode.  



			uint8_t 			hal_nrf_get_output_power (void)


			 			Get radio's current TX output power.  



			uint8_t 			hal_nrf_get_power_mode (void)


			 			Get radio's current power mode.  



			bool 			hal_nrf_get_reuse_tx_status (void)


			 			Get status of reuse TX function.  



			uint8_t 			hal_nrf_get_rf_channel (void)


			 			Get radio's current RF channel.  



			uint8_t 			hal_nrf_get_rx_data_source (void)


			 			Get RX data source.  



			uint8_t 			hal_nrf_get_rx_fifo_status (void)


			 			Get radio's RX FIFO status.  



			uint8_t 			hal_nrf_get_transmit_attempts (void)


			 			Get radio's transmit attempts status.  



			uint8_t 			hal_nrf_get_tx_fifo_status (void)


			 			Get radio's TX FIFO status.  



			uint8_t 			hal_nrf_nop (void)


			 			No Operation command.  



			uint16_t 			hal_nrf_read_rx_pload (uint8_t *rx_pload)


			 			Read RX payload.  



			void 			hal_nrf_reuse_tx (void)


			 			Reuse TX payload.  



			bool 			hal_nrf_rx_fifo_empty (void)


			 			Check for RX FIFO empty.  



			bool 			hal_nrf_rx_fifo_full (void)


			 			Check for RX FIFO full.  



			void 			hal_nrf_set_datarate (hal_nrf_datarate_t datarate)


			 			Set radio's on-air datarate.  



			void 			hal_nrf_set_operation_mode (hal_nrf_operation_mode_t op_mode)


			 			Set radio's operation mode.  



			void 			hal_nrf_set_output_power (hal_nrf_output_power_t power)


			 			Set radio's TX output power.  



			void 			hal_nrf_set_power_mode (hal_nrf_pwr_mode_t pwr_mode)


			 			Set radio's power mode.  



			void 			hal_nrf_set_rf_channel (uint8_t channel)


			 			Set radio's RF channel.  



			bool 			hal_nrf_tx_fifo_empty (void)


			 			Check for TX FIFO empty.  



			bool 			hal_nrf_tx_fifo_full (void)


			 			Check for TX FIFO full.  



			void 			hal_nrf_write_tx_pload (uint8_t *tx_pload, uint8_t length)


			 			Write TX payload to radio.  



			
<< TEST FUNCTIONS >>





			hal_nrf_lna_mode_t 			hal_nrf_get_lna_gain (void)


			 			Get LNA gain mode.  



			hal_nrf_pll_mode_t 			hal_nrf_get_pll_mode (void)


			 			Get PLL mode.  



			void 			hal_nrf_set_lna_gain (hal_nrf_lna_mode_t lna_gain)


			 			Set radio's LNA gain mode.  



			void 			hal_nrf_set_pll_mode (hal_nrf_pll_mode_t pll_mode)


			 			Set radio's PLL mode.  



			
<< BASIS FUNCTIONS >>





			uint16_t 			hal_nrf_read_multibyte_reg (uint8_t reg, uint8_t *pbuf)


			 			Basis function, read_multibyte register .  



			uint8_t 			hal_nrf_read_reg (uint8_t reg)


			 			Basis function read_reg.  



			uint8_t 			hal_nrf_rw (uint8_t value)


			 			Basis function, nrf_rw This function is used by the basis functions to exchange data with the data.  



			void 			hal_nrf_write_multibyte_reg (uint8_t reg, uint8_t *pbuf, uint8_t length)


			 			Basis function, write_multibyte register.  



			uint8_t 			hal_nrf_write_reg (uint8_t reg, uint8_t value)


			 			Basis function write_reg.  











Detailed Description



HAL interface for Nordic Semiconductor's radio chip. 





Function Documentation






      			void hal_nrf_clear_irq_flag           			(			hal_nrf_irq_source_t 			 int_source          			 ) 			











Clear one selected interrupt flag. 




Use this function to clear one spesific interrupt flag. Other interrupt flags are left unchanged.






			Parameters:


			
  						int_source 			Interrupt source of which flag to clear 














Definition at line 46 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), SET_BIT, and STATUS.














      			void hal_nrf_close_pipe           			(			hal_nrf_address_t 			 pipe_num          			 ) 			











Close radio pipe(s). 




Use this function to close one pipe or all pipes.






			Parameters:


			
  						pipe_num 			Pipe# number to close 














Definition at line 101 of file hal_nrf_l01.c.




References EN_AA, EN_RXADDR, HAL_NRF_ALL, HAL_NRF_PIPE0, HAL_NRF_PIPE1, HAL_NRF_PIPE2, HAL_NRF_PIPE3, HAL_NRF_PIPE4, HAL_NRF_PIPE5, hal_nrf_read_reg(), hal_nrf_write_reg(), and SET_BIT.














      			void hal_nrf_disable_ack_pl           			(			void 			          			 ) 			











Disables the ACK payload feature. 








Definition at line 363 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_disable_dynamic_ack           			(			void 			          			 ) 			











Disables the no-ack feature. 








Definition at line 373 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_disable_dynamic_pl           			(			void 			          			 ) 			











Disables the dynamic payload feature. 








Definition at line 353 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_enable_ack_pl           			(			void 			          			 ) 			











Enables the ACK payload feature. 








Definition at line 358 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_enable_dynamic_ack           			(			void 			          			 ) 			











Enables the no-ack feature. 








Definition at line 368 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_enable_dynamic_pl           			(			void 			          			 ) 			











Enables the dynamic payload feature. 








Definition at line 348 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_flush_rx           			(			void 			          			 ) 			











Flush RX FIFO. 




Use this function to flush the radio's RX FIFO. 



Definition at line 436 of file hal_nrf_l01.c.




References FLUSH_RX, and hal_nrf_write_reg().














      			void hal_nrf_flush_tx           			(			void 			          			 ) 			











Flush TX FIFO. 




Use this function to flush the radio's TX FIFO. 



Definition at line 441 of file hal_nrf_l01.c.




References FLUSH_TX, and hal_nrf_write_reg().














      			uint8_t hal_nrf_get_address           			(			uint8_t 			 address, 


									uint8_t * 			 addr			 


						)									











Get address for selected pipe. 




Use this function to get address for selected pipe.






			Parameters:


			
  						address 			Which address to get, Pipe- or TX-address 


						*addr 			buffer in which address bytes are written. 



For pipes containing only LSB byte of address, this byte is returned in the

 *addr buffer.













			Returns:


			Address_Width in bytes 







Definition at line 180 of file hal_nrf_l01.c.




References hal_nrf_get_address_width(), HAL_NRF_PIPE0, HAL_NRF_PIPE1, hal_nrf_read_multibyte_reg(), hal_nrf_read_reg(), HAL_NRF_TX, and RX_ADDR_P0.














      			uint8_t hal_nrf_get_address_width           			(			void 			          			 ) 			











Get address width for radio. 




Use this function to get the address width used for the radio, both RX and TX.






			Returns:


			Address_Width in bytes 







Definition at line 205 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), and SETUP_AW.














      			uint8_t hal_nrf_get_auto_retr_status           			(			void 			          			 ) 			











Get auto retransmit parameters. 




Use this function to get the auto retransmit parameters, retrans count and retrans delay.






			Returns:


			AutoRetrans Parameters






			Return values:


			
  						UpperNibble 			Retransmit Delay 


						LowerNibble 			Retransmit Count 














Definition at line 195 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), and OBSERVE_TX.














      			bool hal_nrf_get_carrier_detect           			(			void 			          			 ) 			











Get the carrier detect flag. 




Use this function to get the carrier detect flag, used to detect stationary disturbance on selected RF channel.






			Returns:


			Carrier Detect 






			Return values:


			
  						FALSE 			Carrier NOT Detected 


						TRUE 			Carrier Detected 














Definition at line 333 of file hal_nrf_l01.c.




References CD, and hal_nrf_read_reg().














      			uint8_t hal_nrf_get_clear_irq_flags           			(			void 			          			 ) 			











Read then clears all interrupt flags. 




Use this function to get the interrupt flags and clear them in the same operation. Reduced radio interface activity and speed optimized.






			Returns:


			Interrupt_flags 






			Return values:


			
  						0x10 			Max Retransmit interrupt 


						0x20 			TX Data sent interrupt 


						0x40 			RX Data received interrupt 














Definition at line 41 of file hal_nrf_l01.c.




References BIT_4, BIT_5, BIT_6, hal_nrf_write_reg(), and STATUS.














      			uint8_t hal_nrf_get_crc_mode           			(			void 			          			 ) 			











Get CRC mode. 




Use this function to check which CRC mode is used.






			Returns:


			CRC_mode 






			Return values:


			
  						0x00 			CRC_OFF 


						0x02 			CRC_8BIT 


						0x03 			CRC_16BIT 














Definition at line 162 of file hal_nrf_l01.c.




References BIT_2, BIT_3, CONFIG, CRCO, and hal_nrf_read_reg().














      			uint8_t hal_nrf_get_datarate           			(			void 			          			 ) 			











Get radio's current on-air datarate. 




Use this function to get the radio's current on-air datarate setting.






			Returns:


			On-air datarate 






			Return values:


			
  						0x00 			1Mbps selected 


						0x01 			2Mbps selected 














Definition at line 281 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), RF_DR, and RF_SETUP.














      			uint8_t hal_nrf_get_irq_flags           			(			void 			          			 ) 			











Read all interrupt flags. 




Use this function to get the interrupt flags. This function is similar to hal_nrf_get_clear_irq_flags with the exception that it does NOT clear the irq_flags.






			Returns:


			Interrupt_flags 






			Return values:


			
  						0x10 			Max Retransmit interrupt 


						0x20 			TX Data sent interrupt 


						0x40 			RX Data received interrupt 














Definition at line 59 of file hal_nrf_l01.c.




References BIT_4, BIT_5, BIT_6, and hal_nrf_nop().














      			bool hal_nrf_get_irq_mode           			(			uint8_t 			 int_source          			 ) 			











Read current interrupt mode for selected interrupt source. 




Use this function to get the interrupt source's mode, either enabled or disabled.






			Parameters:


			
  						int_source 			Interrupt source to get mode from













			Returns:


			Interrupt Mode 






			Return values:


			
  						FALSE 			Interrupt disabled 


						TRUE 			Interrupt enabled 














Definition at line 51 of file hal_nrf_l01.c.




References CONFIG, hal_nrf_read_reg(), and SET_BIT.














      			hal_nrf_lna_mode_t hal_nrf_get_lna_gain           			(			void 			          			 ) 			











Get LNA gain mode. 




Use this function to get the radio's current LNA gain mode.






			Returns:


			LNA gain mode 






			Return values:


			
  						0 			LNA LOW current 


						1 			LNA HI current 














Definition at line 480 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), LNA_HCURR, and RF_SETUP.














      			uint8_t hal_nrf_get_operation_mode           			(			void 			          			 ) 			











Get radio's current operation mode. 




Use this function to get the radio's current operation mode, PTX or PRX.






			Returns:


			Operation_Mode 






			Return values:


			
  						0x00 			Primary RX (PRX) 


						0x01 			Primary TX (PTX) 














Definition at line 261 of file hal_nrf_l01.c.




References CONFIG, hal_nrf_read_reg(), and PRIM_RX.














      			uint8_t hal_nrf_get_output_power           			(			void 			          			 ) 			











Get radio's current TX output power. 




Use this function to get the radio's current TX output power setting.






			Returns:


			TX_power_output 






			Return values:


			
  						0x00 			-18dBm 


						0x01 			-12dBm 


						0x02 			-6dBm 


						0x03 			0dBm 














Definition at line 276 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), RF_PWR0, RF_PWR1, and RF_SETUP.














      			uint8_t hal_nrf_get_packet_lost_ctr           			(			void 			          			 ) 			











Get packet lost counter Use this function to get the packet(s) counter. 







			Returns:


			packet lost counter 







Definition at line 200 of file hal_nrf_l01.c.




References BIT_4, BIT_5, BIT_6, BIT_7, hal_nrf_read_reg(), and OBSERVE_TX.














      			uint8_t hal_nrf_get_pipe_status           			(			uint8_t 			 pipe_num          			 ) 			











Get pipe status. 




Use this function to check status for a selected pipe.






			Parameters:


			
  						pipe_num 			Pipe number to check status for













			Returns:


			Pipe_Status 






			Return values:


			
  						0x00 			Pipe is closed, autoack disabled 


						0x01 			Pipe is open, autoack disabled 


						0x03 			Pipe is open, autoack enabled 














Definition at line 167 of file hal_nrf_l01.c.




References EN_AA, EN_RXADDR, and hal_nrf_read_reg().














      			hal_nrf_pll_mode_t hal_nrf_get_pll_mode           			(			void 			          			 ) 			











Get PLL mode. 




Use this function to get the radio's current PLL mode.






			Returns:


			PLL_mode 







Definition at line 463 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), PLL_LOCK, and RF_SETUP.














      			uint8_t hal_nrf_get_power_mode           			(			void 			          			 ) 			











Get radio's current power mode. 




Use this function to get the radio's currnet power mode, POWER_UP or POWER_DOWN.






			Returns:


			Power_Mode 






			Return values:


			
  						0x00 			POWER_DOWN 


						0x01 			POWER_UP 














Definition at line 266 of file hal_nrf_l01.c.




References CONFIG, hal_nrf_read_reg(), and PWR_UP.














      			bool hal_nrf_get_reuse_tx_status           			(			void 			          			 ) 			











Get status of reuse TX function. 




Use this function to check if reuse TX payload is activated






			Returns:


			Reuse TX payload mode 






			Return values:


			
  						FALSE 			Not activated 


						TRUE 			Activated 














Definition at line 431 of file hal_nrf_l01.c.




References hal_nrf_get_fifo_status(), and TX_REUSE.














      			uint8_t hal_nrf_get_rf_channel           			(			void 			          			 ) 			











Get radio's current RF channel. 




Use this function to get the radio's current selected RF channel






			Returns:


			RF channel 







Definition at line 271 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), and RF_CH.














      			uint8_t hal_nrf_get_rx_data_source           			(			void 			          			 ) 			











Get RX data source. 




Use this function to read which RX pipe data was received on for current top level FIFO data packet.






			Returns:


			pipe number of current packet present 







Definition at line 414 of file hal_nrf_l01.c.




References BIT_1, BIT_2, BIT_3, and hal_nrf_nop().














      			uint8_t hal_nrf_get_rx_fifo_status           			(			void 			          			 ) 			











Get radio's RX FIFO status. 




Use this function to get the radio's TX FIFO status.






			Returns:


			RX FIFO status 






			Return values:


			
  						0x00 			RX FIFO NOT empty, but NOT full 


						0x01 			RX FIFO empty 


						0x02 			RX FIFO full 














Definition at line 318 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), RX_EMPTY, and RX_FULL.














      			uint8_t hal_nrf_get_rx_pload_width           			(			uint8_t 			 pipe_num          			 ) 			











Get RX payload width for selected pipe. 




Use this function to get the expected payload width for selected ppe number.






			Parameters:


			
  						pipe_num 			Pipe number to get payload width for













			Returns:


			Payload_Width in bytes 







Definition at line 210 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), and RX_PW_P0.














      			uint8_t hal_nrf_get_transmit_attempts           			(			void 			          			 ) 			











Get radio's transmit attempts status. 




Use this function to get number of retransmit attempts and number of packet lost.






			Returns:


			Retransmit attempts counters 







Definition at line 328 of file hal_nrf_l01.c.




References BIT_0, BIT_1, BIT_2, BIT_3, hal_nrf_read_reg(), and OBSERVE_TX.














      			uint8_t hal_nrf_get_tx_fifo_status           			(			void 			          			 ) 			











Get radio's TX FIFO status. 




Use this function to get the radio's TX FIFO status.






			Returns:


			TX FIFO status 






			Return values:


			
  						0x00 			TX FIFO NOT empty, but NOT full 


						0x01 			FIFO empty 


						0x02 			FIFO full 














Definition at line 313 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), TX_EMPTY, and TX_FIFO_FULL.














      			void hal_nrf_lock_unlock           			(			void 			          			 ) 			











Activate features Sends the ACTIVATE command to the RF tranceiver. 




By calling this function once it is possible to use the functions related to the FEATURE register. 



Definition at line 404 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_rw(), and LOCK_UNLOCK.














      			uint8_t hal_nrf_nop           			(			void 			          			 ) 			











No Operation command. 




Use this function to receive the radio's status register.






			Returns:


			Status register 







Definition at line 446 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and NOP.














      			void hal_nrf_open_pipe           			(			hal_nrf_address_t 			 pipe_num, 


									bool 			 auto_ack			 


						)									











Open radio pipe(s) and enable/ disable auto acknowledge. 




Use this function to open one or all pipes, with or without auto acknowledge.






			Parameters:


			
  						pipe_num 			Radio pipe to open 


						auto_ack 			Auto_Ack ON/OFF 













			See also:


			hal_nrf_address 







Definition at line 69 of file hal_nrf_l01.c.




References BIT_6, BIT_7, EN_AA, EN_RXADDR, HAL_NRF_ALL, HAL_NRF_PIPE0, HAL_NRF_PIPE1, HAL_NRF_PIPE2, HAL_NRF_PIPE3, HAL_NRF_PIPE4, HAL_NRF_PIPE5, hal_nrf_read_reg(), hal_nrf_write_reg(), and SET_BIT.














      			uint16_t hal_nrf_read_multibyte_reg           			(			uint8_t 			 reg, 


									uint8_t * 			 pbuf			 


						)									











Basis function, read_multibyte register . 




Use this function to read multiple bytes from a multibyte radio-register






			Parameters:


			
  						reg 			Multibyte register to read from 


						*pbuf 			Pointer to buffer in which to store read bytes to













			Returns:


			pipe# of received data (MSB), if operation used by a hal_nrf_read_rx_pload 
length of read data (LSB), either for hal_nrf_read_rx_pload or for hal_nrf_get_address. 










Definition at line 522 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_get_address_width(), hal_nrf_get_rx_data_source(), HAL_NRF_PIPE0, HAL_NRF_PIPE1, hal_nrf_read_rx_pl_w(), hal_nrf_rw(), HAL_NRF_RX_PLOAD, HAL_NRF_TX, RD_RX_PLOAD, and RX_ADDR_P0.














      			uint8_t hal_nrf_read_reg           			(			uint8_t 			 reg          			 ) 			











Basis function read_reg. 




Use this function to read the contents of one radios register.






			Parameters:


			
  						reg 			Register to read 













			Returns:


			Register contents 







Definition at line 485 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, and hal_nrf_rw().














      			uint8_t hal_nrf_read_rx_pl_w           			(			void 			          			 ) 			











Reads the payload width of the received ack payload. 







			Returns:


			Payload width of the received ack payload 







Definition at line 391 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_rw(), and RD_RX_PLOAD_W.














      			uint16_t hal_nrf_read_rx_pload           			(			uint8_t * 			 rx_pload          			 ) 			











Read RX payload. 




Use this function to read top level payload available in the RX FIFO.






			Parameters:


			
  						*rx_pload 			pointer to buffer in which RX payload are stored 













			Returns:


			pipe number (MSB byte) and packet length (LSB byte) 







Definition at line 421 of file hal_nrf_l01.c.




References hal_nrf_read_multibyte_reg(), HAL_NRF_RX_PLOAD, and UINT8.














      			void hal_nrf_reuse_tx           			(			void 			          			 ) 			











Reuse TX payload. 




Use this function to set that the radio is using the last transmitted payload for the next packet as well. 



Definition at line 426 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and REUSE_TX_PL.














      			uint8_t hal_nrf_rw           			(			uint8_t 			 value          			 ) 			











Basis function, nrf_rw This function is used by the basis functions to exchange data with the data. 







			Parameters:


			
  						value 			Databyte to write













			Returns:


			Databyte from radio. 







Definition at line 18 of file hal_nrf_f32x_hw.c.














      			bool hal_nrf_rx_fifo_empty           			(			void 			          			 ) 			











Check for RX FIFO empty. 




Use this function to check if RX FIFO is empty.



Reads STATUS register to check this, not FIFO_STATUS






			Returns:


			RX FIFO empty bit 






			Return values:


			
  						FALSE 			RX FIFO NOT empty 


						TRUE 			RX FIFO empty 














Definition at line 286 of file hal_nrf_l01.c.




References hal_nrf_get_rx_data_source().














      			bool hal_nrf_rx_fifo_full           			(			void 			          			 ) 			











Check for RX FIFO full. 




Use this function to check if RX FIFO is full.






			Returns:


			RX FIFO full bit 






			Return values:


			
  						FALSE 			RX FIFO NOT full 


						TRUE 			RX FIFO full 














Definition at line 298 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), and RX_EMPTY.














      			void hal_nrf_set_address           			(			hal_nrf_address_t 			 address, 


									uint8_t * 			 addr			 


						)									











Set radio's RX address and TX address. 




Use this function to set a RX address, or to set the TX address. Beware of the difference for single and multibyte address registers.






			Parameters:


			
  						address 			Which address to set 


						*addr 			Buffer from which the address is stored in 














Definition at line 125 of file hal_nrf_l01.c.




References HAL_NRF_PIPE0, HAL_NRF_PIPE1, HAL_NRF_PIPE2, HAL_NRF_PIPE3, HAL_NRF_PIPE4, HAL_NRF_PIPE5, HAL_NRF_TX, hal_nrf_write_multibyte_reg(), hal_nrf_write_reg(), and RX_ADDR_P0.














      			void hal_nrf_set_address_width           			(			hal_nrf_address_width_t 			 address_width          			 ) 			











Set radio's address width. 




Use this function to define the radio's address width, referes to both RX and TX.






			Parameters:


			
  						address_width 			Address with in bytes 














Definition at line 152 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), SETUP_AW, and UINT8.














      			void hal_nrf_set_auto_retr           			(			uint8_t 			 retr, 


									uint16_t 			 delay			 


						)									











Set auto acknowledge parameters. 




Use this function to set retransmit and retransmit delay parameters.






			Parameters:


			
  						retr 			Number of retransmit, 0 equ retransmit OFF 


						delay 			Retransmit delay in �s 














Definition at line 147 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and SETUP_RETR.














      			void hal_nrf_set_crc_mode           			(			hal_nrf_crc_mode_t 			 crc_mode          			 ) 			











Set the CRC mode used by the radio. 




Use this function to set the CRC mode; CRC disabled, 1 or 2 bytes.






			Parameters:


			
  						crc_mode 			CRC mode to use 














Definition at line 64 of file hal_nrf_l01.c.




References BIT_2, BIT_3, CONFIG, hal_nrf_read_reg(), hal_nrf_write_reg(), and UINT8.














      			void hal_nrf_set_datarate           			(			hal_nrf_datarate_t 			 datarate          			 ) 			











Set radio's on-air datarate. 




Use this function to select radio's on-air datarate.






			Parameters:


			
  						datarate 			On-air datarate 














Definition at line 249 of file hal_nrf_l01.c.




References HAL_NRF_1MBPS, hal_nrf_read_reg(), hal_nrf_write_reg(), RF_DR, and RF_SETUP.














      			void hal_nrf_set_irq_mode           			(			hal_nrf_irq_source_t 			 int_source, 


									bool 			 irq_state			 


						)									











Enable or disable interrupt for radio. 




Use this function to enable or disable one of the interrupt sources for the radio. This function only changes state for selected int_type, the rest of the interrupt sources are left unchanged.






			Parameters:


			
  						int_source 			Radio interrupt Source. 


						irq_state 			Enable or Disable. 














Definition at line 29 of file hal_nrf_l01.c.




References CONFIG, hal_nrf_read_reg(), hal_nrf_write_reg(), and SET_BIT.














      			void hal_nrf_set_lna_gain           			(			hal_nrf_lna_mode_t 			 lna_gain          			 ) 			











Set radio's LNA gain mode. 




Use this function to either use HI current or LOW current mode for the radio.






			Parameters:


			
  						lna_gain 			LNA gain mode 














Definition at line 468 of file hal_nrf_l01.c.




References HAL_NRF_LNA_HCURR, hal_nrf_read_reg(), hal_nrf_write_reg(), LNA_HCURR, and RF_SETUP.














      			void hal_nrf_set_operation_mode           			(			hal_nrf_operation_mode_t 			 op_mode          			 ) 			











Set radio's operation mode. 




Use this function to enter PTX (primary TX) or PRX (primary RX).






			Parameters:


			
  						op_mode 			Operation mode 














Definition at line 215 of file hal_nrf_l01.c.




References CONFIG, HAL_NRF_PRX, hal_nrf_read_reg(), hal_nrf_write_reg(), and PRIM_RX.














      			void hal_nrf_set_output_power           			(			hal_nrf_output_power_t 			 power          			 ) 			











Set radio's TX output power. 




Use this function set the radio's TX output power.






			Parameters:


			
  						power 			Radio's TX output power 














Definition at line 244 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), hal_nrf_write_reg(), RF_PWR0, RF_PWR1, RF_SETUP, and UINT8.














      			void hal_nrf_set_pll_mode           			(			hal_nrf_pll_mode_t 			 pll_mode          			 ) 			











Set radio's PLL mode. 




Use this function to either LOCK or UNLOCK the radio's PLL.






			Parameters:


			
  						pll_mode 			PLL locked, TRUE or FALSE 














Definition at line 451 of file hal_nrf_l01.c.




References HAL_NRF_PLL_LOCK, hal_nrf_read_reg(), hal_nrf_write_reg(), PLL_LOCK, and RF_SETUP.














      			void hal_nrf_set_power_mode           			(			hal_nrf_pwr_mode_t 			 pwr_mode          			 ) 			











Set radio's power mode. 




Use this function to power_up or power_down radio.






			Parameters:


			
  						pwr_mode 			POWER_UP or POWER_DOWN 














Definition at line 227 of file hal_nrf_l01.c.




References CONFIG, HAL_NRF_PWR_UP, hal_nrf_read_reg(), hal_nrf_write_reg(), and PWR_UP.














      			void hal_nrf_set_rf_channel           			(			uint8_t 			 channel          			 ) 			











Set radio's RF channel. 




Use this function to select which RF channel to use.






			Parameters:


			
  						channel 			RF channel 














Definition at line 239 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and RF_CH.














      			void hal_nrf_set_rx_pload_width           			(			uint8_t 			 pipe_num, 


									uint8_t 			 pload_width			 


						)									











Set payload width for selected pipe. 




Use this function to set the number of bytes expected on a selected pipe.






			Parameters:


			
  						pipe_num 			Pipe number to set payload width for 


						pload_width 			number of bytes expected 














Definition at line 157 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and RX_PW_P0.














      			void hal_nrf_setup_dyn_pl           			(			uint8_t 			 setup          			 ) 			











Sets the dynamic payload features for the RX pipes The input parameter contains is a byte where the bit values tells weather the pipe uses the ack payload feature or not. 




For example if bit 0 is set then Pipe 0 uses ack payload, 


			Parameters:


			
  						setup 			Byte value with bit set for pipes that uses the dynamic payload feature 














Definition at line 343 of file hal_nrf_l01.c.




References DYNPD, and hal_nrf_write_reg().














      			bool hal_nrf_tx_fifo_empty           			(			void 			          			 ) 			











Check for TX FIFO empty. 




Use this function to check if TX FIFO is empty.






			Returns:


			TX FIFO empty bit 






			Return values:


			
  						FALSE 			TX FIFO NOT empty 


						TRUE 			TX FIFO empty 














Definition at line 303 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), and TX_EMPTY.














      			bool hal_nrf_tx_fifo_full           			(			void 			          			 ) 			











Check for TX FIFO full. 




Use this function to check if TX FIFO is full.






			Returns:


			TX FIFO full bit 






			Return values:


			
  						FALSE 			TX FIFO NOT full 


						TRUE 			TX FIFO full 














Definition at line 308 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), and TX_FIFO_FULL.














      			void hal_nrf_write_ack_pload           			(			uint8_t 			 pipe, 


									uint8_t * 			 tx_pload, 


									uint8_t 			 length			 


						)									











Write ack payload Writes the payload that will be transmitted with the ack on the given pipe. 







			Parameters:


			
  						pipe 			Pipe that transmits the payload 


						tx_pload 			Pointer to the payload data 


						length 			Size of the data to transmit 














Definition at line 378 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_rw(), and WR_ACK_PLOAD.














      			void hal_nrf_write_multibyte_reg           			(			uint8_t 			 reg, 


									uint8_t * 			 pbuf, 


									uint8_t 			 length			 


						)									











Basis function, write_multibyte register. 




Use this function to write multiple bytes to a multiple radio register.






			Parameters:


			
  						reg 			Register to write 


						*pbuf 			pointer to buffer in which data to write is 


						length 			# of bytes to write 














Definition at line 564 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_get_address_width(), HAL_NRF_PIPE0, HAL_NRF_PIPE1, hal_nrf_rw(), HAL_NRF_TX, HAL_NRF_TX_PLOAD, RX_ADDR_P0, WR_TX_PLOAD, and WRITE_REG.














      			uint8_t hal_nrf_write_reg           			(			uint8_t 			 reg, 


									uint8_t 			 value			 


						)									











Basis function write_reg. 




Use this function to write a new value to a radio register.






			Parameters:


			
  						reg 			Register to write 


						value 			New value to write 













			Returns:


			Status register 







Definition at line 496 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, FLUSH_RX, FLUSH_TX, hal_nrf_rw(), NOP, REUSE_TX_PL, and WRITE_REG.














      			void hal_nrf_write_tx_pload           			(			uint8_t * 			 tx_pload, 


									uint8_t 			 length			 


						)									











Write TX payload to radio. 




Use this function to write a packet of TX payload into the radio. length number of bytes, which are stored in *tx_pload.






			Parameters:


			
  						*tx_pload 			pointer to buffer in which TX payload are present 


						length 			number of bytes to write 














Definition at line 338 of file hal_nrf_l01.c.




References HAL_NRF_TX_PLOAD, hal_nrf_write_multibyte_reg(), and UINT8.












Generated on Wed Feb 13 12:04:45 2008 for Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 by 

 1.5.3 







  			Main Page


			Modules


			Files








radio.c File Reference


Radio functions. More...

#include "hal_nrf.h"

#include "system.h"

#include "radio.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			uint8_t 			radio_get_pload_byte (uint8_t byte_index)


			 			Gets the bit at position byte_index in pload.  



			radio_status_t 			radio_get_status (void)


			 			Get the current status of the radio.  



			void 			radio_irq (void)


			 			This function reads the interrupts.  



			void 			radio_send_packet (uint8_t *packet, uint8_t length)


			 			This function load the data to be sent into the radio, sends it, and waits for the response.  



			void 			radio_set_status (radio_status_t new_status)


			 			Sets the status of the radio.  



			
Variables





			static xdata uint8_t 			pload [RF_PAYLOAD_LENGTH]


			 			The payload sent over the radio.  



			static radio_status_t 			status


			 			The current status of the radio.  











Detailed Description



Radio functions. 

This file handles all radio communication for the example application, i.e. radio_init, radio_send_packet and radio_interrupt function.






			Author:


			Per Kristian Schanke 







Definition in file radio.c.




Function Documentation






      			uint8_t radio_get_pload_byte           			(			uint8_t 			 byte_index          			 ) 			











Gets the bit at position byte_index in pload. 







			Parameters:


			
  						byte_index 			The index of the bit 













			Returns:


			The value of pload[byte_index] 







Definition at line 51 of file radio.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), and device_ptx_mode_pl().














      			radio_status_t radio_get_status           			(			void 			          			 ) 			











Get the current status of the radio. 







			Returns:


			Status of the radio. May be one of: 






			Return values:


			
  						RF_IDLE 			Radio is idle 


						RF_MAX_RT 			Maximum number of retries have occured 


						RF_TX_DS 			The data are sent 


						RF_RX_DR 			Data is recieved 


						RF_TX_AP 			Ack payload recieved 


						RF_BUSY 			Radio is busy 














Definition at line 46 of file radio.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_esb(), device_ptx_mode_pl(), and device_ptx_mode_sb().














      			void radio_irq           			(			void 			          			 ) 			











This function reads the interrupts. 




It does the work of a interrupt handler by manually reading the interrupt flags and act on them. Sets the status with \ 



Definition at line 61 of file radio.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_esb(), device_ptx_mode_pl(), and device_ptx_mode_sb().














      			void radio_send_packet           			(			uint8_t * 			 packet, 


									uint8_t 			 length			 


						)									











This function load the data to be sent into the radio, sends it, and waits for the response. 







			Parameters:


			
  						packet 			The data to send. Maximum 2 byte 


						length 			The length of the data 














Definition at line 37 of file radio.c.




Referenced by device_ptx_mode_esb(), device_ptx_mode_pl(), and device_ptx_mode_sb().














      			void radio_set_status           			(			radio_status_t 			 new_status          			 ) 			











Sets the status of the radio. 




Input parameter is checked to see if it is allowed.






			Parameters:


			
  						new_status 			The new status of the radio 














Definition at line 56 of file radio.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), radio_esb_init(), radio_irq(), radio_pl_init(), radio_sb_init(), and radio_send_packet().












Variable Documentation






      			xdata uint8_t pload[RF_PAYLOAD_LENGTH] [static]          











The payload sent over the radio. 




Also contains the recieved data. Should be read with radio_get_pload_byte(). 



Definition at line 31 of file radio.c.




Referenced by radio_get_pload_byte(), and radio_irq().














      			radio_status_t status [static]          











The current status of the radio. 




Should be set with radio_set_status(), and read with radio_get_status(). 



Definition at line 35 of file radio.c.




Referenced by radio_get_status(), and radio_set_status().
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application_pl.c File Reference


Application to show the functionality of the Enhanced ShockBurst mode with Bidirectional data. More...

#include "hal_nrf.h"

#include "system.h"

#include "radio.h"

#include "application_pl.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_pl (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_pl (void)


			 			This function is called if the application is entering the PTX mode.  



			
Variables





			static xdata uint8_t 			pload_pl [RF_PAYLOAD_LENGTH]


			 			The data to send in ShockBurst with Bidirectional data mode.  











Detailed Description



Application to show the functionality of the Enhanced ShockBurst mode with Bidirectional data. 

PTX mode: 


			Sends a packet aprox every 100ms


			Accepts user interaction at Button 1			Not pressed: Send 00 


			Pressed: Send 10 









			If a ACK was recieved, blink LED2


			If a ACK was not recieved, blink LED3


			If a ACK payload is recieved, turn on lights according to packet content:			0: LED1 off


			1: LED1 on














PRX mode: 


			Constantly checks for data


			If no packet recieved in aprox 100ms, turn off all leds


			If a packet is recieved, turn on lights according to packet content:			0: LED1 off


			1: LED1 on









			Accepts user interaction at Button 1			Not pressed: Put 00 in ACK payload


			Pressed: Put 10 in ACK payload









			If a ACK payload was sent, blink LED2


			If a ACK payload was not sent, blink LED3










			Author:


			Per Kristian Schanke 







Definition in file application_pl.c.




Function Documentation






      			void device_prx_mode_pl           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 104 of file application_pl.c.




Referenced by main().














      			void device_ptx_mode_pl           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 54 of file application_pl.c.




Referenced by main().












Variable Documentation






      			xdata uint8_t pload_pl[RF_PAYLOAD_LENGTH] [static]          











The data to send in ShockBurst with Bidirectional data mode. 








Definition at line 52 of file application_pl.c.




Referenced by device_prx_mode_pl(), and device_ptx_mode_pl().
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target_includes.h File Reference


Target specific include directives. More...

#include <Nordic\reg24lu1.h>






Go to the source code of this file.			


			
Defines





			#define 			B1   P05


			 			Button 1 on BFB.  



			#define 			B2   P04


			 			Button 2 on BFB.  



			#define 			B3   P03


			 			Button 3 on BFB.  



			#define 			B_PRESSED   0


			 			The value on the line when a button is pressed.  



			#define 			CYCLES_PR_MS   1333


			 			This is a constant showing how many clock cycles that is counted by a timer to make up 1ms.  



			#define 			GLOBAL_INT_DISABLE()   do{EA = 0;}while(0)


			 			Disable all interrupts.  



			#define 			GLOBAL_INT_ENABLE()   do{EA = 1;}while(0)


			 			Enable all interrupts.  



			#define 			LED1   P00


			 			LED1 on BFB.  



			#define 			LED2   P01


			 			LED2 on BFB.  



			#define 			LED3   P02


			 			LED3 on BFB.  



			#define 			LED_OFF   0


			 			The value on the line that turn the LED off.  



			#define 			LED_ON   1


			 			The value on the line that turn the LED on.  



			#define 			MAX_RUNTIME   40


			 			The maximum runtime in ms that a timer might run.  



			#define 			MAX_TIME   (0 - MAX_RUNTIME * CYCLES_PR_MS)


			 			This constant defines the value the timer should be set to for running for the maximum time.  



			#define 			RADIO_ACTIVITY()   (RFF == 1)


			 			The register on the radio indicating activity on the radio.  



			#define 			RESET_RADIO_ACTIVITY()   (RFF = 0)


			 			How to reset the activity register.  



			#define 			T0_START()


			 			Start timer0.  



			#define 			T0_STOP()


			 			Stop timer0.  



			#define 			T1_MODE1()   (TMOD |= 0x10)


			 			Initialise Timer 1 in mode 1 (16-bit timer).  



			#define 			T1_SET_HB(x)   (TH1 = x)


			 			Sets the high bit of timer 1.  



			#define 			T1_SET_LB(x)   (TL1 = x)


			 			Sets the low bit of timer 1.  



			#define 			T1_START()


			 			Start timer1.  



			#define 			T1_STOP()


			 			Stop timer1.  



			#define 			TIMER1_OVERFLOW()   (TF1 == 1)


			 			Checks for overflow on timer1.  











Detailed Description



Target specific include directives. 

The file name is standardised, but the contents will vary according to the target. Separate the files by locating them in different folders. The goal is to avoid the use #ifdef for conditional compilation, which is difficult to maintain and prone to errors.



This target include contains the files for nRF24LU1.






			Author:


			Per Kristian Schanke 







Definition in file lu1_bfb/target_includes.h.




Define Documentation






      			#define B1   P05          











Button 1 on BFB. 








Definition at line 34 of file lu1_bfb/target_includes.h.














      			#define B2   P04          











Button 2 on BFB. 








Definition at line 35 of file lu1_bfb/target_includes.h.














      			#define B3   P03          











Button 3 on BFB. 








Definition at line 36 of file lu1_bfb/target_includes.h.














      			#define B_PRESSED   0          











The value on the line when a button is pressed. 








Definition at line 42 of file lu1_bfb/target_includes.h.














      			#define CYCLES_PR_MS   1333          











This is a constant showing how many clock cycles that is counted by a timer to make up 1ms. 




Calculation of this constant:


      Ocilatorspeed / Clock divider / 1000ms/sec
      16MHz         / 12            / 1000ms/sec = 1333




 
Definition at line 60 of file lu1_bfb/target_includes.h.














      			#define GLOBAL_INT_DISABLE          			(





 
          			          			 ) 			   do{EA = 0;}while(0)











Disable all interrupts. 








Definition at line 74 of file lu1_bfb/target_includes.h.














      			#define GLOBAL_INT_ENABLE          			(





 
          			          			 ) 			   do{EA = 1;}while(0)











Enable all interrupts. 








Definition at line 73 of file lu1_bfb/target_includes.h.














      			#define LED1   P00          











LED1 on BFB. 








Definition at line 38 of file lu1_bfb/target_includes.h.














      			#define LED2   P01          











LED2 on BFB. 








Definition at line 39 of file lu1_bfb/target_includes.h.














      			#define LED3   P02          











LED3 on BFB. 








Definition at line 40 of file lu1_bfb/target_includes.h.














      			#define LED_OFF   0          











The value on the line that turn the LED off. 








Definition at line 32 of file lu1_bfb/target_includes.h.














      			#define LED_ON   1          











The value on the line that turn the LED on. 








Definition at line 31 of file lu1_bfb/target_includes.h.














      			#define MAX_RUNTIME   40          











The maximum runtime in ms that a timer might run. 




Calculated by taking the maximum number your timer might take and divide that by CYCLES_PR_MS. On the nRF24LU1 this is 0xFFFF / 1333 = 49 (aprox). 



Definition at line 66 of file lu1_bfb/target_includes.h.














      			#define MAX_TIME   (0 - MAX_RUNTIME * CYCLES_PR_MS)          











This constant defines the value the timer should be set to for running for the maximum time. 








Definition at line 71 of file lu1_bfb/target_includes.h.














      			#define RADIO_ACTIVITY          			(





 
          			          			 ) 			   (RFF == 1)











The register on the radio indicating activity on the radio. 








Definition at line 44 of file lu1_bfb/target_includes.h.














      			#define RESET_RADIO_ACTIVITY          			(





 
          			          			 ) 			   (RFF = 0)











How to reset the activity register. 








Definition at line 47 of file lu1_bfb/target_includes.h.














      			#define T0_START          			(





 
          			          			 ) 			











Value:


do{  TR0 = 1; \
                        ET0 = 1; \
                        EA  = 1; \
                        }while(0)




Start timer0. 





Definition at line 78 of file lu1_bfb/target_includes.h.














      			#define T0_STOP          			(





 
          			          			 ) 			











Value:


do{ TR0 = 0; \
                      ET0 = 0; \
                      IE0 = 0; \
                      }while(0)




Stop timer0. 





Definition at line 83 of file lu1_bfb/target_includes.h.














      			#define T1_MODE1          			(





 
          			          			 ) 			   (TMOD |= 0x10)











Initialise Timer 1 in mode 1 (16-bit timer). 








Definition at line 99 of file lu1_bfb/target_includes.h.














      			#define T1_SET_HB          			(			x 			          			 ) 			   (TH1 = x)











Sets the high bit of timer 1. 








Definition at line 103 of file lu1_bfb/target_includes.h.














      			#define T1_SET_LB          			(			x 			          			 ) 			   (TL1 = x)











Sets the low bit of timer 1. 








Definition at line 101 of file lu1_bfb/target_includes.h.














      			#define T1_START          			(





 
          			          			 ) 			











Value:


do{  TR1 = 1; \
                        ET1 = 0; \
                        TF1 = 0; \
                        EA  = 1; \
                        }while(0)




Start timer1. 





Definition at line 88 of file lu1_bfb/target_includes.h.














      			#define T1_STOP          			(





 
          			          			 ) 			











Value:


do{ TR1 = 0; \
                      ET1 = 0; \
                      }while(0)




Stop timer1. 





Definition at line 94 of file lu1_bfb/target_includes.h.














      			#define TIMER1_OVERFLOW          			(





 
          			          			 ) 			   (TF1 == 1)











Checks for overflow on timer1. 








Definition at line 50 of file lu1_bfb/target_includes.h.
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mcu.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2093 $
00012  */ 
00013 
00023 #include "hal_nrf.h"
00024 #include "radio.h"
00025 #include "system.h"
00026 
00027 void port_init(uint8_t alt, uint8_t dir, uint8_t value);
00028 
00030 void nrf_spi_init(void);
00031 
00032 void system_init(void)
00033 {
00034   port_init(0x00, 0x38, 0x00);      // P0[2..0] outputs LED1,2,3
00035 
00036   USBSLP = 0x01;                    // shut down USB part...save pwr
00037 
00038   delay_10ms();
00039   WUIRQ = 1;                        // wakeup int enabled
00040   EA = 1;                           // global interrupt enable
00041   nrf_spi_init();
00042 }
00043 
00044 void port_init(uint8_t alt, uint8_t dir, uint8_t value)
00045 {
00046   P0ALT = alt;
00047   P0DIR = dir;
00048   P0    = value;  
00049 }
00050 
00051 void nrf_spi_init(void)
00052 {
00053   RFCKEN = 1;        // enable L01 clock
00054   RFCTL = 0x10;      // L01 SPI speed = max (CK/2) & SPI enable
00055 }
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hal_nrf.h File Reference


Interface for nRF HAL. More...

#include <stdint.h>

#include <stdbool.h>

#include "hal_nrf_reg.h"

#include "hal_nrf_hw.h"






Go to the source code of this file.			


			
Functions





			<< SETUP FUNCTIONS >>



			void 			hal_nrf_clear_irq_flag (hal_nrf_irq_source_t int_source)


			 			Clear one selected interrupt flag.  



			void 			hal_nrf_close_pipe (hal_nrf_address_t pipe_num)


			 			Close radio pipe(s).  



			void 			hal_nrf_disable_ack_pl (void)


			 			Disables the ACK payload feature.  



			void 			hal_nrf_disable_dynamic_ack (void)


			 			Disables the no-ack feature.  



			void 			hal_nrf_disable_dynamic_pl (void)


			 			Disables the dynamic payload feature.  



			void 			hal_nrf_enable_ack_pl (void)


			 			Enables the ACK payload feature.  



			void 			hal_nrf_enable_dynamic_ack (void)


			 			Enables the no-ack feature.  



			void 			hal_nrf_enable_dynamic_pl (void)


			 			Enables the dynamic payload feature.  



			uint8_t 			hal_nrf_get_address (uint8_t address, uint8_t *addr)


			 			Get address for selected pipe.  



			uint8_t 			hal_nrf_get_address_width (void)


			 			Get address width for radio.  



			uint8_t 			hal_nrf_get_auto_retr_status (void)


			 			Get auto retransmit parameters.  



			uint8_t 			hal_nrf_get_clear_irq_flags (void)


			 			Read then clears all interrupt flags.  



			uint8_t 			hal_nrf_get_crc_mode (void)


			 			Get CRC mode.  



			uint8_t 			hal_nrf_get_irq_flags (void)


			 			Read all interrupt flags.  



			bool 			hal_nrf_get_irq_mode (uint8_t int_source)


			 			Read current interrupt mode for selected interrupt source.  



			uint8_t 			hal_nrf_get_packet_lost_ctr (void)


			 			Get packet lost counter Use this function to get the packet(s) counter.  



			uint8_t 			hal_nrf_get_pipe_status (uint8_t pipe_num)


			 			Get pipe status.  



			uint8_t 			hal_nrf_get_rx_pload_width (uint8_t pipe_num)


			 			Get RX payload width for selected pipe.  



			void 			hal_nrf_lock_unlock (void)


			 			Activate features Sends the ACTIVATE command to the RF tranceiver.  



			void 			hal_nrf_open_pipe (hal_nrf_address_t pipe_num, bool auto_ack)


			 			Open radio pipe(s) and enable/ disable auto acknowledge.  



			uint8_t 			hal_nrf_read_rx_pl_w (void)


			 			Reads the payload width of the received ack payload.  



			void 			hal_nrf_set_address (hal_nrf_address_t address, uint8_t *addr)


			 			Set radio's RX address and TX address.  



			void 			hal_nrf_set_address_width (hal_nrf_address_width_t address_width)


			 			Set radio's address width.  



			void 			hal_nrf_set_auto_retr (uint8_t retr, uint16_t delay)


			 			Set auto acknowledge parameters.  



			void 			hal_nrf_set_crc_mode (hal_nrf_crc_mode_t crc_mode)


			 			Set the CRC mode used by the radio.  



			void 			hal_nrf_set_irq_mode (hal_nrf_irq_source_t int_source, bool irq_state)


			 			Enable or disable interrupt for radio.  



			void 			hal_nrf_set_rx_pload_width (uint8_t pipe_num, uint8_t pload_width)


			 			Set payload width for selected pipe.  



			void 			hal_nrf_setup_dyn_pl (uint8_t setup)


			 			Sets the dynamic payload features for the RX pipes The input parameter contains is a byte where the bit values tells weather the pipe uses the ack payload feature or not.  



			void 			hal_nrf_write_ack_pload (uint8_t pipe, uint8_t *tx_pload, uint8_t length)


			 			Write ack payload Writes the payload that will be transmitted with the ack on the given pipe.  



			<< OPERATION FUNCTIONS >>



			void 			hal_nrf_flush_rx (void)


			 			Flush RX FIFO.  



			void 			hal_nrf_flush_tx (void)


			 			Flush TX FIFO.  



			bool 			hal_nrf_get_carrier_detect (void)


			 			Get the carrier detect flag.  



			uint8_t 			hal_nrf_get_datarate (void)


			 			Get radio's current on-air datarate.  



			uint8_t 			hal_nrf_get_operation_mode (void)


			 			Get radio's current operation mode.  



			uint8_t 			hal_nrf_get_output_power (void)


			 			Get radio's current TX output power.  



			uint8_t 			hal_nrf_get_power_mode (void)


			 			Get radio's current power mode.  



			bool 			hal_nrf_get_reuse_tx_status (void)


			 			Get status of reuse TX function.  



			uint8_t 			hal_nrf_get_rf_channel (void)


			 			Get radio's current RF channel.  



			uint8_t 			hal_nrf_get_rx_data_source (void)


			 			Get RX data source.  



			uint8_t 			hal_nrf_get_rx_fifo_status (void)


			 			Get radio's RX FIFO status.  



			uint8_t 			hal_nrf_get_transmit_attempts (void)


			 			Get radio's transmit attempts status.  



			uint8_t 			hal_nrf_get_tx_fifo_status (void)


			 			Get radio's TX FIFO status.  



			uint8_t 			hal_nrf_nop (void)


			 			No Operation command.  



			uint16_t 			hal_nrf_read_rx_pload (uint8_t *rx_pload)


			 			Read RX payload.  



			void 			hal_nrf_reuse_tx (void)


			 			Reuse TX payload.  



			bool 			hal_nrf_rx_fifo_empty (void)


			 			Check for RX FIFO empty.  



			bool 			hal_nrf_rx_fifo_full (void)


			 			Check for RX FIFO full.  



			void 			hal_nrf_set_datarate (hal_nrf_datarate_t datarate)


			 			Set radio's on-air datarate.  



			void 			hal_nrf_set_operation_mode (hal_nrf_operation_mode_t op_mode)


			 			Set radio's operation mode.  



			void 			hal_nrf_set_output_power (hal_nrf_output_power_t power)


			 			Set radio's TX output power.  



			void 			hal_nrf_set_power_mode (hal_nrf_pwr_mode_t pwr_mode)


			 			Set radio's power mode.  



			void 			hal_nrf_set_rf_channel (uint8_t channel)


			 			Set radio's RF channel.  



			bool 			hal_nrf_tx_fifo_empty (void)


			 			Check for TX FIFO empty.  



			bool 			hal_nrf_tx_fifo_full (void)


			 			Check for TX FIFO full.  



			void 			hal_nrf_write_tx_pload (uint8_t *tx_pload, uint8_t length)


			 			Write TX payload to radio.  



			<< TEST FUNCTIONS >>



			hal_nrf_lna_mode_t 			hal_nrf_get_lna_gain (void)


			 			Get LNA gain mode.  



			hal_nrf_pll_mode_t 			hal_nrf_get_pll_mode (void)


			 			Get PLL mode.  



			void 			hal_nrf_set_lna_gain (hal_nrf_lna_mode_t lna_gain)


			 			Set radio's LNA gain mode.  



			void 			hal_nrf_set_pll_mode (hal_nrf_pll_mode_t pll_mode)


			 			Set radio's PLL mode.  



			<< BASIS FUNCTIONS >>



			uint16_t 			hal_nrf_read_multibyte_reg (uint8_t reg, uint8_t *pbuf)


			 			Basis function, read_multibyte register .  



			uint8_t 			hal_nrf_read_reg (uint8_t reg)


			 			Basis function read_reg.  



			uint8_t 			hal_nrf_rw (uint8_t value)


			 			Basis function, nrf_rw This function is used by the basis functions to exchange data with the data.  



			void 			hal_nrf_write_multibyte_reg (uint8_t reg, uint8_t *pbuf, uint8_t length)


			 			Basis function, write_multibyte register.  



			uint8_t 			hal_nrf_write_reg (uint8_t reg, uint8_t value)


			 			Basis function write_reg.  











Detailed Description



Interface for nRF HAL. 





Definition in file hal_nrf.h.
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application_esb.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2311 $
00012  */ 
00013 
00037 #include "hal_nrf.h"
00038 #include "system.h"
00039 #include "radio.h"
00040 #include "application_esb.h"
00041 #include "target_includes.h"
00042 
00044 static xdata uint8_t pload_esb[RF_PAYLOAD_LENGTH];
00045 
00046 void device_ptx_mode_esb(void)
00047 {
00048   while(true)
00049   {
00050     // Wait til the packet is sent
00051     do {
00052       radio_irq ();
00053     } while((radio_get_status ()) == RF_BUSY);
00054 
00055     // Blink LED2 if ACK is recieved, LED3 if not
00056     if (((radio_get_status ()) == RF_TX_DS))
00057     {
00058       LED2_BLINK();
00059     }
00060     else
00061     {
00062       LED3_BLINK();
00063     }
00064 
00065     // Sleep 100ms
00066     start_timer(100);
00067     wait_for_timer();
00068 
00069     // Set up the payload according to the input button 1
00070     pload_esb[0] = 0;
00071 
00072     if(B1_PRESSED())
00073     {
00074       pload_esb[0] = 1;
00075     }
00076 
00077     //Send the packet
00078     radio_send_packet(pload_esb, RF_PAYLOAD_LENGTH);           
00079   }
00080 }
00081 
00082 void device_prx_mode_esb(void)
00083 {
00084   CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever
00085 
00086   while(true)
00087   { 
00088     start_timer(110);
00089 
00090     // Run until either 110ms has lapsed 
00091     // OR there is data on the radio
00092     do
00093     {
00094       radio_irq ();
00095     } while ((radio_get_status () == RF_IDLE) && !timer_done());
00096     
00097     if ((radio_get_status ()) == RF_RX_DR)
00098     {
00099       // Get the payload from the PTX and set LED1
00100       if (radio_get_pload_byte (0) == 1)
00101       {
00102         LED1_ON();
00103       }
00104       else
00105       {
00106         LED1_OFF();
00107       }
00108     }
00109     else
00110     {
00111       LED1_OFF();
00112     }
00113 
00114     // Set radio status to idle
00115     radio_set_status (RF_IDLE);
00116   }
00117 }
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radio_sb.h File Reference




Go to the source code of this file.			


			
Functions





			void 			radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in ShockBurst mode.  











Function Documentation






      			void radio_sb_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in ShockBurst mode. 




This mean that there are no auto-retransmit or auto-acknowledgment enabled.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 27 of file radio_sb.c.




References HAL_NRF_ALL, HAL_NRF_AW_5BYTES, hal_nrf_close_pipe(), HAL_NRF_CRC_16BIT, hal_nrf_open_pipe(), HAL_NRF_PIPE0, HAL_NRF_PRX, HAL_NRF_PTX, HAL_NRF_PWR_UP, hal_nrf_set_address(), hal_nrf_set_address_width(), hal_nrf_set_auto_retr(), hal_nrf_set_crc_mode(), hal_nrf_set_operation_mode(), hal_nrf_set_power_mode(), hal_nrf_set_rf_channel(), hal_nrf_set_rx_pload_width(), HAL_NRF_TX, radio_set_status(), RF_CHANNEL, RF_IDLE, RF_PAYLOAD_LENGTH, RF_POWER_UP_DELAY, RF_RETRANS_DELAY, start_timer(), and wait_for_timer().
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hal_nrf_l01.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2132 $
00012  */ 
00013 
00020 #include <stdint.h>
00021 #include <stdbool.h>
00022 
00023 #include "nordic_common.h"
00024 #include "hal_nrf.h"
00025 
00026 #define SET_BIT(pos) ((uint8_t) (1<<( (uint8_t) (pos) )))
00027 #define UINT8(t) ((uint8_t) (t))
00028 
00029 void hal_nrf_set_irq_mode(hal_nrf_irq_source_t int_source, bool irq_state)
00030 {
00031   if(irq_state)
00032   {
00033     hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) & ~SET_BIT(int_source));
00034   }
00035   else
00036   {
00037     hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) | SET_BIT(int_source));
00038   }
00039 }
00040 
00041 uint8_t hal_nrf_get_clear_irq_flags(void)
00042 {
00043   return hal_nrf_write_reg(STATUS, (BIT_6|BIT_5|BIT_4)) & (BIT_6|BIT_5|BIT_4);
00044 }
00045 
00046 void hal_nrf_clear_irq_flag(hal_nrf_irq_source_t int_source)
00047 {
00048   hal_nrf_write_reg(STATUS, SET_BIT(int_source));
00049 }
00050  
00051 bool hal_nrf_get_irq_mode(uint8_t int_type)
00052 {
00053   if(hal_nrf_read_reg(CONFIG) & SET_BIT(int_type))
00054     return false;
00055   else
00056     return true;
00057 }
00058 
00059 uint8_t hal_nrf_get_irq_flags(void)
00060 {
00061   return hal_nrf_nop() & (BIT_6|BIT_5|BIT_4);
00062 }
00063 
00064 void hal_nrf_set_crc_mode(hal_nrf_crc_mode_t crc_mode)
00065 {
00066   hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(BIT_3|BIT_2)) | (UINT8(crc_mode)<<2));
00067 }
00068 
00069 void hal_nrf_open_pipe(hal_nrf_address_t pipe_num, bool auto_ack)
00070 {
00071   switch(pipe_num)
00072   {
00073     case HAL_NRF_PIPE0:
00074     case HAL_NRF_PIPE1:
00075     case HAL_NRF_PIPE2:
00076     case HAL_NRF_PIPE3:
00077     case HAL_NRF_PIPE4:
00078     case HAL_NRF_PIPE5:
00079       hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) | SET_BIT(pipe_num));
00080 
00081       if(auto_ack)
00082         hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) | SET_BIT(pipe_num));
00083       else
00084         hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
00085       break;
00086 
00087     case HAL_NRF_ALL:
00088       hal_nrf_write_reg(EN_RXADDR, ~(BIT_7|BIT_6));
00089 
00090       if(auto_ack)
00091         hal_nrf_write_reg(EN_AA, ~(BIT_7|BIT_6));
00092       else
00093         hal_nrf_write_reg(EN_AA, 0);
00094       break;
00095       
00096     default:
00097       break;
00098   }
00099 }
00100 
00101 void hal_nrf_close_pipe(hal_nrf_address_t pipe_num)
00102 {
00103   switch(pipe_num)
00104   {
00105     case HAL_NRF_PIPE0:
00106     case HAL_NRF_PIPE1:
00107     case HAL_NRF_PIPE2:
00108     case HAL_NRF_PIPE3:
00109     case HAL_NRF_PIPE4:
00110     case HAL_NRF_PIPE5:
00111       hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) & ~SET_BIT(pipe_num));
00112       hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
00113       break;
00114     
00115     case HAL_NRF_ALL:
00116       hal_nrf_write_reg(EN_RXADDR, 0);
00117       hal_nrf_write_reg(EN_AA, 0);
00118       break;
00119       
00120     default:
00121       break;
00122   }
00123 }
00124 
00125 void hal_nrf_set_address(hal_nrf_address_t address, uint8_t *addr)
00126 {
00127   switch(address)
00128   {
00129     case HAL_NRF_TX:
00130     case HAL_NRF_PIPE0:
00131     case HAL_NRF_PIPE1:
00132       hal_nrf_write_multibyte_reg((uint8_t) address, addr, 0);
00133       break;
00134 
00135     case HAL_NRF_PIPE2:
00136     case HAL_NRF_PIPE3:
00137     case HAL_NRF_PIPE4:
00138     case HAL_NRF_PIPE5:
00139       hal_nrf_write_reg(RX_ADDR_P0 + (uint8_t) address, *addr);
00140       break;
00141 
00142     default:
00143       break;
00144   }
00145 }
00146 
00147 void hal_nrf_set_auto_retr(uint8_t retr, uint16_t delay)
00148 {
00149   hal_nrf_write_reg(SETUP_RETR, (((delay/250)-1)<<4) | retr);
00150 }
00151 
00152 void hal_nrf_set_address_width(hal_nrf_address_width_t address_width)
00153 {
00154   hal_nrf_write_reg(SETUP_AW, (UINT8(address_width) - 2));
00155 }
00156 
00157 void hal_nrf_set_rx_pload_width(uint8_t pipe_num, uint8_t pload_width)
00158 {
00159   hal_nrf_write_reg(RX_PW_P0 + pipe_num, pload_width);
00160 }
00161 
00162 uint8_t hal_nrf_get_crc_mode(void)
00163 {
00164   return (hal_nrf_read_reg(CONFIG) & (BIT_3|BIT_2)) >> CRCO;
00165 }
00166 
00167 uint8_t hal_nrf_get_pipe_status(uint8_t pipe_num)
00168 {
00169   uint8_t en_rx, en_aa;
00170 
00171   en_rx = hal_nrf_read_reg(EN_RXADDR) & (1<<pipe_num);
00172   en_aa = hal_nrf_read_reg(EN_AA) & (1<<pipe_num);
00173 
00174   en_rx >>= pipe_num;
00175   en_aa >>= pipe_num;
00176 
00177   return (en_aa << 1) + en_rx;
00178 }
00179 
00180 uint8_t hal_nrf_get_address(uint8_t address, uint8_t *addr)
00181 {
00182   switch(address)
00183   {
00184     case HAL_NRF_PIPE0:
00185     case HAL_NRF_PIPE1:
00186     case HAL_NRF_TX:
00187       return hal_nrf_read_multibyte_reg(address, addr);
00188 
00189     default:
00190       *addr = hal_nrf_read_reg(RX_ADDR_P0 + address);
00191       return hal_nrf_get_address_width();
00192   }
00193 }
00194 
00195 uint8_t hal_nrf_get_auto_retr_status(void)
00196 {
00197   return hal_nrf_read_reg(OBSERVE_TX);
00198 }
00199 
00200 uint8_t hal_nrf_get_packet_lost_ctr(void)
00201 {
00202   return (hal_nrf_read_reg(OBSERVE_TX) & (BIT_7|BIT_6|BIT_5|BIT_4)) >> 4;
00203 }
00204 
00205 uint8_t hal_nrf_get_address_width(void)
00206 {
00207   return (hal_nrf_read_reg(SETUP_AW) + 2);
00208 }
00209 
00210 uint8_t hal_nrf_get_rx_pload_width(uint8_t pipe_num)
00211 {
00212   return hal_nrf_read_reg(RX_PW_P0 + pipe_num);
00213 }
00214 
00215 void hal_nrf_set_operation_mode(hal_nrf_operation_mode_t op_mode)
00216 {
00217   if(op_mode == HAL_NRF_PRX)
00218   {
00219     hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PRIM_RX)));
00220   }
00221   else
00222   {
00223     hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PRIM_RX)));
00224   }
00225 }
00226 
00227 void hal_nrf_set_power_mode(hal_nrf_pwr_mode_t pwr_mode)
00228 {
00229   if(pwr_mode == HAL_NRF_PWR_UP)
00230   {
00231     hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PWR_UP)));
00232   }
00233   else
00234   {
00235     hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PWR_UP)));
00236   }
00237 }
00238 
00239 void hal_nrf_set_rf_channel(uint8_t channel)
00240 {
00241   hal_nrf_write_reg(RF_CH, channel);
00242 }
00243 
00244 void hal_nrf_set_output_power(hal_nrf_output_power_t power)
00245 {
00246   hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~((1<<RF_PWR1)|(1<<RF_PWR0))) | (UINT8(power)<<1));
00247 }
00248 
00249 void hal_nrf_set_datarate(hal_nrf_datarate_t datarate)
00250 {
00251   if(datarate == HAL_NRF_1MBPS)
00252   {
00253     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<RF_DR)));
00254   }
00255   else
00256   {
00257     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<RF_DR)));
00258   }
00259 }
00260 
00261 uint8_t hal_nrf_get_operation_mode(void)
00262 {
00263   return (hal_nrf_read_reg(CONFIG) & (1<<PRIM_RX)) >> PRIM_RX;
00264 }
00265 
00266 uint8_t hal_nrf_get_power_mode(void)
00267 {
00268   return (hal_nrf_read_reg(CONFIG) & (1<<PWR_UP)) >> PWR_UP;
00269 }
00270 
00271 uint8_t hal_nrf_get_rf_channel(void)
00272 {
00273   return hal_nrf_read_reg(RF_CH);
00274 }
00275 
00276 uint8_t hal_nrf_get_output_power(void)
00277 {
00278   return (hal_nrf_read_reg(RF_SETUP) & ((1<<RF_PWR1)|(1<<RF_PWR0))) >> RF_PWR0;
00279 }
00280 
00281 uint8_t hal_nrf_get_datarate(void)
00282 {
00283   return (hal_nrf_read_reg(RF_SETUP) & (1<<RF_DR)) >> RF_DR;
00284 }
00285 
00286 bool hal_nrf_rx_fifo_empty(void)
00287 {
00288  if(hal_nrf_get_rx_data_source()==7)
00289   {
00290     return true;
00291   }
00292   else
00293   {
00294     return false;
00295   }
00296 }
00297 
00298 bool hal_nrf_rx_fifo_full(void)
00299 {
00300   return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> RX_EMPTY) & 1);
00301 }
00302 
00303 bool hal_nrf_tx_fifo_empty(void)
00304 {
00305   return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_EMPTY) & 1);
00306 }
00307 
00308 bool hal_nrf_tx_fifo_full(void)
00309 {
00310   return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_FIFO_FULL) & 1);
00311 }
00312 
00313 uint8_t hal_nrf_get_tx_fifo_status(void)
00314 {
00315   return ((hal_nrf_read_reg(FIFO_STATUS) & ((1<<TX_FIFO_FULL)|(1<<TX_EMPTY))) >> 4);
00316 }
00317 
00318 uint8_t hal_nrf_get_rx_fifo_status(void)
00319 {
00320   return (hal_nrf_read_reg(FIFO_STATUS) & ((1<<RX_FULL)|(1<<RX_EMPTY)));
00321 }
00322 
00323 uint8_t hal_nrf_get_fifo_status(void)
00324 {
00325   return hal_nrf_read_reg(FIFO_STATUS);
00326 }
00327 
00328 uint8_t hal_nrf_get_transmit_attempts(void)
00329 {
00330   return hal_nrf_read_reg(OBSERVE_TX) & (BIT_3|BIT_2|BIT_1|BIT_0);
00331 }
00332 
00333 bool hal_nrf_get_carrier_detect(void)
00334 {
00335   return hal_nrf_read_reg(CD) & 1;
00336 }
00337 
00338 void hal_nrf_write_tx_pload(uint8_t *tx_pload, uint8_t length)
00339 {
00340   hal_nrf_write_multibyte_reg(UINT8(HAL_NRF_TX_PLOAD), tx_pload, length);
00341 }
00342 
00343 void hal_nrf_setup_dyn_pl(uint8_t setup)
00344 {
00345   hal_nrf_write_reg(DYNPD, setup & ~0xC0); 
00346 }
00347 
00348 void hal_nrf_enable_dynamic_pl(void)
00349 {
00350   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x04));   
00351 }
00352 
00353 void hal_nrf_disable_dynamic_pl(void)
00354 {
00355   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x04));   
00356 }
00357 
00358 void hal_nrf_enable_ack_pl(void)
00359 {
00360   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x02));   
00361 }
00362 
00363 void hal_nrf_disable_ack_pl(void)
00364 {
00365   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x02));   
00366 }
00367 
00368 void hal_nrf_enable_dynamic_ack(void)
00369 {
00370   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x01));   
00371 }
00372 
00373 void hal_nrf_disable_dynamic_ack(void)
00374 {
00375   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x01));   
00376 }
00377 
00378 void hal_nrf_write_ack_pload(uint8_t pipe, uint8_t *tx_pload, uint8_t length)
00379 {
00380   CSN_LOW();
00381 
00382   hal_nrf_rw(WR_ACK_PLOAD | pipe);
00383   while(length--)
00384   {
00385     hal_nrf_rw(*tx_pload++);
00386   }
00387 
00388   CSN_HIGH();
00389 }
00390 
00391 uint8_t hal_nrf_read_rx_pl_w()
00392 {
00393   uint8_t temp;
00394   
00395   CSN_LOW();
00396 
00397   hal_nrf_rw(RD_RX_PLOAD_W);
00398   temp = hal_nrf_rw(0);
00399   CSN_HIGH();
00400 
00401   return temp;
00402 }
00403 
00404 void hal_nrf_lock_unlock()
00405 {
00406   CSN_LOW();
00407 
00408   hal_nrf_rw(LOCK_UNLOCK);             
00409   hal_nrf_rw(0x73);
00410 
00411   CSN_HIGH();
00412 }
00413 
00414 uint8_t hal_nrf_get_rx_data_source(void)
00415 {
00416   return ((hal_nrf_nop() & (BIT_3|BIT_2|BIT_1)) >> 1);
00417 }
00418 
00419 // Fixed: returns length==0 and pipe==7 means FIFO empty
00420 
00421 uint16_t hal_nrf_read_rx_pload(uint8_t *rx_pload)
00422 {
00423   return hal_nrf_read_multibyte_reg(UINT8(HAL_NRF_RX_PLOAD), rx_pload);
00424 }
00425 
00426 void hal_nrf_reuse_tx(void)
00427 {
00428   hal_nrf_write_reg(REUSE_TX_PL, 0);
00429 }
00430 
00431 bool hal_nrf_get_reuse_tx_status(void)
00432 {
00433   return (bool)((hal_nrf_get_fifo_status() & (1<<TX_REUSE)) >> TX_REUSE);
00434 }
00435 
00436 void hal_nrf_flush_rx(void)
00437 {
00438   hal_nrf_write_reg(FLUSH_RX, 0);
00439 }
00440 
00441 void hal_nrf_flush_tx(void)
00442 {
00443   hal_nrf_write_reg(FLUSH_TX, 0);
00444 }
00445 
00446 uint8_t hal_nrf_nop(void)
00447 {
00448   return hal_nrf_write_reg(NOP,0);
00449 }
00450 
00451 void hal_nrf_set_pll_mode(hal_nrf_pll_mode_t pll_mode)
00452 {
00453   if(pll_mode == HAL_NRF_PLL_LOCK)
00454   {
00455     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<PLL_LOCK)));
00456   }
00457   else
00458   {
00459     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<PLL_LOCK)));
00460   }
00461 }
00462 
00463 hal_nrf_pll_mode_t hal_nrf_get_pll_mode(void)
00464 {
00465   return (hal_nrf_pll_mode_t)((hal_nrf_read_reg(RF_SETUP) & (1<<PLL_LOCK)) >> PLL_LOCK);
00466 }
00467 
00468 void hal_nrf_set_lna_gain(hal_nrf_lna_mode_t lna_gain)
00469 {
00470   if(lna_gain == HAL_NRF_LNA_HCURR)
00471   {
00472     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<LNA_HCURR)));
00473   }
00474   else
00475   {
00476     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<LNA_HCURR)));
00477   }
00478 }
00479 
00480 hal_nrf_lna_mode_t hal_nrf_get_lna_gain(void)
00481 {
00482   return (hal_nrf_lna_mode_t) ( (hal_nrf_read_reg(RF_SETUP) & (1<<LNA_HCURR)) >> LNA_HCURR );
00483 }
00484 
00485 uint8_t hal_nrf_read_reg(uint8_t reg)
00486 {
00487 uint8_t temp;
00488   CSN_LOW();
00489   hal_nrf_rw(reg);
00490   temp = hal_nrf_rw(0);
00491   CSN_HIGH();
00492 
00493   return temp;
00494 }
00495 
00496 uint8_t hal_nrf_write_reg(uint8_t reg, uint8_t value)
00497 {
00498   uint8_t retval;
00499   CSN_LOW();
00500   if(reg < WRITE_REG)   // i.e. this is a register access
00501   {
00502     retval = hal_nrf_rw(WRITE_REG + reg);
00503     hal_nrf_rw(value);
00504   }
00505   else            // single byte cmd OR future command/register access
00506   {
00507     if(!(reg == FLUSH_TX) && !(reg == FLUSH_RX) && !(reg == REUSE_TX_PL) && !(reg == NOP))
00508     {
00509       retval = hal_nrf_rw(reg);
00510       hal_nrf_rw(value);
00511     }
00512     else          // single byte L01 command
00513     {
00514       retval = hal_nrf_rw(reg);
00515     }
00516   }
00517   CSN_HIGH();
00518 
00519   return retval;
00520 }
00521 
00522 uint16_t hal_nrf_read_multibyte_reg(uint8_t reg, uint8_t *pbuf)
00523 {
00524 uint8_t ctr, length;
00525   switch(reg)
00526   {
00527     case HAL_NRF_PIPE0:
00528     case HAL_NRF_PIPE1:
00529     case HAL_NRF_TX:
00530       length = ctr = hal_nrf_get_address_width();
00531       CSN_LOW();
00532       hal_nrf_rw(RX_ADDR_P0 + reg);
00533       break;
00534       
00535     case HAL_NRF_RX_PLOAD:
00536       if( (reg = hal_nrf_get_rx_data_source()) < 7)
00537       {
00538         length = ctr = hal_nrf_read_rx_pl_w();
00539 
00540         CSN_LOW();
00541         hal_nrf_rw(RD_RX_PLOAD);
00542       }
00543       else
00544       {
00545        ctr = length = 0;
00546       }
00547       break;
00548 
00549     default:
00550       ctr = length = 0;
00551       break;
00552   }
00553 
00554   while(ctr--)
00555   {
00556     *pbuf++ = hal_nrf_rw(0);
00557   }
00558 
00559   CSN_HIGH();
00560 
00561   return (((uint16_t) reg << 8) | length);
00562 }
00563 
00564 void hal_nrf_write_multibyte_reg(uint8_t reg, uint8_t *pbuf, uint8_t length)
00565 {
00566   switch(reg)
00567   {
00568     case HAL_NRF_PIPE0:
00569     case HAL_NRF_PIPE1:
00570     case HAL_NRF_TX:
00571       length = hal_nrf_get_address_width();
00572       CSN_LOW();
00573       hal_nrf_rw(WRITE_REG + RX_ADDR_P0 + reg);
00574       break;
00575       
00576     case HAL_NRF_TX_PLOAD:
00577       CSN_LOW();
00578       hal_nrf_rw(WR_TX_PLOAD);
00579       break;      
00580     default:
00581       break;
00582   }
00583 
00584   while(length--)
00585   {
00586     hal_nrf_rw(*pbuf++);
00587   }
00588 
00589   CSN_HIGH();
00590 }
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radio_esb.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2185 $
00012  */ 
00013 
00022 #include "hal_nrf.h"
00023 #include "radio_esb.h"
00024 #include "system.h"
00025 #include "radio.h"
00026 
00027 void radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
00028 {
00029   hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
00030                                                  // Pipe 0 and 1 open by default
00031   hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack
00032                                                  // Changed from sb/radio_sb.c
00033 
00034   hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
00035   hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);                 
00036                                                  // Enables auto retransmit.
00037                                                  // 3 retrans with 250ms delay
00038                                                  // Changed from sb/radio_sb.c
00039 
00040   hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
00041   hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
00042   hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
00043                                                  // pipe0
00044   
00045   if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
00046   {
00047     hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
00048   }
00049   else
00050   {
00051     hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
00052     hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
00053                                                  // Pipe0 expect 
00054                                                  // PAYLOAD_LENGTH byte payload
00055                                                  // PAYLOAD_LENGTH in radio.h
00056   }
00057 
00058   hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
00059                                                  // Defined in radio.h.
00060                                                  // Frequenzy = 
00061                                                  //        2400 + RF_CHANNEL
00062   hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
00063 
00064   start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
00065   wait_for_timer();                              // power up
00066   
00067   radio_set_status (RF_IDLE);                     // Radio now ready
00068 }  
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mcu.c File Reference


Implementation of C8051F320 hardware functions. More...

#include <Cygnal\c8051f320.h>

#include "stdint.h"

#include "stdbool.h"

#include "system.h"






Go to the source code of this file.			


			
Defines





			#define 			SYS_INT_OSC   0x00


			#define 			USB_4X_CLOCK   0x00


			
Functions





			void 			hal_spi_init (uint8_t spi_speed)


			static void 			port_init (void)


			static void 			sysclk_init (void)


			void 			system_init (void)


			 			Initialise the timers, ports, interupts, etc.  











Detailed Description



Implementation of C8051F320 hardware functions. 

This file implements the system_init() function, that sets up hardware such as internal clocks, timers, and IO ports.






			Author:


			Per Kristian Schanke 







Definition in file l01_bfb/mcu.c.




Define Documentation






      			#define SYS_INT_OSC   0x00          















Definition at line 41 of file l01_bfb/mcu.c.




Referenced by sysclk_init().














      			#define USB_4X_CLOCK   0x00          















Definition at line 38 of file l01_bfb/mcu.c.




Referenced by sysclk_init().












Function Documentation






      			void hal_spi_init           			(			uint8_t 			 spi_speed          			 ) 			















Definition at line 28 of file hal_nrf_f32x_hw.c.














      			void port_init           			(			void 			          			 ) 			 [static]















Definition at line 110 of file l01_bfb/mcu.c.




Referenced by system_init().














      			void sysclk_init           			(			void 			          			 ) 			 [static]















Definition at line 79 of file l01_bfb/mcu.c.




References delay_100ms(), SYS_INT_OSC, and USB_4X_CLOCK.




Referenced by system_init().














      			void system_init           			(			void 			          			 ) 			











Initialise the timers, ports, interupts, etc. 








Definition at line 47 of file l01_bfb/mcu.c.




Referenced by main().
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nRF24L01 HW dependents.


[nRF HAL]



			Rev


			






 
More...			


			
Defines





			#define 			CE_HIGH()   do { RFCE = 1; } while(0)


			 			Macro that set radio's CE line HIGH.  



			#define 			CE_LOW()   do { RFCE = 0; } while(0)


			 			Macro that set radio's CE line LOW.  



			#define 			CE_PULSE()


			 			Pulses the CE to nRF24L01 for at least 10 us.  



			#define 			CSN_HIGH()   do { RFCSN = 1; } while(0)


			 			Macro that set radio's CSN line HIGH.  



			#define 			CSN_LOW()   do { RFCSN = 0; } while(0)


			 			Macro that set radio's CSN line LOW.  



			#define 			MCSN_HIGH()   do { MCSN = 1; } while(0)


			 			Macro that set master SPI CSN line HIGH.  



			#define 			MCSN_LOW()   do { MCSN = 0; } while(0)


			 			Macro that set master SPI CSN line LOW.  








Detailed Description



			Rev


			












Define Documentation






      			#define CE_HIGH          			(





 
          			          			 ) 			   do { RFCE = 1; } while(0)











Macro that set radio's CE line HIGH. 








Definition at line 38 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define CE_LOW          			(





 
          			          			 ) 			   do { RFCE = 0; } while(0)











Macro that set radio's CE line LOW. 








Definition at line 33 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define CE_PULSE          			(





 
          			          			 ) 			











Value:


do { \
  uint8_t count; \
  count = 20; \
  CE_HIGH();  \
  while(count--) \
    ; \
  CE_LOW();  \
  } while(0)




Pulses the CE to nRF24L01 for at least 10 us. 





Definition at line 53 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define CSN_HIGH          			(





 
          			          			 ) 			   do { RFCSN = 1; } while(0)











Macro that set radio's CSN line HIGH. 








Definition at line 28 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define CSN_LOW          			(





 
          			          			 ) 			   do { RFCSN = 0; } while(0)











Macro that set radio's CSN line LOW. 








Definition at line 23 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define MCSN_HIGH          			(





 
          			          			 ) 			   do { MCSN = 1; } while(0)











Macro that set master SPI CSN line HIGH. 








Definition at line 48 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define MCSN_LOW          			(





 
          			          			 ) 			   do { MCSN = 0; } while(0)











Macro that set master SPI CSN line LOW. 








Definition at line 43 of file arch/hal/nrf24lu1/hal_nrf_hw.h.












Generated on Wed Feb 13 12:04:45 2008 for Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 by 

 1.5.3 







  			Main Page


			Modules


			Files








application_sb.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2088 $
00012  */ 
00013 
00014 #ifndef APPLICATION_SB_H__
00015 #define APPLICATION_SB_H__
00016 
00020 void device_ptx_mode_sb(void);
00021 
00025 void device_prx_mode_sb(void);
00026 
00027 #endif
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radio_pl.c File Reference


Initialise the radio in Enhanced ShockBurst mode with Bidirectional data. More...

#include "hal_nrf.h"

#include "radio_pl.h"

#include "system.h"

#include "radio.h"






Go to the source code of this file.			


			
Functions





			void 			radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in Enhanced ShockBurst mode with ACK payload.  











Detailed Description



Initialise the radio in Enhanced ShockBurst mode with Bidirectional data. 

This is done by opening pipe0 with auto ACK and with auto retransmits. It also opens for the use of ACK payload (hal_nrf_enable_ack_pl()) and dynamic payload width (hal_nrf_enable_dynamic_pl() for general enabeling and hal_nrf_setup_dyn_pl() to enable on specific pipes).






			Author:


			Per Kristian Schanke 







Definition in file radio_pl.c.




Function Documentation






      			void radio_pl_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in Enhanced ShockBurst mode with ACK payload. 




This mean that we enable auto-retransmit and auto-acknowledgment as in Enhanced ShockBurst, and the features auto-ack payload and dynamic payload width.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 30 of file radio_pl.c.




Referenced by main().
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Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 File List


Here is a list of all files with brief descriptions:			application_esb.c [code]			Application to show the functionality of the Enhanced ShockBurst mode 


			application_esb.h [code]			


			application_pl.c [code]			Application to show the functionality of the Enhanced ShockBurst mode with Bidirectional data 


			application_pl.h [code]			


			application_sb.c [code]			Application to show the functionality of the ShockBurst mode 


			application_sb.h [code]			


			hal_nrf.h [code]			Interface for nRF HAL 


			hal_nrf_f32x_hw.c [code]			MCU depenent source code for accessing the nRF24L01 radio 


			hal_nrf_hw.c [code]			Implementation of hal_nrf_rw 


			prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h [code]			Header file defining the hardware depenent interface of the C8051F320 


			arch/hal/nrf24lu1/hal_nrf_hw.h [code]			Header file defining hardware dependent functions for nRF24LU1 


			hal_nrf_l01.c [code]						Author:


			Runar Kjellhaug 









			hal_nrf_reg.h [code]			Register definitions for the nRF HAL module 


			main.c [code]			This file contain the main initialisation and allows users to make their choices of operational mode 


			l01_bfb/mcu.c [code]			Implementation of C8051F320 hardware functions 


			lu1_bfb/mcu.c [code]			Implementation of nRF24LU1 hardware functions 


			nordic_common.h [code]			Common defines and macros for firmware developed by Nordic Semiconductor 


			radio.c [code]			Radio functions 


			radio.h [code]			Radio header file for the nRF24LU1 example application 


			radio_esb.c [code]			Initialise the radio in Enhanced ShockBurst mode 


			radio_esb.h [code]			


			radio_pl.c [code]			Initialise the radio in Enhanced ShockBurst mode with Bidirectional data 


			radio_pl.h [code]			


			radio_sb.c [code]			Initialise the radio in ShockBurst mode 


			radio_sb.h [code]			


			system.c [code]			System level functions: Timers, port setup, interrupt handlers, and other system functions 


			system.h [code]			


			l01_bfb/target_includes.h [code]			Target specific include directives 


			lu1_bfb/target_includes.h [code]			Target specific include directives 
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- a -


			address
: main.c



			ALL_PIPES
: radio_pl.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- b -


			B1
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			B1_PRESSED
: system.h



			B2
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			B2_PRESSED
: system.h



			B3
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			B3_PRESSED
: system.h



			B_PRESSED
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			BIT_0
: nordic_common.h



			BIT_1
: nordic_common.h



			BIT_2
: nordic_common.h



			BIT_3
: nordic_common.h



			BIT_4
: nordic_common.h



			BIT_5
: nordic_common.h



			BIT_6
: nordic_common.h



			BIT_7
: nordic_common.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- c -


			CD
: hal_nrf_reg.h



			CE
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CE_HIGH
: arch/hal/nrf24lu1/hal_nrf_hw.h
, prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CE_LOW
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CE_PULSE
: arch/hal/nrf24lu1/hal_nrf_hw.h
, prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CONFIG
: hal_nrf_reg.h



			CRCO
: hal_nrf_reg.h



			CSN
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CSN_HIGH
: arch/hal/nrf24lu1/hal_nrf_hw.h
, prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CSN_LOW
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CYCLES_PR_MS
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- d -


			delay_100ms()
: system.c
, system.h



			delay_10ms()
: system.h
, system.c



			device_boot_msg()
: system.c
, system.h



			DEVICE_IDLE
: main.c



			DEVICE_PRX_ESB
: main.c



			DEVICE_PRX_IDLE
: main.c



			device_prx_mode_esb()
: application_esb.c
, application_esb.h



			device_prx_mode_pl()
: application_pl.c
, application_pl.h



			device_prx_mode_sb()
: application_sb.c
, application_sb.h



			DEVICE_PRX_PL
: main.c



			DEVICE_PRX_SB
: main.c



			DEVICE_PTX_ESB
: main.c



			DEVICE_PTX_IDLE
: main.c



			device_ptx_mode_esb()
: application_esb.h
, application_esb.c



			device_ptx_mode_pl()
: application_pl.h
, application_pl.c



			device_ptx_mode_sb()
: application_sb.h
, application_sb.c



			DEVICE_PTX_PL
: main.c



			DEVICE_PTX_SB
: main.c



			DYNPD
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- e -


			EN_AA
: hal_nrf_reg.h



			EN_CRC
: hal_nrf_reg.h



			EN_RXADDR
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- f -


			FEATURE
: hal_nrf_reg.h



			FIFO_STATUS
: hal_nrf_reg.h



			FLUSH_RX
: hal_nrf_reg.h



			FLUSH_TX
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- g -


			get_next_state()
: main.c



			GLOBAL_INT_DISABLE
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			GLOBAL_INT_ENABLE
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- h -


			HAL_NRF_0DBM
: hal_nrf_reg.h



			HAL_NRF_12DBM
: hal_nrf_reg.h



			HAL_NRF_18DBM
: hal_nrf_reg.h



			HAL_NRF_1MBPS
: hal_nrf_reg.h



			HAL_NRF_2MBPS
: hal_nrf_reg.h



			HAL_NRF_6DBM
: hal_nrf_reg.h



			HAL_NRF_ACK_PLOAD
: hal_nrf_reg.h



			hal_nrf_address_t
: hal_nrf_reg.h



			hal_nrf_address_width_t
: hal_nrf_reg.h



			HAL_NRF_ALL
: hal_nrf_reg.h



			HAL_NRF_AW_3BYTES
: hal_nrf_reg.h



			HAL_NRF_AW_4BYTES
: hal_nrf_reg.h



			HAL_NRF_AW_5BYTES
: hal_nrf_reg.h



			hal_nrf_clear_irq_flag()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_close_pipe()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_CRC_16BIT
: hal_nrf_reg.h



			HAL_NRF_CRC_8BIT
: hal_nrf_reg.h



			hal_nrf_crc_mode_t
: hal_nrf_reg.h



			HAL_NRF_CRC_OFF
: hal_nrf_reg.h



			hal_nrf_datarate_t
: hal_nrf_reg.h



			hal_nrf_disable_ack_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_disable_dynamic_ack()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_disable_dynamic_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_ack_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_dynamic_ack()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_enable_dynamic_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_flush_rx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_flush_tx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_address()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_address_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_auto_retr_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_carrier_detect()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_clear_irq_flags()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_crc_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_datarate()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_fifo_status()
: hal_nrf_l01.c



			hal_nrf_get_irq_flags()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_irq_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_lna_gain()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_operation_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_output_power()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_packet_lost_ctr()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_pipe_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_pll_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_power_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_reuse_tx_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rf_channel()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_data_source()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_fifo_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_pload_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_transmit_attempts()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_tx_fifo_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_irq_source_t
: hal_nrf_reg.h



			HAL_NRF_LNA_HCURR
: hal_nrf_reg.h



			HAL_NRF_LNA_LCURR
: hal_nrf_reg.h



			hal_nrf_lna_mode_t
: hal_nrf_reg.h



			hal_nrf_lock_unlock()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_MAX_RT
: hal_nrf_reg.h



			hal_nrf_nop()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_open_pipe()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_operation_mode_t
: hal_nrf_reg.h



			hal_nrf_output_power_t
: hal_nrf_reg.h



			HAL_NRF_PIPE0
: hal_nrf_reg.h



			HAL_NRF_PIPE1
: hal_nrf_reg.h



			HAL_NRF_PIPE2
: hal_nrf_reg.h



			HAL_NRF_PIPE3
: hal_nrf_reg.h



			HAL_NRF_PIPE4
: hal_nrf_reg.h



			HAL_NRF_PIPE5
: hal_nrf_reg.h



			HAL_NRF_PLL_LOCK
: hal_nrf_reg.h



			hal_nrf_pll_mode_t
: hal_nrf_reg.h



			HAL_NRF_PLL_UNLOCK
: hal_nrf_reg.h



			hal_nrf_pload_command_t
: hal_nrf_reg.h



			HAL_NRF_PRX
: hal_nrf_reg.h



			HAL_NRF_PTX
: hal_nrf_reg.h



			HAL_NRF_PWR_DOWN
: hal_nrf_reg.h



			hal_nrf_pwr_mode_t
: hal_nrf_reg.h



			HAL_NRF_PWR_UP
: hal_nrf_reg.h



			hal_nrf_read_multibyte_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_rx_pl_w()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_rx_pload()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_reuse_tx()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_rw()
: hal_nrf_hw.c
, hal_nrf.h
, hal_nrf_f32x_hw.c



			HAL_NRF_RX_DR
: hal_nrf_reg.h



			hal_nrf_rx_fifo_empty()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_rx_fifo_full()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_RX_PLOAD
: hal_nrf_reg.h



			hal_nrf_set_address()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_address_width()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_auto_retr()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_crc_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_datarate()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_irq_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_lna_gain()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_operation_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_output_power()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_pll_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_power_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_rf_channel()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_rx_pload_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_setup_dyn_pl()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_TX
: hal_nrf_reg.h



			HAL_NRF_TX_DS
: hal_nrf_reg.h



			hal_nrf_tx_fifo_empty()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_tx_fifo_full()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_TX_PLOAD
: hal_nrf_reg.h



			hal_nrf_write_ack_pload()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_write_multibyte_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_write_reg()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_write_tx_pload()
: hal_nrf.h
, hal_nrf_l01.c



			hal_spi_init()
: l01_bfb/mcu.c
, hal_nrf_f32x_hw.c
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- i -


			INTERRUPT_T0
: l01_bfb/target_includes.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- l -


			LED1
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			LED1_BLINK
: system.h



			LED1_INDEX
: system.h



			LED1_OFF
: system.h



			LED1_ON
: system.h



			LED2
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			LED2_BLINK
: system.h



			LED2_INDEX
: system.h



			LED2_OFF
: system.h



			LED2_ON
: system.h



			LED3
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			LED3_BLINK
: system.h



			LED3_INDEX
: system.h



			LED3_OFF
: system.h



			LED3_ON
: system.h



			LED_ALL_OFF
: system.h



			led_blink
: system.h
, system.c



			LED_OFF
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			LED_ON
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			LNA_HCURR
: hal_nrf_reg.h



			LOCK_UNLOCK
: hal_nrf_reg.h



			LSB
: nordic_common.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- m -


			main()
: main.c



			MASK_MAX_RT
: hal_nrf_reg.h



			MASK_RX_DR
: hal_nrf_reg.h



			MASK_TX_DS
: hal_nrf_reg.h



			MAX
: nordic_common.h



			MAX_RT
: hal_nrf_reg.h



			MAX_RUNTIME
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			MAX_TIME
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			MCSN_HIGH
: arch/hal/nrf24lu1/hal_nrf_hw.h



			MCSN_LOW
: arch/hal/nrf24lu1/hal_nrf_hw.h



			MIN
: nordic_common.h



			MSB
: nordic_common.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- n -


			NO_CHANGE
: main.c



			NOP
: hal_nrf_reg.h



			nrf_spi_init()
: lu1_bfb/mcu.c
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- o -


			OBSERVE_TX
: hal_nrf_reg.h



			OFF
: main.c



			ON
: main.c
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- p -


			PLL_LOCK
: hal_nrf_reg.h



			pload
: radio.c



			pload_esb
: application_esb.c



			pload_pl
: application_pl.c



			pload_sb
: application_sb.c



			port_init()
: lu1_bfb/mcu.c
, l01_bfb/mcu.c



			PRIM_RX
: hal_nrf_reg.h



			PWR_UP
: hal_nrf_reg.h








Generated on Wed Feb 13 12:04:45 2008 for Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 by 

 1.5.3 







  			Main Page


			Modules


			Files









  			File List


			Globals









  			All


			Functions


			Variables


			Enumerations


			Enumerator


			Defines









  			a


			b


			c


			d


			e


			f


			g


			h


			i


			l


			m


			n


			o


			p


			r


			s


			t


			u


			w










Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- r -


			RADIO_ACTIVITY
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			radio_esb_init()
: radio_esb.h
, radio_esb.c



			radio_get_pload_byte()
: radio.c
, radio.h



			radio_get_status()
: radio.h
, radio.c



			radio_irq()
: radio.c
, radio.h



			radio_pl_init()
: radio_pl.c
, radio_pl.h



			radio_sb_init()
: radio_sb.c
, radio_sb.h



			radio_send_packet()
: radio.h
, radio.c



			radio_set_status()
: radio.c
, radio.h



			radio_status_t
: radio.h



			RD_RX_PLOAD
: hal_nrf_reg.h



			RD_RX_PLOAD_W
: hal_nrf_reg.h



			RESET_RADIO_ACTIVITY
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			REUSE_TX_PL
: hal_nrf_reg.h



			RF_BUSY
: radio.h



			RF_CH
: hal_nrf_reg.h



			RF_CHANNEL
: radio.h



			RF_DR
: hal_nrf_reg.h



			RF_IDLE
: radio.h



			RF_MAX_RT
: radio.h



			RF_PAYLOAD_LENGTH
: radio.h



			RF_POWER_UP_DELAY
: radio.h



			RF_PWR0
: hal_nrf_reg.h



			RF_PWR1
: hal_nrf_reg.h



			RF_RETRANS_DELAY
: radio.h



			RF_RETRANSMITS
: radio.h



			RF_RX_DR
: radio.h



			RF_SETUP
: hal_nrf_reg.h



			RF_TX_AP
: radio.h



			RF_TX_DS
: radio.h



			run_timer()
: system.c



			RX_ADDR_P0
: hal_nrf_reg.h



			RX_ADDR_P1
: hal_nrf_reg.h



			RX_ADDR_P2
: hal_nrf_reg.h



			RX_ADDR_P3
: hal_nrf_reg.h



			RX_ADDR_P4
: hal_nrf_reg.h



			RX_ADDR_P5
: hal_nrf_reg.h



			RX_DR
: hal_nrf_reg.h



			RX_EMPTY
: hal_nrf_reg.h



			RX_FULL
: hal_nrf_reg.h



			RX_PW_P0
: hal_nrf_reg.h



			RX_PW_P1
: hal_nrf_reg.h



			RX_PW_P2
: hal_nrf_reg.h



			RX_PW_P3
: hal_nrf_reg.h



			RX_PW_P4
: hal_nrf_reg.h



			RX_PW_P5
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- s -


			SEK_0
: main.c



			SEK_1
: main.c



			SEK_2
: main.c



			SEK_3
: main.c



			SET_BIT
: hal_nrf_l01.c



			SETUP_AW
: hal_nrf_reg.h



			SETUP_RETR
: hal_nrf_reg.h



			show_state
: main.c



			show_status()
: main.c



			start_timer()
: system.c
, system.h



			state_machine
: main.c



			state_t
: main.c



			status
: radio.c



			STATUS
: hal_nrf_reg.h



			SWAP
: nordic_common.h



			SYS_INT_OSC
: l01_bfb/mcu.c



			sysclk_init()
: l01_bfb/mcu.c



			system_init()
: system.h
, lu1_bfb/mcu.c
, l01_bfb/mcu.c








Generated on Wed Feb 13 12:04:45 2008 for Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 by 

 1.5.3 







  			Main Page


			Modules


			Files









  			File List


			Globals









  			All


			Functions


			Variables


			Enumerations


			Enumerator


			Defines









  			a


			b


			c


			d


			e


			f


			g


			h


			i


			l


			m


			n


			o


			p


			r


			s


			t


			u


			w










Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- t -


			t0_ov_interrupt()
: system.c



			T0_START
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T0_STOP
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_MODE1
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_SET_HB
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_SET_LB
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_START
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_STOP
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			TIMER1_OVERFLOW
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			timer_done()
: system.c
, system.h



			timer_rounds
: system.c



			TX_ADDR
: hal_nrf_reg.h



			TX_DS
: hal_nrf_reg.h



			TX_EMPTY
: hal_nrf_reg.h



			TX_FIFO_FULL
: hal_nrf_reg.h



			TX_FULL
: hal_nrf_reg.h



			TX_REUSE
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- u -


			UINT8
: hal_nrf_l01.c



			USB_4X_CLOCK
: l01_bfb/mcu.c
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- w -


			wait_for_button_release()
: main.c



			wait_for_timer()
: system.c
, system.h



			WR_ACK_PLOAD
: hal_nrf_reg.h



			WR_NAC_TX_PLOAD
: hal_nrf_reg.h



			WR_TX_PLOAD
: hal_nrf_reg.h



			WRITE_REG
: hal_nrf_reg.h
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- a -


			ALL_PIPES
: radio_pl.h







- b -


			B1
: lu1_bfb/target_includes.h



			B1_PRESSED
: system.h



			B2
: lu1_bfb/target_includes.h



			B2_PRESSED
: system.h



			B3
: lu1_bfb/target_includes.h



			B3_PRESSED
: system.h



			B_PRESSED
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			BIT_0
: nordic_common.h



			BIT_1
: nordic_common.h



			BIT_2
: nordic_common.h



			BIT_3
: nordic_common.h



			BIT_4
: nordic_common.h



			BIT_5
: nordic_common.h



			BIT_6
: nordic_common.h



			BIT_7
: nordic_common.h







- c -


			CD
: hal_nrf_reg.h



			CE_HIGH
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CE_LOW
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CE_PULSE
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CONFIG
: hal_nrf_reg.h



			CRCO
: hal_nrf_reg.h



			CSN_HIGH
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CSN_LOW
: arch/hal/nrf24lu1/hal_nrf_hw.h
, prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CYCLES_PR_MS
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h







- d -


			DYNPD
: hal_nrf_reg.h







- e -


			EN_AA
: hal_nrf_reg.h



			EN_CRC
: hal_nrf_reg.h



			EN_RXADDR
: hal_nrf_reg.h







- f -


			FEATURE
: hal_nrf_reg.h



			FIFO_STATUS
: hal_nrf_reg.h



			FLUSH_RX
: hal_nrf_reg.h



			FLUSH_TX
: hal_nrf_reg.h







- g -


			GLOBAL_INT_DISABLE
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			GLOBAL_INT_ENABLE
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h







- i -


			INTERRUPT_T0
: l01_bfb/target_includes.h







- l -


			LED1
: lu1_bfb/target_includes.h



			LED1_BLINK
: system.h



			LED1_OFF
: system.h



			LED1_ON
: system.h



			LED2
: lu1_bfb/target_includes.h



			LED2_BLINK
: system.h



			LED2_OFF
: system.h



			LED2_ON
: system.h



			LED3
: lu1_bfb/target_includes.h



			LED3_BLINK
: system.h



			LED3_OFF
: system.h



			LED3_ON
: system.h



			LED_ALL_OFF
: system.h



			LED_OFF
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			LED_ON
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			LNA_HCURR
: hal_nrf_reg.h



			LOCK_UNLOCK
: hal_nrf_reg.h



			LSB
: nordic_common.h







- m -


			MASK_MAX_RT
: hal_nrf_reg.h



			MASK_RX_DR
: hal_nrf_reg.h



			MASK_TX_DS
: hal_nrf_reg.h



			MAX
: nordic_common.h



			MAX_RT
: hal_nrf_reg.h



			MAX_RUNTIME
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			MAX_TIME
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			MCSN_HIGH
: arch/hal/nrf24lu1/hal_nrf_hw.h



			MCSN_LOW
: arch/hal/nrf24lu1/hal_nrf_hw.h



			MIN
: nordic_common.h



			MSB
: nordic_common.h







- n -


			NOP
: hal_nrf_reg.h







- o -


			OBSERVE_TX
: hal_nrf_reg.h



			OFF
: main.c



			ON
: main.c







- p -


			PLL_LOCK
: hal_nrf_reg.h



			PRIM_RX
: hal_nrf_reg.h



			PWR_UP
: hal_nrf_reg.h







- r -


			RADIO_ACTIVITY
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			RD_RX_PLOAD
: hal_nrf_reg.h



			RD_RX_PLOAD_W
: hal_nrf_reg.h



			RESET_RADIO_ACTIVITY
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			REUSE_TX_PL
: hal_nrf_reg.h



			RF_CH
: hal_nrf_reg.h



			RF_CHANNEL
: radio.h



			RF_DR
: hal_nrf_reg.h



			RF_PAYLOAD_LENGTH
: radio.h



			RF_POWER_UP_DELAY
: radio.h



			RF_PWR0
: hal_nrf_reg.h



			RF_PWR1
: hal_nrf_reg.h



			RF_RETRANS_DELAY
: radio.h



			RF_RETRANSMITS
: radio.h



			RF_SETUP
: hal_nrf_reg.h



			RX_ADDR_P0
: hal_nrf_reg.h



			RX_ADDR_P1
: hal_nrf_reg.h



			RX_ADDR_P2
: hal_nrf_reg.h



			RX_ADDR_P3
: hal_nrf_reg.h



			RX_ADDR_P4
: hal_nrf_reg.h



			RX_ADDR_P5
: hal_nrf_reg.h



			RX_DR
: hal_nrf_reg.h



			RX_EMPTY
: hal_nrf_reg.h



			RX_FULL
: hal_nrf_reg.h



			RX_PW_P0
: hal_nrf_reg.h



			RX_PW_P1
: hal_nrf_reg.h



			RX_PW_P2
: hal_nrf_reg.h



			RX_PW_P3
: hal_nrf_reg.h



			RX_PW_P4
: hal_nrf_reg.h



			RX_PW_P5
: hal_nrf_reg.h







- s -


			SEK_0
: main.c



			SEK_1
: main.c



			SEK_2
: main.c



			SEK_3
: main.c



			SET_BIT
: hal_nrf_l01.c



			SETUP_AW
: hal_nrf_reg.h



			SETUP_RETR
: hal_nrf_reg.h



			STATUS
: hal_nrf_reg.h



			SWAP
: nordic_common.h



			SYS_INT_OSC
: l01_bfb/mcu.c







- t -


			T0_START
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T0_STOP
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			T1_MODE1
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_SET_HB
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			T1_SET_LB
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_START
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_STOP
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			TIMER1_OVERFLOW
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			TX_ADDR
: hal_nrf_reg.h



			TX_DS
: hal_nrf_reg.h



			TX_EMPTY
: hal_nrf_reg.h



			TX_FIFO_FULL
: hal_nrf_reg.h



			TX_FULL
: hal_nrf_reg.h



			TX_REUSE
: hal_nrf_reg.h







- u -


			UINT8
: hal_nrf_l01.c



			USB_4X_CLOCK
: l01_bfb/mcu.c







- w -


			WR_ACK_PLOAD
: hal_nrf_reg.h



			WR_NAC_TX_PLOAD
: hal_nrf_reg.h



			WR_TX_PLOAD
: hal_nrf_reg.h



			WRITE_REG
: hal_nrf_reg.h
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			hal_nrf_address_t
: hal_nrf_reg.h



			hal_nrf_address_width_t
: hal_nrf_reg.h



			hal_nrf_crc_mode_t
: hal_nrf_reg.h



			hal_nrf_datarate_t
: hal_nrf_reg.h



			hal_nrf_irq_source_t
: hal_nrf_reg.h



			hal_nrf_lna_mode_t
: hal_nrf_reg.h



			hal_nrf_operation_mode_t
: hal_nrf_reg.h



			hal_nrf_output_power_t
: hal_nrf_reg.h



			hal_nrf_pll_mode_t
: hal_nrf_reg.h



			hal_nrf_pload_command_t
: hal_nrf_reg.h



			hal_nrf_pwr_mode_t
: hal_nrf_reg.h



			radio_status_t
: radio.h



			state_t
: main.c
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- d -


			DEVICE_IDLE
: main.c



			DEVICE_PRX_ESB
: main.c



			DEVICE_PRX_IDLE
: main.c



			DEVICE_PRX_PL
: main.c



			DEVICE_PRX_SB
: main.c



			DEVICE_PTX_ESB
: main.c



			DEVICE_PTX_IDLE
: main.c



			DEVICE_PTX_PL
: main.c



			DEVICE_PTX_SB
: main.c







- h -


			HAL_NRF_0DBM
: hal_nrf_reg.h



			HAL_NRF_12DBM
: hal_nrf_reg.h



			HAL_NRF_18DBM
: hal_nrf_reg.h



			HAL_NRF_1MBPS
: hal_nrf_reg.h



			HAL_NRF_2MBPS
: hal_nrf_reg.h



			HAL_NRF_6DBM
: hal_nrf_reg.h



			HAL_NRF_ACK_PLOAD
: hal_nrf_reg.h



			HAL_NRF_ALL
: hal_nrf_reg.h



			HAL_NRF_AW_3BYTES
: hal_nrf_reg.h



			HAL_NRF_AW_4BYTES
: hal_nrf_reg.h



			HAL_NRF_AW_5BYTES
: hal_nrf_reg.h



			HAL_NRF_CRC_16BIT
: hal_nrf_reg.h



			HAL_NRF_CRC_8BIT
: hal_nrf_reg.h



			HAL_NRF_CRC_OFF
: hal_nrf_reg.h



			HAL_NRF_LNA_HCURR
: hal_nrf_reg.h



			HAL_NRF_LNA_LCURR
: hal_nrf_reg.h



			HAL_NRF_MAX_RT
: hal_nrf_reg.h



			HAL_NRF_PIPE0
: hal_nrf_reg.h



			HAL_NRF_PIPE1
: hal_nrf_reg.h



			HAL_NRF_PIPE2
: hal_nrf_reg.h



			HAL_NRF_PIPE3
: hal_nrf_reg.h



			HAL_NRF_PIPE4
: hal_nrf_reg.h



			HAL_NRF_PIPE5
: hal_nrf_reg.h



			HAL_NRF_PLL_LOCK
: hal_nrf_reg.h



			HAL_NRF_PLL_UNLOCK
: hal_nrf_reg.h



			HAL_NRF_PRX
: hal_nrf_reg.h



			HAL_NRF_PTX
: hal_nrf_reg.h



			HAL_NRF_PWR_DOWN
: hal_nrf_reg.h



			HAL_NRF_PWR_UP
: hal_nrf_reg.h



			HAL_NRF_RX_DR
: hal_nrf_reg.h



			HAL_NRF_RX_PLOAD
: hal_nrf_reg.h



			HAL_NRF_TX
: hal_nrf_reg.h



			HAL_NRF_TX_DS
: hal_nrf_reg.h



			HAL_NRF_TX_PLOAD
: hal_nrf_reg.h







- l -


			LED1_INDEX
: system.h



			LED2_INDEX
: system.h



			LED3_INDEX
: system.h







- n -


			NO_CHANGE
: main.c







- r -


			RF_BUSY
: radio.h



			RF_IDLE
: radio.h



			RF_MAX_RT
: radio.h



			RF_RX_DR
: radio.h



			RF_TX_AP
: radio.h



			RF_TX_DS
: radio.h
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- d -


			delay_100ms()
: system.c
, system.h



			delay_10ms()
: system.h
, system.c



			device_boot_msg()
: system.c
, system.h



			device_prx_mode_esb()
: application_esb.h
, application_esb.c



			device_prx_mode_pl()
: application_pl.c
, application_pl.h



			device_prx_mode_sb()
: application_sb.c
, application_sb.h



			device_ptx_mode_esb()
: application_esb.c
, application_esb.h



			device_ptx_mode_pl()
: application_pl.h
, application_pl.c



			device_ptx_mode_sb()
: application_sb.h
, application_sb.c







- g -


			get_next_state()
: main.c







- h -


			hal_nrf_clear_irq_flag()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_close_pipe()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_disable_ack_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_disable_dynamic_ack()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_disable_dynamic_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_ack_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_dynamic_ack()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_dynamic_pl()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_flush_rx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_flush_tx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_address()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_address_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_auto_retr_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_carrier_detect()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_clear_irq_flags()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_crc_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_get_datarate()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_fifo_status()
: hal_nrf_l01.c



			hal_nrf_get_irq_flags()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_irq_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_lna_gain()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_operation_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_output_power()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_packet_lost_ctr()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_pipe_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_pll_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_power_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_reuse_tx_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rf_channel()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_data_source()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_fifo_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_pload_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_transmit_attempts()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_tx_fifo_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_lock_unlock()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_nop()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_open_pipe()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_multibyte_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_rx_pl_w()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_rx_pload()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_reuse_tx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_rw()
: hal_nrf_f32x_hw.c
, hal_nrf_hw.c
, hal_nrf.h



			hal_nrf_rx_fifo_empty()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_rx_fifo_full()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_address()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_address_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_auto_retr()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_crc_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_datarate()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_irq_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_lna_gain()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_operation_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_output_power()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_pll_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_power_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_rf_channel()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_rx_pload_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_setup_dyn_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_tx_fifo_empty()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_tx_fifo_full()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_write_ack_pload()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_write_multibyte_reg()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_write_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_write_tx_pload()
: hal_nrf_l01.c
, hal_nrf.h



			hal_spi_init()
: hal_nrf_f32x_hw.c
, l01_bfb/mcu.c







- m -


			main()
: main.c







- n -


			nrf_spi_init()
: lu1_bfb/mcu.c







- p -


			port_init()
: l01_bfb/mcu.c
, lu1_bfb/mcu.c







- r -


			radio_esb_init()
: radio_esb.c
, radio_esb.h



			radio_get_pload_byte()
: radio.h
, radio.c



			radio_get_status()
: radio.c
, radio.h



			radio_irq()
: radio.h
, radio.c



			radio_pl_init()
: radio_pl.c
, radio_pl.h



			radio_sb_init()
: radio_sb.c
, radio_sb.h



			radio_send_packet()
: radio.h
, radio.c



			radio_set_status()
: radio.c
, radio.h



			run_timer()
: system.c







- s -


			show_status()
: main.c



			start_timer()
: system.c
, system.h



			sysclk_init()
: l01_bfb/mcu.c



			system_init()
: system.h
, lu1_bfb/mcu.c
, l01_bfb/mcu.c







- t -


			t0_ov_interrupt()
: system.c



			timer_done()
: system.h
, system.c







- w -


			wait_for_button_release()
: main.c



			wait_for_timer()
: system.h
, system.c
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			address
: main.c



			B1
: l01_bfb/target_includes.h



			B2
: l01_bfb/target_includes.h



			B3
: l01_bfb/target_includes.h



			CE
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CSN
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			LED1
: l01_bfb/target_includes.h



			LED2
: l01_bfb/target_includes.h



			LED3
: l01_bfb/target_includes.h



			led_blink
: system.c
, system.h



			pload
: radio.c



			pload_esb
: application_esb.c



			pload_pl
: application_pl.c



			pload_sb
: application_sb.c



			show_state
: main.c



			state_machine
: main.c



			status
: radio.c



			timer_rounds
: system.c
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1.0 


Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 
Purpose



The software examples show how to setup and use the nRF24L01 and nRF24LU1 in advanced ShockBurst modes.
Prerequisites



You should have read application note nAN24-12.
Definitions, acronyms, and abbreviations



			Term 			Definition  


			ACK			Acknowledgement - Sent by PRX to PTX as confirmation that packet was recieved 


			ACK payload			Data sent from PRX to PTX in ACK 


			Bx			Button on the BFB. x is one of 1 to 3 and corresponds to the different buttons on the BFB 


			BFB			Basic Feature Board - Comes with the evaluation kit to demonstrate the possibilities of the nRF24L01/nRF24LU1 


			Enhanced ShockBurst			More advanced mode. Gives the user ability to let the radio handle ACK and packet re-transmission 


			Evaluation Kit			Kit containting BFB, radio, microcontroller, and other items to evaluate the radios 


			LEDx			LED's on the BFB. x is one of 1 to 3 and corresponds to the different LED's on the BFB 


			nRF24L01			Nordic Semiconductor radio transmitting and reciveing in the 2.4GHz band. Low power consumption 


			nRF24LU1			Nordic Semiconductor radio transmitting and reciveing in the 2.4GHz band. Also contain a 8051 compatible microcontroller. Low power consumption 


			PTX			Primary transmitter 


			PRX			Primary reciever 


			ShockBurst			The simplest mode. Compatible with nRF2401, nRF2402, nRF24E1, and nRF24E2 







Modes



The program allows the user to use three different modes as both PTX and PRX. Both PTX and PRX need to be in the same operational modus for everything to work as intended.
The available modes are:


			ShockBurst			Enables simple packet transmission.


			The user has to handle ACK and packet re-transmissions


			Practical for simple streaming use









			Enhanced ShockBurst			Enables some more advanced packet handeling


			The radio can handle ACK and packet re-transmissions


			Practical for reducing program size and complexity as the program does not need to handle ACK









			Enhanced ShockBurst with ACK payload			Enables even more advanced functionality


			The PRX can send data to the PTX in ACK


			The payload size can be dynamically changed at use


			Practical for applications were PTX should get some status information from PRX			Graphical display on a remote that gets programinformation from the TV when the TV channel is changed





















Setup



You will need two Basic Feature Boards (BFB), which are included in the nRF24L01 and nRF24LU1 development kits, programmed with the nAN24-12 firmware to run the application.
nRF24L01 and nRF24LU1 use the following hex files for demonstration when plugged into the BFB:


			Basic Feature Board with C8051F320 + nRF24L01: nRF24L01.hex


			Basic Feature Board with nRF24LU1: nRF24LU1.hex







Figure 1. shows how to set up a board in each mode. The first step is to choose between PTX and PRX mode and the second step is to set up the desired operation mode. For example, the board can be set up to PTX ShockBurst mode by pressing Button 1 twice. After you set up the operation mode, the LED stays lit for three seconds to indicate that the set up is successful.



Mode choice





Figure 1: How to chooce between different operational modes




 The choice of operational modus is done after reset of the unit. How to choose between the different operational modes can be seen in Figure 1.
Mode operation



The operation of the application depends on the operational mode chosen. Common for all modes is that input is done by pressing B1 and B2, and response is given by LED's 1 through 4. A packet is sent every 100ms in all modes. The responses are as given in the application descriptions under the different operational modes.
For detailed description on each ShockBurst mode refer to application note nAN24-12. 
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Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 Modules


Here is a list of all modules:			Main files



			Operational modes
			ShockBurst



			Enhanced ShockBurst



			Enhanced ShockBurst with ACK payload










			Hardware dependant
			nRF24L01



			nRF24LU1










			Hardware Abstraction Layer
			nRF HAL
			nRF24L01 HW dependents.



			nRF24L01 Register definitions






















Generated on Wed Feb 13 12:04:45 2008 for Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 by 

 1.5.3 





nRF24L01P/nAN24-12/Code/doc/nAN24-12 Application Note.pdf


All rights reserved.
Reproduction in whole or in part is prohibited without the prior written permission of the copyright holder.


February 2008


Software Examples Using ShockBurst™ 
Modes in nRF24L01 and nRF24LU1 


nAN24-12


Application Note v1.0







                         Application Note

Liability disclaimer


Nordic Semiconductor ASA reserves the right to make changes without further notice to the product to 
improve reliability, function or design. Nordic Semiconductor ASA does not assume any liability arising out 
of the application or use of any product or circuits described herein.


Life support applications


These products are not designed for use in life support appliances, devices, or systems where malfunction 
of these products can reasonably be expected to result in personal injury. Nordic Semiconductor ASA cus-
tomers using or selling these products for use in such applications do so at their own risk and agree to fully 
indemnify Nordic Semiconductor ASA for any damages resulting from such improper use or sale.


Contact details


For your nearest dealer, please see http://www.nordicsemi.no


Receive available updates automatically by subscribing to eNews from our homepage or check our web-
site regularly for any available updates.


Main office:


Otto Nielsen’s vei 12
7004 Trondheim


Phone: +47 72 89 89 00 
Fax: +47 72 89 89 89
www.nordicsemi.no


Revision History


Date Version Description
February 2008 1.0

Revision 1.0 Page 2 of 22



http://www.nordicsemi.no

http://www.nordicsemi.no





Software examples using ShockBurst™ modes in                                        


nRF24L01 and nRF24LU1 
Contents


1 Introduction ...............................................................................................  4
2 nAN24-12 contents and requirements ....................................................  5
2.1 Contents...............................................................................................  5
2.2 Required software ................................................................................  5
2.2.1 nRF24L01 specific software ............................................................  5
2.2.2 nRF24LU1 specific software............................................................  5
2.3 Required hardware...............................................................................  5
2.3.1 nRF24L01 specific hardware...........................................................  5
2.3.2 nRF24LU1 specific hardware ..........................................................  6
3 SW architecture.........................................................................................  7
3.1 Main .....................................................................................................  7
3.2 Application............................................................................................  8
3.3 System .................................................................................................  9
3.4 Radio....................................................................................................  9
3.5 nRF HAL ..............................................................................................  10
4 Structure ....................................................................................................  11
5 Application.................................................................................................  12
5.1 Easy setup for demonstration ..............................................................  12
5.2 ShockBurst™ .......................................................................................  13
5.3 Enhanced ShockBurst™ ......................................................................  15
5.4 Enhanced ShockBurst™ with bidirectional data ..................................  17
6 Porting the source code to another hardware architecture..................  19
6.1 mcu.c....................................................................................................  19
6.2 target_includes.h..................................................................................  19
6.3 Interrupt ................................................................................................  20
7 Troubleshoot .............................................................................................  21
8 Glossary of terms......................................................................................  22

Revision 1.0 Page 3 of 22







                         Application Note

1       Introduction


This document uses software examples to describe how to use ShockBurst™ (SB), Enhanced Shock-
Burst™ (ESB) and Enhanced ShockBurst™ with Bidirectional data (PL), to transfer button status from one 
device to another. Also described in this document is how to port code to other hardware platforms. 


The nAN24-12SW package contains source code that helps you set up the nRF24L01 and nRF24LU1 in 
the ShockBurst™ modes. The source code is written in C and contains all the files necessary for setting up 
the devices using only the Hardware Abstraction Layer (HAL). The source code can also be used as a ref-
erence when you are developing your own application.


You will need two Basic Feature Boards (BFB), which are included in the nRF24L01 and nRF24LU1 devel-
opment kits, programmed with the nAN24-12 firmware to run the application. 


nRF24L01 and nRF24LU1 use the following hex files for demonstration when plugged into the BFB:


• Basic Feature Board with C8051F320 + nRF24L01: nRF24L01.hex
• Basic Feature Board with nRF24LU1: nRF24LU1.hex


The BFB must be powered on, but does not need to be connected to any peripherals to run the application 
example. The buttons and LEDs on the BFB are used for user input and output.


1.1        Prerequisites


In order to fully understand the application note, a good knowledge of electronic and software engineering 
is required.


1.2        Writing conventions


This application note follows a set of typographic rules that makes the document consistent and easy to 
read. The following writing conventions are used:


• Commands and code are written in Courier.


• File names are written in bold.


• Cross references are underlined and highlighted in blue.
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2       nAN24-12 contents and requirements


This chapter describes the contents of the nAN24-12SW package and the hardware that is required for 
demonstrating the different operational modes. Refer to chapter 6 for information on porting the source 
code to other hardware architectures.


2.1        Contents


The software package contains the following files:


• Documentation (/doc)
nAN24-12 Application Note
Windows help file (help.chm)


• Source code (/src)
The Keil project files for both nRF24L01 and nRF24LU1
Complete source code for the application
Complete source code for the necessary HAL libraries


• Firmware files (/hex)
The pre-compiled hex files for nRF24L01 and nRF24LU1


2.2        Required software


The application has been tested and compiled on KEIL µVision3 3.53.


2.2.1        nRF24L01 specific software


To program the SiLabs C8051F320 MCU, which is part of the nRF24L01 development kit, you can use 
either the built in functionality in the Keil software package or you can download the Flash Programming 
Utilities from SiLabs: http://www.silabs.com


2.2.2        nRF24LU1 specific software


Refer to the documentation for the nRF24LU1 Development Kit on how to program the nRF24LU1.


2.3        Required hardware


To work out of the box, this application needs either the development kit for nRF24L01 or nRF24LU1. 


2.3.1        nRF24L01 specific hardware


To program the nRF24L01 development kit you need a programmer that supports the SiLabs C8051F320 
MCU. The low cost USB debug adapter from SiLabs has been used during the development: http://
www.silabs.com


You need to solder the four pin programming/debug interface on the dongle to a simple interface to support 
the 10 pin connector on the USB debug adapter. See Figure 1. for the schematic.
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 Figure 1. SiLabs modification


2.3.2        nRF24LU1 specific hardware


All the necessary hardware for the nRF24LU1 is included in the nRF24LU1 Development Kit.
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3       SW architecture


The software (SW) architecture is shown in Figure 2. A source and header file represent each block. See 
the help documentation for more information on the prototypes and macros.


 Figure 2. SW Architecture


3.1        Main


The main application is a state machine controlling your choices of operational modes and initialization. It 
starts up, initializes the microcontroller, and waits for you to select the application mode before initializing 
the radio and starting the application. After starting the application, the main application releases all con-
trol.


The main application defines the following prototypes and typedefs:


Prototypes:


state_t get_next_state (state_t current_state);
void wait_for_button_release (void);
void show_status (state_t operation);
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Typedef:


enum {
  DEVICE_IDLE = 0,
  DEVICE_PRX_IDLE,
  DEVICE_PTX_IDLE,
  DEVICE_PRX_SB,  
  DEVICE_PRX_ESB, 
  DEVICE_PRX_PL,  
  DEVICE_PTX_SB,  
  DEVICE_PTX_ESB, 
  DEVICE_PTX_PL,  
  NO_CHANGE
} state_t;


3.2        Application


The application handles the logic of the program. It contains the logic for both the Primary Transceiver 
(PTX) and the Primary Receiver (PRX) in separate functions. There is one implementation for each of the 
operational modes.


The application defines the following external prototypes:


Prototypes (ShockBurst™):


void device_ptx_mode_sb (void);
void device_prx_mode_sb (void);


Prototypes (Enhanced ShockBurst™):


void device_ptx_mode_esb (void);
void device_prx_mode_esb (void);


Prototypes (Enhanced ShockBurst™ with bidirectional data):


void device_ptx_mode_pl (void);
void device_prx_mode_pl (void);
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3.3        System


The system controls the interface to the MCU and the development kit. All hardware interaction is per-
formed through these functions.


The following external prototypes and macros are defined in the system:


Prototypes:


void device_boot_msg (void);
void delay_10ms (void); 
void delay_100ms (void);
void start_timer (uint16_t time);
void wait_for_timer (void);
bool timer_done (void);


Macros:


LEDx_ON (); (One each for LED1, LED2 and LED3)
LEDx_OFF (); (One each for LED1, LED2 and LED3)
LEDx_BLINK (); (One each for LED1, LED2 and LED3)
LED_ALL_OFF ();
T0_START ();
T0_STOP ();
T1_START ();
T1_STOP ();


3.4        Radio


The radio contains all the necessary functions to send and receive packages. Each operation mode 
(ShockBurst™, Enhanced ShockBurst™, and Enhanced ShockBurst™ with bidirectional data) has a sepa-
rate initiation function.


The radio defines the following external prototypes, constants and typedefs:


Prototypes:


void radio_send_packet (uint8_t *packet, uint8_t length);
radio_status_t radio_get_status (void);
void radio_set_status (void);
uint8_t radio_get_pload_byte (uint8_t byte_index);
void radio_irq (void);


ShockBurst™:


void radio_init_sb (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);


Enhanced ShockBurst™:


void radio_init_esb (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);
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Enhanced ShockBurst™ with bidirectional data:


void radio_init_pl (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);


Constants:


RF_CHANNEL 40;
RF_POWER_UP_DELAY 2;
PAYLOAD_LENGTH 2;
RF_RETRANSMITS 15;
RF_TRANS_DELAY 250;


Typedef:


enum {
  RF_IDLE,    
  RF_MAX_RT,  
  RF_TX_DS,   
  RF_RX_DR,   
  RF_TX_AP,   
  RF_BUSY     
} radio_status_t;


3.5        nRF HAL


The nRF HAL (Hardware Abstraction Layer) contains all the functions that abstracts communication with 
the selected radio. These are specific for the chosen radio, but implement the same interface, hal_nrf.h.
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4       Structure


The source code is divided into logical parts for easy reading. To enable easy porting to different hardware 
platforms, the hardware specific files are placed in separate subfolders for each architecture. The default 
supported platforms are:


• SiLabs C8051F320+nRF24L01
• nRF24LU1


There are also separate folders for each operational mode (ShockBurst™, Enhanced ShockBurst™, and 
Enhanced ShockBurst™ with bidirectional data)


For information on porting, see chapter 6.


 Figure 3. File and folder structure
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5       Application


This chapter describes how to operate the application. How to choose an operational mode is described in 
section 5.1.The different operational modes are described in sections 5.2  to section 5.4.


5.1        Easy setup for demonstration


Figure 4. shows how to set up a board in each mode. The first step is to choose between PTX and PRX 
mode and the second step is to set up the desired operation mode. For example, the board can be set up 
to PTX ShockBurst™ mode by pressing Button 1 twice. After you set up the operation mode, the LED 
stays lit for three seconds to indicate that the set up is successful.


 Figure 4. Setting up the board for demonstration


 Table 1. LED status of each mode


Mode LED status
LED 1 LED 2 LED 3


Idle mode ON ON ON
PTX OFF OFF OFF
PRX OFF OFF ON
PTX ShockBurstTM ON OFF OFF


PRX ShockBurstTM ON OFF ON


PTX Enhanced ShockBurstTM OFF ON OFF


PRX Enhanced ShockBurstTM OFF ON ON


PTX Enhanced ShockBurstTM  and Bidirectional data ON ON OFF


PRX Enhanced ShockBurstTM  and Bidirectional data ON ON ON
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Button 2


PRX


Button 3


PRX Enhanced 
ShockBurst 


mode


PRX ShockBurst 
mode


PRX Enhanced ShockBurst 
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 Figure 5. nRF24LU1 Basic Feature Board (BFB)


5.2        ShockBurst™


You can set up the PTX and PRX to ShockBurst™ with no advanced features enabled. The PTX is config-
ured without auto retransmit, and the PRX is configured without auto ack. ShockBurst™ is used to broad-
cast data.


ShockBurst™ is demonstrated by pressing Button 1 on the PTX which then turns on the LED 1 on the 
PRX.


See Figure 6. (a) for the flow of PTX in ShockBurst™. Press Button 1 twice to get to this mode.  


See Figure 6. (b) for the flow of PRX in ShockBurst™. Press Button 2 followed by Button 1 to get to this 
mode.
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 Figure 6. Application flow in ShockBurst™
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5.3        Enhanced ShockBurst™


You can set up the PTX and PRX to Enhanced ShockBurst™ with advanced features enabled. The PTX is 
configured with auto retransmit, and the PRX is configured with auto acknowledgement. 


The advantages of using Enhanced ShockBurst™ are:


• One way communication.
• Auto acknowledge and auto retransmit data.


Enhanced ShockBurst™ is demonstrated by pressing Button 1 on the PTX, which then turns on LED 1 on 
the PRX. The PTX indicates successfully sent data by turning LED 2 on, or if max retransmission occurs 
this is indicated by the PTX turning LED 3 on.


See Figure 7. (a) for the flow of PTX in Enhanced ShockBurst™. Press Button 1 followed by Button 2 to 
get to this mode.


See Figure 7. (b) for the flow of PRX in Enhanced ShockBurst™. Press Button 2 twice to get to this mode.
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 Figure 7. Application flow in Enhanced ShockBurst™
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5.4        Enhanced ShockBurst™ with bidirectional data


You can set up the PTX and PRX to Enhanced ShockBurst™ with advanced features enabled. The PTX is 
configured with auto retransmit and ack payload, and the PRX is configured with auto ack and ack pay-
load. 


The advantages of using the Enhanced ShockBurst™ with bidirectional data are:


• Bidirectional communication
• Auto acknowledge and auto retransmit data
• Dynamic payload length
• Payload with acknowledgement


Enhanced ShockBurst™ with Bidirectional data is demonstrated by pressing either Button 1 on the PTX, 
which then turns on LED 1 on the PRX or, by pressing Button 1 on the PRX, which then turns on LED1 on 
the PTX. Both the PTX and the PRX indicate successfully sent data by turning LED 2 on, or if max retrans-
mission occurs this is indicated by LED 3 on.


See Figure 8. (a) for the flow of PTX in Enhanced ShockBurst™ with Bidirectional data. Press Button 1 fol-
lowed by Button 3 to get to this mode.


See Figure 8. (b) for the flow of PRX in Enhanced ShockBurst™ with Bidirectional data. Press Button 2 fol-
lowed by Button 3 to get to this mode.
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 Figure 8. Application flow in Enhanced ShockBurst™ with bidirectional data
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6       Porting the source code to another hardware architecture


You must re-map the hardware to port this application to another hardware architecture. Most of the hard-
ware dependent parts of the code are in the MCU specific subfolders. The hardware dependent files for the 
nRF24LU1 are located in the lu1_bfb folder. The hardware dependent files for the nRF24L01 are located 
in the l01_bfb folder. When porting to another MCU, a new folder must be made containing the following 
files:


• mcu.c
• target_includes.h


If you want a new Keil project, you should base it on the nRF24LU1.uV2 with the following changes:


1. Update the device architecture to your target device.
2. Name of the compiled hex file should reflect the architecture.
3. Paths should include:


a.The new folder for the MCU.
b.The correct HAL library for the radio architecture.


4. Update the HAL group to contain the HAL files for the architecture.
a. hal_nrf_hw.c (implementation of hal_nrf_rw from hal_nrf.h).
b. hal_nrf_x.c (x indicating MCU. Implementation of hal_nrf.h).


6.1        mcu.c


This file needs one function: void system_init (void); This function should set up three inputs and 
three outputs (B1-3 and LED1-3 respectively).


6.2        target_includes.h


This file contains most of the hardware dependent settings. The hardware abstractions that must be ported 
are in Table 2.


Name Description
LED_ON The value that should be sent on the output to turn on a LED
LED_OFF The value that should be sent on the output to turn off a LED
LED1 Address of LED1 (bit address)
LED2 Address of LED2 (bit address)
LED3 Address of LED3 (bit address)
B1 Address of B1 (bit address)
B2 Address of B2 (bit address)
B3 Address of B3 (bit address)
B_PRESSED Value on input that indicate button pressed
RADIO_ACTIVITY The way to check if the radio is active without using interrupts
RESET_RADIO_ACTIVITY How to reset the radio detection so that a new packet can be 


detected
TIMER1_OVERFLOW Check for Timer 1 overflow
CYCLES_PR_MS The number clock cycles a timer counts that make up a millisec-


ond
MAX_RUNTIME How many milliseconds the timer can run on a 16-bit counter 


(0xFF / CYCLES_PR_MS)
GLOBAL_INT_ENABLE Enables all interrupts
GLOBAL_INT_DISABLE Disables all interrupts
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 Table 2. Hardware dependencies


6.3        Interrupt


If the MCU does not have an interrupt vector for timer 0, some of the LED functionality will not work. The 
workaround for this problem is to change the LEDx_BLINK functions in system.h to call LEDx_TOGGLE 
instead and remove the t0_ov_interrupt() function from system.c.


No other interrupts are used in this application. The interrupt status for timer 1 and radio are polled, but not 
handled as interrupts.


T0_START Starts Timer 0
T0_STOP Stops Timer 0
T1_START Starts Timer 1
T1_STOP Stops Timer 1
T1_MODE1 Sets timer 1 up in mode 1 (16-bit timer)
T1_SET_LB Sets the low byte on timer 1
T1_SET_HB Sets the high byte on timer 1
INTERRUPT_T0 The interrupt vector for timer 0


Name Description
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7       Troubleshoot


Q: The board does not flash after I reset. What could be the problem?


A: There could be two reasons why this is happening:


i. The board may not be powered up. In this case, ensure that the board is powered up through either 
the USB or the battery. 


ii. The program may not be loaded. In this case, flash the development kit with the correct HEX file for 
your MCU and radio.


Q: LED 1 on the receiver does not light up when I press Button 1 on the transmitter. What could be the 
problem?


A: There could be three reasons why this is happening: 


i. The button may not be fully pressed. In this case, press the button harder.


ii. The receiver or transmitter may not be powered up. In this case, power up and configure.


iii. The receiver and transmitter are in non-compatible operational modes. Restart and configure to the 
correct operational mode.


Q: ACK is not receiving on the transmitter (LED 3 flashing).


A: There could be two reasons why this is happening:


i. The receiver may be out of range. In this case, bring the receiver into range.


ii. The receiver is in a different operational mode. In this case, restart and configure to correct opera-
tional mode.
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8       Glossary of terms


Term Definition
ACK Acknowledgment
BFB Basic Feature Board
Enhanced ShockBurst™ (ESB) A packet based data link layer that features automatic packet 


assembly and timing, automatic acknowledgement and retrans-
missions of packets.


Enhanced ShockBurst™ with Bidi-
rectional data (PL)


A packet based data link layer that features automatic packet 
assembly and timing, automatic acknowledgement, retransmis-
sions of packets and transmission of data from PRX to PTX in 
ACK so that no mode change is required.


HAL Hardware Abstraction Layer 
HW Hardware
MCU Microcontroller
PRX Primary receiver
PTX Primary transceiver
SDK Software Development Kit
ShockBurst™ (SB) This mode gives you automatic packet transmission at a high 


data rate.
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nRF24L01P/nAN24-12/Code/hex/nRF24L01.hex
:100000000201F3E4FD7FFF1205AA2202097EE490BB
:100010000048F01209B3120614D2AF120BA3120B50
:10002000ED900048E0FF1206D4900048EFF0120B6C
:10003000ED900048E0FF12027F900048E0B4090014
:100040005072900049F82828730200210200210212
:10005000002102006402007102007E02008B020097
:10006000980200A6120B9C7D011204D11209108087
:10007000B0120B9C7D0112046312094780A3120B7E
:100080009C7D011201641203048096120B9CE4FD16
:100090001204D11209E38089120B9CE4FD1204635F
:1000A00012085D020021120B9CE4FD12016412068D
:1000B0007D020021E4900048F0020021BB01068986
:1000C000828A83E0225002E722BBFE02E322898279
:1000D0008A83E49322BB010689828A83F02250023C
:1000E000F722BBFE01F322EF8DF0A4A8F0CF8CF035
:1000F000A428CE8DF0A42EFE22BC000BBE0029EF5A
:100100008DF084FFADF022E4CCF875F008EF2FFFFE
:10011000EE33FEEC33FCEE9DEC984005FCEE9DFECC
:100120000FD5F0E9E4CEFD22EDF8F5F0EE8420D213
:100130001CFEADF075F008EF2FFFED33FD40079882
:100140005006D5F0F222C398FD0FD5F0EA22A3F8AD
:10015000E0C5F025F0F0E582158270021583E0C855
:1001600038F0E822900049EBF0A3EAF0A3E9F0A30D
:10017000EDF07FFF1208117D01E4FF12053E7F03C1
:10018000120A817DFA7C007F0F120B117F05120C81
:100190007C120C297F061208D9120C29E4FF1208E0
:1001A000D9120BB87F1D120BD3EF700E7F1C120BF0
:1001B000D3EF7006120B7E120BB8120BAA7F3F1200
:1001C0000C8590004CE07006FF120A9F800C7F01A6
:1001D000120A9F7D0AE4FF120C8E7F28120C957F75
:1001E00001120ABC7F027E001203F2120A38E4FFF9
:1001F000020CA9787FE4F6D8FD75810702023A0265
:10020000000EE493A3F8E493A34003F68001F20800
:10021000DFF48029E493A3F85407240CC8C333C443
:10022000540F4420C8834004F456800146F6DFE4AE
:10023000800B0102040810204080900726E47E0114
:100240009360BCA3FF543F30E509541FFEE493A321
:1002500060010ECF54C025E060A840B8E493A3FA33
:10026000E493A3F8E493A3C8C582C8CAC583CAF0BF
:10027000A3C8C582C8CAC583CADFE9DEE780BE90CD
:100280000049EFF0120BA375F005A42400F582E4F9
:100290003400F583E0B40102C290900049E0FF759C
:1002A000F005A42401F582E43400F583E0B40102F2
:1002B000C291EF75F005A42402F582E43400F583C1
:1002C000E0B40102C292900049E075F005A4240454
:1002D000F582E43400F583E0FFD39400400EEF751F
:1002E000F064A4FFAEF01203F2120A38900049E065
:1002F00075F005A42403F582E43400F583E070036F
:10030000120BA322D284E4900075F020A10204F025
:100310007B017A00797590004D740AF0E4FF120AAF
:100320000F7F6E7E001203F2120776120CA3EF709D
:1003300006120AF5EF60F1120CA3EF6402600612D8
:100340000CA3BF0408120BE04402F08008C2921212
:100350000BE24404F0120CA3EF64036006120CA33A
:10036000BF0410E4FF120BC6BF0104C2908006D286
:10037000908002D290E4FF120CA9808A9000801233
:1003800008AC90007FEFF014600C24FB600824FEA2
:10039000601324087029120C541208CF90007FE0DB
:1003A000240AFF8015120C6890007FEFF0C39407B9
:1003B000500D120B6F1208CF7F61120C728009E48E
:1003C000900084F0900083F0900083E0FF14F0EF41
:1003D0006011E4FF120C729000801208C1EF12004D
:1003E000D580E5D28390007FE0FE900084E0FDEDB3
:1003F000FF22AB07AA067C007D411200F990004F56
:10040000ECF0A3EDF090004FE0FEA3E0FF7C037D55
:10041000E81200E7C3E49FFFE49E90004DF0A3EFD5
:10042000F0A3E0FEA3E0FFC3EB9FFBEA9EFAFEAF62
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:10013F008B518A5289538D547FFF1207127D01E430
:10014F00FF1203AB7F03120AB97DFA7C007F0F12F7
:10015F000AA07F05120CF3AB51AA52A9537F0612C6
:10016F000827AB51AA52A953E4FF120827120BA379
:10017F007F1D120C1CEF700E7F1C120C1CEF7006F3
:10018F00120B6A120BA3120B877F3F120CFCE55464
:10019F007006FF120A16800C7F01120A167D0AE400
:1001AF00FF120D257F28120D2C7F01120A327F02BC
:0D01BF007E001205DB12098DE4FF020D75B4
:090D0500D281D28CD2A9D2AF2216
:1004DB00120678120D72EF640560F5120D72EF645F
:1004EB00026006120D72BF0408120D0543630280F1
:1004FB0008D282120D07436304120D72BF040EE47F
:10050B00FF120BDBBF0104D2808002C280120C866B
:10051B00E490801EF020850204F07B017A80791E26
:07052B007D0A120AD180A92C
:10025800D290E490801EF020850204F07B017A8021
:10026800791E75550AE4FF1209337F6E7E00120568
:10027800DB120678120D72EF70061209D9EF60F1E1
:10028800120D72EF64026006120D72BF0408120D9F
:10029800054363028008D282120D07436304120DDE
:1002A80072EF64036006120D72BF0410E4FF120BB4
:1002B800DBBF0104D2808006C2808002C280E4FFD6
:0502C800120D75808D90
:030000000201CC2E
:0C01CC00787FE4F6D8FD7581690202130B
:1000AD00BB010689828A83E0225002E722BBFE0251
:0900BD00E32289828A83E4932284
:1000C600BB010689828A83F0225002F722BBFE0119
:0200D600F32213
:1000D800EF8DF0A4A8F0CF8CF0A428CE8DF0A42E3C
:0200E800FE22F6
:1000EA00BC000BBE0029EF8DF084FFADF022E4CCFA
:1000FA00F875F008EF2FFFEE33FEEC33FCEE9DECC3
:10010A00984005FCEE9DFE0FD5F0E9E4CEFD22ED08
:10011A00F8F5F0EE8420D21CFEADF075F008EF2F52
:10012A00FFED33FD4007985006D5F0F222C398FD43
:05013A000FD5F0EA22E0
:1001D80002000EE493A3F8E493A34003F68001F22F
:1001E80008DFF48029E493A3F85407240CC8C33328
:1001F800C4540F4420C8834004F456800146F6DFF7
:10020800E4800B010204081020408090062AE47E56
:10021800019360BCA3FF543F30E509541FFEE493EB
:10022800A360010ECF54C025E060A840B8E493A3B2
:10023800FAE493A3F8E493A3C8C582C8CAC583CADD
:10024800F0A3C8C582C8CAC583CADFE9DEE780BE95
:010677000082
:00000001FF
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/*
 * Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 *
 */
/** @file
 *  C-file defining the hardware depenent interface of the nRF24l01.
 *
 *  @author Jon Helge Nistad
 *
 */

#include "nordic_types.h"
#include "hal_spi.h"

int8u hal_nrf_rw(int8u value)
{
  return hal_spi_master_read_write(value);
}





nRF24L01P/nAN24-12/Code/src/firmware/arch/hal/include/hal_nrf.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2132 $
 */ 

/** @file
 * Interface for nRF HAL
 * @defgroup nordic_hal_nrf nRF HAL
 * @{
 * @ingroup nordic_hal
 * HAL interface for Nordic Semiconductor's radio chip.
 */

#ifndef HAL_NRF_H__
#define HAL_NRF_H__

#include <stdint.h>
#include <stdbool.h>

#include "hal_nrf_reg.h"
#include "hal_nrf_hw.h"


/** @name  << SETUP FUNCTIONS >> */
//@{
/* Setup function prototypes */

/** Enable or disable interrupt for radio.
 * Use this function to enable or disable
 * one of the interrupt sources for the radio.
 * This function only changes state for selected
 * int_type, the rest of the interrupt sources
 * are left unchanged.
 *
 * @param int_source Radio interrupt Source.
 * @param irq_state Enable or Disable.
*/
void hal_nrf_set_irq_mode(hal_nrf_irq_source_t int_source, bool irq_state);

/** Activate features
 * Sends the ACTIVATE command to the RF tranceiver. By calling this function
 * once it is possible to use the functions related to the FEATURE register.  
 */
void hal_nrf_lock_unlock(void);

/** Enables the ACK payload feature
 */
void hal_nrf_enable_ack_pl(void);

/** Disables the ACK payload feature
 */
void hal_nrf_disable_ack_pl(void);

/** Enables the dynamic payload feature
 */
void hal_nrf_enable_dynamic_pl(void);

/** Disables the dynamic payload feature
 */
void hal_nrf_disable_dynamic_pl(void);

/** Sets the dynamic payload features for the RX pipes
* The input parameter contains is a byte where the bit values tells weather the
*  pipe uses the ack payload feature or not. For example if bit 0 is set then 
* Pipe 0 uses ack payload,
 * @param setup Byte value with bit set for pipes that uses the dynamic payload feature
 */
void hal_nrf_setup_dyn_pl(uint8_t setup);

/** Reads the payload width of the received ack payload
 * @return Payload width of the received ack payload
 */
uint8_t hal_nrf_read_rx_pl_w(void);

/** Write ack payload
 * Writes the payload that will be transmitted with the ack on the given pipe.
 * @param pipe Pipe that transmits the payload
 * @param tx_pload Pointer to the payload data
 * @param length Size of the data to transmit
 */
void hal_nrf_write_ack_pload(uint8_t pipe, uint8_t *tx_pload, uint8_t length);

/** Enables the no-ack feature
 */
void hal_nrf_enable_dynamic_ack(void);

/** Disables the no-ack feature
 */
void hal_nrf_disable_dynamic_ack(void);

/** Read then clears all interrupt flags.
 * Use this function to get the interrupt flags and clear them in the same operation.
 * Reduced radio interface activity and speed optimized.
 *
 * @return  Interrupt_flags
 * @retval 0x10 Max Retransmit interrupt
 * @retval 0x20 TX Data sent interrupt
 * @retval 0x40 RX Data received interrupt
*/
uint8_t hal_nrf_get_clear_irq_flags(void);

/** Clear one selected interrupt flag.
 * Use this function to clear one @a spesific interrupt flag.
 * Other interrupt flags are left unchanged.
 *
 * @param int_source Interrupt source of which flag to clear
*/
void hal_nrf_clear_irq_flag(hal_nrf_irq_source_t int_source);

/** Set the CRC mode used by the radio.
 * Use this function to set the CRC mode; CRC disabled, 1 or 2 bytes.
 *
 * @param crc_mode CRC mode to use
*/
void hal_nrf_set_crc_mode(hal_nrf_crc_mode_t crc_mode);

/** Open radio pipe(s) and enable/ disable auto acknowledge.
 * Use this function to open one or all pipes,
 * with or without auto acknowledge.
 *
 * @param pipe_num Radio pipe to open
 * @param auto_ack Auto_Ack ON/OFF
 * @see hal_nrf_address
*/
void hal_nrf_open_pipe(hal_nrf_address_t pipe_num, bool auto_ack);

/** Close radio pipe(s).
 * Use this function to close one pipe or all pipes.
 *
 * @param pipe_num Pipe# number to close
*/
void hal_nrf_close_pipe(hal_nrf_address_t pipe_num);

/** Set radio's RX address and TX address.
 * Use this function to set a RX address, or to set the TX address.
 * Beware of the difference for single and multibyte address registers.
 *
 * @param address Which address to set
 * @param *addr Buffer from which the address is stored in
*/
void hal_nrf_set_address(hal_nrf_address_t address, uint8_t *addr);

/** Set auto acknowledge parameters.
 * Use this function to set retransmit and retransmit delay
 * parameters.
 *
 * @param retr Number of retransmit, 0 equ retransmit OFF
 * @param delay Retransmit delay in µs
*/
void hal_nrf_set_auto_retr(uint8_t retr, uint16_t delay);

/** Set radio's address width.
 * Use this function to define the radio's address width,
 * referes to both RX and TX.
 *
 * @param address_width Address with in bytes
*/
void hal_nrf_set_address_width(hal_nrf_address_width_t address_width);

/** Set payload width for selected pipe.
 * Use this function to set the number of bytes expected
 * on a selected pipe.
 *
 * @param pipe_num Pipe number to set payload width for
 * @param pload_width number of bytes expected
*/
void hal_nrf_set_rx_pload_width(uint8_t pipe_num, uint8_t pload_width);

/** Read current interrupt mode for selected interrupt source.
 * Use this function to get the interrupt source's mode,
 * either enabled or disabled.
 *
 * @param int_source Interrupt source to get mode from
 *
 * @return Interrupt Mode
 * @retval FALSE Interrupt disabled
 * @retval TRUE Interrupt enabled
*/
bool hal_nrf_get_irq_mode(uint8_t int_source);

/** Read all interrupt flags.
 * Use this function to get the interrupt flags. This function is similar
 * to hal_nrf_get_clear_irq_flags with the exception that it does <I><B>NOT</B></I> clear
 * the irq_flags.
 *
 * @return Interrupt_flags
 * @retval 0x10 Max Retransmit interrupt
 * @retval 0x20 TX Data sent interrupt
 * @retval 0x40 RX Data received interrupt
*/
uint8_t hal_nrf_get_irq_flags(void);

/** Get CRC mode.
 * Use this function to check which CRC mode is used.
 *
 * @return CRC_mode
 * @retval 0x00 CRC_OFF
 * @retval 0x02 CRC_8BIT
 * @retval 0x03 CRC_16BIT
*/
uint8_t hal_nrf_get_crc_mode(void);

/** Get pipe status.
 * Use this function to check status for a selected pipe.
 *
 * @param  pipe_num Pipe number to check status for
 *
 * @return Pipe_Status
 * @retval 0x00 Pipe is closed, autoack disabled
 * @retval 0x01 Pipe is open, autoack disabled
 * @retval 0x03 Pipe is open, autoack enabled
*/
uint8_t hal_nrf_get_pipe_status(uint8_t pipe_num);

/** Get address for selected pipe.
 * Use this function to get address for selected pipe.
 *
 *
 * @param address Which address to get, Pipe- or TX-address
 * @param *addr buffer in which address bytes are written.
 * <BR><BR>For pipes containing only LSB byte of address, this byte is returned
 * in the<BR> *addr buffer.
 *
 * @return Address_Width in bytes
*/
uint8_t hal_nrf_get_address(uint8_t address, uint8_t *addr);

/** Get auto retransmit parameters.
 * Use this function to get the auto retransmit parameters,
 * retrans count and retrans delay.
 *
 * @return AutoRetrans Parameters
 *
 * @retval UpperNibble Retransmit Delay
 * @retval LowerNibble Retransmit Count
*/
uint8_t hal_nrf_get_auto_retr_status(void);

/** Get packet lost counter
 * Use this function to get the packet(s) counter.
 *
 * @return packet lost counter
*/
uint8_t hal_nrf_get_packet_lost_ctr(void);

/** Get address width for radio.
 * Use this function to get the address width used for
 * the radio, both RX and TX.
 *
 * @return Address_Width in bytes
*/
uint8_t hal_nrf_get_address_width(void);

/** Get RX payload width for selected pipe.
 * Use this function to get the expected payload
 * width for selected ppe number.
 *
 * @param pipe_num Pipe number to get payload width for
 *
 * @return Payload_Width in bytes
*/
uint8_t hal_nrf_get_rx_pload_width(uint8_t pipe_num);
//@}

/** @name  << OPERATION FUNCTIONS >> */
//@{
/* Operation function prototypes */

/** Set radio's operation mode.
 * Use this function to enter PTX (primary TX)
 * or PRX (primary RX).
 *
 * @param op_mode Operation mode
*/
void hal_nrf_set_operation_mode(hal_nrf_operation_mode_t op_mode);

/** Set radio's power mode.
 * Use this function to power_up or power_down radio.
 *
 * @param pwr_mode POWER_UP or POWER_DOWN
*/
void hal_nrf_set_power_mode(hal_nrf_pwr_mode_t pwr_mode);

/** Set radio's RF channel.
 * Use this function to select which RF channel to use.
 *
 * @param channel RF channel
*/
void hal_nrf_set_rf_channel(uint8_t channel);

/** Set radio's TX output power.
 * Use this function set the radio's TX output power.
 *
 * @param power Radio's TX output power
*/
void hal_nrf_set_output_power(hal_nrf_output_power_t power);

/** Set radio's on-air datarate.
 * Use this function to select radio's on-air
 * datarate.
 *
 * @param datarate On-air datarate
*/
void hal_nrf_set_datarate(hal_nrf_datarate_t datarate);

/** Get radio's current operation mode.
 * Use this function to get the radio's current
 * operation mode, PTX or PRX.
 *
 * @return Operation_Mode
 * @retval 0x00 Primary RX (PRX)
 * @retval 0x01 Primary TX (PTX)
*/
uint8_t hal_nrf_get_operation_mode(void);

/** Get radio's current power mode.
 * Use this function to get the radio's currnet
 * power mode, POWER_UP or POWER_DOWN.
 *
 * @return Power_Mode
 * @retval 0x00 POWER_DOWN
 * @retval 0x01 POWER_UP
*/
uint8_t hal_nrf_get_power_mode(void);

/** Get radio's current RF channel.
 * Use this function to get the radio's current
 * selected RF channel
 *
 * @return RF channel
*/
uint8_t hal_nrf_get_rf_channel(void);

/** Get radio's current TX output power.
 * Use this function to get the radio's current
 * TX output power setting.
 *
 * @return TX_power_output
 * @retval 0x00 -18dBm
 * @retval 0x01 -12dBm
 * @retval 0x02 -6dBm
 * @retval 0x03 0dBm
*/
uint8_t hal_nrf_get_output_power(void);

/** Get radio's current on-air datarate.
 * Use this function to get the radio's current
 * on-air datarate setting.
 *
 * @return On-air datarate
 * @retval 0x00 1Mbps selected
 * @retval 0x01 2Mbps selected
*/
uint8_t hal_nrf_get_datarate(void);

/* Status functions prototypes */

/** Get radio's TX FIFO status.
 * Use this function to get the radio's TX
 * FIFO status.
 *
 * @return TX FIFO status
 * @retval 0x00 TX FIFO NOT empty, but NOT full
 * @retval 0x01 FIFO empty
 * @retval 0x02 FIFO full
 *
*/
uint8_t hal_nrf_get_tx_fifo_status(void);

/** Check for TX FIFO empty.
 * Use this function to check if TX FIFO
 * is empty.
 *
 * @return TX FIFO empty bit
 * @retval FALSE TX FIFO NOT empty
 * @retval TRUE TX FIFO empty
 *
*/
bool hal_nrf_tx_fifo_empty(void);

/** Check for TX FIFO full.
 * Use this function to check if TX FIFO
 * is full.
 *
 * @return TX FIFO full bit
 * @retval FALSE TX FIFO NOT full
 * @retval TRUE TX FIFO full
 *
*/
bool hal_nrf_tx_fifo_full(void);

/** Get radio's RX FIFO status.
 * Use this function to get the radio's TX
 * FIFO status.
 *
 * @return RX FIFO status
 * @retval 0x00 RX FIFO NOT empty, but NOT full
 * @retval 0x01 RX FIFO empty
 * @retval 0x02 RX FIFO full
 *
*/
uint8_t hal_nrf_get_rx_fifo_status(void);

/** Check for RX FIFO empty.
 * Use this function to check if RX FIFO
 * is empty.
 *
 * Reads STATUS register to check this, not FIFO_STATUS  
 *
 * @return RX FIFO empty bit
 * @retval FALSE RX FIFO NOT empty
 * @retval TRUE RX FIFO empty
 *
*/
bool hal_nrf_rx_fifo_empty(void);

/** Check for RX FIFO full.
 * Use this function to check if RX FIFO
 * is full.
 *
 * @return RX FIFO full bit
 * @retval FALSE RX FIFO NOT full
 * @retval TRUE RX FIFO full
 *
*/
bool hal_nrf_rx_fifo_full(void);

/** Get radio's transmit attempts status.
 * Use this function to get number of retransmit
 * attempts and number of packet lost.
 *
 * @return Retransmit attempts counters
*/
uint8_t hal_nrf_get_transmit_attempts(void);

/** Get the carrier detect flag.
 * Use this function to get the carrier detect flag,
 * used to detect stationary disturbance on selected
 * RF channel.
 *
 * @return Carrier Detect
 * @retval FALSE Carrier NOT Detected
 * @retval TRUE Carrier Detected
*/
bool hal_nrf_get_carrier_detect(void);

/* Data operation prototypes */

/** Get RX data source.
 * Use this function to read which RX pipe data
 * was received on for current top level FIFO data packet.
 *
 * @return pipe number of current packet present
*/
uint8_t hal_nrf_get_rx_data_source(void);

/** Read RX payload.
 * Use this function to read top level payload
 * available in the RX FIFO.
 *
 * @param  *rx_pload pointer to buffer in which RX payload are stored
 * @return pipe number (MSB byte) and packet length (LSB byte)
*/
uint16_t hal_nrf_read_rx_pload(uint8_t *rx_pload);

/** Write TX payload to radio.
 * Use this function to write a packet of
 * TX payload into the radio.
 * <I>length</I> number of bytes, which are stored in <I>*tx_pload</I>.
 *
 * @param *tx_pload pointer to buffer in which TX payload are present
 * @param length number of bytes to write
*/
void hal_nrf_write_tx_pload(uint8_t *tx_pload, uint8_t length);

/** Reuse TX payload.
 * Use this function to set that the radio is using
 * the last transmitted payload for the next packet as well.
 *
*/
void hal_nrf_reuse_tx(void);

/** Get status of reuse TX function.
 * Use this function to check if reuse TX payload is
 * activated
 *
 * @return Reuse TX payload mode
 * @retval FALSE Not activated
 * @retval TRUE Activated
*/
bool hal_nrf_get_reuse_tx_status(void);

/** Flush RX FIFO.
 * Use this function to flush the radio's
 * RX FIFO.
 *
*/
void hal_nrf_flush_rx(void);

/** Flush TX FIFO.
 * Use this function to flush the radio's
 * TX FIFO.
 *
*/
void hal_nrf_flush_tx(void);

/** No Operation command.
 * Use this function to receive the radio's
 * status register.
 *
 * @return Status register
*/
uint8_t hal_nrf_nop(void);
//@}

/** @name  << TEST FUNCTIONS >> */
//@{
/* Test functions prototypes */

/** Set radio's PLL mode.
 * Use this function to either LOCK
 * or UNLOCK the radio's PLL.
 *
 * @param pll_mode PLL locked, TRUE or FALSE
*/
void hal_nrf_set_pll_mode(hal_nrf_pll_mode_t pll_mode);

/** Get PLL mode.
 * Use this function to get the radio's
 * current PLL mode.
 *
 * @return PLL_mode
*/
hal_nrf_pll_mode_t hal_nrf_get_pll_mode(void);

/** Set radio's LNA gain mode.
 * Use this function to either use HI
 * current or LOW current mode for the radio.
 *
 * @param lna_gain LNA gain mode
*/
void hal_nrf_set_lna_gain(hal_nrf_lna_mode_t lna_gain);

/** Get LNA gain mode.
 * Use this function to get the radio's
 * current LNA gain mode.
 *
 * @return LNA gain mode
 * @retval 0 LNA LOW current
 * @retval 1 LNA HI current
*/
hal_nrf_lna_mode_t hal_nrf_get_lna_gain(void);

/* hal_nrf_l01 basic functions, used by all the other functions */

//@}

/** @name  << BASIS FUNCTIONS >> */
//@{

/** Basis function read_reg.
 * Use this function to read the contents
 * of one radios register.
 *
 * @param reg Register to read
 * @return Register contents
*/
uint8_t hal_nrf_read_reg(uint8_t reg);

/** Basis function write_reg.
 * Use this function to write a new value to
 * a radio register.
 *
 * @param reg Register to write
 * @param value New value to write
 * @return Status register
*/
uint8_t hal_nrf_write_reg(uint8_t reg, uint8_t value);

/** Basis function, read_multibyte register .
 * Use this function to read multiple bytes from
 * a multibyte radio-register
 *
 * @param reg Multibyte register to read from
 * @param *pbuf Pointer to buffer in which to store read bytes to
 *
 * @return pipe# of received data (MSB), if operation used by a hal_nrf_read_rx_pload
 * @return length of read data (LSB), either for hal_nrf_read_rx_pload or
 * for hal_nrf_get_address.
*/
uint16_t hal_nrf_read_multibyte_reg(uint8_t reg, uint8_t *pbuf);

/** Basis function, write_multibyte register.
 * Use this function to write multiple bytes to
 * a multiple radio register.
 *
 * @param reg Register to write
 * @param *pbuf pointer to buffer in which data to write is
 * @param length \# of bytes to write
*/
void hal_nrf_write_multibyte_reg(uint8_t reg, uint8_t *pbuf, uint8_t length);


/** Basis function, nrf_rw
 * This function is used by the basis functions
 * to exchange data with the data.
 *
 * @param value Databyte to write
 *
 * @return Databyte from radio.
*/
uint8_t hal_nrf_rw(uint8_t value);
//@}
#endif // HAL_NRF_H__
/** 
@} 
@} */
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/* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 *
 * $Rev: 1731 $
 *
 */

/** @file
 * Register definitions for the nRF HAL module
 * @defgroup nordic_hal_nrf_reg nRF24L01 Register definitions
 * @{
 * @ingroup nordic_hal_nrf
 * Header file defining register mapping with bit definitions.\ This file is radio-chip dependent, and are included with the hal_nrf.h
 */

#ifndef HAL_NRF_REG_H__
#define HAL_NRF_REG_H__

/** @name - Instruction Set - */
//@{
/* nRF24L01 Instruction Definitions */
#define WRITE_REG     0x20  /**< Register write command */
#define RD_RX_PLOAD_W   0x60  /**< Read RX payload command */
#define RD_RX_PLOAD   0x61  /**< Read RX payload command */
#define WR_TX_PLOAD   0xA0  /**< Write TX payload command */
#define WR_ACK_PLOAD  0xA8  /**< Write ACK payload command */
#define WR_NAC_TX_PLOAD 0xB0  /**< Write ACK payload command */
#define FLUSH_TX      0xE1  /**< Flush TX register command */
#define FLUSH_RX      0xE2  /**< Flush RX register command */
#define REUSE_TX_PL   0xE3  /**< Reuse TX payload command */
#define LOCK_UNLOCK   0x50  /**< Lock/unlcok exclusive features */

#define NOP           0xFF  /**< No Operation command, used for reading status register */
//@}

/** @name  - Register Memory Map - */
//@{
/* nRF24L01 * Register Definitions * */
#define CONFIG        0x00  /**< nRF24L01 config register */
#define EN_AA         0x01  /**< nRF24L01 enable Auto-Acknowledge register */
#define EN_RXADDR     0x02  /**< nRF24L01 enable RX addresses register */
#define SETUP_AW      0x03  /**< nRF24L01 setup of address width register */
#define SETUP_RETR    0x04  /**< nRF24L01 setup of automatic retransmission register */
#define RF_CH         0x05  /**< nRF24L01 RF channel register */
#define RF_SETUP      0x06  /**< nRF24L01 RF setup register */
#define STATUS        0x07  /**< nRF24L01 status register */
#define OBSERVE_TX    0x08  /**< nRF24L01 transmit observe register */
#define CD            0x09  /**< nRF24L01 carrier detect register */
#define RX_ADDR_P0    0x0A  /**< nRF24L01 receive address data pipe0 */
#define RX_ADDR_P1    0x0B  /**< nRF24L01 receive address data pipe1 */
#define RX_ADDR_P2    0x0C  /**< nRF24L01 receive address data pipe2 */
#define RX_ADDR_P3    0x0D  /**< nRF24L01 receive address data pipe3 */
#define RX_ADDR_P4    0x0E  /**< nRF24L01 receive address data pipe4 */
#define RX_ADDR_P5    0x0F  /**< nRF24L01 receive address data pipe5 */
#define TX_ADDR       0x10  /**< nRF24L01 transmit address */
#define RX_PW_P0      0x11  /**< nRF24L01 \# of bytes in rx payload for pipe0 */
#define RX_PW_P1      0x12  /**< nRF24L01 \# of bytes in rx payload for pipe1 */
#define RX_PW_P2      0x13  /**< nRF24L01 \# of bytes in rx payload for pipe2 */
#define RX_PW_P3      0x14  /**< nRF24L01 \# of bytes in rx payload for pipe3 */
#define RX_PW_P4      0x15  /**< nRF24L01 \# of bytes in rx payload for pipe4 */
#define RX_PW_P5      0x16  /**< nRF24L01 \# of bytes in rx payload for pipe5 */
#define FIFO_STATUS   0x17  /**< nRF24L01 FIFO status register */
#define DYNPD         0x1C  /**< nRF24L01 Dynamic payload setup */
#define FEATURE       0x1D  /**< nRF24L01 Exclusive feature setup */

//@}

/* nRF24L01 related definitions */
/* Interrupt definitions */
/* Operation mode definitions */

/** An enum describing the radio's irq sources.
 *
 */
typedef enum {
    HAL_NRF_MAX_RT = 4,     /**< Max retries interrupt */
    HAL_NRF_TX_DS,          /**< TX data sent interrupt */
    HAL_NRF_RX_DR           /**< RX data received interrupt */
} hal_nrf_irq_source_t;

/* Operation mode definitions */
/** An enum describing the radio's power mode.
 *
 */
typedef enum {
    HAL_NRF_PTX,            /**< Primary TX operation */
    HAL_NRF_PRX             /**< Primary RX operation */
} hal_nrf_operation_mode_t;

/** An enum describing the radio's power mode.
 *
 */
typedef enum {
    HAL_NRF_PWR_DOWN,       /**< Device power-down */
    HAL_NRF_PWR_UP          /**< Device power-up */
} hal_nrf_pwr_mode_t;

/** An enum describing the radio's output power mode's.
 *
 */
typedef enum {
    HAL_NRF_18DBM,          /**< Output power set to -18dBm */
    HAL_NRF_12DBM,          /**< Output power set to -12dBm */
    HAL_NRF_6DBM,           /**< Output power set to -6dBm  */
    HAL_NRF_0DBM            /**< Output power set to 0dBm   */
} hal_nrf_output_power_t;

/** An enum describing the radio's on-air datarate.
 *
 */
typedef enum {
    HAL_NRF_1MBPS,          /**< Datarate set to 1 Mbps  */
    HAL_NRF_2MBPS           /**< Datarate set to 2 Mbps  */
} hal_nrf_datarate_t;

/** An enum describing the radio's PLL mode.
 *
 */
typedef enum {
    HAL_NRF_PLL_UNLOCK,     /**< PLL unlocked, normal operation  */
    HAL_NRF_PLL_LOCK        /**< PLL locked, test mode  */
} hal_nrf_pll_mode_t;

/** An enum describing the radio's LNA mode.
 *
 */
typedef enum {
    HAL_NRF_LNA_LCURR,      /**< LNA set to low current mode */
    HAL_NRF_LNA_HCURR       /**< LNA set to high current mode */
} hal_nrf_lna_mode_t;

/** An enum describing the radio's CRC mode.
 *
 */
typedef enum {
    HAL_NRF_CRC_OFF,        /**< CRC check disabled */
    HAL_NRF_CRC_8BIT = 2,   /**< CRC check set to 8-bit */
    HAL_NRF_CRC_16BIT       /**< CRC check set to 16-bit */
} hal_nrf_crc_mode_t;

/** An enum describing the read/write payload command.
 *
 */
typedef enum {
    HAL_NRF_TX_PLOAD = 7,   /**< TX payload definition */
    HAL_NRF_RX_PLOAD,        /**< RX payload definition */
    HAL_NRF_ACK_PLOAD
} hal_nrf_pload_command_t;

/** Structure containing the radio's address map.
 * Pipe0 contains 5 unique address bytes,
 * while pipe[1..5] share the 4 MSB bytes, set in pipe1.
 * <p><b> - Remember that the LSB byte for all pipes have to be unique! -</b>
 */
// nRF24L01 Address struct

/*
//typedef struct {
//   uint8_t p0[5];            /**< Pipe0 address, 5 bytes */
//    uint8_t p1[5];            /**< Pipe1 address, 5 bytes, 4 MSB bytes shared for pipe1 to pipe5 */
//    uint8_t p2[1];            /**< Pipe2 address, 1 byte */
//    uint8_t p3[1];            /**< Pipe3 address, 1 byte */
 //   uint8_t p4[1];            /**< Pipe3 address, 1 byte */
 //   uint8_t p5[1];            /**< Pipe3 address, 1 byte */
 //   uint8_t tx[5];            /**< TX address, 5 byte */
//} hal_nrf_l01_addr_map;


/** An enum describing the nRF24L01 pipe addresses and TX address.
 *
 */
typedef enum {
    HAL_NRF_PIPE0,              /**< Select pipe0 */
    HAL_NRF_PIPE1,              /**< Select pipe1 */
    HAL_NRF_PIPE2,              /**< Select pipe2 */
    HAL_NRF_PIPE3,              /**< Select pipe3 */
    HAL_NRF_PIPE4,              /**< Select pipe4 */
    HAL_NRF_PIPE5,              /**< Select pipe5 */
    HAL_NRF_TX,                 /**< Refer to TX address*/
    HAL_NRF_ALL = 0xFF          /**< Close or open all pipes*/
                                /**< @see hal_nrf_set_address @see hal_nrf_get_address
                                 @see hal_nrf_open_pipe  @see hal_nrf_close_pipe */
} hal_nrf_address_t;

/** An enum describing the radio's address width.
 *
 */
typedef enum {
    HAL_NRF_AW_3BYTES = 3,      /**< Set address width to 3 bytes */
    HAL_NRF_AW_4BYTES,          /**< Set address width to 4 bytes */
    HAL_NRF_AW_5BYTES           /**< Set address width to 5 bytes */
} hal_nrf_address_width_t;


/** @name CONFIG register bit definitions */
//@{

#define MASK_RX_DR    6     /**< CONFIG register bit 6 */
#define MASK_TX_DS    5     /**< CONFIG register bit 5 */
#define MASK_MAX_RT   4     /**< CONFIG register bit 4 */
#define EN_CRC        3     /**< CONFIG register bit 3 */
#define CRCO          2     /**< CONFIG register bit 2 */
#define PWR_UP        1     /**< CONFIG register bit 1 */
#define PRIM_RX       0     /**< CONFIG register bit 0 */
//@}

/** @name RF_SETUP register bit definitions */
//@{
#define PLL_LOCK      4     /**< RF_SETUP register bit 4 */
#define RF_DR         3     /**< RF_SETUP register bit 3 */
#define RF_PWR1       2     /**< RF_SETUP register bit 2 */
#define RF_PWR0       1     /**< RF_SETUP register bit 1 */
#define LNA_HCURR     0     /**< RF_SETUP register bit 0 */
//@}

/* STATUS 0x07 */
/** @name STATUS register bit definitions */
//@{
#define RX_DR         6     /**< STATUS register bit 6 */
#define TX_DS         5     /**< STATUS register bit 5 */
#define MAX_RT        4     /**< STATUS register bit 4 */
#define TX_FULL       0     /**< STATUS register bit 0 */
//@}

/* FIFO_STATUS 0x17 */
/** @name FIFO_STATUS register bit definitions */
//@{
#define TX_REUSE      6     /**< FIFO_STATUS register bit 6 */
#define TX_FIFO_FULL  5     /**< FIFO_STATUS register bit 5 */
#define TX_EMPTY      4     /**< FIFO_STATUS register bit 4 */
#define RX_FULL       1     /**< FIFO_STATUS register bit 1 */
#define RX_EMPTY      0     /**< FIFO_STATUS register bit 0 */
//@}

#endif // HAL_NRF_REG_H__
/** @} */



nRF24L01P/nAN24-12/Code/src/firmware/arch/hal/include/nordic_common.h
/* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 */

/** @file
 * Common defines and macros for firmware developed by Nordic Semiconductor.
 *
 * @author Ken A. Redergaard
 */

#ifndef NORDIC_COMMON_H__
#define NORDIC_COMMON_H__

/** Swaps the upper byte with the lower byte in a 16 bit variable */
//lint -emacro((572),SWAP) // Suppress warning 572 "Excessive shift value"
#define SWAP(x) ((((x)&0xFF)<<8)|(((x)>>8)&0xFF))

/** The upper 8 bits of a 16 bit value */
#define MSB(a) ((a & 0xFF00) >> 8)
/** The lower 8 bits (of a 16 bit value) */
#define LSB(a) ((a & 0xFF))

/** Leaves the minimum of the two arguments */
#define MIN(a, b) ((a) < (b) ? (a) : (b))
/** Leaves the maximum of the two arguments */
#define MAX(a, b) ((a) < (b) ? (b) : (a))

#define BIT_0 0x01 /**< The value of bit 0 */
#define BIT_1 0x02 /**< The value of bit 1 */
#define BIT_2 0x04 /**< The value of bit 2 */
#define BIT_3 0x08 /**< The value of bit 3 */
#define BIT_4 0x10 /**< The value of bit 4 */
#define BIT_5 0x20 /**< The value of bit 5 */
#define BIT_6 0x40 /**< The value of bit 6 */
#define BIT_7 0x80 /**< The value of bit 7 */

#endif // NORDIC_COMMON_H__




nRF24L01P/nAN24-12/Code/src/firmware/arch/hal/nrf24l01/hal_nrf_l01.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2132 $
 */ 

 /** @file
 *
 * @author Runar Kjellhaug
 *
 */

#include <stdint.h>
#include <stdbool.h>

#include "nordic_common.h"
#include "hal_nrf.h"

#define SET_BIT(pos) ((uint8_t) (1<<( (uint8_t) (pos) )))
#define UINT8(t) ((uint8_t) (t))

void hal_nrf_set_irq_mode(hal_nrf_irq_source_t int_source, bool irq_state)
{
  if(irq_state)
  {
    hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) & ~SET_BIT(int_source));
  }
  else
  {
    hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) | SET_BIT(int_source));
  }
}

uint8_t hal_nrf_get_clear_irq_flags(void)
{
  return hal_nrf_write_reg(STATUS, (BIT_6|BIT_5|BIT_4)) & (BIT_6|BIT_5|BIT_4);
}

void hal_nrf_clear_irq_flag(hal_nrf_irq_source_t int_source)
{
  hal_nrf_write_reg(STATUS, SET_BIT(int_source));
}
 
bool hal_nrf_get_irq_mode(uint8_t int_type)
{
  if(hal_nrf_read_reg(CONFIG) & SET_BIT(int_type))
    return false;
  else
    return true;
}

uint8_t hal_nrf_get_irq_flags(void)
{
  return hal_nrf_nop() & (BIT_6|BIT_5|BIT_4);
}

void hal_nrf_set_crc_mode(hal_nrf_crc_mode_t crc_mode)
{
  hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(BIT_3|BIT_2)) | (UINT8(crc_mode)<<2));
}

void hal_nrf_open_pipe(hal_nrf_address_t pipe_num, bool auto_ack)
{
  switch(pipe_num)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_PIPE2:
    case HAL_NRF_PIPE3:
    case HAL_NRF_PIPE4:
    case HAL_NRF_PIPE5:
      hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) | SET_BIT(pipe_num));

      if(auto_ack)
        hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) | SET_BIT(pipe_num));
      else
        hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
      break;

    case HAL_NRF_ALL:
      hal_nrf_write_reg(EN_RXADDR, ~(BIT_7|BIT_6));

      if(auto_ack)
        hal_nrf_write_reg(EN_AA, ~(BIT_7|BIT_6));
      else
        hal_nrf_write_reg(EN_AA, 0);
      break;
      
    default:
      break;
  }
}

void hal_nrf_close_pipe(hal_nrf_address_t pipe_num)
{
  switch(pipe_num)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_PIPE2:
    case HAL_NRF_PIPE3:
    case HAL_NRF_PIPE4:
    case HAL_NRF_PIPE5:
      hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) & ~SET_BIT(pipe_num));
      hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
      break;
    
    case HAL_NRF_ALL:
      hal_nrf_write_reg(EN_RXADDR, 0);
      hal_nrf_write_reg(EN_AA, 0);
      break;
      
    default:
      break;
  }
}

void hal_nrf_set_address(hal_nrf_address_t address, uint8_t *addr)
{
  switch(address)
  {
    case HAL_NRF_TX:
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
      hal_nrf_write_multibyte_reg((uint8_t) address, addr, 0);
      break;

    case HAL_NRF_PIPE2:
    case HAL_NRF_PIPE3:
    case HAL_NRF_PIPE4:
    case HAL_NRF_PIPE5:
      hal_nrf_write_reg(RX_ADDR_P0 + (uint8_t) address, *addr);
      break;

    default:
      break;
  }
}

void hal_nrf_set_auto_retr(uint8_t retr, uint16_t delay)
{
  hal_nrf_write_reg(SETUP_RETR, (((delay/250)-1)<<4) | retr);
}

void hal_nrf_set_address_width(hal_nrf_address_width_t address_width)
{
  hal_nrf_write_reg(SETUP_AW, (UINT8(address_width) - 2));
}

void hal_nrf_set_rx_pload_width(uint8_t pipe_num, uint8_t pload_width)
{
  hal_nrf_write_reg(RX_PW_P0 + pipe_num, pload_width);
}

uint8_t hal_nrf_get_crc_mode(void)
{
  return (hal_nrf_read_reg(CONFIG) & (BIT_3|BIT_2)) >> CRCO;
}

uint8_t hal_nrf_get_pipe_status(uint8_t pipe_num)
{
  uint8_t en_rx, en_aa;

  en_rx = hal_nrf_read_reg(EN_RXADDR) & (1<<pipe_num);
  en_aa = hal_nrf_read_reg(EN_AA) & (1<<pipe_num);

  en_rx >>= pipe_num;
  en_aa >>= pipe_num;

  return (en_aa << 1) + en_rx;
}

uint8_t hal_nrf_get_address(uint8_t address, uint8_t *addr)
{
  switch(address)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_TX:
      return hal_nrf_read_multibyte_reg(address, addr);

    default:
      *addr = hal_nrf_read_reg(RX_ADDR_P0 + address);
      return hal_nrf_get_address_width();
  }
}

uint8_t hal_nrf_get_auto_retr_status(void)
{
  return hal_nrf_read_reg(OBSERVE_TX);
}

uint8_t hal_nrf_get_packet_lost_ctr(void)
{
  return (hal_nrf_read_reg(OBSERVE_TX) & (BIT_7|BIT_6|BIT_5|BIT_4)) >> 4;
}

uint8_t hal_nrf_get_address_width(void)
{
  return (hal_nrf_read_reg(SETUP_AW) + 2);
}

uint8_t hal_nrf_get_rx_pload_width(uint8_t pipe_num)
{
  return hal_nrf_read_reg(RX_PW_P0 + pipe_num);
}

void hal_nrf_set_operation_mode(hal_nrf_operation_mode_t op_mode)
{
  if(op_mode == HAL_NRF_PRX)
  {
    hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PRIM_RX)));
  }
  else
  {
    hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PRIM_RX)));
  }
}

void hal_nrf_set_power_mode(hal_nrf_pwr_mode_t pwr_mode)
{
  if(pwr_mode == HAL_NRF_PWR_UP)
  {
    hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PWR_UP)));
  }
  else
  {
    hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PWR_UP)));
  }
}

void hal_nrf_set_rf_channel(uint8_t channel)
{
  hal_nrf_write_reg(RF_CH, channel);
}

void hal_nrf_set_output_power(hal_nrf_output_power_t power)
{
  hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~((1<<RF_PWR1)|(1<<RF_PWR0))) | (UINT8(power)<<1));
}

void hal_nrf_set_datarate(hal_nrf_datarate_t datarate)
{
  if(datarate == HAL_NRF_1MBPS)
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<RF_DR)));
  }
  else
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<RF_DR)));
  }
}

uint8_t hal_nrf_get_operation_mode(void)
{
  return (hal_nrf_read_reg(CONFIG) & (1<<PRIM_RX)) >> PRIM_RX;
}

uint8_t hal_nrf_get_power_mode(void)
{
  return (hal_nrf_read_reg(CONFIG) & (1<<PWR_UP)) >> PWR_UP;
}

uint8_t hal_nrf_get_rf_channel(void)
{
  return hal_nrf_read_reg(RF_CH);
}

uint8_t hal_nrf_get_output_power(void)
{
  return (hal_nrf_read_reg(RF_SETUP) & ((1<<RF_PWR1)|(1<<RF_PWR0))) >> RF_PWR0;
}

uint8_t hal_nrf_get_datarate(void)
{
  return (hal_nrf_read_reg(RF_SETUP) & (1<<RF_DR)) >> RF_DR;
}

bool hal_nrf_rx_fifo_empty(void)
{
 if(hal_nrf_get_rx_data_source()==7)
  {
    return true;
  }
  else
  {
    return false;
  }
}

bool hal_nrf_rx_fifo_full(void)
{
  return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> RX_EMPTY) & 1);
}

bool hal_nrf_tx_fifo_empty(void)
{
  return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_EMPTY) & 1);
}

bool hal_nrf_tx_fifo_full(void)
{
  return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_FIFO_FULL) & 1);
}

uint8_t hal_nrf_get_tx_fifo_status(void)
{
  return ((hal_nrf_read_reg(FIFO_STATUS) & ((1<<TX_FIFO_FULL)|(1<<TX_EMPTY))) >> 4);
}

uint8_t hal_nrf_get_rx_fifo_status(void)
{
  return (hal_nrf_read_reg(FIFO_STATUS) & ((1<<RX_FULL)|(1<<RX_EMPTY)));
}

uint8_t hal_nrf_get_fifo_status(void)
{
  return hal_nrf_read_reg(FIFO_STATUS);
}

uint8_t hal_nrf_get_transmit_attempts(void)
{
  return hal_nrf_read_reg(OBSERVE_TX) & (BIT_3|BIT_2|BIT_1|BIT_0);
}

bool hal_nrf_get_carrier_detect(void)
{
  return hal_nrf_read_reg(CD) & 1;
}

void hal_nrf_write_tx_pload(uint8_t *tx_pload, uint8_t length)
{
  hal_nrf_write_multibyte_reg(UINT8(HAL_NRF_TX_PLOAD), tx_pload, length);
}

void hal_nrf_setup_dyn_pl(uint8_t setup)
{
  hal_nrf_write_reg(DYNPD, setup & ~0xC0); 
}

void hal_nrf_enable_dynamic_pl(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x04));   
}

void hal_nrf_disable_dynamic_pl(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x04));   
}

void hal_nrf_enable_ack_pl(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x02));   
}

void hal_nrf_disable_ack_pl(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x02));   
}

void hal_nrf_enable_dynamic_ack(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x01));   
}

void hal_nrf_disable_dynamic_ack(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x01));   
}

void hal_nrf_write_ack_pload(uint8_t pipe, uint8_t *tx_pload, uint8_t length)
{
  CSN_LOW();

  hal_nrf_rw(WR_ACK_PLOAD | pipe);
  while(length--)
  {
    hal_nrf_rw(*tx_pload++);
  }

  CSN_HIGH();
}

uint8_t hal_nrf_read_rx_pl_w()
{
  uint8_t temp;
  
  CSN_LOW();

  hal_nrf_rw(RD_RX_PLOAD_W);
  temp = hal_nrf_rw(0);
  CSN_HIGH();

  return temp;
}

void hal_nrf_lock_unlock()
{
  CSN_LOW();

  hal_nrf_rw(LOCK_UNLOCK);             
  hal_nrf_rw(0x73);

  CSN_HIGH();
}

uint8_t hal_nrf_get_rx_data_source(void)
{
  return ((hal_nrf_nop() & (BIT_3|BIT_2|BIT_1)) >> 1);
}

// Fixed: returns length==0 and pipe==7 means FIFO empty

uint16_t hal_nrf_read_rx_pload(uint8_t *rx_pload)
{
  return hal_nrf_read_multibyte_reg(UINT8(HAL_NRF_RX_PLOAD), rx_pload);
}

void hal_nrf_reuse_tx(void)
{
  hal_nrf_write_reg(REUSE_TX_PL, 0);
}

bool hal_nrf_get_reuse_tx_status(void)
{
  return (bool)((hal_nrf_get_fifo_status() & (1<<TX_REUSE)) >> TX_REUSE);
}

void hal_nrf_flush_rx(void)
{
  hal_nrf_write_reg(FLUSH_RX, 0);
}

void hal_nrf_flush_tx(void)
{
  hal_nrf_write_reg(FLUSH_TX, 0);
}

uint8_t hal_nrf_nop(void)
{
  return hal_nrf_write_reg(NOP,0);
}

void hal_nrf_set_pll_mode(hal_nrf_pll_mode_t pll_mode)
{
  if(pll_mode == HAL_NRF_PLL_LOCK)
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<PLL_LOCK)));
  }
  else
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<PLL_LOCK)));
  }
}

hal_nrf_pll_mode_t hal_nrf_get_pll_mode(void)
{
  return (hal_nrf_pll_mode_t)((hal_nrf_read_reg(RF_SETUP) & (1<<PLL_LOCK)) >> PLL_LOCK);
}

void hal_nrf_set_lna_gain(hal_nrf_lna_mode_t lna_gain)
{
  if(lna_gain == HAL_NRF_LNA_HCURR)
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<LNA_HCURR)));
  }
  else
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<LNA_HCURR)));
  }
}

hal_nrf_lna_mode_t hal_nrf_get_lna_gain(void)
{
  return (hal_nrf_lna_mode_t) ( (hal_nrf_read_reg(RF_SETUP) & (1<<LNA_HCURR)) >> LNA_HCURR );
}

uint8_t hal_nrf_read_reg(uint8_t reg)
{
uint8_t temp;
  CSN_LOW();
  hal_nrf_rw(reg);
  temp = hal_nrf_rw(0);
  CSN_HIGH();

  return temp;
}

uint8_t hal_nrf_write_reg(uint8_t reg, uint8_t value)
{
  uint8_t retval;
  CSN_LOW();
  if(reg < WRITE_REG)   // i.e. this is a register access
  {
    retval = hal_nrf_rw(WRITE_REG + reg);
    hal_nrf_rw(value);
  }
  else            // single byte cmd OR future command/register access
  {
    if(!(reg == FLUSH_TX) && !(reg == FLUSH_RX) && !(reg == REUSE_TX_PL) && !(reg == NOP))
    {
      retval = hal_nrf_rw(reg);
      hal_nrf_rw(value);
    }
    else          // single byte L01 command
    {
      retval = hal_nrf_rw(reg);
    }
  }
  CSN_HIGH();

  return retval;
}

uint16_t hal_nrf_read_multibyte_reg(uint8_t reg, uint8_t *pbuf)
{
uint8_t ctr, length;
  switch(reg)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_TX:
      length = ctr = hal_nrf_get_address_width();
      CSN_LOW();
      hal_nrf_rw(RX_ADDR_P0 + reg);
      break;
      
    case HAL_NRF_RX_PLOAD:
      if( (reg = hal_nrf_get_rx_data_source()) < 7)
      {
        length = ctr = hal_nrf_read_rx_pl_w();

        CSN_LOW();
        hal_nrf_rw(RD_RX_PLOAD);
      }
      else
      {
       ctr = length = 0;
      }
      break;

    default:
      ctr = length = 0;
      break;
  }

  while(ctr--)
  {
    *pbuf++ = hal_nrf_rw(0);
  }

  CSN_HIGH();

  return (((uint16_t) reg << 8) | length);
}

void hal_nrf_write_multibyte_reg(uint8_t reg, uint8_t *pbuf, uint8_t length)
{
  switch(reg)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_TX:
      length = hal_nrf_get_address_width();
      CSN_LOW();
      hal_nrf_rw(WRITE_REG + RX_ADDR_P0 + reg);
      break;
      
    case HAL_NRF_TX_PLOAD:
      CSN_LOW();
      hal_nrf_rw(WR_TX_PLOAD);
      break;      
    default:
      break;
  }

  while(length--)
  {
    hal_nrf_rw(*pbuf++);
  }

  CSN_HIGH();
}




nRF24L01P/nAN24-12/Code/src/firmware/arch/hal/nrf24lu1/hal_nrf_hw.c
/* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of 
 * Nordic Semiconductor. The use, copying, transfer or disclosure of such
 * information is prohibited except by express written agreement with 
 * Nordic Semiconductor.
 */

/** @file
 * Implementation of #hal_nrf_rw.
 * #hal_nrf_rw is an SPI function which is hardware dependent. This file
 * contains an implementation for nRF24LU1.
 */

#include <Nordic\reg24lu1.h>
#include <stdint.h>
#include "hal_nrf.h"

uint8_t hal_nrf_rw(uint8_t value)
{
  RFDAT = value;
  RFSPIF = 0;     // ! IMPORTANT ! Clear RF SPI ready flag
                  // after data written to RFDAT..
  while(!RFSPIF); // wait for byte transfer finished
    ;
  return RFDAT;   // return SPI read value
}






nRF24L01P/nAN24-12/Code/src/firmware/arch/hal/nrf24lu1/hal_nrf_hw.h
/** @file
 *
 * Header file defining hardware dependent functions for nRF24LU1.
 *
 * @addtogroup nordic_hal_nrf
 *
 * @{
 * @defgroup nordic_hal_nrf_hw nRF24L01 HW dependents.
 * @{
 *
 * $Rev: 1731 $
 *
 */

#ifndef _HAL_NRF_LU1_H_
#define _HAL_NRF_LU1_H_

#include <Nordic\reg24lu1.h>

/** Macro that set radio's CSN line LOW.
 *
 */
#define CSN_LOW() do { RFCSN = 0; } while(0)

/** Macro that set radio's CSN line HIGH.
 *
 */
#define CSN_HIGH() do { RFCSN = 1; } while(0)

/** Macro that set radio's CE line LOW.
 *
 */
#define CE_LOW() do { RFCE = 0; } while(0)

/** Macro that set radio's CE line HIGH.
 *
 */
#define CE_HIGH() do { RFCE = 1; } while(0)

/** Macro that set master SPI CSN line LOW.
 *
 */
#define MCSN_LOW() do { MCSN = 0; } while(0)

/** Macro that set master SPI CSN line HIGH.
 *
 */
#define MCSN_HIGH() do { MCSN = 1; } while(0)

/**
 * Pulses the CE to nRF24L01 for at least 10 us
 */
#define CE_PULSE() do { \
  uint8_t count; \
  count = 20; \
  CE_HIGH();  \
  while(count--) \
    ; \
  CE_LOW();  \
  } while(0)

#endif

/** @} */
/** @} */




nRF24L01P/nAN24-12/Code/src/firmware/compiler/c51/stdbool.h
/** @file
 * Type definitions for firmware projects developed at Nordic semiconductor.
 *
 * Standard storage classes in C, such as @c char, @c int, and @c long, ar not always
 * interpreted in the same way by the compiler. The types here are defined by their
 * bit length and signed/unsigned property, as their name indicate. The correlation
 * between the name and properties of the storage class should be true, regardless of
 * the compiler being used.
 */
 
/* $copyright$
 *
 * $license$
 */

#ifndef __STDBOOL_H__
#define __STDBOOL_H__

//lint -strong(B,_Bool)
typedef unsigned char _Bool; ///< Boolean type

#define bool _Bool
#define true 1
#define false 0
#define __bool_true_false_are_defined 1

#endif // __STDBOOL_H__
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/** @file
 * Type definitions for firmware projects developed at Nordic semiconductor.
 *
 * Standard storage classes in C, such as @c char, @c int, and @c long, ar not always
 * interpreted in the same way by the compiler. The types here are defined by their
 * bit length and signed/unsigned property, as their name indicate. The correlation
 * between the name and properties of the storage class should be true, regardless of
 * the compiler being used.
 */
 
/* $copyright$
 *
 * $license$
 */

#ifndef __STDINT_H__
#define __STDINT_H__

#ifdef __C51__

typedef unsigned char uint8_t;        ///< 8 bit unsigned int

typedef signed char int8_t;          ///< 8 bit signed int

typedef unsigned int uint16_t;        ///< 16 bit unsigned int

typedef signed int int16_t;          ///< 16 bit signed int

typedef unsigned long uint32_t;       ///< 32 bit unsigned int

typedef signed long int32_t;         ///< 32 bit signed int

#endif // __C51__

#ifndef NULL
#define NULL (void*)0
#endif

#endif // __STDINT_H__




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/esb/application_esb.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2311 $
 */ 

/** @ingroup ESB 
 * @file
 * Application to show the functionality of the Enhanced ShockBurst mode. 
 *
 * @b PTX @b mode: 
 * - Sends a packet aprox every 100ms
 * - Accepts user interaction at Button 1:
 *   - Not pressed: Send @c 00
 *   - Pressed: Send @c 10
 * - If a ACK was recieved, blink LED2
 * - If a ACK was not recieved, blink LED3
 *
 * @b PRX @b mode:
 * - Constantly checks for data
 * - If no packet recieved in aprox 100ms, turn off all leds
 * - If a packet is recieved, turn on lights according to packet content:
 *    - 0: LED1 off
 *    - 1: LED1 on
 *
 * @author Per Kristian Schanke
 *
 */

#include "hal_nrf.h"
#include "system.h"
#include "radio.h"
#include "application_esb.h"
#include "target_includes.h"

/** The data to send in ShockBurst mode */
static xdata uint8_t pload_esb[RF_PAYLOAD_LENGTH];

void device_ptx_mode_esb(void)
{
  while(true)
  {
    // Wait til the packet is sent
    do {
      radio_irq ();
    } while((radio_get_status ()) == RF_BUSY);

    // Blink LED2 if ACK is recieved, LED3 if not
    if (((radio_get_status ()) == RF_TX_DS))
    {
      LED2_BLINK();
    }
    else
    {
      LED3_BLINK();
    }

    // Sleep 100ms
    start_timer(100);
    wait_for_timer();

    // Set up the payload according to the input button 1
    pload_esb[0] = 0;

    if(B1_PRESSED())
    {
      pload_esb[0] = 1;
    }

    //Send the packet
    radio_send_packet(pload_esb, RF_PAYLOAD_LENGTH);           
  }
}

void device_prx_mode_esb(void)
{
  CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever

  while(true)
  { 
    start_timer(110);

    // Run until either 110ms has lapsed 
    // OR there is data on the radio
    do
    {
      radio_irq ();
    } while ((radio_get_status () == RF_IDLE) && !timer_done());
    
    if ((radio_get_status ()) == RF_RX_DR)
    {
      // Get the payload from the PTX and set LED1
      if (radio_get_pload_byte (0) == 1)
      {
        LED1_ON();
      }
      else
      {
        LED1_OFF();
      }
    }
    else
    {
      LED1_OFF();
    }

    // Set radio status to idle
    radio_set_status (RF_IDLE);
  }
}




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/esb/application_esb.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2088 $
 */ 

#ifndef APPLICATION_ESB_H__
#define APPLICATION_ESB_H__

/** This function is called if the application is entering the PTX mode.
 * This is an endless loop, TX mode (PTX) function.
*/
void device_ptx_mode_esb(void);

/** This function is called if the application is entering the PRX mode.
 * This is an endless loop, RX mode (PRX) function.
*/
void device_prx_mode_esb(void);

#endif




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/esb/radio_esb.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2185 $
 */ 

/** @ingroup ESB 
 * @file
 * Initialise the radio in Enhanced ShockBurst mode. This is done by opening 
 * @b pipe0 with auto ACK and with auto retransmits.
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio_esb.h"
#include "system.h"
#include "radio.h"

void radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
{
  hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
                                                 // Pipe 0 and 1 open by default
  hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack
                                                 // Changed from sb/radio_sb.c

  hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
  hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);                 
                                                 // Enables auto retransmit.
                                                 // 3 retrans with 250ms delay
                                                 // Changed from sb/radio_sb.c

  hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
  hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
  hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
                                                 // pipe0
  
  if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
  {
    hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
  }
  else
  {
    hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
    hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
                                                 // Pipe0 expect 
                                                 // PAYLOAD_LENGTH byte payload
                                                 // PAYLOAD_LENGTH in radio.h
  }

  hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
                                                 // Defined in radio.h.
                                                 // Frequenzy = 
                                                 //        2400 + RF_CHANNEL
  hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device

  start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
  wait_for_timer();                              // power up
  
  radio_set_status (RF_IDLE);                     // Radio now ready
}  




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/esb/radio_esb.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2089 $
 */ 

#ifndef RADIO_ESB_H__
#define RADIO_ESB_H__

/** Initializes the radio in Enhanced ShockBurst mode. This mean that we enable auto-retransmit
 * and auto-acknowledgment.
 *
 * @param address The radios working address
 * @param operational_mode The operational mode, either @c HAL_NRF_PRX or @c HAL_NRF_PTX
 */
void radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);

#endif




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/l01_bfb/hal_nrf_f32x_hw.c
/* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 */

/** @file
 * MCU depenent source code for accessing the nRF24L01 radio
 *
 * @author Runar Kjellhaug
 *
 */

#include <stdint.h>
#include <Cygnal\C8051F320.h>

uint8_t hal_nrf_rw(uint8_t value)
{
  SPIDAT = value;
  while(!SPIF)                  // wait for byte transfer finished
    ;
  SPIF = 0;                     // and clear SPI flag

  return SPIDAT;                // return SPI read value.
}

void hal_spi_init(uint8_t spi_speed)
{
  SPI0CKR = spi_speed;          // Set SPI(nRF24L01) speed    

  SPI0CFG = 0x40;               // SPI Master mode
  NSSMD0 = 0;                   // 3-Wire SPI mode
  NSSMD1 = 0;                   // NSS not used..
    
  XBR0 |= 0x02;                 // XBAR SPI I/O enable
  SPIEN = 1;                 // SPI enable
}




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2132 $
 */ 

/** @file
 * Header file defining the hardware depenent interface of the C8051F320
 *
 *
 */

#ifndef HAL_NRF_HW_H__
#define HAL_NRF_HW_H__

#include <Cygnal\c8051f320.h>

sbit CSN = P0^3;  // CSN PIN for BFB
sbit CE = P0^4;   // CE PIN

/** Macro that set radio's CSN line LOW.
 *
 */
#define CSN_LOW() do {CSN = 0;} while(0)

/** Macro that set radio's CSN line HIGH.
 *
 */
#define CSN_HIGH() do {CSN = 1;} while(0)

/** Macro that set radio's CE line LOW.
 *
 */
#define CE_LOW() do {CE = 0;} while(0)

/** Macro that set radio's CE line HIGH.
 *
 */
#define CE_HIGH() do {CE = 1;} while(0)

/**
 * Pulses the CE to nRF24L01 for at least 10 us
 */
#define CE_PULSE() do { \
  uint8_t count; \
  count = 20; \
  CE_HIGH();  \
  while(count--) \
    ; \
  CE_LOW();  \
  } while(0)

#endif /* HAL_NRF_HW_H__ */



nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/l01_bfb/mcu.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2311 $
 */ 
 
/** @file
 * @ingroup L01
 * Implementation of C8051F320 hardware functions. This file implements the
 * system_init() function, that sets up hardware such as internal clocks,
 * timers, and IO ports.
 *
 * @author Per Kristian Schanke
 */
 
//#include "fap.h"
#include <Cygnal\c8051f320.h>
#include "stdint.h"
#include "stdbool.h"
#include "system.h"

static void sysclk_init(void);
static void port_init(void);
extern void hal_spi_init(uint8_t spi_speed);

//-----------------------------------------------------------------------------
// Definitions
//-----------------------------------------------------------------------------

// USB clock selections (SFR CLKSEL)
#define USB_4X_CLOCK       0x00         // Select 4x clock multiplier, for USB

// System clock selections (SFR CLKSEL)
#define SYS_INT_OSC        0x00         // Select to use internal oscillator

//-----------------------------------------------------------------------------
// Global Variable Declarations
//-----------------------------------------------------------------------------

void system_init (void)
{
  uint16_t temp;

  PCA0MD &= ~0x40;              // Disable Watchdog timer

  REG0CN |= 0x80;               // Internal Voltage Regulator Disabled

  sysclk_init();                // initialize system clock
  
  port_init();                  // configure cross bar
 
  TCON |= 0x01;                 // Int1 level triggered  xxx same as ir0 = 1

  // Radio IRQ setup
  IT0 = 1;                      // /INT0, edge sens    
  IE0 = 0;                      // clear pending interrupt  
  EX0 = 0;                      // Extern interrupt0 (nRF) enabled  
 
   // PS2 IRQ setup
  IT1 = 1;                      // Int1 edge sens
  IE1 = 0;
  EX1 = 0;                      // PS2 IRQ
  PX1=1;                        // Int1 priority bit set (ps2)    
  
  hal_spi_init(0);              // SPI Init, 3-wire mode, CK/2 speed

  temp=0xffff;                  // Waiting ...  
  while(--temp)                 // nRF radio is booting up
    ;                           // temp value can be tuned.
}

void sysclk_init (void)
{
#ifdef _USB_LOW_SPEED_
  
  OSCICN |= 0x03;                       // Configure internal oscillator for
                                        // its maximum frequency and enable
                                        // missing clock detector
  
  CLKSEL  = SYS_EXT_OSC;                // Select System clock
  CLKSEL |= USB_INT_OSC_DIV_2;          // Select USB clock
#else
  OSCICN |= 0x03;                       // Configure internal oscillator for
                                        // its maximum frequency and enable
                                        // missing clock detector
  
  CLKMUL  = 0x00;                       // Select internal oscillator as
                                        // input to clock multiplier
  
  CLKMUL |= 0x80;                       // Enable clock multiplier
  
  delay_100ms();                       // Delay for clock multiplier to begin
  
  CLKMUL |= 0xC0;                       // Initialize the clock multiplier
  
  while(!(CLKMUL & 0x20))               // Wait for multiplier to lock
    ;
  CLKSEL  = SYS_INT_OSC;                // Select system clock
  CLKSEL |= USB_4X_CLOCK;               // Select USB clock
#endif  /* _USB_LOW_SPEED_ */
}

void port_init (void)
{
  P0MDIN = 0xff;                        // Port 0 set as digital IO
  P1MDIN = 0xff;                        // Port 1 set as digital IO
  P2MDIN = 0xff;                        // Port 2 set as digital IO

  P0MDOUT = 0x8D;                       // P0.0(SCK), P0.2(MOSI), P0.3(CSN), P0.4(CE) Outputs, P0.5(IRQ) rest inputs
  P1MDOUT = 0x63;                       // P1.0(LED1), P1.1(LED2), P1.2(LED3), P1.3(LED4) Outputs, rest inputs
  P2MDOUT = 0x00;                       // P2.1(SW1), P2.2(SW2), P2.3(SW3), P2[7..4] Rotary Switch, Inputs

  P0 = 0x6A;                            // P0.3(CSN), P0.5(IRQ) High(pullups), rest low
  P1 = 0x7F;                            // P1[3..0] LEDS OFF
  P2 = 0xff;                            // P2[3..1] low(ext.pullups), P2[7..4] pullups

  XBR0 = 0x00;                          // No periferi routed to crossbar
  XBR1 |= 0x40;                         // Enable Crossbar
  IT01CF = 0x65;                        // Int0 assigned to P0.5 and Int1 assigned to P0.6
                                        // Both active low 
}
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2477 $
 */ 
 
/** @file
 * @ingroup L01
 * Target specific include directives. The file name is standardised, but the
 * contents will vary according to the target. Separate the files by locating 
 * them in different folders. The goal is to avoid the use \#ifdef for
 * conditional compilation, which is difficult to maintain and prone to errors.
 *
 * This target include contains the files for nRF24L01.
 *
 * @author Per Kristian Schanke
 */
 
#ifndef TARGET_INCLUDES_H__
#define TARGET_INCLUDES_H__

#include <Cygnal\c8051f320.h>
#include "hal_nrf.h"

#define LED_ON 0          /**< The value on the line that turn the LED on */
#define LED_OFF 1         /**< The value on the line that turn the LED off */

sbit LED1 = P1^0;         /**< LED1 on BFB */
sbit LED2 = P1^1;         /**< LED2 on BFB */
sbit LED3 = P1^2;         /**< LED3 on BFB */

sbit B1  = P2^1;          /**< Button 1 on BFB */
sbit B2  = P2^2;          /**< Button 2 on BFB */
sbit B3  = P2^3;          /**< Button 3 on BFB */

#define B_PRESSED 0       /**< The value on the line when a button is pressed*/

#define RADIO_ACTIVITY() (IE0 == 1) /**< The register on the radio indicating 
                                     * activity on the radio */

/** How to reset the activity register */
#define RESET_RADIO_ACTIVITY() (IE0 = 0)

#define INTERRUPT_T0 INTERRUPT_TIMER0  /**< Definition of interrupt names */

#define TIMER1_OVERFLOW() (TF1 == 1)   /**< Checks for overflow on timer1 */

/** This is a constant showing how many clock cycles that is counted
 * by a timer to make up 1ms.
 *
 * Calculation of this constant:@code
      Ocilatorspeed / Clock divider / 1000ms/sec
      12MHz         / 12            / 1000ms/sec = 1000
 @endcode
 */
#define CYCLES_PR_MS 1000

/** The maximum runtime in ms that a timer might run. Calculated by 
 * taking the maximum number your timer might take and divide that by
 * @b CYCLES_PR_MS. On the nRF24L01 evaluation kit this is 0xFFFF / 1000 = 
 * 65 (aprox).
 */
#define MAX_RUNTIME 65

/** This constant defines the value the timer should be set to for running for
 * the maximum time.
 */
#define MAX_TIME (0 - MAX_RUNTIME * CYCLES_PR_MS)

#define GLOBAL_INT_ENABLE() do{EA = 1;}while(0) /**< Enable all interrupts */
#define GLOBAL_INT_DISABLE() do{EA = 0;}while(0)/**< Disable all interrupts */


/** Start timer0. */
#define T0_START() do{  TR0 = 1; \
                        ET0 = 1; \
                        EA  = 1; \
                        }while(0)
/** Stop timer0. */
#define T0_STOP() do{ TR0 = 0; \
                      ET0 = 0; \
                      }while(0)
/** Start timer1. */
#define T1_START() do{  TR1 = 1; \
                        ET1 = 0; \
                        TF1 = 0; \
                        EA  = 1; \
                        }while(0)
/** Stop timer1. */
#define T1_STOP() do{ TR1 = 0; \
                      ET1 = 0; \
                      }while(0)

/** Initialise Timer 1 in mode 1 (16-bit timer) */
#define T1_MODE1() (TMOD |= 0x10)
/** Sets the low bit of timer 1 */
#define T1_SET_LB(x) (TL1 = x)
/** Sets the high bit of timer 1 */
#define T1_SET_HB(x) (TH1 = x)

#endif // TARGET_INCLUDES_H__
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2093 $
 */ 

 /** @file
 * @ingroup LU1
 * Implementation of nRF24LU1 hardware functions. This file implements the
 * system_init() function, that sets up hardware such as internal clocks,
 * timers, and IO ports.
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio.h"
#include "system.h"

void port_init(uint8_t alt, uint8_t dir, uint8_t value);

/** Function that initialises the spi bus to the radio. */
void nrf_spi_init(void);

void system_init(void)
{
  port_init(0x00, 0x38, 0x00);      // P0[2..0] outputs LED1,2,3

  USBSLP = 0x01;                    // shut down USB part...save pwr

  delay_10ms();
  WUIRQ = 1;                        // wakeup int enabled
  EA = 1;                           // global interrupt enable
  nrf_spi_init();
}

void port_init(uint8_t alt, uint8_t dir, uint8_t value)
{
  P0ALT = alt;
  P0DIR = dir;
  P0    = value;  
}

void nrf_spi_init(void)
{
  RFCKEN = 1;        // enable L01 clock
  RFCTL = 0x10;      // L01 SPI speed = max (CK/2) & SPI enable
}



nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/lu1_bfb/target_includes.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2477 $
 */ 
 
/** @file
 * @ingroup LU1
 * Target specific include directives. The file name is standardised, but the
 * contents will vary according to the target. Separate the files by locating 
 * them in different folders. The goal is to avoid the use \#ifdef for
 * conditional compilation, which is difficult to maintain and prone to errors.
 *
 * This target include contains the files for nRF24LU1.
 *
 * @author Per Kristian Schanke
 */
 
#ifndef TARGET_INCLUDES_H__
#define TARGET_INCLUDES_H__

#include <Nordic\reg24lu1.h>

#define LED_ON 1     /**< The value on the line that turn the LED on */
#define LED_OFF 0    /**< The value on the line that turn the LED off */

#define B1 P05       /**< Button 1 on BFB */
#define B2 P04       /**< Button 2 on BFB */
#define B3 P03       /**< Button 3 on BFB */

#define LED1 P00     /**< LED1 on BFB */
#define LED2 P01     /**< LED2 on BFB */
#define LED3 P02     /**< LED3 on BFB */

#define B_PRESSED 0  /**< The value on the line when a button is pressed */

#define RADIO_ACTIVITY() (RFF == 1) /**< The register on the radio indicating 
                                     * activity on the radio */

#define RESET_RADIO_ACTIVITY() (RFF = 0) /**< How to reset the activity 
                                          * register */

#define TIMER1_OVERFLOW() (TF1 == 1) /**< Checks for overflow on timer1 */

/** This is a constant showing how many clock cycles that is counted
 * by a timer to make up 1ms.
 *
 * Calculation of this constant:@code
      Ocilatorspeed / Clock divider / 1000ms/sec
      16MHz         / 12            / 1000ms/sec = 1333
 @endcode
 */
#define CYCLES_PR_MS 1333

/** The maximum runtime in ms that a timer might run. Calculated by 
 * taking the maximum number your timer might take and divide that by
 * @b CYCLES_PR_MS. On the nRF24LU1 this is 0xFFFF / 1333 = 49 (aprox).
 */
#define MAX_RUNTIME 40

/** This constant defines the value the timer should be set to for running for
 * the maximum time.
 */
#define MAX_TIME (0 - MAX_RUNTIME * CYCLES_PR_MS)

#define GLOBAL_INT_ENABLE() do{EA = 1;}while(0) /**< Enable all interrupts */
#define GLOBAL_INT_DISABLE() do{EA = 0;}while(0)/**< Disable all interrupts */


/** Start timer0. */
#define T0_START() do{  TR0 = 1; \
                        ET0 = 1; \
                        EA  = 1; \
                        }while(0)
/** Stop timer0. */
#define T0_STOP() do{ TR0 = 0; \
                      ET0 = 0; \
                      IE0 = 0; \
                      }while(0)
/** Start timer1. */
#define T1_START() do{  TR1 = 1; \
                        ET1 = 0; \
                        TF1 = 0; \
                        EA  = 1; \
                        }while(0)
/** Stop timer1. */
#define T1_STOP() do{ TR1 = 0; \
                      ET1 = 0; \
                      }while(0)

/** Initialise Timer 1 in mode 1 (16-bit timer) */
#define T1_MODE1() (TMOD |= 0x10)
/** Sets the low bit of timer 1 */
#define T1_SET_LB(x) (TL1 = x)
/** Sets the high bit of timer 1 */
#define T1_SET_HB(x) (TH1 = x)

#endif // TARGET_INCLUDES_H__




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/main.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2477 $
 */ 

/**
 * @file
 * @ingroup Main
 * This file contain the main initialisation and allows users to make their 
 * choices of operational mode. Implements a state machine through the enum 
 * @c state, the @c state_machine array, and the get_next_state() function.
 *
 * To choose between the differnt modes, after startup press:
 * - B1 for PTX mode
 *   - B1 for ShockBurst in PTX mode. Indicate with @b LED1 on
 *   - B2 for Enhanced ShockBurst in PTX mode. Indicate with @b LED2 on
 *   - B3 for Enhanced ShockBurst with Bidirectional data in PTX mode. Indicate with @b LED1 and @b LED2 on
 * - B2 for PRX mode
 *   - B1 for ShockBurst in PRX mode. Indicate with @b LED1 and @b LED3 on
 *   - B2 for Enhanced ShockBurst in PRX mode. Indicate with @b LED2 and @b LED3 on
 *   - B3 for Enhanced ShockBurst with Bidirectional data in PRX mode. Indicate with @b LED1, @b LED2 and @b LED3 on
 *
 * @author Per Kristian Schanke 
 */

#include <stdint.h>
#include <stdbool.h>

#include "hal_nrf.h"
#include "target_includes.h"

/** Contain the common radio functions, implemented in radio.c */
#include "radio.h"                
/** Contain the specific radio functions for a radio in ShockBurst, 
 * implemented in sb/radio_sb.c */
#include "sb/radio_sb.h"          
/** Contain the specific radio functions for a radio in Enhanced ShockBurst, 
 * implemented in esb/radio_esb.c */
#include "esb/radio_esb.h"        
/** Contain the specific radio functions for a radio in Enhanced ShockBurst 
 * with Bidirectional data, implemented in pl/radio_pl.c */
#include "pl/radio_pl.h"          
/** Contain the application functions for a radio in ShockBurst, 
 * implemented in sb/application_sb.c */
#include "sb/application_sb.h"    
/** Contain the application functions for a radio in Enhanced ShockBurst, 
 * implemented in esb/application_esb.c */
#include "esb/application_esb.h"  
/** Contain the application functions for a radio in Enhanced ShockBurst 
 * with Bidirectional data, implemented in pl/application_pl.c */
#include "pl/application_pl.h"    
/** Contain the functions for delays, system functions and some timers, 
 * implemented in system.c */
#include "system.h"               

/**
 * The possible states of the system.
 */
typedef enum {
  DEVICE_IDLE = 0, /**< The device is idle */
  DEVICE_PRX_IDLE, /**< The device will operate in @b PRX mode */
  DEVICE_PTX_IDLE, /**< The device will operate in @b PTX mode */
  DEVICE_PRX_SB,   /**< The device will operate in @b PRX mode with ShockBurst functionailty */
  DEVICE_PRX_ESB,  /**< The device will operate in @b PRX mode with Enhanced ShockBurst functionailty */
  DEVICE_PRX_PL,   /**< The device will operate in @b PRX mode with Enhanced ShockBurst functionailty with Bidirectional data */
  DEVICE_PTX_SB,   /**< The device will operate in @b PTX mode with ShockBurst functionailty */
  DEVICE_PTX_ESB,  /**< The device will operate in @b PTX mode with Enhanced ShockBurst functionailty */
  DEVICE_PTX_PL,   /**< The device will operate in @b PTX mode with Enhanced ShockBurst functionailty with Bidirectional data */
  NO_CHANGE        /**< No state change */
} state_t;

/**
 * The state transistion table. Indicates which state the statemachine
 * should jump to as next state. 
 *
 * Example on use:@code
  next_state = state_machine[current_state][button_pressed];
  if (next_state == NO_CHANGE)
     next_state = current_state;
 @endcode
 */
static const state_t state_machine[][3] = 
// B1               B2               B3                 CURRENT STATE
{ {DEVICE_PTX_IDLE, DEVICE_PRX_IDLE, NO_CHANGE},      /**< DEVICE_IDLE */
  {DEVICE_PRX_SB,   DEVICE_PRX_ESB,  DEVICE_PRX_PL},  /**< DEVICE_PRX_IDLE */
  {DEVICE_PTX_SB,   DEVICE_PTX_ESB,  DEVICE_PTX_PL},  /**< DEVICE_PTX_IDLE */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PRX_SB */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PRX_ESB */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PRX_PL */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PTX_SB */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PTX_ESB */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE}       /**< DEVICE_PTX_PL */
};

/** LED should be on */
#define ON  1
/** LED should be off */
#define OFF 0
/** Function should loop for 0 seconds */
#define SEK_0  0
/** Function should loop for aprox 1 seconds */
#define SEK_1 10
/** Function should loop for aprox 2 seconds */
#define SEK_2 20
/** Function should loop for aprox 3 seconds */
#define SEK_3 30

/** Defines the leds that should be turned on by the show_status() function
 * and how long the light should be on. Column 1 is LED1 ON/OFF, column 2
 * is LED2 ON/OFF, column 3 is LED3 ON/OFF, 
 * column 4 indicates wheter all light should be turned off (OFF) or if the
 * pattern already lit up should stay on (ON), column 5 is the time the lights
 * should stay in a locking loop (rounds of 100ms). 
 */ 
static const uint8_t show_state[][5] = 
//LED1, LED2, LED3, ALL off after?, Time, 
{{ON ,  ON ,  ON ,  ON,             SEK_0},  /**< DEVICE_IDLE */
 {OFF,  OFF,  ON ,  ON,             SEK_0},  /**< DEVICE_PRX_IDLE */
 {OFF,  OFF,  OFF,  ON,             SEK_0},  /**< DEVICE_PTX_IDLE */
 {ON ,  OFF,  ON ,  OFF,            SEK_3},  /**< DEVICE_PRX_SB */
 {OFF,  ON ,  ON ,  OFF,            SEK_3},  /**< DEVICE_PRX_ESB */
 {ON ,  ON ,  ON ,  OFF,            SEK_3},  /**< DEVICE_PRX_PL */
 {ON ,  OFF,  OFF,  OFF,            SEK_3},  /**< DEVICE_PTX_SB */
 {OFF,  ON ,  OFF,  OFF,            SEK_3},  /**< DEVICE_PTX_ESB */
 {ON ,  ON ,  OFF,  OFF,            SEK_3},  /**< DEVICE_PTX_PL */
};

/** The address of the radio. Parameter to the radio init */
static code const uint8_t address[HAL_NRF_AW_5BYTES] = {0x22,0x33,0x44,0x55,0x01};

/** Implementation of the state transition. Changes state based on the
 * current state and the value of a pressed button. Waits til button is released
 * before it returns.
 *
 * @param current_state The current state of the statemachine
 * @return The next state. Returns @b current_state if state_machine 
 * indicated @c NO_CHANGE
 */
static state_t get_next_state(state_t current_state);

/** Function that runs in a loop until all buttons are released.
 */
static void wait_for_button_release(void);

/** Shows the state the state_machine is in.
 */
static void show_status(state_t operation);

/** Function that initialises everything. Calls @b system_init () which is
 * hardware dependant, and @b device_boot_msg () from @b system.c.
 * It implementes a simple statemachine to handle the input from the user on 
 * the evaluation board. With two clicks, the user can choose between 
 * primary transmitter mode (PTX) and primary reciever mode (PRX), and between
 * the functionality levels ShockBurst (sb), Enchanced ShockBurst, 
 * and Enhanced ShockBurst with Bidirectional data (pl).
 */  
void main(void) 
{
  state_t current_state = DEVICE_IDLE;

  system_init();                  //Hardware dependant system initialisation
  device_boot_msg();              //Flashes LED's in a simple pattern

  GLOBAL_INT_ENABLE();            //Ensure that all interupts are turned on

  LED_ALL_OFF();                  //Turn off all lights
 
  wait_for_button_release ();     //Ensure that all buttons are released

  //Implemenation of a simple state machine. 
  while (true)
  {
    current_state = get_next_state (current_state);// Go to next state 
    wait_for_button_release ();                    // Ensure that all 
                                                   // buttons are released
    show_status (current_state);
    
    switch (current_state)
    {
      case DEVICE_IDLE:                       // No operation chosen yet
        break;

      case DEVICE_PRX_IDLE:                   // In PRX mode, but still lack 
        break;                                // functionality

      case DEVICE_PTX_IDLE:                   // In PTX mode, but still lack 
        break;                                // functionality

      case DEVICE_PRX_SB:                     // Start as PRX in ShockBurst 
        radio_sb_init (address, HAL_NRF_PRX);
        device_prx_mode_sb ();
        break;

      case DEVICE_PRX_ESB:                    // Start as PRX in Enhanced 
        radio_esb_init (address, HAL_NRF_PRX);// ShockBurst
        device_prx_mode_esb ();
        break;

      case DEVICE_PRX_PL:                     //Start as PRX in Enhanced 
        radio_pl_init (address, HAL_NRF_PRX); //ShockBurst with ACK payload
        device_prx_mode_pl ();
        break;

      case DEVICE_PTX_SB:                     //Start as PTX in ShockBurst
        radio_sb_init (address, HAL_NRF_PTX);
        device_ptx_mode_sb ();
        break;

      case DEVICE_PTX_ESB:                    //Start as PTX in Enhanced 
        radio_esb_init (address, HAL_NRF_PTX);//ShockBurst
        device_ptx_mode_esb ();
        break;

      case DEVICE_PTX_PL:                     // Start as PTX in Enhanced 
        radio_pl_init (address, HAL_NRF_PTX); // ShockBurst with ACK payload
        device_ptx_mode_pl ();
        break;

      default:                                // If in an illegal state, set to
        current_state = DEVICE_IDLE;       // default state (DEVICE_IDLE)
        break;
    }
  }
}

static state_t get_next_state (state_t current_state)
{
  state_t next_state = NO_CHANGE;

  if (B1_PRESSED())                  // Swap state according to state_machine 
  {                                  // array with button input and 
                                     // current_state as input
     next_state = state_machine[current_state][0];
  }
  else if (B2_PRESSED())
  {
     next_state = state_machine[current_state][1];
  }
  else if (B3_PRESSED())
  {
     next_state = state_machine[current_state][2];
  }

  if (next_state == NO_CHANGE)      // If no statechange should occur, return 
  {                                 // previous state
    next_state = current_state;
  }
  else                              // As it takes some time for the button to
  {                                 // stabalise as pressed, give it a short 
    delay_10ms();                   // delay to stabalise
  }

  return next_state;
}

static void wait_for_button_release (void)
{
  while (B1_PRESSED() || B2_PRESSED() || B3_PRESSED())  // Wait until all 
    ;                                                   // buttons are released
  delay_10ms();                                         // Delay to stabalise
}

static void show_status (state_t operation)
{
  uint16_t time;
  LED_ALL_OFF();

  if (show_state[operation][0] == ON)
  {
    LED1_ON();
  }
  if (show_state[operation][1] == ON)
  {
    LED2_ON();
  } 
  if (show_state[operation][2] == ON)
  {
    LED3_ON();
  } 

  // If there is to be a delay where LED's are shown, but no input is
  // accepted, delay for the period indicated in show_state[operation][4]
  if (show_state[operation][4] > 0)
  {
    time = (uint16_t)(show_state[operation][4] * 100);
    start_timer(time);
    wait_for_timer();
  }

  // If the radio goes into an operational mode, all LED's should be turned off
  // before entering that mode
  if (show_state[operation][3] == OFF)
  {
    LED_ALL_OFF();
  } 
}




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/nRF24L01.Uv2
### uVision2 Project, (C) Keil Software
### Do not modify !

Target (nRF24L01), 0x0000 // Tools: 'MCS-51'

Group (App)
Group (HAL)
Group (ShockBurst)
Group (Enhanced ShockBurst)
Group (Enhanced ShockBurst w/Bidirectional data)

File 1,1,<.\main.c><main.c>
File 1,1,<.\radio.c><radio.c>
File 1,1,<.\system.c><system.c>
File 1,1,<.\l01_bfb\mcu.c><mcu.c>
File 2,1,<..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c><hal_nrf_l01.c>
File 2,1,<.\l01_bfb\hal_nrf_f32x_hw.c><hal_nrf_f32x_hw.c>
File 3,1,<.\sb\radio_sb.c><radio_sb.c>
File 3,1,<.\sb\application_sb.c><application_sb.c>
File 4,1,<.\esb\radio_esb.c><radio_esb.c>
File 4,1,<.\esb\application_esb.c><application_esb.c>
File 5,1,<.\pl\radio_pl.c><radio_pl.c>
File 5,1,<.\pl\application_pl.c><application_pl.c>


Options 1,0,0  // Target 'nRF24L01'
 Device (C8051F320)
 Vendor (Silicon Laboratories, Inc.)
 Cpu (IRAM(0-0xFF) XRAM(0-0x7FF) IROM(0-0x3FFF) CLOCK(25000000))
 FlashUt ()
 StupF ("LIB\STARTUP.A51" ("Standard 8051 Startup Code"))
 FlashDR ()
 DevID (3574)
 Rgf (C8051F320.H)
 Mem ()
 C ()
 A ()
 RL ()
 OH ()
 DBC_IFX ()
 DBC_CMS ()
 DBC_AMS ()
 DBC_LMS ()
 UseEnv=0
 EnvBin ()
 EnvInc ()
 EnvLib ()
 EnvReg ()
 OrgReg (ÿCygnal\)
 TgStat=16
 OutDir (.\obj\)
 OutName (nRF24L01)
 GenApp=1
 GenLib=0
 GenHex=1
 Debug=1
 Browse=1
 LstDir (.\lst\)
 HexSel=0
 MG32K=0
 TGMORE=0
 RunUsr 0 0 <>
 RunUsr 1 0 <>
 BrunUsr 0 0 <>
 BrunUsr 1 0 <>
 CrunUsr 0 0 <>
 CrunUsr 1 0 <>
 SVCSID <>
 MODEL5=2
 RTOS5=0
 ROMSZ5=2
 DHOLD5=0
 XHOLD5=0
 T51FL=98416
 XT51FL=0
 CBANKS5=0
 XBANKS5=0
 RCB51 { 0,0,0,0,0,255,255,0,0 }
 RXB51 { 0,0,0,0,0,0,0,0,0 }
 OCM51 { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 OCR51 { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IRO51 { 1,0,0,0,0,0,64,0,0 }
 IRA51 { 0,0,0,0,0,0,1,0,0 }
 XRA51 { 0,0,0,0,0,0,8,0,0 }
 XRA512 { 0,0,0,0,0,0,0,0,0 }
 IROM512 { 0,0,0,0,0,0,0,0,0 }
 C51FL=21646608
 C51VA=0
 C51MSC ()
 C51DEF (nRF24L01__)
 C51UDF ()
 INCC5 (l01_bfb;..\..\..\arch\hal\include)
 AX51FL=4
 AX51MSC ()
 AX51SET ()
 AX51RST ()
 INCA5 ()
 PropFld { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IncBld=1
 AlwaysBuild=0
 GenAsm=0
 AsmAsm=0
 PublicsOnly=0
 StopCode=3
 CustArgs ()
 LibMods ()
 BankNo=65535
 LX51FL=292
 LX51OVL (?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01 !*,\~?PR?_HAL_NRF_READ_MULTIBYTE_REG?HAL_NRF_L01 !*)
 LX51MSC (REMOVEUNUSED)
 LX51DWN (15)
 LX51LFI ()
 LX51ASN ()
 LX51RES ()
 LX51CCL ()
 LX51UCL ()
 LX51CSC ()
 LX51UCS ()
 LX51COB ()
 LX51XDB ()
 LX51PDB ()
 LX51BIB ()
 LX51DAB ()
 LX51IDB ()
 LX51PRC ()
 LX51STK ()
 LX51COS ()
 LX51XDS ()
 LX51BIS ()
 LX51DAS ()
 LX51IDS ()
  OPTDL (S8051.DLL)()(DCYG.DLL)(-pCYGF320)(S8051.DLL)()(TCYG.DLL)(-pCYGF320)
  OPTDBG 49150,8,()()()()()()()()()() (BIN\SiC8051F.dll)()()()
 FLASH1 { 1,0,0,0,1,0,0,0,4,0,0,0,0,0,0,0,0,0,0,0 }
 FLASH2 (BIN\SiC8051F.dll)
 FLASH3 ("" ())
 FLASH4 ()
EndOpt





nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/nRF24LU1.Uv2
### uVision2 Project, (C) Keil Software
### Do not modify !

Target (nRF24LU1), 0x0000 // Tools: 'MCS-51'

Group (App)
Group (HAL)
Group (ShockBurst)
Group (Enhanced ShockBurst)
Group (Enhanced ShockBurst w/Bidirectional data)

File 1,1,<.\main.c><main.c>
File 1,1,<.\radio.c><radio.c>
File 1,1,<.\system.c><system.c>
File 1,1,<.\lu1_bfb\mcu.c><mcu.c>
File 2,1,<..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c><hal_nrf_l01.c>
File 2,1,<..\..\..\arch\hal\nrf24lu1\hal_nrf_hw.c><hal_nrf_hw.c>
File 3,1,<.\sb\radio_sb.c><radio_sb.c>
File 3,1,<.\sb\application_sb.c><application_sb.c>
File 4,1,<.\esb\radio_esb.c><radio_esb.c>
File 4,1,<.\esb\application_esb.c><application_esb.c>
File 5,1,<.\pl\radio_pl.c><radio_pl.c>
File 5,1,<.\pl\application_pl.c><application_pl.c>


Options 1,0,0  // Target 'nRF24LU1'
 Device (R80515 Core)
 Vendor (Cast, Inc.)
 Cpu (IRAM(0-0xFF) CLOCK(24000000) MODC2 MDU_R515)
 FlashUt ()
 StupF ("LIB\STARTUP.A51" ("Standard 8051 Startup Code"))
 FlashDR ()
 DevID (3622)
 Rgf (REG515.H)
 Mem ()
 C ()
 A ()
 RL ()
 OH ()
 DBC_IFX ()
 DBC_CMS ()
 DBC_AMS ()
 DBC_LMS ()
 UseEnv=0
 EnvBin (C:\Keil\C51\BIN\)
 EnvInc ()
 EnvLib ()
 EnvReg ()
 OrgReg (ÿCast\)
 TgStat=16
 OutDir (.\obj\)
 OutName (nRF24LU1)
 GenApp=1
 GenLib=0
 GenHex=1
 Debug=1
 Browse=1
 LstDir (.\lst\)
 HexSel=0
 MG32K=0
 TGMORE=0
 RunUsr 0 0 <>
 RunUsr 1 0 <>
 BrunUsr 0 0 <>
 BrunUsr 1 0 <>
 CrunUsr 0 0 <>
 CrunUsr 1 0 <>
 SVCSID <>
 MODEL5=0
 RTOS5=0
 ROMSZ5=2
 DHOLD5=0
 XHOLD5=0
 T51FL=671088656
 XT51FL=0
 CBANKS5=0
 XBANKS5=0
 RCB51 { 0,0,0,0,0,255,255,0,0 }
 RXB51 { 0,0,0,0,0,0,0,0,0 }
 OCM51 { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 OCR51 { 0,0,128,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IRO51 { 1,0,0,0,0,0,0,0,0 }
 IRA51 { 0,0,0,0,0,0,1,0,0 }
 XRA51 { 0,0,0,0,0,0,0,0,0 }
 XRA512 { 0,0,0,0,0,0,0,0,0 }
 IROM512 { 0,0,0,0,0,0,0,0,0 }
 C51FL=21646608
 C51VA=0
 C51MSC ()
 C51DEF (nRF24LU1__)
 C51UDF ()
 INCC5 (.\lu1_bfb;..\..\..\arch\hal\include;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1)
 AX51FL=4
 AX51MSC ()
 AX51SET ()
 AX51RST ()
 INCA5 ()
 PropFld { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IncBld=1
 AlwaysBuild=0
 GenAsm=0
 AsmAsm=0
 PublicsOnly=0
 StopCode=3
 CustArgs ()
 LibMods ()
 BankNo=65535
 LX51FL=292
 LX51OVL ()
 LX51MSC ()
 LX51DWN (15,16)
 LX51LFI ()
 LX51ASN ()
 LX51RES ()
 LX51CCL ()
 LX51UCL ()
 LX51CSC ()
 LX51UCS ()
 LX51COB ()
 LX51XDB (0X8000-0X87FF)
 LX51PDB ()
 LX51BIB ()
 LX51DAB ()
 LX51IDB ()
 LX51PRC ()
 LX51STK ()
 LX51COS ()
 LX51XDS ()
 LX51BIS ()
 LX51DAS ()
 LX51IDS ()
  OPTDL (S8051.DLL)()(DCore51.DLL)(-pR80515)(S8051.DLL)()(T500.DLL)(-p515)
  OPTDBG 49150,9,()()()()()()()()()() (C:\PROGRA~1\Fs2\Cast51\Bin\fs2keil515.dll)()()()
 FLASH1 { 1,0,0,0,1,0,0,0,4,0,0,0,0,0,0,0,0,0,0,0 }
 FLASH2 (BIN\SiC8051F.dll)
 FLASH3 ("" ())
 FLASH4 ()
EndOpt
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2311 $
 */ 

/** @ingroup PL 
 * @file
 * Application to show the functionality of the Enhanced ShockBurst mode with 
 * Bidirectional data. 
 *
 * @b PTX @b mode: 
 * - Sends a packet aprox every 100ms
 * - Accepts user interaction at Button 1
 *   - Not pressed: Send @c 00
 *   - Pressed: Send @c 10
 * - If a ACK was recieved, blink LED2
 * - If a ACK was not recieved, blink LED3
 * - If a ACK payload is recieved, turn on lights according to packet content:
 *    - 0: LED1 off
 *    - 1: LED1 on
 *
 * @b PRX @b mode:
 * - Constantly checks for data
 * - If no packet recieved in aprox 100ms, turn off all leds
 * - If a packet is recieved, turn on lights according to packet content:
 *    - 0: LED1 off
 *    - 1: LED1 on
 * - Accepts user interaction at Button 1
 *   - Not pressed: Put @c 00 in ACK payload
 *   - Pressed: Put @c 10 in ACK payload
 * - If a ACK payload was sent, blink LED2
 * - If a ACK payload was not sent, blink LED3
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "system.h"
#include "radio.h"
#include "application_pl.h"
#include "target_includes.h"

/** The data to send in ShockBurst with Bidirectional data mode */
static xdata uint8_t pload_pl[RF_PAYLOAD_LENGTH];

void device_ptx_mode_pl(void)
{
  while(true)
  {
    // Wait til the packet is sent
    do {
      radio_irq ();
    } while((radio_get_status ()) == RF_BUSY);

    // Blink LED2 if ACK is recieved, LED3 if not
    if (((radio_get_status ()) == RF_TX_DS) 
        || ((radio_get_status ()) == RF_TX_AP))
    {
      LED2_BLINK();
    }
    else
    {
      LED3_BLINK();
    }

    // If ACK payload was recieved, get the payload
    if (radio_get_status () == RF_TX_AP)
    {
      // Get the payload from the PRX and set LED1 accordingly
      if (radio_get_pload_byte (0) == 1)
      {
        LED1_ON();
      }
      else
      {
        LED1_OFF();
      }
    }

    // Sleep 100ms
    delay_100ms();

    // Set up the payload according to the input button 1
    pload_pl[0] = 0;

    if(B1_PRESSED())
    {
      pload_pl[0] = 1;
    }

    //Send the packet
    radio_send_packet(pload_pl, RF_PAYLOAD_LENGTH);           
  }
}

void device_prx_mode_pl(void)
{
  CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever

  while(true)
  { 
    // Setup and put the ACK payload on the FIFO
    pload_pl[0] = 0;

    if(B1_PRESSED())
    {
      pload_pl[0] = 1;
    }

    hal_nrf_write_ack_pload (0, pload_pl, RF_PAYLOAD_LENGTH);

    start_timer(110);
    
    // Run until either 110ms has lapsed 
    // OR there is data on the radio
    do
    {
      radio_irq ();
    } while ((radio_get_status () == RF_IDLE) && !timer_done());

    // Blink LED2 if ACK payload was sent, LED3 if not
    if ((radio_get_status ()) == RF_TX_DS
       || (radio_get_status ()) == RF_TX_AP)
    {
      LED2_BLINK();
    }
    else
    {
      LED3_BLINK();
    }

    if ((radio_get_status ()) == RF_RX_DR
       || (radio_get_status ()) == RF_TX_AP)
    {
      // Get the payload from the PTX and set LED1 accordingly
      if (radio_get_pload_byte (0) == 1)
      {
        LED1_ON();
      }
      else
      {
        LED1_OFF();
      }
    }
    else
    {
      LED1_OFF();
    }

    // Set radio status to idle
    radio_set_status (RF_IDLE);
  }

  EX0 = 1;
}
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2088 $
 */ 

#ifndef APPLICATION_PL_H__
#define APPLICATION_PL_H__

/** This function is called if the application is entering the PTX mode.
 * This is an endless loop, TX mode (PTX) function.
*/
void device_ptx_mode_pl(void);

/** This function is called if the application is entering the PRX mode.
 * This is an endless loop, RX mode (PRX) function.
*/
void device_prx_mode_pl(void);

#endif
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2185 $
 */ 

/** @ingroup PL 
 * @file
 * Initialise the radio in Enhanced ShockBurst mode with Bidirectional data. 
 * This is done by opening @b pipe0 with auto ACK and with auto retransmits. 
 * It also opens for the use of ACK payload (@b hal_nrf_enable_ack_pl()) and 
 * dynamic payload width (@b hal_nrf_enable_dynamic_pl() for general enabeling 
 * and @b hal_nrf_setup_dyn_pl() to enable on specific pipes).
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio_pl.h"
#include "system.h"
#include "radio.h"

void radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
{
  hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
                                                 // Pipe 0 and 1 open by default
  hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack 

  hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
  hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);
                                                 // Enables auto retransmit.
                                                 // 3 retrans with 250ms delay

  hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
  hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
  hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
                                                 // pipe0

/*****************************************************************************
 * Changed from esb/radio_esb.c                                              *
 * Enables:                                                                  *
 *  - ACK payload                                                            *
 *  - Dynamic payload width                                                  *
 *  - Dynamic ACK                                                            *
 *****************************************************************************/
  hal_nrf_enable_ack_pl();                       // Try to enable ack payload

  // When the features are locked, the FEATURE and DYNPD are read out 0x00
  // even after we have tried to enable ack payload. This mean that we need to
  // activate the features.
  if(hal_nrf_read_reg(FEATURE) == 0x00 && (hal_nrf_read_reg(DYNPD) == 0x00))
  {
    hal_nrf_lock_unlock ();                      // Activate features
    hal_nrf_enable_ack_pl();                     // Enables payload in ack
  }

  hal_nrf_enable_dynamic_pl();                   // Enables dynamic payload
  hal_nrf_setup_dyn_pl(ALL_PIPES);               // Sets up dynamic payload on
                                                 // all data pipes.
/*****************************************************************************
 * End changes from esb/radio_esb.c                                          *
 *****************************************************************************/
   
  if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
  {
    hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
  }
  else
  {
    hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
    hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
                                                 // Pipe0 expect 
                                                 // PAYLOAD_LENGTH byte payload
                                                 // PAYLOAD_LENGTH in radio.h
  }

  hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel
                                                 // Defined in radio.h. 
                                                 // Frequenzy = 
                                                 //        2400 + RF_CHANNEL
  hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
  
  start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
  wait_for_timer();                              // power up
  
  radio_set_status (RF_IDLE);                    // Radio now ready
}    




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/pl/radio_pl.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2089 $
 */ 

#ifndef RADIO_PL_H__
#define RADIO_PL_H__

/** For turning on dynamic payload on all pipes. Sets bits 0-6 */
#define ALL_PIPES (0x3F)

/** Initializes the radio in Enhanced ShockBurst mode with ACK payload. This mean that we 
 * enable auto-retransmit and auto-acknowledgment as in Enhanced ShockBurst, and the 
 * features auto-ack payload and dynamic payload width.
 *
 * @param address The radios working address
 * @param operational_mode The operational mode, either @c HAL_NRF_PRX or @c HAL_NRF_PTX
 */
void radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);

#endif
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2310 $
 */ 

 /** @file
 * @ingroup Main
 * Radio functions.
 *
 * This file handles all radio communication for the example application, i.e. 
 * radio_init, radio_send_packet and radio_interrupt function.
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "system.h"
#include "radio.h"
#include "target_includes.h"

/** The payload sent over the radio. Also contains the recieved data. 
 * Should be read with radio_get_pload_byte(). */
static xdata uint8_t pload[RF_PAYLOAD_LENGTH];
/** The current status of the radio. Should be set with radio_set_status(), 
 * and read with radio_get_status().
 */
static radio_status_t status;

void radio_send_packet(uint8_t *packet, uint8_t length)
{
  hal_nrf_write_tx_pload(packet, length);      // load message into radio
  
  CE_PULSE();                                 // send packet

  radio_set_status (RF_BUSY);                 // trans. in progress; RF_BUSY
}

radio_status_t radio_get_status (void)
{
  return status;
}

uint8_t radio_get_pload_byte (uint8_t byte_index)
{
  return pload[byte_index];
}

void radio_set_status (radio_status_t new_status)
{
  status = new_status;
}

void radio_irq(void) 
{
  if (RADIO_ACTIVITY())                         // Check if an interupt is
  {                                             // triggered
    switch(hal_nrf_get_clear_irq_flags ())
    {
      case (1<<HAL_NRF_MAX_RT):                 // Max retries reached
        hal_nrf_flush_tx();                     // flush tx fifo, avoid fifo jam
        radio_set_status (RF_MAX_RT);
        break;
      
      case (1<<HAL_NRF_TX_DS):                  // Packet sent
        radio_set_status (RF_TX_DS);
        break;
      
      case (1<<HAL_NRF_RX_DR):                  // Packet received
        while (!hal_nrf_rx_fifo_empty ())
        {
          hal_nrf_read_rx_pload(pload);
        }
        radio_set_status (RF_RX_DR);
        break;
  
      case ((1<<HAL_NRF_RX_DR)|(1<<HAL_NRF_TX_DS)): // Ack payload recieved
        while (!hal_nrf_rx_fifo_empty ())
        {
          hal_nrf_read_rx_pload(pload);
        }
        radio_set_status (RF_TX_AP);
        break;
  
      default:
        break;    
    }

    RESET_RADIO_ACTIVITY();
  }
}
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2310 $
 */ 

#ifndef RADIO_H__
#define RADIO_H__
 
 /** @file
 * @ingroup main
 * Radio header file for the nRF24LU1 example application
 * 
 * @author Per Kristian Schanke
 */

/** Defines the channel the radio should operate on*/
#define RF_CHANNEL 40

/** Defines the time it takes for the radio to come up to operational mode */
#define RF_POWER_UP_DELAY 2

/** Defines the payload length the radio should use */
#define RF_PAYLOAD_LENGTH 10                           

/** Defines how many retransmitts that should be performed */
#define RF_RETRANSMITS 15

/** Defines the retransmit delay. Should be a multiple of 250. If the 
 * RF_PAYLOAD_LENGTH is larger than 18, a higher retransmitt delay need to
 * be set. This is because both the original package and ACK payload will
 * be of this size. When the ACK payload exeedes 18 byte, it will not be able
 * to recieve the full ACK in the ordinary 250 mikroseconds, so the delay
 * will need to be increased. */
#if (RF_PAYLOAD_LENGTH <= 18)
#define RF_RETRANS_DELAY 250
#else
#define RF_RETRANS_DELAY 500
#endif

/** Enumerates the different states the radio may
 * be in.
 */
typedef enum {
  RF_IDLE,    /**< Radio is idle */
  RF_MAX_RT,  /**< Maximum number of retries have occured */
  RF_TX_DS,   /**< Data is sent */
  RF_RX_DR,   /**< Data recieved */
  RF_TX_AP,   /**< Ack payload recieved */
  RF_BUSY     /**< Radio is busy */
} radio_status_t;

/** Get the current status of the radio.
 *
 * @return Status of the radio. May be one of:
 * @retval RF_IDLE   Radio is idle
 * @retval RF_MAX_RT Maximum number of retries have occured
 * @retval RF_TX_DS  The data are sent
 * @retval RF_RX_DR  Data is recieved
 * @retval RF_TX_AP  Ack payload recieved
 * @retval RF_BUSY   Radio is busy
 */
radio_status_t radio_get_status (void);

/** Sets the status of the radio. Input parameter is
 * checked to see if it is allowed.
 *
 * @param new_status The new status of the radio
 */
void radio_set_status (radio_status_t new_status);

/** Gets the bit at position @a byte_index in @b pload. 
 *
 * @param byte_index The index of the bit
 * @return The value of @b pload[byte_index]
 */
uint8_t radio_get_pload_byte (uint8_t byte_index);

/** This function load the data to be sent into the radio, sends it, and waits for
 * the response.
 * @param packet The data to send. Maximum 2 byte
 * @param length The length of the data
*/
void radio_send_packet(uint8_t *packet, uint8_t length);

/** This function reads the interrupts. It does the work
 * of a interrupt handler by manually reading the interrupt
 * flags and act on them. Sets the status with \
 */
void radio_irq (void);

#endif
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2311 $
 */ 

/** @ingroup SB 
 * @file
 * Application to show the functionality of the ShockBurst mode. 
 *
 * @b PTX @b mode: 
 * - Sends a packet aprox every 100ms
 * - Accepts user interaction at Button 1:
 *   - Not pressed: Send @c 00
 *   - Pressed: Send @c 10
 *
 * @b PRX @b mode:
 * - Constantly checks for data
 * - If no packet recieved in aprox 100ms, turn off all leds
 * - If a packet is recieved, turn on lights according to packet content:
 *    - 0: LED1 off
 *    - 1: LED1 on
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "system.h"
#include "radio.h"
#include "application_sb.h"
#include "target_includes.h"

/** The data to send in ShockBurst mode */
static xdata uint8_t pload_sb[RF_PAYLOAD_LENGTH];

void device_ptx_mode_sb(void)
{
  while(true)
  {
    // Wait til the packet is sent
    do {
      radio_irq ();
    } while((radio_get_status ()) == RF_BUSY);

    // Sleep 100ms
    start_timer(100);
    wait_for_timer();

    // Set up the payload according to the input button 1
    pload_sb[0] = 0;

    if(B1_PRESSED())
    {
      pload_sb[0] = 1;
    }

    //Send the packet
    radio_send_packet(pload_sb, RF_PAYLOAD_LENGTH);           
  }
}

void device_prx_mode_sb(void)
{
  CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever

  while(true)
  { 
    start_timer(110);

    // Run until either 110ms has lapsed 
    // OR there is data on the radio
    do
    {
      radio_irq ();
    } while ((radio_get_status() == RF_IDLE) && !timer_done());

    if ((radio_get_status ()) == RF_RX_DR)
    {
      // Get the payload from the PTX and set LED1 accordingly
      if (radio_get_pload_byte(0) == 1)
      {
        LED1_ON();
      }
      else
      {
        LED1_OFF();
      }
    }
    else
    {
      LED1_OFF();
    }

    // Set radio status to idle
    radio_set_status(RF_IDLE);
  }
}
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2088 $
 */ 

#ifndef APPLICATION_SB_H__
#define APPLICATION_SB_H__

/** This function is called if the application is entering the PTX mode.
 * This is an endless loop, TX mode (PTX) function.
*/
void device_ptx_mode_sb(void);

/** This function is called if the application is entering the PRX mode.
 * This is an endless loop, RX mode (PRX) function.
*/
void device_prx_mode_sb(void);

#endif
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2310 $
 */ 

/** @ingroup SB 
 * @file
 * Initialise the radio in ShockBurst mode. This is done by opening @b pipe0 
 * without auto ACK and disabeling auto retransmits.
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio_sb.h"
#include "system.h"
#include "radio.h"

void radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
{
  hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
                                                 // Pipe 0 and 1 open by default
  hal_nrf_open_pipe(HAL_NRF_PIPE0, false);       // Open pipe0, without/autoack

  hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
  hal_nrf_set_auto_retr(0, RF_RETRANS_DELAY);    // Disables auto retransmit

  hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
  hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
  hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
                                                 // pipe0  
  
  if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
  {
    hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
  }
  else
  {
    hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
    hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
                                                 // Pipe0 expect 
                                                 // PAYLOAD_LENGTH byte payload
                                                 // PAYLOAD_LENGTH in radio.h
  }

  hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
                                                 // Defined in radio.h. 
                                                 // Frequenzy = 
                                                 //        2400 + RF_CHANNEL
  hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device

//hal_nrf_set_datarate(HAL_NRF_1MBPS);           // Uncomment this line for 
                                                 // compatibility with nRF2401 
                                                 // and nRF24E1

  start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
  wait_for_timer();                              // power up

  radio_set_status (RF_IDLE);                    // Radio now ready
}                                                
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 *
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#ifndef RADIO_SB_H__
#define RADIO_SB_H__

/** Initializes the radio in ShockBurst mode. This mean that there are no auto-retransmit
 * or auto-acknowledgment enabled.
 *
 * @param address The radios working address
 * @param operational_mode The operational mode, either @c HAL_NRF_PRX or @c HAL_NRF_PTX
 */
void radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);

#endif
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 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2310 $
 */ 

 /** @file
 * @ingroup Main
 * @ingroup hwdep
 * System level functions: Timers, port setup, interrupt handlers, and other 
 * system functions.
 * 
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio.h"
#include "system.h"
#include "target_includes.h"

/** Indicates which LED is set to blink. */
volatile uint8_t led_blink;
/** How many times timer 1 should be restarted to be able to run for the
 * wanted amount of time.
 */
static uint8_t timer_rounds;

/** Starts timer 1.
 * 
 * @param time The runtime in timer cycles
 */
static void run_timer (uint16_t time);

void device_boot_msg(void)
{
  uint8_t ctr;

  for(ctr=0;ctr<3;ctr++)
  {
    LED1_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

    LED2_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

    LED3_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

    LED2_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

    LED1_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

  }
}

void delay_10ms(void)
{
  start_timer(10);
  wait_for_timer();
}

void delay_100ms(void)
{
  start_timer(100);
  wait_for_timer();
}

/** Interrupt handler for timer0.
 * Turns off all blinking LED's. Hardware dependant in setting up
 * timers and interrupt vector.
 */
void t0_ov_interrupt(void) interrupt INTERRUPT_T0
{
  TR0 = 0;                          // stop timer0
  TL0 = 0xE9;                       // reload timer..
  TH0 = 0xCB;

  if (led_blink & (1<<LED1_INDEX))
  {
    LED1_OFF();
  }
  if (led_blink & (1<<LED2_INDEX))
  {
    LED2_OFF();
  }
  if (led_blink & (1<<LED3_INDEX))
  {
    LED3_OFF();
  }

  led_blink = 0;
}

void start_timer (uint16_t time)
{
  uint16_t setuptime;
  uint16_t firstruntime;

  firstruntime = (uint16_t)(time % MAX_RUNTIME);

  setuptime = 0 - (firstruntime * CYCLES_PR_MS);
  time -= firstruntime;
  timer_rounds = (uint8_t)(time / MAX_RUNTIME) + 1;

  if (setuptime == 0)
  {
    setuptime = MAX_TIME;
    timer_rounds--;
  }

  run_timer (setuptime);
}

static void run_timer (uint16_t time)
{
  if (time != 0)
  {
    T1_MODE1(); // Setting up mode 1 on timer 1 (16-bit timer) 
    T1_SET_LB((uint8_t)time);
    T1_SET_HB((uint8_t)(time >> 8));
    T1_START();
  }
}

void wait_for_timer (void)
{
  while (timer_rounds > 0)
  {
    while (!TIMER1_OVERFLOW())
      ;

    timer_rounds--;

    if (timer_rounds > 0)
    {
      run_timer (MAX_TIME);
    }
  }

  T1_STOP();
}

bool timer_done (void)
{
  bool retval = false;

  if (TIMER1_OVERFLOW())
  {
    timer_rounds--;

    if (timer_rounds > 0)
    {
      run_timer (MAX_TIME);
    }
    else
    {
      retval = true;
      T1_STOP();
    }
  }

  return retval;
}




nRF24L01P/nAN24-12/Code/src/firmware/prod/appnote/nan24-12/system.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2129 $
 */ 
 
 /** @file
 */
#ifndef SYSTEM_H__
#define SYSTEM_H__

extern volatile uint8_t led_blink;

/** Enumeration of the LED's to be used to 
 * indicate which bit in @b led_blink that 
 * indicate which LED. */
enum {
 LED1_INDEX,
 LED2_INDEX,
 LED3_INDEX
};

//lint -e717
#define LED1_ON() do{LED1 = LED_ON;}while(0) /**< Turn on LED1 */
#define LED2_ON() do{LED2 = LED_ON;}while(0) /**< Turn on LED2 */
#define LED3_ON() do{LED3 = LED_ON;}while(0) /**< Turn on LED3 */

#define LED1_OFF() do{LED1 = LED_OFF;}while(0) /**< Turn off LED1 */
#define LED2_OFF() do{LED2 = LED_OFF;}while(0) /**< Turn off LED2 */
#define LED3_OFF() do{LED3 = LED_OFF;}while(0) /**< Turn off LED3 */

/** Turn off all LED's */
#define LED_ALL_OFF() do{ LED1_OFF(); \
                          LED2_OFF(); \
                          LED3_OFF(); \
                         }while(0)

/** Initialize LED1 blinking. Enables timer0 interrupts to stop the blinking. */
#define LED1_BLINK() do{  LED1_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED1_INDEX); \
                          }while(0)
/** Initialize LED2 blinking. Enables timer0 interrupts to stop the blinking. */
#define LED2_BLINK() do{  LED2_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED2_INDEX); \
                          }while(0)
/** Initialize LED3 blinking. Enables timer0 interrupts to stop the blinking. */
#define LED3_BLINK() do{  LED3_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED3_INDEX); \
                          }while(0)

/** Checks whether B1 is pressed or not */
#define B1_PRESSED() (B1 == B_PRESSED)
/** Checks whether B2 is pressed or not */
#define B2_PRESSED() (B2 == B_PRESSED)
/** Checks whether B3 is pressed or not */
#define B3_PRESSED() (B3 == B_PRESSED)

void system_init(void);       /**< Initialise the timers, ports, interupts, etc */
void device_boot_msg(void);   /**< Runs a LED pattern to indicate startup */
void delay_10ms(void);        /**< Delay of aprox 10ms */
void delay_100ms(void);       /**< Delay of aprox 100ms */

/** Starts a timer that runs @a time ms. As it is only possible to run for aprox
 * 50ms using the internal timers, anything above 50ms is done by restarting the
 * counter. To restart the counter, either wait_for_timer() or timer_done() should
 * be called. These check the timer and restart it if needed.
 *
 * @param time How many ms you want the timer to run 
 */
void start_timer(uint16_t time); 

/** Runs a loop that waits for the timer to be done. 
 * Restarts the timer if needed */
void wait_for_timer(void); 

/** Checks the timer flags and return the status. Restarts the timer if needed.
 * 
 * @return If the clock is done or not
 * @retval true clock is done
 * @retval false clock is not done
 */
bool timer_done (void);    

#endif // SYSTEM_H__
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1       Introduction


This document uses software examples to describe how to use ShockBurst™ (SB), Enhanced Shock-
Burst™ (ESB) and Enhanced ShockBurst™ with Bidirectional data (PL), to transfer button status from one 
device to another. Also described in this document is how to port code to other hardware platforms. 


The nAN24-12SW package contains source code that helps you set up the nRF24L01 and nRF24LU1 in 
the ShockBurst™ modes. The source code is written in C and contains all the files necessary for setting up 
the devices using only the Hardware Abstraction Layer (HAL). The source code can also be used as a ref-
erence when you are developing your own application.


You will need two Basic Feature Boards (BFB), which are included in the nRF24L01 and nRF24LU1 devel-
opment kits, programmed with the nAN24-12 firmware to run the application. 


nRF24L01 and nRF24LU1 use the following hex files for demonstration when plugged into the BFB:


• Basic Feature Board with C8051F320 + nRF24L01: nRF24L01.hex
• Basic Feature Board with nRF24LU1: nRF24LU1.hex


The BFB must be powered on, but does not need to be connected to any peripherals to run the application 
example. The buttons and LEDs on the BFB are used for user input and output.


1.1        Prerequisites


In order to fully understand the application note, a good knowledge of electronic and software engineering 
is required.


1.2        Writing conventions


This application note follows a set of typographic rules that makes the document consistent and easy to 
read. The following writing conventions are used:


• Commands and code are written in Courier.


• File names are written in bold.


• Cross references are underlined and highlighted in blue.
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2       nAN24-12 contents and requirements


This chapter describes the contents of the nAN24-12SW package and the hardware that is required for 
demonstrating the different operational modes. Refer to chapter 6 for information on porting the source 
code to other hardware architectures.


2.1        Contents


The software package contains the following files:


• Documentation (/doc)
nAN24-12 Application Note
Windows help file (help.chm)


• Source code (/src)
The Keil project files for both nRF24L01 and nRF24LU1
Complete source code for the application
Complete source code for the necessary HAL libraries


• Firmware files (/hex)
The pre-compiled hex files for nRF24L01 and nRF24LU1


2.2        Required software


The application has been tested and compiled on KEIL µVision3 3.53.


2.2.1        nRF24L01 specific software


To program the SiLabs C8051F320 MCU, which is part of the nRF24L01 development kit, you can use 
either the built in functionality in the Keil software package or you can download the Flash Programming 
Utilities from SiLabs: http://www.silabs.com


2.2.2        nRF24LU1 specific software


Refer to the documentation for the nRF24LU1 Development Kit on how to program the nRF24LU1.


2.3        Required hardware


To work out of the box, this application needs either the development kit for nRF24L01 or nRF24LU1. 


2.3.1        nRF24L01 specific hardware


To program the nRF24L01 development kit you need a programmer that supports the SiLabs C8051F320 
MCU. The low cost USB debug adapter from SiLabs has been used during the development: http://
www.silabs.com


You need to solder the four pin programming/debug interface on the dongle to a simple interface to support 
the 10 pin connector on the USB debug adapter. See Figure 1. for the schematic.
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 Figure 1. SiLabs modification


2.3.2        nRF24LU1 specific hardware


All the necessary hardware for the nRF24LU1 is included in the nRF24LU1 Development Kit.


1 1


+


1k


1k


10µF


Silabs C2
adapter interface
(10 pin interface)


MCU module (J2)
for nRF24L01


development kit
(4 pin interface)


GND


VCC


C2DAT


C2CLK

Revision 1.0 Page 6 of 22







Software examples using ShockBurst™ modes in                                        


nRF24L01 and nRF24LU1 
3       SW architecture


The software (SW) architecture is shown in Figure 2. A source and header file represent each block. See 
the help documentation for more information on the prototypes and macros.


 Figure 2. SW Architecture


3.1        Main


The main application is a state machine controlling your choices of operational modes and initialization. It 
starts up, initializes the microcontroller, and waits for you to select the application mode before initializing 
the radio and starting the application. After starting the application, the main application releases all con-
trol.


The main application defines the following prototypes and typedefs:


Prototypes:


state_t get_next_state (state_t current_state);
void wait_for_button_release (void);
void show_status (state_t operation);
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Typedef:


enum {
  DEVICE_IDLE = 0,
  DEVICE_PRX_IDLE,
  DEVICE_PTX_IDLE,
  DEVICE_PRX_SB,  
  DEVICE_PRX_ESB, 
  DEVICE_PRX_PL,  
  DEVICE_PTX_SB,  
  DEVICE_PTX_ESB, 
  DEVICE_PTX_PL,  
  NO_CHANGE
} state_t;


3.2        Application


The application handles the logic of the program. It contains the logic for both the Primary Transceiver 
(PTX) and the Primary Receiver (PRX) in separate functions. There is one implementation for each of the 
operational modes.


The application defines the following external prototypes:


Prototypes (ShockBurst™):


void device_ptx_mode_sb (void);
void device_prx_mode_sb (void);


Prototypes (Enhanced ShockBurst™):


void device_ptx_mode_esb (void);
void device_prx_mode_esb (void);


Prototypes (Enhanced ShockBurst™ with bidirectional data):


void device_ptx_mode_pl (void);
void device_prx_mode_pl (void);
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3.3        System


The system controls the interface to the MCU and the development kit. All hardware interaction is per-
formed through these functions.


The following external prototypes and macros are defined in the system:


Prototypes:


void device_boot_msg (void);
void delay_10ms (void); 
void delay_100ms (void);
void start_timer (uint16_t time);
void wait_for_timer (void);
bool timer_done (void);


Macros:


LEDx_ON (); (One each for LED1, LED2 and LED3)
LEDx_OFF (); (One each for LED1, LED2 and LED3)
LEDx_BLINK (); (One each for LED1, LED2 and LED3)
LED_ALL_OFF ();
T0_START ();
T0_STOP ();
T1_START ();
T1_STOP ();


3.4        Radio


The radio contains all the necessary functions to send and receive packages. Each operation mode 
(ShockBurst™, Enhanced ShockBurst™, and Enhanced ShockBurst™ with bidirectional data) has a sepa-
rate initiation function.


The radio defines the following external prototypes, constants and typedefs:


Prototypes:


void radio_send_packet (uint8_t *packet, uint8_t length);
radio_status_t radio_get_status (void);
void radio_set_status (void);
uint8_t radio_get_pload_byte (uint8_t byte_index);
void radio_irq (void);


ShockBurst™:


void radio_init_sb (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);


Enhanced ShockBurst™:


void radio_init_esb (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);
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Enhanced ShockBurst™ with bidirectional data:


void radio_init_pl (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);


Constants:


RF_CHANNEL 40;
RF_POWER_UP_DELAY 2;
PAYLOAD_LENGTH 2;
RF_RETRANSMITS 15;
RF_TRANS_DELAY 250;


Typedef:


enum {
  RF_IDLE,    
  RF_MAX_RT,  
  RF_TX_DS,   
  RF_RX_DR,   
  RF_TX_AP,   
  RF_BUSY     
} radio_status_t;


3.5        nRF HAL


The nRF HAL (Hardware Abstraction Layer) contains all the functions that abstracts communication with 
the selected radio. These are specific for the chosen radio, but implement the same interface, hal_nrf.h.
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4       Structure


The source code is divided into logical parts for easy reading. To enable easy porting to different hardware 
platforms, the hardware specific files are placed in separate subfolders for each architecture. The default 
supported platforms are:


• SiLabs C8051F320+nRF24L01
• nRF24LU1


There are also separate folders for each operational mode (ShockBurst™, Enhanced ShockBurst™, and 
Enhanced ShockBurst™ with bidirectional data)


For information on porting, see chapter 6.


 Figure 3. File and folder structure
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5       Application


This chapter describes how to operate the application. How to choose an operational mode is described in 
section 5.1.The different operational modes are described in sections 5.2  to section 5.4.


5.1        Easy setup for demonstration


Figure 4. shows how to set up a board in each mode. The first step is to choose between PTX and PRX 
mode and the second step is to set up the desired operation mode. For example, the board can be set up 
to PTX ShockBurst™ mode by pressing Button 1 twice. After you set up the operation mode, the LED 
stays lit for three seconds to indicate that the set up is successful.


 Figure 4. Setting up the board for demonstration


 Table 1. LED status of each mode


Mode LED status
LED 1 LED 2 LED 3
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PTX OFF OFF OFF
PRX OFF OFF ON
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 Figure 5. nRF24LU1 Basic Feature Board (BFB)


5.2        ShockBurst™


You can set up the PTX and PRX to ShockBurst™ with no advanced features enabled. The PTX is config-
ured without auto retransmit, and the PRX is configured without auto ack. ShockBurst™ is used to broad-
cast data.


ShockBurst™ is demonstrated by pressing Button 1 on the PTX which then turns on the LED 1 on the 
PRX.


See Figure 6. (a) for the flow of PTX in ShockBurst™. Press Button 1 twice to get to this mode.  


See Figure 6. (b) for the flow of PRX in ShockBurst™. Press Button 2 followed by Button 1 to get to this 
mode.
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 Figure 6. Application flow in ShockBurst™
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5.3        Enhanced ShockBurst™


You can set up the PTX and PRX to Enhanced ShockBurst™ with advanced features enabled. The PTX is 
configured with auto retransmit, and the PRX is configured with auto acknowledgement. 


The advantages of using Enhanced ShockBurst™ are:


• One way communication.
• Auto acknowledge and auto retransmit data.


Enhanced ShockBurst™ is demonstrated by pressing Button 1 on the PTX, which then turns on LED 1 on 
the PRX. The PTX indicates successfully sent data by turning LED 2 on, or if max retransmission occurs 
this is indicated by the PTX turning LED 3 on.


See Figure 7. (a) for the flow of PTX in Enhanced ShockBurst™. Press Button 1 followed by Button 2 to 
get to this mode.


See Figure 7. (b) for the flow of PRX in Enhanced ShockBurst™. Press Button 2 twice to get to this mode.
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 Figure 7. Application flow in Enhanced ShockBurst™
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5.4        Enhanced ShockBurst™ with bidirectional data


You can set up the PTX and PRX to Enhanced ShockBurst™ with advanced features enabled. The PTX is 
configured with auto retransmit and ack payload, and the PRX is configured with auto ack and ack pay-
load. 


The advantages of using the Enhanced ShockBurst™ with bidirectional data are:


• Bidirectional communication
• Auto acknowledge and auto retransmit data
• Dynamic payload length
• Payload with acknowledgement


Enhanced ShockBurst™ with Bidirectional data is demonstrated by pressing either Button 1 on the PTX, 
which then turns on LED 1 on the PRX or, by pressing Button 1 on the PRX, which then turns on LED1 on 
the PTX. Both the PTX and the PRX indicate successfully sent data by turning LED 2 on, or if max retrans-
mission occurs this is indicated by LED 3 on.


See Figure 8. (a) for the flow of PTX in Enhanced ShockBurst™ with Bidirectional data. Press Button 1 fol-
lowed by Button 3 to get to this mode.


See Figure 8. (b) for the flow of PRX in Enhanced ShockBurst™ with Bidirectional data. Press Button 2 fol-
lowed by Button 3 to get to this mode.
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 Figure 8. Application flow in Enhanced ShockBurst™ with bidirectional data
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6       Porting the source code to another hardware architecture


You must re-map the hardware to port this application to another hardware architecture. Most of the hard-
ware dependent parts of the code are in the MCU specific subfolders. The hardware dependent files for the 
nRF24LU1 are located in the lu1_bfb folder. The hardware dependent files for the nRF24L01 are located 
in the l01_bfb folder. When porting to another MCU, a new folder must be made containing the following 
files:


• mcu.c
• target_includes.h


If you want a new Keil project, you should base it on the nRF24LU1.uV2 with the following changes:


1. Update the device architecture to your target device.
2. Name of the compiled hex file should reflect the architecture.
3. Paths should include:


a.The new folder for the MCU.
b.The correct HAL library for the radio architecture.


4. Update the HAL group to contain the HAL files for the architecture.
a. hal_nrf_hw.c (implementation of hal_nrf_rw from hal_nrf.h).
b. hal_nrf_x.c (x indicating MCU. Implementation of hal_nrf.h).


6.1        mcu.c


This file needs one function: void system_init (void); This function should set up three inputs and 
three outputs (B1-3 and LED1-3 respectively).


6.2        target_includes.h


This file contains most of the hardware dependent settings. The hardware abstractions that must be ported 
are in Table 2.


Name Description
LED_ON The value that should be sent on the output to turn on a LED
LED_OFF The value that should be sent on the output to turn off a LED
LED1 Address of LED1 (bit address)
LED2 Address of LED2 (bit address)
LED3 Address of LED3 (bit address)
B1 Address of B1 (bit address)
B2 Address of B2 (bit address)
B3 Address of B3 (bit address)
B_PRESSED Value on input that indicate button pressed
RADIO_ACTIVITY The way to check if the radio is active without using interrupts
RESET_RADIO_ACTIVITY How to reset the radio detection so that a new packet can be 


detected
TIMER1_OVERFLOW Check for Timer 1 overflow
CYCLES_PR_MS The number clock cycles a timer counts that make up a millisec-


ond
MAX_RUNTIME How many milliseconds the timer can run on a 16-bit counter 


(0xFF / CYCLES_PR_MS)
GLOBAL_INT_ENABLE Enables all interrupts
GLOBAL_INT_DISABLE Disables all interrupts
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                         Application Note

 Table 2. Hardware dependencies


6.3        Interrupt


If the MCU does not have an interrupt vector for timer 0, some of the LED functionality will not work. The 
workaround for this problem is to change the LEDx_BLINK functions in system.h to call LEDx_TOGGLE 
instead and remove the t0_ov_interrupt() function from system.c.


No other interrupts are used in this application. The interrupt status for timer 1 and radio are polled, but not 
handled as interrupts.


T0_START Starts Timer 0
T0_STOP Stops Timer 0
T1_START Starts Timer 1
T1_STOP Stops Timer 1
T1_MODE1 Sets timer 1 up in mode 1 (16-bit timer)
T1_SET_LB Sets the low byte on timer 1
T1_SET_HB Sets the high byte on timer 1
INTERRUPT_T0 The interrupt vector for timer 0


Name Description
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nRF24L01 and nRF24LU1 
7       Troubleshoot


Q: The board does not flash after I reset. What could be the problem?


A: There could be two reasons why this is happening:


i. The board may not be powered up. In this case, ensure that the board is powered up through either 
the USB or the battery. 


ii. The program may not be loaded. In this case, flash the development kit with the correct HEX file for 
your MCU and radio.


Q: LED 1 on the receiver does not light up when I press Button 1 on the transmitter. What could be the 
problem?


A: There could be three reasons why this is happening: 


i. The button may not be fully pressed. In this case, press the button harder.


ii. The receiver or transmitter may not be powered up. In this case, power up and configure.


iii. The receiver and transmitter are in non-compatible operational modes. Restart and configure to the 
correct operational mode.


Q: ACK is not receiving on the transmitter (LED 3 flashing).


A: There could be two reasons why this is happening:


i. The receiver may be out of range. In this case, bring the receiver into range.


ii. The receiver is in a different operational mode. In this case, restart and configure to correct opera-
tional mode.

Revision 1.0 Page 21 of 22







Software examples using ShockBurst™ modes in                                        


nRF24L01 and nRF24LU1 
8       Glossary of terms


Term Definition
ACK Acknowledgment
BFB Basic Feature Board
Enhanced ShockBurst™ (ESB) A packet based data link layer that features automatic packet 


assembly and timing, automatic acknowledgement and retrans-
missions of packets.


Enhanced ShockBurst™ with Bidi-
rectional data (PL)


A packet based data link layer that features automatic packet 
assembly and timing, automatic acknowledgement, retransmis-
sions of packets and transmission of data from PRX to PTX in 
ACK so that no mode change is required.


HAL Hardware Abstraction Layer 
HW Hardware
MCU Microcontroller
PRX Primary receiver
PTX Primary transceiver
SDK Software Development Kit
ShockBurst™ (SB) This mode gives you automatic packet transmission at a high 


data rate.
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main.c File Reference


This file contain the main initialisation and allows users to make their choices of operational mode. More...

#include <stdint.h>

#include <stdbool.h>

#include "hal_nrf.h"

#include "target_includes.h"

#include "radio.h"

#include "sb/radio_sb.h"

#include "esb/radio_esb.h"

#include "pl/radio_pl.h"

#include "sb/application_sb.h"

#include "esb/application_esb.h"

#include "pl/application_pl.h"

#include "system.h"






Go to the source code of this file.			


			
Defines





			#define 			OFF   0


			 			LED should be off.  



			#define 			ON   1


			 			LED should be on.  



			#define 			SEK_0   0


			 			Function should loop for 0 seconds.  



			#define 			SEK_1   10


			 			Function should loop for aprox 1 seconds.  



			#define 			SEK_2   20


			 			Function should loop for aprox 2 seconds.  



			#define 			SEK_3   30


			 			Function should loop for aprox 3 seconds.  



			
Enumerations





			enum  			state_t { 

  DEVICE_IDLE =  0, 
DEVICE_PRX_IDLE, 
DEVICE_PTX_IDLE, 
DEVICE_PRX_SB, 


  DEVICE_PRX_ESB, 
DEVICE_PRX_PL, 
DEVICE_PTX_SB, 
DEVICE_PTX_ESB, 


  DEVICE_PTX_PL, 
NO_CHANGE


 }


			 			Contain the common radio functions, implemented in radio.c.  More...



			
Functions





			static state_t 			get_next_state (state_t current_state)


			 			Implementation of the state transition.  



			void 			main (void)


			 			Function that initialises everything.  



			static void 			show_status (state_t operation)


			 			Shows the state the state_machine is in.  



			static void 			wait_for_button_release (void)


			 			Function that runs in a loop until all buttons are released.  



			
Variables





			static code const uint8_t 			address [HAL_NRF_AW_5BYTES] = {0x22,0x33,0x44,0x55,0x01}


			 			The address of the radio.  



			static const uint8_t 			show_state [][5]


			 			Defines the leds that should be turned on by the show_status() function and how long the light should be on.  



			static const state_t 			state_machine [][3]


			 			The state transistion table.  











Detailed Description



This file contain the main initialisation and allows users to make their choices of operational mode. 

Implements a state machine through the enum state, the state_machine array, and the get_next_state() function.



To choose between the differnt modes, after startup press:


			B1 for PTX mode			B1 for ShockBurst in PTX mode. Indicate with LED1 on


			B2 for Enhanced ShockBurst in PTX mode. Indicate with LED2 on


			B3 for Enhanced ShockBurst with Bidirectional data in PTX mode. Indicate with LED1 and LED2 on









			B2 for PRX mode			B1 for ShockBurst in PRX mode. Indicate with LED1 and LED3 on


			B2 for Enhanced ShockBurst in PRX mode. Indicate with LED2 and LED3 on


			B3 for Enhanced ShockBurst with Bidirectional data in PRX mode. Indicate with LED1, LED2 and LED3 on

















			Author:


			Per Kristian Schanke 







Definition in file main.c.




Define Documentation






      			#define OFF   0          











LED should be off. 








Definition at line 106 of file main.c.




Referenced by show_status().














      			#define ON   1          











LED should be on. 








Definition at line 104 of file main.c.




Referenced by show_status().














      			#define SEK_0   0          











Function should loop for 0 seconds. 








Definition at line 108 of file main.c.














      			#define SEK_1   10          











Function should loop for aprox 1 seconds. 








Definition at line 110 of file main.c.














      			#define SEK_2   20          











Function should loop for aprox 2 seconds. 








Definition at line 112 of file main.c.














      			#define SEK_3   30          











Function should loop for aprox 3 seconds. 








Definition at line 114 of file main.c.












Enumeration Type Documentation






      			enum state_t          











Contain the common radio functions, implemented in radio.c. 




Contain the specific radio functions for a radio in ShockBurst, implemented in sb/radio_sb.c Contain the specific radio functions for a radio in Enhanced ShockBurst, implemented in esb/radio_esb.c Contain the specific radio functions for a radio in Enhanced ShockBurst with Bidirectional data, implemented in pl/radio_pl.c Contain the application functions for a radio in ShockBurst, implemented in sb/application_sb.c Contain the application functions for a radio in Enhanced ShockBurst, implemented in esb/application_esb.c Contain the application functions for a radio in Enhanced ShockBurst with Bidirectional data, implemented in pl/application_pl.c Contain the functions for delays, system functions and some timers, implemented in system.c The possible states of the system. 


			Enumerator: 


			
			DEVICE_IDLE 			
The device is idle. 


			DEVICE_PRX_IDLE 			
The device will operate in PRX mode. 


			DEVICE_PTX_IDLE 			
The device will operate in PTX mode. 


			DEVICE_PRX_SB 			
The device will operate in PRX mode with ShockBurst functionailty. 


			DEVICE_PRX_ESB 			
The device will operate in PRX mode with Enhanced ShockBurst functionailty. 


			DEVICE_PRX_PL 			
The device will operate in PRX mode with Enhanced ShockBurst functionailty with Bidirectional data. 


			DEVICE_PTX_SB 			
The device will operate in PTX mode with ShockBurst functionailty. 


			DEVICE_PTX_ESB 			
The device will operate in PTX mode with Enhanced ShockBurst functionailty. 


			DEVICE_PTX_PL 			
The device will operate in PTX mode with Enhanced ShockBurst functionailty with Bidirectional data. 


			NO_CHANGE 			
No state change. 














Definition at line 67 of file main.c.












Function Documentation






      			static state_t get_next_state           			(			state_t 			 current_state          			 ) 			 [static]











Implementation of the state transition. 




Changes state based on the current state and the value of a pressed button. Waits til button is released before it returns.






			Parameters:


			
  						current_state 			The current state of the statemachine 













			Returns:


			The next state. Returns current_state if state_machine indicated NO_CHANGE 







Definition at line 234 of file main.c.




References B1_PRESSED, B2_PRESSED, B3_PRESSED, delay_10ms(), NO_CHANGE, and state_machine.




Referenced by main().














      			void main           			(			void 			          			 ) 			











Function that initialises everything. 




Calls system_init () which is hardware dependant, and device_boot_msg () from system.c. It implementes a simple statemachine to handle the input from the user on the evaluation board. With two clicks, the user can choose between primary transmitter mode (PTX) and primary reciever mode (PRX), and between the functionality levels ShockBurst (sb), Enchanced ShockBurst, and Enhanced ShockBurst with Bidirectional data (pl). 



Definition at line 165 of file main.c.




References address, device_boot_msg(), DEVICE_IDLE, DEVICE_PRX_ESB, DEVICE_PRX_IDLE, device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), DEVICE_PRX_PL, DEVICE_PRX_SB, DEVICE_PTX_ESB, DEVICE_PTX_IDLE, device_ptx_mode_esb(), device_ptx_mode_pl(), device_ptx_mode_sb(), DEVICE_PTX_PL, DEVICE_PTX_SB, get_next_state(), GLOBAL_INT_ENABLE, HAL_NRF_PRX, HAL_NRF_PTX, LED_ALL_OFF, radio_esb_init(), radio_pl_init(), radio_sb_init(), show_status(), system_init(), and wait_for_button_release().














      			static void show_status           			(			state_t 			 operation          			 ) 			 [static]











Shows the state the state_machine is in. 








Definition at line 271 of file main.c.




References LED1_ON, LED2_ON, LED3_ON, LED_ALL_OFF, OFF, ON, show_state, start_timer(), and wait_for_timer().




Referenced by main().














      			static void wait_for_button_release           			(			void 			          			 ) 			 [static]











Function that runs in a loop until all buttons are released. 








Definition at line 264 of file main.c.




References B1_PRESSED, B2_PRESSED, B3_PRESSED, and delay_10ms().




Referenced by main().












Variable Documentation






      			code const uint8_t address[HAL_NRF_AW_5BYTES] = {0x22,0x33,0x44,0x55,0x01} [static]          











The address of the radio. 




Parameter to the radio init 



Definition at line 137 of file main.c.




Referenced by main().














      			const uint8_t show_state[][5] [static]          











Initial value:


 

{{ON ,  ON ,  ON ,  ON,             SEK_0},  
 {OFF,  OFF,  ON ,  ON,             SEK_0},  
 {OFF,  OFF,  OFF,  ON,             SEK_0},  
 {ON ,  OFF,  ON ,  OFF,            SEK_3},  
 {OFF,  ON ,  ON ,  OFF,            SEK_3},  
 {ON ,  ON ,  ON ,  OFF,            SEK_3},  
 {ON ,  OFF,  OFF,  OFF,            SEK_3},  
 {OFF,  ON ,  OFF,  OFF,            SEK_3},  
 {ON ,  ON ,  OFF,  OFF,            SEK_3},  
}




Defines the leds that should be turned on by the show_status() function and how long the light should be on. 

Column 1 is LED1 ON/OFF, column 2 is LED2 ON/OFF, column 3 is LED3 ON/OFF, column 4 indicates wheter all light should be turned off (OFF) or if the pattern already lit up should stay on (ON), column 5 is the time the lights should stay in a locking loop (rounds of 100ms). 



Definition at line 123 of file main.c.




Referenced by show_status().














      			const state_t state_machine[][3] [static]          











Initial value:


 

{ {DEVICE_PTX_IDLE, DEVICE_PRX_IDLE, NO_CHANGE},      
  {DEVICE_PRX_SB,   DEVICE_PRX_ESB,  DEVICE_PRX_PL},  
  {DEVICE_PTX_SB,   DEVICE_PTX_ESB,  DEVICE_PTX_PL},  
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE}       
}




The state transistion table. 

Indicates which state the statemachine should jump to as next state.



Example on use:


  next_state = state_machine[current_state][button_pressed];
  if (next_state == NO_CHANGE)
     next_state = current_state;




 
Definition at line 90 of file main.c.




Referenced by get_next_state().
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Enhanced ShockBurst


[Operational modes]



This group of files contain the radio-setup and application for Enhanced ShockBurst.  
More...			


			
Files





			file  			application_esb.c


			 			Application to show the functionality of the Enhanced ShockBurst mode. 







			file  			radio_esb.c


			 			Initialise the radio in Enhanced ShockBurst mode. 















Detailed Description



This group of files contain the radio-setup and application for Enhanced ShockBurst. 

The application starts in this mode by first pressing B1 or B2 to choose between running as PRX and PTX and then press B2 to start in Enhanced ShockBurst. 
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Hardware dependant


This group contain the files that are hardware dependant.  
More...			


			
Files





			file  			system.c


			 			System level functions: Timers, port setup, interrupt handlers, and other system functions. 







			
Modules





			 			nRF24L01


			 			Group containing the files that define dependencies to the nRF24L01 radio and the Cygnal C8051F320 microcontroller. 










			 			nRF24LU1


			 			Group containing the files that define dependencies to the nRF24LU1 radio and microcontroller. 















Detailed Description



This group contain the files that are hardware dependant. 
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hal_nrf_f32x_hw.c File Reference


MCU depenent source code for accessing the nRF24L01 radio. More...

#include <stdint.h>

#include <Cygnal\C8051F320.h>






Go to the source code of this file.			


			
Functions





			uint8_t 			hal_nrf_rw (uint8_t value)


			 			Basis function, nrf_rw This function is used by the basis functions to exchange data with the data.  



			void 			hal_spi_init (uint8_t spi_speed)










Detailed Description



MCU depenent source code for accessing the nRF24L01 radio. 




			Author:


			Runar Kjellhaug 







Definition in file hal_nrf_f32x_hw.c.




Function Documentation






      			void hal_spi_init           			(			uint8_t 			 spi_speed          			 ) 			















Definition at line 28 of file hal_nrf_f32x_hw.c.




Referenced by system_init().
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hal_nrf_hw.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2132 $
00012  */ 
00013 
00020 #ifndef HAL_NRF_HW_H__
00021 #define HAL_NRF_HW_H__
00022 
00023 #include <Cygnal\c8051f320.h>
00024 
00025 sbit CSN = P0^3;  // CSN PIN for BFB
00026 sbit CE = P0^4;   // CE PIN
00027 
00031 #define CSN_LOW() do {CSN = 0;} while(0)
00032 
00036 #define CSN_HIGH() do {CSN = 1;} while(0)
00037 
00041 #define CE_LOW() do {CE = 0;} while(0)
00042 
00046 #define CE_HIGH() do {CE = 1;} while(0)
00047 
00051 #define CE_PULSE() do { \
00052   uint8_t count; \
00053   count = 20; \
00054   CE_HIGH();  \
00055   while(count--) \
00056     ; \
00057   CE_LOW();  \
00058   } while(0)
00059 
00060 #endif /* HAL_NRF_HW_H__ */
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radio_esb.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2089 $
00012  */ 
00013 
00014 #ifndef RADIO_ESB_H__
00015 #define RADIO_ESB_H__
00016 
00023 void radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);
00024 
00025 #endif
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hal_nrf_hw.c File Reference


Implementation of hal_nrf_rw. More...

#include <Nordic\reg24lu1.h>

#include <stdint.h>

#include "hal_nrf.h"






Go to the source code of this file.			


			
Functions





			uint8_t 			hal_nrf_rw (uint8_t value)


			 			Basis function, nrf_rw This function is used by the basis functions to exchange data with the data.  











Detailed Description



Implementation of hal_nrf_rw. 

hal_nrf_rw is an SPI function which is hardware dependent. This file contains an implementation for nRF24LU1. 



Definition in file hal_nrf_hw.c.
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Operational modes


This group contain the groups that set up the radio in different modes.  
More...			


			
Modules





			 			ShockBurst


			 			This group of files contain the radio-setup and application for ShockBurst. 







			 			Enhanced ShockBurst


			 			This group of files contain the radio-setup and application for Enhanced ShockBurst. 










			 			Enhanced ShockBurst with ACK payload


			 			This group of files contain the radio-setup and application for Enhanced ShockBurst with ACK payload. 















Detailed Description



This group contain the groups that set up the radio in different modes. 
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Enhanced ShockBurst with ACK payload


[Operational modes]



This group of files contain the radio-setup and application for Enhanced ShockBurst with ACK payload.  
More...			


			
Files





			file  			application_pl.c


			 			Application to show the functionality of the Enhanced ShockBurst mode with Bidirectional data. 







			file  			radio_pl.c


			 			Initialise the radio in Enhanced ShockBurst mode with Bidirectional data. 















Detailed Description



This group of files contain the radio-setup and application for Enhanced ShockBurst with ACK payload. 

The application starts in this mode by first pressing B1 or B2 to choose between running as PRX and PTX and then press B3 to start in Enhanced ShockBurst with ACK payload. 
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nordic_common.h


Go to the documentation of this file.00001 /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is confidential property of Nordic Semiconductor. The use,
00004  * copying, transfer or disclosure of such information is prohibited except by express written
00005  * agreement with Nordic Semiconductor.
00006  */
00007 
00014 #ifndef NORDIC_COMMON_H__
00015 #define NORDIC_COMMON_H__
00016 
00018 //lint -emacro((572),SWAP) // Suppress warning 572 "Excessive shift value"
00019 #define SWAP(x) ((((x)&0xFF)<<8)|(((x)>>8)&0xFF))
00020 
00022 #define MSB(a) ((a & 0xFF00) >> 8)
00023 
00024 #define LSB(a) ((a & 0xFF))
00025 
00027 #define MIN(a, b) ((a) < (b) ? (a) : (b))
00028 
00029 #define MAX(a, b) ((a) < (b) ? (b) : (a))
00030 
00031 #define BIT_0 0x01 
00032 #define BIT_1 0x02 
00033 #define BIT_2 0x04 
00034 #define BIT_3 0x08 
00035 #define BIT_4 0x10 
00036 #define BIT_5 0x20 
00037 #define BIT_6 0x40 
00038 #define BIT_7 0x80 
00040 #endif // NORDIC_COMMON_H__
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radio_sb.c File Reference


Initialise the radio in ShockBurst mode. More...

#include "hal_nrf.h"

#include "radio_sb.h"

#include "system.h"

#include "radio.h"






Go to the source code of this file.			


			
Functions





			void 			radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in ShockBurst mode.  











Detailed Description



Initialise the radio in ShockBurst mode. 

This is done by opening pipe0 without auto ACK and disabeling auto retransmits.






			Author:


			Per Kristian Schanke 







Definition in file radio_sb.c.




Function Documentation






      			void radio_sb_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in ShockBurst mode. 




This mean that there are no auto-retransmit or auto-acknowledgment enabled.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 27 of file radio_sb.c.




Referenced by main().
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nRF24L01


[Hardware dependant]



Group containing the files that define dependencies to the nRF24L01 radio and the Cygnal C8051F320 microcontroller.  
More...			


			
Files





			file  			l01_bfb/mcu.c


			 			Implementation of C8051F320 hardware functions. 







			file  			l01_bfb/target_includes.h


			 			Target specific include directives. 















Detailed Description



Group containing the files that define dependencies to the nRF24L01 radio and the Cygnal C8051F320 microcontroller. 
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system.c File Reference


System level functions: Timers, port setup, interrupt handlers, and other system functions. More...

#include "hal_nrf.h"

#include "radio.h"

#include "system.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			void 			delay_100ms (void)


			 			Delay of aprox 100ms.  



			void 			delay_10ms (void)


			 			Delay of aprox 10ms.  



			void 			device_boot_msg (void)


			 			Runs a LED pattern to indicate startup.  



			static void 			run_timer (uint16_t time)


			 			Starts timer 1.  



			void 			start_timer (uint16_t time)


			 			Starts a timer that runs time ms.  



			void 			t0_ov_interrupt (void)


			 			Interrupt handler for timer0.  



			bool 			timer_done (void)


			 			Checks the timer flags and return the status.  



			void 			wait_for_timer (void)


			 			Runs a loop that waits for the timer to be done.  



			
Variables





			volatile uint8_t 			led_blink


			 			Indicates which LED is set to blink.  



			static uint8_t 			timer_rounds


			 			How many times timer 1 should be restarted to be able to run for the wanted amount of time.  











Detailed Description



System level functions: Timers, port setup, interrupt handlers, and other system functions. 




			Author:


			Per Kristian Schanke 







Definition in file system.c.




Function Documentation






      			void delay_100ms           			(			void 			          			 ) 			











Delay of aprox 100ms. 








Definition at line 81 of file system.c.




Referenced by device_ptx_mode_pl(), and sysclk_init().














      			void delay_10ms           			(			void 			          			 ) 			











Delay of aprox 10ms. 








Definition at line 75 of file system.c.




Referenced by device_boot_msg(), get_next_state(), system_init(), and wait_for_button_release().














      			void device_boot_msg           			(			void 			          			 ) 			











Runs a LED pattern to indicate startup. 








Definition at line 41 of file system.c.




Referenced by main().














      			static void run_timer           			(			uint16_t 			 time          			 ) 			 [static]











Starts timer 1. 







			Parameters:


			
  						time 			The runtime in timer cycles 














Definition at line 133 of file system.c.




References T1_MODE1, T1_SET_HB, T1_SET_LB, and T1_START.




Referenced by start_timer(), timer_done(), and wait_for_timer().














      			void start_timer           			(			uint16_t 			 time          			 ) 			











Starts a timer that runs time ms. 




As it is only possible to run for aprox 50ms using the internal timers, anything above 50ms is done by restarting the counter. To restart the counter, either wait_for_timer() or timer_done() should be called. These check the timer and restart it if needed.






			Parameters:


			
  						time 			How many ms you want the timer to run 














Definition at line 113 of file system.c.




Referenced by delay_100ms(), delay_10ms(), device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_esb(), device_ptx_mode_sb(), radio_esb_init(), radio_pl_init(), radio_sb_init(), and show_status().














      			void t0_ov_interrupt           			(			void 			          			 ) 			











Interrupt handler for timer0. 




Turns off all blinking LED's. Hardware dependant in setting up timers and interrupt vector. 



Definition at line 91 of file system.c.




References LED1_INDEX, LED1_OFF, LED2_INDEX, LED2_OFF, LED3_INDEX, LED3_OFF, and led_blink.














      			bool timer_done           			(			void 			          			 ) 			











Checks the timer flags and return the status. 




Restarts the timer if needed.






			Returns:


			If the clock is done or not 






			Return values:


			
  						true 			clock is done 


						false 			clock is not done 














Definition at line 162 of file system.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), and device_prx_mode_sb().














      			void wait_for_timer           			(			void 			          			 ) 			











Runs a loop that waits for the timer to be done. 




Restarts the timer if needed 



Definition at line 144 of file system.c.




Referenced by delay_100ms(), delay_10ms(), device_ptx_mode_esb(), device_ptx_mode_sb(), radio_esb_init(), radio_pl_init(), radio_sb_init(), and show_status().












Variable Documentation






      			volatile uint8_t led_blink          











Indicates which LED is set to blink. 








Definition at line 29 of file system.c.




Referenced by device_boot_msg(), and t0_ov_interrupt().














      			uint8_t timer_rounds [static]          











How many times timer 1 should be restarted to be able to run for the wanted amount of time. 








Definition at line 33 of file system.c.




Referenced by start_timer(), timer_done(), and wait_for_timer().
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ShockBurst


[Operational modes]



This group of files contain the radio-setup and application for ShockBurst.  
More...			


			
Files





			file  			application_sb.c


			 			Application to show the functionality of the ShockBurst mode. 







			file  			radio_sb.c


			 			Initialise the radio in ShockBurst mode. 















Detailed Description



This group of files contain the radio-setup and application for ShockBurst. 

The application starts in this mode by first pressing B1 or B2 to choose between running as PRX and PTX and then press B1 to start in ShockBurst. 
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hal_nrf_reg.h


Go to the documentation of this file.00001 /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is confidential property of Nordic Semiconductor. The use,
00004  * copying, transfer or disclosure of such information is prohibited except by express written
00005  * agreement with Nordic Semiconductor.
00006  *
00007  * $Rev: 1731 $
00008  *
00009  */
00010 
00019 #ifndef HAL_NRF_REG_H__
00020 #define HAL_NRF_REG_H__
00021 
00024 /* nRF24L01 Instruction Definitions */
00025 #define WRITE_REG     0x20  
00026 #define RD_RX_PLOAD_W   0x60  
00027 #define RD_RX_PLOAD   0x61  
00028 #define WR_TX_PLOAD   0xA0  
00029 #define WR_ACK_PLOAD  0xA8  
00030 #define WR_NAC_TX_PLOAD 0xB0  
00031 #define FLUSH_TX      0xE1  
00032 #define FLUSH_RX      0xE2  
00033 #define REUSE_TX_PL   0xE3  
00034 #define LOCK_UNLOCK   0x50  
00036 #define NOP           0xFF  
00038 
00039 
00041 /* nRF24L01 * Register Definitions * */
00042 #define CONFIG        0x00  
00043 #define EN_AA         0x01  
00044 #define EN_RXADDR     0x02  
00045 #define SETUP_AW      0x03  
00046 #define SETUP_RETR    0x04  
00047 #define RF_CH         0x05  
00048 #define RF_SETUP      0x06  
00049 #define STATUS        0x07  
00050 #define OBSERVE_TX    0x08  
00051 #define CD            0x09  
00052 #define RX_ADDR_P0    0x0A  
00053 #define RX_ADDR_P1    0x0B  
00054 #define RX_ADDR_P2    0x0C  
00055 #define RX_ADDR_P3    0x0D  
00056 #define RX_ADDR_P4    0x0E  
00057 #define RX_ADDR_P5    0x0F  
00058 #define TX_ADDR       0x10  
00059 #define RX_PW_P0      0x11  
00060 #define RX_PW_P1      0x12  
00061 #define RX_PW_P2      0x13  
00062 #define RX_PW_P3      0x14  
00063 #define RX_PW_P4      0x15  
00064 #define RX_PW_P5      0x16  
00065 #define FIFO_STATUS   0x17  
00066 #define DYNPD         0x1C  
00067 #define FEATURE       0x1D  
00070 
00071 /* nRF24L01 related definitions */
00072 /* Interrupt definitions */
00073 /* Operation mode definitions */
00074 
00078 typedef enum {
00079     HAL_NRF_MAX_RT = 4,     
00080     HAL_NRF_TX_DS,          
00081     HAL_NRF_RX_DR           
00082 } hal_nrf_irq_source_t;
00083 
00084 /* Operation mode definitions */
00088 typedef enum {
00089     HAL_NRF_PTX,            
00090     HAL_NRF_PRX             
00091 } hal_nrf_operation_mode_t;
00092 
00096 typedef enum {
00097     HAL_NRF_PWR_DOWN,       
00098     HAL_NRF_PWR_UP          
00099 } hal_nrf_pwr_mode_t;
00100 
00104 typedef enum {
00105     HAL_NRF_18DBM,          
00106     HAL_NRF_12DBM,          
00107     HAL_NRF_6DBM,           
00108     HAL_NRF_0DBM            
00109 } hal_nrf_output_power_t;
00110 
00114 typedef enum {
00115     HAL_NRF_1MBPS,          
00116     HAL_NRF_2MBPS           
00117 } hal_nrf_datarate_t;
00118 
00122 typedef enum {
00123     HAL_NRF_PLL_UNLOCK,     
00124     HAL_NRF_PLL_LOCK        
00125 } hal_nrf_pll_mode_t;
00126 
00130 typedef enum {
00131     HAL_NRF_LNA_LCURR,      
00132     HAL_NRF_LNA_HCURR       
00133 } hal_nrf_lna_mode_t;
00134 
00138 typedef enum {
00139     HAL_NRF_CRC_OFF,        
00140     HAL_NRF_CRC_8BIT = 2,   
00141     HAL_NRF_CRC_16BIT       
00142 } hal_nrf_crc_mode_t;
00143 
00147 typedef enum {
00148     HAL_NRF_TX_PLOAD = 7,   
00149     HAL_NRF_RX_PLOAD,        
00150     HAL_NRF_ACK_PLOAD
00151 } hal_nrf_pload_command_t;
00152 
00158 // nRF24L01 Address struct
00159 
00160 /*
00161 //typedef struct {
00162 //   uint8_t p0[5];            
00163 //    uint8_t p1[5];            
00164 //    uint8_t p2[1];            
00165 //    uint8_t p3[1];            
00166  //   uint8_t p4[1];            
00167  //   uint8_t p5[1];            
00168  //   uint8_t tx[5];            
00169 //} hal_nrf_l01_addr_map;
00170 
00171 
00175 typedef enum {
00176     HAL_NRF_PIPE0,              
00177     HAL_NRF_PIPE1,              
00178     HAL_NRF_PIPE2,              
00179     HAL_NRF_PIPE3,              
00180     HAL_NRF_PIPE4,              
00181     HAL_NRF_PIPE5,              
00182     HAL_NRF_TX,                 
00183     HAL_NRF_ALL = 0xFF          
00186 } hal_nrf_address_t;
00187 
00191 typedef enum {
00192     HAL_NRF_AW_3BYTES = 3,      
00193     HAL_NRF_AW_4BYTES,          
00194     HAL_NRF_AW_5BYTES           
00195 } hal_nrf_address_width_t;
00196 
00197 
00200 
00201 #define MASK_RX_DR    6     
00202 #define MASK_TX_DS    5     
00203 #define MASK_MAX_RT   4     
00204 #define EN_CRC        3     
00205 #define CRCO          2     
00206 #define PWR_UP        1     
00207 #define PRIM_RX       0     
00209 
00212 #define PLL_LOCK      4     
00213 #define RF_DR         3     
00214 #define RF_PWR1       2     
00215 #define RF_PWR0       1     
00216 #define LNA_HCURR     0     
00218 
00219 /* STATUS 0x07 */
00222 #define RX_DR         6     
00223 #define TX_DS         5     
00224 #define MAX_RT        4     
00225 #define TX_FULL       0     
00227 
00228 /* FIFO_STATUS 0x17 */
00231 #define TX_REUSE      6     
00232 #define TX_FIFO_FULL  5     
00233 #define TX_EMPTY      4     
00234 #define RX_FULL       1     
00235 #define RX_EMPTY      0     
00237 
00238 #endif // HAL_NRF_REG_H__
00239 
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radio_pl.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2089 $
00012  */ 
00013 
00014 #ifndef RADIO_PL_H__
00015 #define RADIO_PL_H__
00016 
00018 #define ALL_PIPES (0x3F)
00019 
00027 void radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);
00028 
00029 #endif
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hal_nrf_hw.c


Go to the documentation of this file.00001 /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is confidential property of 
00004  * Nordic Semiconductor. The use, copying, transfer or disclosure of such
00005  * information is prohibited except by express written agreement with 
00006  * Nordic Semiconductor.
00007  */
00008 
00015 #include <Nordic\reg24lu1.h>
00016 #include <stdint.h>
00017 #include "hal_nrf.h"
00018 
00019 uint8_t hal_nrf_rw(uint8_t value)
00020 {
00021   RFDAT = value;
00022   RFSPIF = 0;     // ! IMPORTANT ! Clear RF SPI ready flag
00023                   // after data written to RFDAT..
00024   while(!RFSPIF); // wait for byte transfer finished
00025     ;
00026   return RFDAT;   // return SPI read value
00027 }
00028 
00029 
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nordic_common.h File Reference


Common defines and macros for firmware developed by Nordic Semiconductor. More...






Go to the source code of this file.			


			
Defines





			#define 			BIT_0   0x01


			 			The value of bit 0.  



			#define 			BIT_1   0x02


			 			The value of bit 1.  



			#define 			BIT_2   0x04


			 			The value of bit 2.  



			#define 			BIT_3   0x08


			 			The value of bit 3.  



			#define 			BIT_4   0x10


			 			The value of bit 4.  



			#define 			BIT_5   0x20


			 			The value of bit 5.  



			#define 			BIT_6   0x40


			 			The value of bit 6.  



			#define 			BIT_7   0x80


			 			The value of bit 7.  



			#define 			LSB(a)   ((a & 0xFF))


			 			The lower 8 bits (of a 16 bit value).  



			#define 			MAX(a, b)   ((a) < (b) ? (b) : (a))


			 			Leaves the maximum of the two arguments.  



			#define 			MIN(a, b)   ((a) < (b) ? (a) : (b))


			 			Leaves the minimum of the two arguments.  



			#define 			MSB(a)   ((a & 0xFF00) >> 8)


			 			The upper 8 bits of a 16 bit value.  



			#define 			SWAP(x)   ((((x)&0xFF)<<8)|(((x)>>8)&0xFF))


			 			Swaps the upper byte with the lower byte in a 16 bit variable.  











Detailed Description



Common defines and macros for firmware developed by Nordic Semiconductor. 




			Author:


			Ken A. Redergaard 







Definition in file nordic_common.h.




Define Documentation






      			#define BIT_0   0x01          











The value of bit 0. 








Definition at line 31 of file nordic_common.h.




Referenced by hal_nrf_get_transmit_attempts().














      			#define BIT_1   0x02          











The value of bit 1. 








Definition at line 32 of file nordic_common.h.




Referenced by hal_nrf_get_rx_data_source(), and hal_nrf_get_transmit_attempts().














      			#define BIT_2   0x04          











The value of bit 2. 








Definition at line 33 of file nordic_common.h.




Referenced by hal_nrf_get_crc_mode(), hal_nrf_get_rx_data_source(), hal_nrf_get_transmit_attempts(), and hal_nrf_set_crc_mode().














      			#define BIT_3   0x08          











The value of bit 3. 








Definition at line 34 of file nordic_common.h.




Referenced by hal_nrf_get_crc_mode(), hal_nrf_get_rx_data_source(), hal_nrf_get_transmit_attempts(), and hal_nrf_set_crc_mode().














      			#define BIT_4   0x10          











The value of bit 4. 








Definition at line 35 of file nordic_common.h.




Referenced by hal_nrf_get_clear_irq_flags(), hal_nrf_get_irq_flags(), and hal_nrf_get_packet_lost_ctr().














      			#define BIT_5   0x20          











The value of bit 5. 








Definition at line 36 of file nordic_common.h.




Referenced by hal_nrf_get_clear_irq_flags(), hal_nrf_get_irq_flags(), and hal_nrf_get_packet_lost_ctr().














      			#define BIT_6   0x40          











The value of bit 6. 








Definition at line 37 of file nordic_common.h.




Referenced by hal_nrf_get_clear_irq_flags(), hal_nrf_get_irq_flags(), hal_nrf_get_packet_lost_ctr(), and hal_nrf_open_pipe().














      			#define BIT_7   0x80          











The value of bit 7. 








Definition at line 38 of file nordic_common.h.




Referenced by hal_nrf_get_packet_lost_ctr(), and hal_nrf_open_pipe().














      			#define LSB          			(			a 			          			 ) 			   ((a & 0xFF))











The lower 8 bits (of a 16 bit value). 








Definition at line 24 of file nordic_common.h.














      			#define MAX          			(			a,         


									b 			          			 ) 			   ((a) < (b) ? (b) : (a))











Leaves the maximum of the two arguments. 








Definition at line 29 of file nordic_common.h.














      			#define MIN          			(			a,         


									b 			          			 ) 			   ((a) < (b) ? (a) : (b))











Leaves the minimum of the two arguments. 








Definition at line 27 of file nordic_common.h.














      			#define MSB          			(			a 			          			 ) 			   ((a & 0xFF00) >> 8)











The upper 8 bits of a 16 bit value. 








Definition at line 22 of file nordic_common.h.














      			#define SWAP          			(			x 			          			 ) 			   ((((x)&0xFF)<<8)|(((x)>>8)&0xFF))











Swaps the upper byte with the lower byte in a 16 bit variable. 








Definition at line 19 of file nordic_common.h.
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application_pl.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2088 $
00012  */ 
00013 
00014 #ifndef APPLICATION_PL_H__
00015 #define APPLICATION_PL_H__
00016 
00020 void device_ptx_mode_pl(void);
00021 
00025 void device_prx_mode_pl(void);
00026 
00027 #endif
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application_pl.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2311 $
00012  */ 
00013 
00045 #include "hal_nrf.h"
00046 #include "system.h"
00047 #include "radio.h"
00048 #include "application_pl.h"
00049 #include "target_includes.h"
00050 
00052 static xdata uint8_t pload_pl[RF_PAYLOAD_LENGTH];
00053 
00054 void device_ptx_mode_pl(void)
00055 {
00056   while(true)
00057   {
00058     // Wait til the packet is sent
00059     do {
00060       radio_irq ();
00061     } while((radio_get_status ()) == RF_BUSY);
00062 
00063     // Blink LED2 if ACK is recieved, LED3 if not
00064     if (((radio_get_status ()) == RF_TX_DS) 
00065         || ((radio_get_status ()) == RF_TX_AP))
00066     {
00067       LED2_BLINK();
00068     }
00069     else
00070     {
00071       LED3_BLINK();
00072     }
00073 
00074     // If ACK payload was recieved, get the payload
00075     if (radio_get_status () == RF_TX_AP)
00076     {
00077       // Get the payload from the PRX and set LED1 accordingly
00078       if (radio_get_pload_byte (0) == 1)
00079       {
00080         LED1_ON();
00081       }
00082       else
00083       {
00084         LED1_OFF();
00085       }
00086     }
00087 
00088     // Sleep 100ms
00089     delay_100ms();
00090 
00091     // Set up the payload according to the input button 1
00092     pload_pl[0] = 0;
00093 
00094     if(B1_PRESSED())
00095     {
00096       pload_pl[0] = 1;
00097     }
00098 
00099     //Send the packet
00100     radio_send_packet(pload_pl, RF_PAYLOAD_LENGTH);           
00101   }
00102 }
00103 
00104 void device_prx_mode_pl(void)
00105 {
00106   CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever
00107 
00108   while(true)
00109   { 
00110     // Setup and put the ACK payload on the FIFO
00111     pload_pl[0] = 0;
00112 
00113     if(B1_PRESSED())
00114     {
00115       pload_pl[0] = 1;
00116     }
00117 
00118     hal_nrf_write_ack_pload (0, pload_pl, RF_PAYLOAD_LENGTH);
00119 
00120     start_timer(110);
00121     
00122     // Run until either 110ms has lapsed 
00123     // OR there is data on the radio
00124     do
00125     {
00126       radio_irq ();
00127     } while ((radio_get_status () == RF_IDLE) && !timer_done());
00128 
00129     // Blink LED2 if ACK payload was sent, LED3 if not
00130     if ((radio_get_status ()) == RF_TX_DS
00131        || (radio_get_status ()) == RF_TX_AP)
00132     {
00133       LED2_BLINK();
00134     }
00135     else
00136     {
00137       LED3_BLINK();
00138     }
00139 
00140     if ((radio_get_status ()) == RF_RX_DR
00141        || (radio_get_status ()) == RF_TX_AP)
00142     {
00143       // Get the payload from the PTX and set LED1 accordingly
00144       if (radio_get_pload_byte (0) == 1)
00145       {
00146         LED1_ON();
00147       }
00148       else
00149       {
00150         LED1_OFF();
00151       }
00152     }
00153     else
00154     {
00155       LED1_OFF();
00156     }
00157 
00158     // Set radio status to idle
00159     radio_set_status (RF_IDLE);
00160   }
00161 
00162   EX0 = 1;
00163 }
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application_pl.h File Reference




Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_pl (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_pl (void)


			 			This function is called if the application is entering the PTX mode.  











Function Documentation






      			void device_prx_mode_pl           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 104 of file application_pl.c.




References B1_PRESSED, CE_HIGH, hal_nrf_write_ack_pload(), LED1_OFF, LED1_ON, LED2_BLINK, LED3_BLINK, pload_pl, radio_get_pload_byte(), radio_get_status(), radio_irq(), radio_set_status(), RF_IDLE, RF_PAYLOAD_LENGTH, RF_RX_DR, RF_TX_AP, RF_TX_DS, start_timer(), and timer_done().














      			void device_ptx_mode_pl           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 54 of file application_pl.c.




References B1_PRESSED, delay_100ms(), LED1_OFF, LED1_ON, LED2_BLINK, LED3_BLINK, pload_pl, radio_get_pload_byte(), radio_get_status(), radio_irq(), radio_send_packet(), RF_BUSY, RF_PAYLOAD_LENGTH, RF_TX_AP, and RF_TX_DS.
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hal_nrf_l01.c File Reference


			Author:


			Runar Kjellhaug 






More...

#include <stdint.h>

#include <stdbool.h>

#include "nordic_common.h"

#include "hal_nrf.h"






Go to the source code of this file.			


			
Defines





			#define 			SET_BIT(pos)   ((uint8_t) (1<<( (uint8_t) (pos) )))


			#define 			UINT8(t)   ((uint8_t) (t))


			
Functions





			void 			hal_nrf_clear_irq_flag (hal_nrf_irq_source_t int_source)


			 			Clear one selected interrupt flag.  



			void 			hal_nrf_close_pipe (hal_nrf_address_t pipe_num)


			 			Close radio pipe(s).  



			void 			hal_nrf_disable_ack_pl (void)


			 			Disables the ACK payload feature.  



			void 			hal_nrf_disable_dynamic_ack (void)


			 			Disables the no-ack feature.  



			void 			hal_nrf_disable_dynamic_pl (void)


			 			Disables the dynamic payload feature.  



			void 			hal_nrf_enable_ack_pl (void)


			 			Enables the ACK payload feature.  



			void 			hal_nrf_enable_dynamic_ack (void)


			 			Enables the no-ack feature.  



			void 			hal_nrf_enable_dynamic_pl (void)


			 			Enables the dynamic payload feature.  



			void 			hal_nrf_flush_rx (void)


			 			Flush RX FIFO.  



			void 			hal_nrf_flush_tx (void)


			 			Flush TX FIFO.  



			uint8_t 			hal_nrf_get_address (uint8_t address, uint8_t *addr)


			 			Get address for selected pipe.  



			uint8_t 			hal_nrf_get_address_width (void)


			 			Get address width for radio.  



			uint8_t 			hal_nrf_get_auto_retr_status (void)


			 			Get auto retransmit parameters.  



			bool 			hal_nrf_get_carrier_detect (void)


			 			Get the carrier detect flag.  



			uint8_t 			hal_nrf_get_clear_irq_flags (void)


			 			Read then clears all interrupt flags.  



			uint8_t 			hal_nrf_get_crc_mode (void)


			 			Get CRC mode.  



			uint8_t 			hal_nrf_get_datarate (void)


			 			Get radio's current on-air datarate.  



			uint8_t 			hal_nrf_get_fifo_status (void)


			uint8_t 			hal_nrf_get_irq_flags (void)


			 			Read all interrupt flags.  



			bool 			hal_nrf_get_irq_mode (uint8_t int_type)


			 			Read current interrupt mode for selected interrupt source.  



			hal_nrf_lna_mode_t 			hal_nrf_get_lna_gain (void)


			 			Get LNA gain mode.  



			uint8_t 			hal_nrf_get_operation_mode (void)


			 			Get radio's current operation mode.  



			uint8_t 			hal_nrf_get_output_power (void)


			 			Get radio's current TX output power.  



			uint8_t 			hal_nrf_get_packet_lost_ctr (void)


			 			Get packet lost counter Use this function to get the packet(s) counter.  



			uint8_t 			hal_nrf_get_pipe_status (uint8_t pipe_num)


			 			Get pipe status.  



			hal_nrf_pll_mode_t 			hal_nrf_get_pll_mode (void)


			 			Get PLL mode.  



			uint8_t 			hal_nrf_get_power_mode (void)


			 			Get radio's current power mode.  



			bool 			hal_nrf_get_reuse_tx_status (void)


			 			Get status of reuse TX function.  



			uint8_t 			hal_nrf_get_rf_channel (void)


			 			Get radio's current RF channel.  



			uint8_t 			hal_nrf_get_rx_data_source (void)


			 			Get RX data source.  



			uint8_t 			hal_nrf_get_rx_fifo_status (void)


			 			Get radio's RX FIFO status.  



			uint8_t 			hal_nrf_get_rx_pload_width (uint8_t pipe_num)


			 			Get RX payload width for selected pipe.  



			uint8_t 			hal_nrf_get_transmit_attempts (void)


			 			Get radio's transmit attempts status.  



			uint8_t 			hal_nrf_get_tx_fifo_status (void)


			 			Get radio's TX FIFO status.  



			void 			hal_nrf_lock_unlock ()


			 			Activate features Sends the ACTIVATE command to the RF tranceiver.  



			uint8_t 			hal_nrf_nop (void)


			 			No Operation command.  



			void 			hal_nrf_open_pipe (hal_nrf_address_t pipe_num, bool auto_ack)


			 			Open radio pipe(s) and enable/ disable auto acknowledge.  



			uint16_t 			hal_nrf_read_multibyte_reg (uint8_t reg, uint8_t *pbuf)


			 			Basis function, read_multibyte register .  



			uint8_t 			hal_nrf_read_reg (uint8_t reg)


			 			Basis function read_reg.  



			uint8_t 			hal_nrf_read_rx_pl_w ()


			 			Reads the payload width of the received ack payload.  



			uint16_t 			hal_nrf_read_rx_pload (uint8_t *rx_pload)


			 			Read RX payload.  



			void 			hal_nrf_reuse_tx (void)


			 			Reuse TX payload.  



			bool 			hal_nrf_rx_fifo_empty (void)


			 			Check for RX FIFO empty.  



			bool 			hal_nrf_rx_fifo_full (void)


			 			Check for RX FIFO full.  



			void 			hal_nrf_set_address (hal_nrf_address_t address, uint8_t *addr)


			 			Set radio's RX address and TX address.  



			void 			hal_nrf_set_address_width (hal_nrf_address_width_t address_width)


			 			Set radio's address width.  



			void 			hal_nrf_set_auto_retr (uint8_t retr, uint16_t delay)


			 			Set auto acknowledge parameters.  



			void 			hal_nrf_set_crc_mode (hal_nrf_crc_mode_t crc_mode)


			 			Set the CRC mode used by the radio.  



			void 			hal_nrf_set_datarate (hal_nrf_datarate_t datarate)


			 			Set radio's on-air datarate.  



			void 			hal_nrf_set_irq_mode (hal_nrf_irq_source_t int_source, bool irq_state)


			 			Enable or disable interrupt for radio.  



			void 			hal_nrf_set_lna_gain (hal_nrf_lna_mode_t lna_gain)


			 			Set radio's LNA gain mode.  



			void 			hal_nrf_set_operation_mode (hal_nrf_operation_mode_t op_mode)


			 			Set radio's operation mode.  



			void 			hal_nrf_set_output_power (hal_nrf_output_power_t power)


			 			Set radio's TX output power.  



			void 			hal_nrf_set_pll_mode (hal_nrf_pll_mode_t pll_mode)


			 			Set radio's PLL mode.  



			void 			hal_nrf_set_power_mode (hal_nrf_pwr_mode_t pwr_mode)


			 			Set radio's power mode.  



			void 			hal_nrf_set_rf_channel (uint8_t channel)


			 			Set radio's RF channel.  



			void 			hal_nrf_set_rx_pload_width (uint8_t pipe_num, uint8_t pload_width)


			 			Set payload width for selected pipe.  



			void 			hal_nrf_setup_dyn_pl (uint8_t setup)


			 			Sets the dynamic payload features for the RX pipes The input parameter contains is a byte where the bit values tells weather the pipe uses the ack payload feature or not.  



			bool 			hal_nrf_tx_fifo_empty (void)


			 			Check for TX FIFO empty.  



			bool 			hal_nrf_tx_fifo_full (void)


			 			Check for TX FIFO full.  



			void 			hal_nrf_write_ack_pload (uint8_t pipe, uint8_t *tx_pload, uint8_t length)


			 			Write ack payload Writes the payload that will be transmitted with the ack on the given pipe.  



			void 			hal_nrf_write_multibyte_reg (uint8_t reg, uint8_t *pbuf, uint8_t length)


			 			Basis function, write_multibyte register.  



			uint8_t 			hal_nrf_write_reg (uint8_t reg, uint8_t value)


			 			Basis function write_reg.  



			void 			hal_nrf_write_tx_pload (uint8_t *tx_pload, uint8_t length)


			 			Write TX payload to radio.  











Detailed Description



			Author:


			Runar Kjellhaug 












Definition in file hal_nrf_l01.c.




Define Documentation






      			#define SET_BIT          			(			pos 			          			 ) 			   ((uint8_t) (1<<( (uint8_t) (pos) )))















Definition at line 26 of file hal_nrf_l01.c.




Referenced by hal_nrf_clear_irq_flag(), hal_nrf_close_pipe(), hal_nrf_get_irq_mode(), hal_nrf_open_pipe(), and hal_nrf_set_irq_mode().














      			#define UINT8          			(			t 			          			 ) 			   ((uint8_t) (t))















Definition at line 27 of file hal_nrf_l01.c.




Referenced by hal_nrf_read_rx_pload(), hal_nrf_set_address_width(), hal_nrf_set_crc_mode(), hal_nrf_set_output_power(), and hal_nrf_write_tx_pload().












Function Documentation






      			uint8_t hal_nrf_get_fifo_status           			(			void 			          			 ) 			















Definition at line 323 of file hal_nrf_l01.c.




References FIFO_STATUS, and hal_nrf_read_reg().




Referenced by hal_nrf_get_reuse_tx_status().
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nRF24LU1


[Hardware dependant]



Group containing the files that define dependencies to the nRF24LU1 radio and microcontroller.  
More...			


			
Files





			file  			lu1_bfb/mcu.c


			 			Implementation of nRF24LU1 hardware functions. 







			file  			lu1_bfb/target_includes.h


			 			Target specific include directives. 















Detailed Description



Group containing the files that define dependencies to the nRF24LU1 radio and microcontroller. 
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hal_nrf_reg.h File Reference


Register definitions for the nRF HAL module. More...






Go to the source code of this file.			


			
Defines





			- Register Memory Map -



			#define 			CD   0x09


			 			nRF24L01 carrier detect register  



			#define 			CONFIG   0x00


			 			nRF24L01 config register  



			#define 			DYNPD   0x1C


			 			nRF24L01 Dynamic payload setup  



			#define 			EN_AA   0x01


			 			nRF24L01 enable Auto-Acknowledge register  



			#define 			EN_RXADDR   0x02


			 			nRF24L01 enable RX addresses register  



			#define 			FEATURE   0x1D


			 			nRF24L01 Exclusive feature setup  



			#define 			FIFO_STATUS   0x17


			 			nRF24L01 FIFO status register  



			#define 			OBSERVE_TX   0x08


			 			nRF24L01 transmit observe register  



			#define 			RF_CH   0x05


			 			nRF24L01 RF channel register  



			#define 			RF_SETUP   0x06


			 			nRF24L01 RF setup register  



			#define 			RX_ADDR_P0   0x0A


			 			nRF24L01 receive address data pipe0  



			#define 			RX_ADDR_P1   0x0B


			 			nRF24L01 receive address data pipe1  



			#define 			RX_ADDR_P2   0x0C


			 			nRF24L01 receive address data pipe2  



			#define 			RX_ADDR_P3   0x0D


			 			nRF24L01 receive address data pipe3  



			#define 			RX_ADDR_P4   0x0E


			 			nRF24L01 receive address data pipe4  



			#define 			RX_ADDR_P5   0x0F


			 			nRF24L01 receive address data pipe5  



			#define 			RX_PW_P0   0x11


			 			nRF24L01 # of bytes in rx payload for pipe0  



			#define 			RX_PW_P1   0x12


			 			nRF24L01 # of bytes in rx payload for pipe1  



			#define 			RX_PW_P2   0x13


			 			nRF24L01 # of bytes in rx payload for pipe2  



			#define 			RX_PW_P3   0x14


			 			nRF24L01 # of bytes in rx payload for pipe3  



			#define 			RX_PW_P4   0x15


			 			nRF24L01 # of bytes in rx payload for pipe4  



			#define 			RX_PW_P5   0x16


			 			nRF24L01 # of bytes in rx payload for pipe5  



			#define 			SETUP_AW   0x03


			 			nRF24L01 setup of address width register  



			#define 			SETUP_RETR   0x04


			 			nRF24L01 setup of automatic retransmission register  



			#define 			STATUS   0x07


			 			nRF24L01 status register  



			#define 			TX_ADDR   0x10


			 			nRF24L01 transmit address  



			CONFIG register bit definitions



			#define 			CRCO   2


			 			CONFIG register bit 2.  



			#define 			EN_CRC   3


			 			CONFIG register bit 3.  



			#define 			MASK_MAX_RT   4


			 			CONFIG register bit 4.  



			#define 			MASK_RX_DR   6


			 			CONFIG register bit 6.  



			#define 			MASK_TX_DS   5


			 			CONFIG register bit 5.  



			#define 			PRIM_RX   0


			 			CONFIG register bit 0.  



			#define 			PWR_UP   1


			 			CONFIG register bit 1.  



			- Instruction Set -



			#define 			FLUSH_RX   0xE2


			 			Flush RX register command.  



			#define 			FLUSH_TX   0xE1


			 			Flush TX register command.  



			#define 			LOCK_UNLOCK   0x50


			 			Lock/unlcok exclusive features.  



			#define 			NOP   0xFF


			 			No Operation command, used for reading status register.  



			#define 			RD_RX_PLOAD   0x61


			 			Read RX payload command.  



			#define 			RD_RX_PLOAD_W   0x60


			 			Read RX payload command.  



			#define 			REUSE_TX_PL   0xE3


			 			Reuse TX payload command.  



			#define 			WR_ACK_PLOAD   0xA8


			 			Write ACK payload command.  



			#define 			WR_NAC_TX_PLOAD   0xB0


			 			Write ACK payload command.  



			#define 			WR_TX_PLOAD   0xA0


			 			Write TX payload command.  



			#define 			WRITE_REG   0x20


			 			Register write command.  



			RF_SETUP register bit definitions



			#define 			LNA_HCURR   0


			 			RF_SETUP register bit 0.  



			#define 			PLL_LOCK   4


			 			RF_SETUP register bit 4.  



			#define 			RF_DR   3


			 			RF_SETUP register bit 3.  



			#define 			RF_PWR0   1


			 			RF_SETUP register bit 1.  



			#define 			RF_PWR1   2


			 			RF_SETUP register bit 2.  



			STATUS register bit definitions



			#define 			MAX_RT   4


			 			STATUS register bit 4.  



			#define 			RX_DR   6


			 			STATUS register bit 6.  



			#define 			TX_DS   5


			 			STATUS register bit 5.  



			#define 			TX_FULL   0


			 			STATUS register bit 0.  



			FIFO_STATUS register bit definitions



			#define 			RX_EMPTY   0


			 			FIFO_STATUS register bit 0.  



			#define 			RX_FULL   1


			 			FIFO_STATUS register bit 1.  



			#define 			TX_EMPTY   4


			 			FIFO_STATUS register bit 4.  



			#define 			TX_FIFO_FULL   5


			 			FIFO_STATUS register bit 5.  



			#define 			TX_REUSE   6


			 			FIFO_STATUS register bit 6.  



			
Enumerations





			enum  			hal_nrf_address_t { 

  HAL_NRF_PIPE0, 
HAL_NRF_PIPE1, 
HAL_NRF_PIPE2, 
HAL_NRF_PIPE3, 


  HAL_NRF_PIPE4, 
HAL_NRF_PIPE5, 
HAL_NRF_TX, 
HAL_NRF_ALL =  0xFF


 }


			 			Structure containing the radio's address map.  More...



			enum  			hal_nrf_address_width_t { HAL_NRF_AW_3BYTES =  3, 
HAL_NRF_AW_4BYTES, 
HAL_NRF_AW_5BYTES
 }


			 			An enum describing the radio's address width.  More...



			enum  			hal_nrf_crc_mode_t { HAL_NRF_CRC_OFF, 
HAL_NRF_CRC_8BIT =  2, 
HAL_NRF_CRC_16BIT
 }


			 			An enum describing the radio's CRC mode.  More...



			enum  			hal_nrf_datarate_t { HAL_NRF_1MBPS, 
HAL_NRF_2MBPS
 }


			 			An enum describing the radio's on-air datarate.  More...



			enum  			hal_nrf_irq_source_t { HAL_NRF_MAX_RT =  4, 
HAL_NRF_TX_DS, 
HAL_NRF_RX_DR
 }


			 			An enum describing the radio's irq sources.  More...



			enum  			hal_nrf_lna_mode_t { HAL_NRF_LNA_LCURR, 
HAL_NRF_LNA_HCURR
 }


			 			An enum describing the radio's LNA mode.  More...



			enum  			hal_nrf_operation_mode_t { HAL_NRF_PTX, 
HAL_NRF_PRX
 }


			 			An enum describing the radio's power mode.  More...



			enum  			hal_nrf_output_power_t { HAL_NRF_18DBM, 
HAL_NRF_12DBM, 
HAL_NRF_6DBM, 
HAL_NRF_0DBM
 }


			 			An enum describing the radio's output power mode's.  More...



			enum  			hal_nrf_pll_mode_t { HAL_NRF_PLL_UNLOCK, 
HAL_NRF_PLL_LOCK
 }


			 			An enum describing the radio's PLL mode.  More...



			enum  			hal_nrf_pload_command_t { HAL_NRF_TX_PLOAD =  7, 
HAL_NRF_RX_PLOAD, 
HAL_NRF_ACK_PLOAD
 }


			 			An enum describing the read/write payload command.  More...



			enum  			hal_nrf_pwr_mode_t { HAL_NRF_PWR_DOWN, 
HAL_NRF_PWR_UP
 }


			 			An enum describing the radio's power mode.  More...











Detailed Description



Register definitions for the nRF HAL module. 





Definition in file hal_nrf_reg.h.
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radio_pl.h File Reference




Go to the source code of this file.			


			
Defines





			#define 			ALL_PIPES   (0x3F)


			 			For turning on dynamic payload on all pipes.  



			
Functions





			void 			radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in Enhanced ShockBurst mode with ACK payload.  











Define Documentation






      			#define ALL_PIPES   (0x3F)          











For turning on dynamic payload on all pipes. 




Sets bits 0-6 



Definition at line 18 of file radio_pl.h.




Referenced by radio_pl_init().












Function Documentation






      			void radio_pl_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in Enhanced ShockBurst mode with ACK payload. 




This mean that we enable auto-retransmit and auto-acknowledgment as in Enhanced ShockBurst, and the features auto-ack payload and dynamic payload width.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 30 of file radio_pl.c.




References ALL_PIPES, DYNPD, FEATURE, HAL_NRF_ALL, HAL_NRF_AW_5BYTES, hal_nrf_close_pipe(), HAL_NRF_CRC_16BIT, hal_nrf_enable_ack_pl(), hal_nrf_enable_dynamic_pl(), hal_nrf_lock_unlock(), hal_nrf_open_pipe(), HAL_NRF_PIPE0, HAL_NRF_PRX, HAL_NRF_PTX, HAL_NRF_PWR_UP, hal_nrf_read_reg(), hal_nrf_set_address(), hal_nrf_set_address_width(), hal_nrf_set_auto_retr(), hal_nrf_set_crc_mode(), hal_nrf_set_operation_mode(), hal_nrf_set_power_mode(), hal_nrf_set_rf_channel(), hal_nrf_set_rx_pload_width(), hal_nrf_setup_dyn_pl(), HAL_NRF_TX, radio_set_status(), RF_CHANNEL, RF_IDLE, RF_PAYLOAD_LENGTH, RF_POWER_UP_DELAY, RF_RETRANS_DELAY, RF_RETRANSMITS, start_timer(), and wait_for_timer().
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target_includes.h File Reference


Target specific include directives. More...

#include <Cygnal\c8051f320.h>

#include "hal_nrf.h"






Go to the source code of this file.			


			
Defines





			#define 			B_PRESSED   0


			 			The value on the line when a button is pressed.  



			#define 			CYCLES_PR_MS   1000


			 			This is a constant showing how many clock cycles that is counted by a timer to make up 1ms.  



			#define 			GLOBAL_INT_DISABLE()   do{EA = 0;}while(0)


			 			Disable all interrupts.  



			#define 			GLOBAL_INT_ENABLE()   do{EA = 1;}while(0)


			 			Enable all interrupts.  



			#define 			INTERRUPT_T0   INTERRUPT_TIMER0


			 			Definition of interrupt names.  



			#define 			LED_OFF   1


			 			The value on the line that turn the LED off.  



			#define 			LED_ON   0


			 			The value on the line that turn the LED on.  



			#define 			MAX_RUNTIME   65


			 			The maximum runtime in ms that a timer might run.  



			#define 			MAX_TIME   (0 - MAX_RUNTIME * CYCLES_PR_MS)


			 			This constant defines the value the timer should be set to for running for the maximum time.  



			#define 			RADIO_ACTIVITY()   (IE0 == 1)


			 			The register on the radio indicating activity on the radio.  



			#define 			RESET_RADIO_ACTIVITY()   (IE0 = 0)


			 			How to reset the activity register.  



			#define 			T0_START()


			 			Start timer0.  



			#define 			T0_STOP()


			 			Stop timer0.  



			#define 			T1_MODE1()   (TMOD |= 0x10)


			 			Initialise Timer 1 in mode 1 (16-bit timer).  



			#define 			T1_SET_HB(x)   (TH1 = x)


			 			Sets the high bit of timer 1.  



			#define 			T1_SET_LB(x)   (TL1 = x)


			 			Sets the low bit of timer 1.  



			#define 			T1_START()


			 			Start timer1.  



			#define 			T1_STOP()


			 			Stop timer1.  



			#define 			TIMER1_OVERFLOW()   (TF1 == 1)


			 			Checks for overflow on timer1.  



			
Variables





			sbit 			B1 = P2^1


			 			Button 1 on BFB.  



			sbit 			B2 = P2^2


			 			Button 2 on BFB.  



			sbit 			B3 = P2^3


			 			Button 3 on BFB.  



			sbit 			LED1 = P1^0


			 			LED1 on BFB.  



			sbit 			LED2 = P1^1


			 			LED2 on BFB.  



			sbit 			LED3 = P1^2


			 			LED3 on BFB.  











Detailed Description



Target specific include directives. 

The file name is standardised, but the contents will vary according to the target. Separate the files by locating them in different folders. The goal is to avoid the use #ifdef for conditional compilation, which is difficult to maintain and prone to errors.



This target include contains the files for nRF24L01.






			Author:


			Per Kristian Schanke 







Definition in file l01_bfb/target_includes.h.




Define Documentation






      			#define B_PRESSED   0          











The value on the line when a button is pressed. 








Definition at line 43 of file l01_bfb/target_includes.h.














      			#define CYCLES_PR_MS   1000          











This is a constant showing how many clock cycles that is counted by a timer to make up 1ms. 




Calculation of this constant:


      Ocilatorspeed / Clock divider / 1000ms/sec
      12MHz         / 12            / 1000ms/sec = 1000




 
Definition at line 63 of file l01_bfb/target_includes.h.




Referenced by start_timer().














      			#define GLOBAL_INT_DISABLE          			(





 
          			          			 ) 			   do{EA = 0;}while(0)











Disable all interrupts. 








Definition at line 78 of file l01_bfb/target_includes.h.














      			#define GLOBAL_INT_ENABLE          			(





 
          			          			 ) 			   do{EA = 1;}while(0)











Enable all interrupts. 








Definition at line 77 of file l01_bfb/target_includes.h.




Referenced by main().














      			#define INTERRUPT_T0   INTERRUPT_TIMER0          











Definition of interrupt names. 








Definition at line 51 of file l01_bfb/target_includes.h.














      			#define LED_OFF   1          











The value on the line that turn the LED off. 








Definition at line 33 of file l01_bfb/target_includes.h.














      			#define LED_ON   0          











The value on the line that turn the LED on. 








Definition at line 32 of file l01_bfb/target_includes.h.














      			#define MAX_RUNTIME   65          











The maximum runtime in ms that a timer might run. 




Calculated by taking the maximum number your timer might take and divide that by CYCLES_PR_MS. On the nRF24L01 evaluation kit this is 0xFFFF / 1000 = 65 (aprox). 



Definition at line 70 of file l01_bfb/target_includes.h.




Referenced by start_timer().














      			#define MAX_TIME   (0 - MAX_RUNTIME * CYCLES_PR_MS)          











This constant defines the value the timer should be set to for running for the maximum time. 








Definition at line 75 of file l01_bfb/target_includes.h.




Referenced by start_timer(), timer_done(), and wait_for_timer().














      			#define RADIO_ACTIVITY          			(





 
          			          			 ) 			   (IE0 == 1)











The register on the radio indicating activity on the radio. 








Definition at line 45 of file l01_bfb/target_includes.h.




Referenced by radio_irq().














      			#define RESET_RADIO_ACTIVITY          			(





 
          			          			 ) 			   (IE0 = 0)











How to reset the activity register. 








Definition at line 49 of file l01_bfb/target_includes.h.




Referenced by radio_irq().














      			#define T0_START          			(





 
          			          			 ) 			











Value:


do{  TR0 = 1; \
                        ET0 = 1; \
                        EA  = 1; \
                        }while(0)




Start timer0. 





Definition at line 82 of file l01_bfb/target_includes.h.














      			#define T0_STOP          			(





 
          			          			 ) 			











Value:


do{ TR0 = 0; \
                      ET0 = 0; \
                      }while(0)




Stop timer0. 





Definition at line 87 of file l01_bfb/target_includes.h.














      			#define T1_MODE1          			(





 
          			          			 ) 			   (TMOD |= 0x10)











Initialise Timer 1 in mode 1 (16-bit timer). 








Definition at line 102 of file l01_bfb/target_includes.h.




Referenced by run_timer().














      			#define T1_SET_HB          			(			x 			          			 ) 			   (TH1 = x)











Sets the high bit of timer 1. 








Definition at line 106 of file l01_bfb/target_includes.h.




Referenced by run_timer().














      			#define T1_SET_LB          			(			x 			          			 ) 			   (TL1 = x)











Sets the low bit of timer 1. 








Definition at line 104 of file l01_bfb/target_includes.h.




Referenced by run_timer().














      			#define T1_START          			(





 
          			          			 ) 			











Value:


do{  TR1 = 1; \
                        ET1 = 0; \
                        TF1 = 0; \
                        EA  = 1; \
                        }while(0)




Start timer1. 





Definition at line 91 of file l01_bfb/target_includes.h.




Referenced by run_timer().














      			#define T1_STOP          			(





 
          			          			 ) 			











Value:


do{ TR1 = 0; \
                      ET1 = 0; \
                      }while(0)




Stop timer1. 





Definition at line 97 of file l01_bfb/target_includes.h.




Referenced by timer_done(), and wait_for_timer().














      			#define TIMER1_OVERFLOW          			(





 
          			          			 ) 			   (TF1 == 1)











Checks for overflow on timer1. 








Definition at line 53 of file l01_bfb/target_includes.h.




Referenced by timer_done(), and wait_for_timer().












Variable Documentation






      			sbit B1 = P2^1          











Button 1 on BFB. 








Definition at line 39 of file l01_bfb/target_includes.h.














      			sbit B2 = P2^2          











Button 2 on BFB. 








Definition at line 40 of file l01_bfb/target_includes.h.














      			sbit B3 = P2^3          











Button 3 on BFB. 








Definition at line 41 of file l01_bfb/target_includes.h.














      			sbit LED1 = P1^0          











LED1 on BFB. 








Definition at line 35 of file l01_bfb/target_includes.h.














      			sbit LED2 = P1^1          











LED2 on BFB. 








Definition at line 36 of file l01_bfb/target_includes.h.














      			sbit LED3 = P1^2          











LED3 on BFB. 








Definition at line 37 of file l01_bfb/target_includes.h.
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radio.h File Reference


Radio header file for the nRF24LU1 example application. More...






Go to the source code of this file.			


			
Defines





			#define 			RF_CHANNEL   40


			 			Defines the channel the radio should operate on.  



			#define 			RF_PAYLOAD_LENGTH   10


			 			Defines the payload length the radio should use.  



			#define 			RF_POWER_UP_DELAY   2


			 			Defines the time it takes for the radio to come up to operational mode.  



			#define 			RF_RETRANS_DELAY   250


			 			Defines the retransmit delay.  



			#define 			RF_RETRANSMITS   15


			 			Defines how many retransmitts that should be performed.  



			
Enumerations





			enum  			radio_status_t { 

  RF_IDLE, 
RF_MAX_RT, 
RF_TX_DS, 
RF_RX_DR, 


  RF_TX_AP, 
RF_BUSY


 }


			 			Enumerates the different states the radio may be in.  More...



			
Functions





			uint8_t 			radio_get_pload_byte (uint8_t byte_index)


			 			Gets the bit at position byte_index in pload.  



			radio_status_t 			radio_get_status (void)


			 			Get the current status of the radio.  



			void 			radio_irq (void)


			 			This function reads the interrupts.  



			void 			radio_send_packet (uint8_t *packet, uint8_t length)


			 			This function load the data to be sent into the radio, sends it, and waits for the response.  



			void 			radio_set_status (radio_status_t new_status)


			 			Sets the status of the radio.  











Detailed Description



Radio header file for the nRF24LU1 example application. 




			Author:


			Per Kristian Schanke 







Definition in file radio.h.




Define Documentation






      			#define RF_CHANNEL   40          











Defines the channel the radio should operate on. 








Definition at line 25 of file radio.h.




Referenced by radio_esb_init(), radio_pl_init(), and radio_sb_init().














      			#define RF_PAYLOAD_LENGTH   10          











Defines the payload length the radio should use. 








Definition at line 31 of file radio.h.




Referenced by device_prx_mode_pl(), device_ptx_mode_esb(), device_ptx_mode_pl(), device_ptx_mode_sb(), radio_esb_init(), radio_pl_init(), and radio_sb_init().














      			#define RF_POWER_UP_DELAY   2          











Defines the time it takes for the radio to come up to operational mode. 








Definition at line 28 of file radio.h.




Referenced by radio_esb_init(), radio_pl_init(), and radio_sb_init().














      			#define RF_RETRANS_DELAY   250          











Defines the retransmit delay. 




Should be a multiple of 250. If the RF_PAYLOAD_LENGTH is larger than 18, a higher retransmitt delay need to be set. This is because both the original package and ACK payload will be of this size. When the ACK payload exeedes 18 byte, it will not be able to recieve the full ACK in the ordinary 250 mikroseconds, so the delay will need to be increased. 



Definition at line 43 of file radio.h.




Referenced by radio_esb_init(), radio_pl_init(), and radio_sb_init().














      			#define RF_RETRANSMITS   15          











Defines how many retransmitts that should be performed. 








Definition at line 34 of file radio.h.




Referenced by radio_esb_init(), and radio_pl_init().












Enumeration Type Documentation






      			enum radio_status_t          











Enumerates the different states the radio may be in. 







			Enumerator: 


			
			RF_IDLE 			
Radio is idle. 


			RF_MAX_RT 			
Maximum number of retries have occured. 


			RF_TX_DS 			
Data is sent. 


			RF_RX_DR 			
Data recieved. 


			RF_TX_AP 			
Ack payload recieved. 


			RF_BUSY 			
Radio is busy. 














Definition at line 51 of file radio.h.












Function Documentation






      			uint8_t radio_get_pload_byte           			(			uint8_t 			 byte_index          			 ) 			











Gets the bit at position byte_index in pload. 







			Parameters:


			
  						byte_index 			The index of the bit 













			Returns:


			The value of pload[byte_index] 







Definition at line 51 of file radio.c.




References pload.














      			radio_status_t radio_get_status           			(			void 			          			 ) 			











Get the current status of the radio. 







			Returns:


			Status of the radio. May be one of: 






			Return values:


			
  						RF_IDLE 			Radio is idle 


						RF_MAX_RT 			Maximum number of retries have occured 


						RF_TX_DS 			The data are sent 


						RF_RX_DR 			Data is recieved 


						RF_TX_AP 			Ack payload recieved 


						RF_BUSY 			Radio is busy 














Definition at line 46 of file radio.c.




References status.














      			void radio_irq           			(			void 			          			 ) 			











This function reads the interrupts. 




It does the work of a interrupt handler by manually reading the interrupt flags and act on them. Sets the status with \ 



Definition at line 61 of file radio.c.




References hal_nrf_flush_tx(), hal_nrf_get_clear_irq_flags(), HAL_NRF_MAX_RT, hal_nrf_read_rx_pload(), HAL_NRF_RX_DR, hal_nrf_rx_fifo_empty(), HAL_NRF_TX_DS, pload, RADIO_ACTIVITY, radio_set_status(), RESET_RADIO_ACTIVITY, RF_MAX_RT, RF_RX_DR, RF_TX_AP, and RF_TX_DS.














      			void radio_send_packet           			(			uint8_t * 			 packet, 


									uint8_t 			 length			 


						)									











This function load the data to be sent into the radio, sends it, and waits for the response. 







			Parameters:


			
  						packet 			The data to send. Maximum 2 byte 


						length 			The length of the data 














Definition at line 37 of file radio.c.




References CE_PULSE, hal_nrf_write_tx_pload(), radio_set_status(), and RF_BUSY.














      			void radio_set_status           			(			radio_status_t 			 new_status          			 ) 			











Sets the status of the radio. 




Input parameter is checked to see if it is allowed.






			Parameters:


			
  						new_status 			The new status of the radio 














Definition at line 56 of file radio.c.




References status.
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radio_sb.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2310 $
00012  */ 
00013 
00022 #include "hal_nrf.h"
00023 #include "radio_sb.h"
00024 #include "system.h"
00025 #include "radio.h"
00026 
00027 void radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
00028 {
00029   hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
00030                                                  // Pipe 0 and 1 open by default
00031   hal_nrf_open_pipe(HAL_NRF_PIPE0, false);       // Open pipe0, without/autoack
00032 
00033   hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
00034   hal_nrf_set_auto_retr(0, RF_RETRANS_DELAY);    // Disables auto retransmit
00035 
00036   hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
00037   hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
00038   hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
00039                                                  // pipe0  
00040   
00041   if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
00042   {
00043     hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
00044   }
00045   else
00046   {
00047     hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
00048     hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
00049                                                  // Pipe0 expect 
00050                                                  // PAYLOAD_LENGTH byte payload
00051                                                  // PAYLOAD_LENGTH in radio.h
00052   }
00053 
00054   hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
00055                                                  // Defined in radio.h. 
00056                                                  // Frequenzy = 
00057                                                  //        2400 + RF_CHANNEL
00058   hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
00059 
00060 //hal_nrf_set_datarate(HAL_NRF_1MBPS);           // Uncomment this line for 
00061                                                  // compatibility with nRF2401 
00062                                                  // and nRF24E1
00063 
00064   start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
00065   wait_for_timer();                              // power up
00066 
00067   radio_set_status (RF_IDLE);                    // Radio now ready
00068 }                                                
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hal_nrf_f32x_hw.c


Go to the documentation of this file.00001 /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is confidential property of Nordic Semiconductor. The use,
00004  * copying, transfer or disclosure of such information is prohibited except by express written
00005  * agreement with Nordic Semiconductor.
00006  */
00007 
00015 #include <stdint.h>
00016 #include <Cygnal\C8051F320.h>
00017 
00018 uint8_t hal_nrf_rw(uint8_t value)
00019 {
00020   SPIDAT = value;
00021   while(!SPIF)                  // wait for byte transfer finished
00022     ;
00023   SPIF = 0;                     // and clear SPI flag
00024 
00025   return SPIDAT;                // return SPI read value.
00026 }
00027 
00028 void hal_spi_init(uint8_t spi_speed)
00029 {
00030   SPI0CKR = spi_speed;          // Set SPI(nRF24L01) speed    
00031 
00032   SPI0CFG = 0x40;               // SPI Master mode
00033   NSSMD0 = 0;                   // 3-Wire SPI mode
00034   NSSMD1 = 0;                   // NSS not used..
00035     
00036   XBR0 |= 0x02;                 // XBAR SPI I/O enable
00037   SPIEN = 1;                 // SPI enable
00038 }
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Hardware Abstraction Layer


			


			
Modules





			 			nRF HAL


			 			HAL interface for Nordic Semiconductor's radio chip. 












Detailed Description




Hardware Abstraction Layer (HAL)



The Hardware Abstraction Layer (HAL) is designed to provide a common interface for hardware modules that have - in most cases - an MCU dependent and varying implementation. Whereas the SFR registers and bit positions is probably different, there are is a common functionality and vocabulary for a given hardware module. That is what the HAL is supposed to provide to the user. 
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system.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2129 $
00012  */ 
00013  
00016 #ifndef SYSTEM_H__
00017 #define SYSTEM_H__
00018 
00019 extern volatile uint8_t led_blink;
00020 
00024 enum {
00025  LED1_INDEX,
00026  LED2_INDEX,
00027  LED3_INDEX
00028 };
00029 
00030 //lint -e717
00031 #define LED1_ON() do{LED1 = LED_ON;}while(0) 
00032 #define LED2_ON() do{LED2 = LED_ON;}while(0) 
00033 #define LED3_ON() do{LED3 = LED_ON;}while(0) 
00035 #define LED1_OFF() do{LED1 = LED_OFF;}while(0) 
00036 #define LED2_OFF() do{LED2 = LED_OFF;}while(0) 
00037 #define LED3_OFF() do{LED3 = LED_OFF;}while(0) 
00040 #define LED_ALL_OFF() do{ LED1_OFF(); \
00041                           LED2_OFF(); \
00042                           LED3_OFF(); \
00043                          }while(0)
00044 
00046 #define LED1_BLINK() do{  LED1_ON();        \
00047                           T0_START();       \
00048                           led_blink |= (1<<LED1_INDEX); \
00049                           }while(0)
00050 
00051 #define LED2_BLINK() do{  LED2_ON();        \
00052                           T0_START();       \
00053                           led_blink |= (1<<LED2_INDEX); \
00054                           }while(0)
00055 
00056 #define LED3_BLINK() do{  LED3_ON();        \
00057                           T0_START();       \
00058                           led_blink |= (1<<LED3_INDEX); \
00059                           }while(0)
00060 
00062 #define B1_PRESSED() (B1 == B_PRESSED)
00063 
00064 #define B2_PRESSED() (B2 == B_PRESSED)
00065 
00066 #define B3_PRESSED() (B3 == B_PRESSED)
00067 
00068 void system_init(void);       
00069 void device_boot_msg(void);   
00070 void delay_10ms(void);        
00071 void delay_100ms(void);       
00080 void start_timer(uint16_t time); 
00081 
00084 void wait_for_timer(void); 
00085 
00092 bool timer_done (void);    
00093 
00094 #endif // SYSTEM_H__
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radio_esb.h File Reference




Go to the source code of this file.			


			
Functions





			void 			radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in Enhanced ShockBurst mode.  











Function Documentation






      			void radio_esb_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in Enhanced ShockBurst mode. 




This mean that we enable auto-retransmit and auto-acknowledgment.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 27 of file radio_esb.c.




References HAL_NRF_ALL, HAL_NRF_AW_5BYTES, hal_nrf_close_pipe(), HAL_NRF_CRC_16BIT, hal_nrf_open_pipe(), HAL_NRF_PIPE0, HAL_NRF_PRX, HAL_NRF_PTX, HAL_NRF_PWR_UP, hal_nrf_set_address(), hal_nrf_set_address_width(), hal_nrf_set_auto_retr(), hal_nrf_set_crc_mode(), hal_nrf_set_operation_mode(), hal_nrf_set_power_mode(), hal_nrf_set_rf_channel(), hal_nrf_set_rx_pload_width(), HAL_NRF_TX, radio_set_status(), RF_CHANNEL, RF_IDLE, RF_PAYLOAD_LENGTH, RF_POWER_UP_DELAY, RF_RETRANS_DELAY, RF_RETRANSMITS, start_timer(), and wait_for_timer().
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hal_nrf_hw.h File Reference


Header file defining hardware dependent functions for nRF24LU1. More...

#include <Nordic\reg24lu1.h>






Go to the source code of this file.			


			
Defines





			#define 			CE_HIGH()   do { RFCE = 1; } while(0)


			 			Macro that set radio's CE line HIGH.  



			#define 			CE_LOW()   do { RFCE = 0; } while(0)


			 			Macro that set radio's CE line LOW.  



			#define 			CE_PULSE()


			 			Pulses the CE to nRF24L01 for at least 10 us.  



			#define 			CSN_HIGH()   do { RFCSN = 1; } while(0)


			 			Macro that set radio's CSN line HIGH.  



			#define 			CSN_LOW()   do { RFCSN = 0; } while(0)


			 			Macro that set radio's CSN line LOW.  



			#define 			MCSN_HIGH()   do { MCSN = 1; } while(0)


			 			Macro that set master SPI CSN line HIGH.  



			#define 			MCSN_LOW()   do { MCSN = 0; } while(0)


			 			Macro that set master SPI CSN line LOW.  











Detailed Description



Header file defining hardware dependent functions for nRF24LU1. 





Definition in file arch/hal/nrf24lu1/hal_nrf_hw.h.
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nRF24L01 Register definitions


[nRF HAL]



Header file defining register mapping with bit definitions. This file is radio-chip dependent, and are included with the hal_nrf.h.  
More...			


			
- Register Memory Map -





			#define 			CD   0x09


			 			nRF24L01 carrier detect register  



			#define 			CONFIG   0x00


			 			nRF24L01 config register  



			#define 			DYNPD   0x1C


			 			nRF24L01 Dynamic payload setup  



			#define 			EN_AA   0x01


			 			nRF24L01 enable Auto-Acknowledge register  



			#define 			EN_RXADDR   0x02


			 			nRF24L01 enable RX addresses register  



			#define 			FEATURE   0x1D


			 			nRF24L01 Exclusive feature setup  



			#define 			FIFO_STATUS   0x17


			 			nRF24L01 FIFO status register  



			#define 			OBSERVE_TX   0x08


			 			nRF24L01 transmit observe register  



			#define 			RF_CH   0x05


			 			nRF24L01 RF channel register  



			#define 			RF_SETUP   0x06


			 			nRF24L01 RF setup register  



			#define 			RX_ADDR_P0   0x0A


			 			nRF24L01 receive address data pipe0  



			#define 			RX_ADDR_P1   0x0B


			 			nRF24L01 receive address data pipe1  



			#define 			RX_ADDR_P2   0x0C


			 			nRF24L01 receive address data pipe2  



			#define 			RX_ADDR_P3   0x0D


			 			nRF24L01 receive address data pipe3  



			#define 			RX_ADDR_P4   0x0E


			 			nRF24L01 receive address data pipe4  



			#define 			RX_ADDR_P5   0x0F


			 			nRF24L01 receive address data pipe5  



			#define 			RX_PW_P0   0x11


			 			nRF24L01 # of bytes in rx payload for pipe0  



			#define 			RX_PW_P1   0x12


			 			nRF24L01 # of bytes in rx payload for pipe1  



			#define 			RX_PW_P2   0x13


			 			nRF24L01 # of bytes in rx payload for pipe2  



			#define 			RX_PW_P3   0x14


			 			nRF24L01 # of bytes in rx payload for pipe3  



			#define 			RX_PW_P4   0x15


			 			nRF24L01 # of bytes in rx payload for pipe4  



			#define 			RX_PW_P5   0x16


			 			nRF24L01 # of bytes in rx payload for pipe5  



			#define 			SETUP_AW   0x03


			 			nRF24L01 setup of address width register  



			#define 			SETUP_RETR   0x04


			 			nRF24L01 setup of automatic retransmission register  



			#define 			STATUS   0x07


			 			nRF24L01 status register  



			#define 			TX_ADDR   0x10


			 			nRF24L01 transmit address  



			
CONFIG register bit definitions





			#define 			CRCO   2


			 			CONFIG register bit 2.  



			#define 			EN_CRC   3


			 			CONFIG register bit 3.  



			#define 			MASK_MAX_RT   4


			 			CONFIG register bit 4.  



			#define 			MASK_RX_DR   6


			 			CONFIG register bit 6.  



			#define 			MASK_TX_DS   5


			 			CONFIG register bit 5.  



			#define 			PRIM_RX   0


			 			CONFIG register bit 0.  



			#define 			PWR_UP   1


			 			CONFIG register bit 1.  



			
- Instruction Set -





			#define 			FLUSH_RX   0xE2


			 			Flush RX register command.  



			#define 			FLUSH_TX   0xE1


			 			Flush TX register command.  



			#define 			LOCK_UNLOCK   0x50


			 			Lock/unlcok exclusive features.  



			#define 			NOP   0xFF


			 			No Operation command, used for reading status register.  



			#define 			RD_RX_PLOAD   0x61


			 			Read RX payload command.  



			#define 			RD_RX_PLOAD_W   0x60


			 			Read RX payload command.  



			#define 			REUSE_TX_PL   0xE3


			 			Reuse TX payload command.  



			#define 			WR_ACK_PLOAD   0xA8


			 			Write ACK payload command.  



			#define 			WR_NAC_TX_PLOAD   0xB0


			 			Write ACK payload command.  



			#define 			WR_TX_PLOAD   0xA0


			 			Write TX payload command.  



			#define 			WRITE_REG   0x20


			 			Register write command.  



			
RF_SETUP register bit definitions





			#define 			LNA_HCURR   0


			 			RF_SETUP register bit 0.  



			#define 			PLL_LOCK   4


			 			RF_SETUP register bit 4.  



			#define 			RF_DR   3


			 			RF_SETUP register bit 3.  



			#define 			RF_PWR0   1


			 			RF_SETUP register bit 1.  



			#define 			RF_PWR1   2


			 			RF_SETUP register bit 2.  



			
STATUS register bit definitions





			#define 			MAX_RT   4


			 			STATUS register bit 4.  



			#define 			RX_DR   6


			 			STATUS register bit 6.  



			#define 			TX_DS   5


			 			STATUS register bit 5.  



			#define 			TX_FULL   0


			 			STATUS register bit 0.  



			
FIFO_STATUS register bit definitions





			#define 			RX_EMPTY   0


			 			FIFO_STATUS register bit 0.  



			#define 			RX_FULL   1


			 			FIFO_STATUS register bit 1.  



			#define 			TX_EMPTY   4


			 			FIFO_STATUS register bit 4.  



			#define 			TX_FIFO_FULL   5


			 			FIFO_STATUS register bit 5.  



			#define 			TX_REUSE   6


			 			FIFO_STATUS register bit 6.  



			
Enumerations





			enum  			hal_nrf_address_t { 

  HAL_NRF_PIPE0, 
HAL_NRF_PIPE1, 
HAL_NRF_PIPE2, 
HAL_NRF_PIPE3, 


  HAL_NRF_PIPE4, 
HAL_NRF_PIPE5, 
HAL_NRF_TX, 
HAL_NRF_ALL =  0xFF


 }


			 			Structure containing the radio's address map.  More...



			enum  			hal_nrf_address_width_t { HAL_NRF_AW_3BYTES =  3, 
HAL_NRF_AW_4BYTES, 
HAL_NRF_AW_5BYTES
 }


			 			An enum describing the radio's address width.  More...



			enum  			hal_nrf_crc_mode_t { HAL_NRF_CRC_OFF, 
HAL_NRF_CRC_8BIT =  2, 
HAL_NRF_CRC_16BIT
 }


			 			An enum describing the radio's CRC mode.  More...



			enum  			hal_nrf_datarate_t { HAL_NRF_1MBPS, 
HAL_NRF_2MBPS
 }


			 			An enum describing the radio's on-air datarate.  More...



			enum  			hal_nrf_irq_source_t { HAL_NRF_MAX_RT =  4, 
HAL_NRF_TX_DS, 
HAL_NRF_RX_DR
 }


			 			An enum describing the radio's irq sources.  More...



			enum  			hal_nrf_lna_mode_t { HAL_NRF_LNA_LCURR, 
HAL_NRF_LNA_HCURR
 }


			 			An enum describing the radio's LNA mode.  More...



			enum  			hal_nrf_operation_mode_t { HAL_NRF_PTX, 
HAL_NRF_PRX
 }


			 			An enum describing the radio's power mode.  More...



			enum  			hal_nrf_output_power_t { HAL_NRF_18DBM, 
HAL_NRF_12DBM, 
HAL_NRF_6DBM, 
HAL_NRF_0DBM
 }


			 			An enum describing the radio's output power mode's.  More...



			enum  			hal_nrf_pll_mode_t { HAL_NRF_PLL_UNLOCK, 
HAL_NRF_PLL_LOCK
 }


			 			An enum describing the radio's PLL mode.  More...



			enum  			hal_nrf_pload_command_t { HAL_NRF_TX_PLOAD =  7, 
HAL_NRF_RX_PLOAD, 
HAL_NRF_ACK_PLOAD
 }


			 			An enum describing the read/write payload command.  More...



			enum  			hal_nrf_pwr_mode_t { HAL_NRF_PWR_DOWN, 
HAL_NRF_PWR_UP
 }


			 			An enum describing the radio's power mode.  More...








Detailed Description



Header file defining register mapping with bit definitions. This file is radio-chip dependent, and are included with the hal_nrf.h. 





Define Documentation






      			#define CD   0x09          











nRF24L01 carrier detect register 








Definition at line 51 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_carrier_detect().














      			#define CONFIG   0x00          











nRF24L01 config register 








Definition at line 42 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_crc_mode(), hal_nrf_get_irq_mode(), hal_nrf_get_operation_mode(), hal_nrf_get_power_mode(), hal_nrf_set_crc_mode(), hal_nrf_set_irq_mode(), hal_nrf_set_operation_mode(), and hal_nrf_set_power_mode().














      			#define CRCO   2          











CONFIG register bit 2. 








Definition at line 205 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_crc_mode().














      			#define DYNPD   0x1C          











nRF24L01 Dynamic payload setup 








Definition at line 66 of file hal_nrf_reg.h.




Referenced by hal_nrf_setup_dyn_pl(), and radio_pl_init().














      			#define EN_AA   0x01          











nRF24L01 enable Auto-Acknowledge register 








Definition at line 43 of file hal_nrf_reg.h.




Referenced by hal_nrf_close_pipe(), hal_nrf_get_pipe_status(), and hal_nrf_open_pipe().














      			#define EN_CRC   3          











CONFIG register bit 3. 








Definition at line 204 of file hal_nrf_reg.h.














      			#define EN_RXADDR   0x02          











nRF24L01 enable RX addresses register 








Definition at line 44 of file hal_nrf_reg.h.




Referenced by hal_nrf_close_pipe(), hal_nrf_get_pipe_status(), and hal_nrf_open_pipe().














      			#define FEATURE   0x1D          











nRF24L01 Exclusive feature setup 








Definition at line 67 of file hal_nrf_reg.h.




Referenced by hal_nrf_disable_ack_pl(), hal_nrf_disable_dynamic_ack(), hal_nrf_disable_dynamic_pl(), hal_nrf_enable_ack_pl(), hal_nrf_enable_dynamic_ack(), hal_nrf_enable_dynamic_pl(), and radio_pl_init().














      			#define FIFO_STATUS   0x17          











nRF24L01 FIFO status register 








Definition at line 65 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_fifo_status(), hal_nrf_get_rx_fifo_status(), hal_nrf_get_tx_fifo_status(), hal_nrf_rx_fifo_full(), hal_nrf_tx_fifo_empty(), and hal_nrf_tx_fifo_full().














      			#define FLUSH_RX   0xE2          











Flush RX register command. 








Definition at line 32 of file hal_nrf_reg.h.




Referenced by hal_nrf_flush_rx(), and hal_nrf_write_reg().














      			#define FLUSH_TX   0xE1          











Flush TX register command. 








Definition at line 31 of file hal_nrf_reg.h.




Referenced by hal_nrf_flush_tx(), and hal_nrf_write_reg().














      			#define LNA_HCURR   0          











RF_SETUP register bit 0. 








Definition at line 216 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_lna_gain(), and hal_nrf_set_lna_gain().














      			#define LOCK_UNLOCK   0x50          











Lock/unlcok exclusive features. 








Definition at line 34 of file hal_nrf_reg.h.




Referenced by hal_nrf_lock_unlock().














      			#define MASK_MAX_RT   4          











CONFIG register bit 4. 








Definition at line 203 of file hal_nrf_reg.h.














      			#define MASK_RX_DR   6          











CONFIG register bit 6. 








Definition at line 201 of file hal_nrf_reg.h.














      			#define MASK_TX_DS   5          











CONFIG register bit 5. 








Definition at line 202 of file hal_nrf_reg.h.














      			#define MAX_RT   4          











STATUS register bit 4. 








Definition at line 224 of file hal_nrf_reg.h.














      			#define NOP   0xFF          











No Operation command, used for reading status register. 








Definition at line 36 of file hal_nrf_reg.h.




Referenced by hal_nrf_nop(), and hal_nrf_write_reg().














      			#define OBSERVE_TX   0x08          











nRF24L01 transmit observe register 








Definition at line 50 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_auto_retr_status(), hal_nrf_get_packet_lost_ctr(), and hal_nrf_get_transmit_attempts().














      			#define PLL_LOCK   4          











RF_SETUP register bit 4. 








Definition at line 212 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_pll_mode(), and hal_nrf_set_pll_mode().














      			#define PRIM_RX   0          











CONFIG register bit 0. 








Definition at line 207 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_operation_mode(), and hal_nrf_set_operation_mode().














      			#define PWR_UP   1          











CONFIG register bit 1. 








Definition at line 206 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_power_mode(), and hal_nrf_set_power_mode().














      			#define RD_RX_PLOAD   0x61          











Read RX payload command. 








Definition at line 27 of file hal_nrf_reg.h.




Referenced by hal_nrf_read_multibyte_reg().














      			#define RD_RX_PLOAD_W   0x60          











Read RX payload command. 








Definition at line 26 of file hal_nrf_reg.h.




Referenced by hal_nrf_read_rx_pl_w().














      			#define REUSE_TX_PL   0xE3          











Reuse TX payload command. 








Definition at line 33 of file hal_nrf_reg.h.




Referenced by hal_nrf_reuse_tx(), and hal_nrf_write_reg().














      			#define RF_CH   0x05          











nRF24L01 RF channel register 








Definition at line 47 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_rf_channel(), and hal_nrf_set_rf_channel().














      			#define RF_DR   3          











RF_SETUP register bit 3. 








Definition at line 213 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_datarate(), and hal_nrf_set_datarate().














      			#define RF_PWR0   1          











RF_SETUP register bit 1. 








Definition at line 215 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_output_power(), and hal_nrf_set_output_power().














      			#define RF_PWR1   2          











RF_SETUP register bit 2. 








Definition at line 214 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_output_power(), and hal_nrf_set_output_power().














      			#define RF_SETUP   0x06          











nRF24L01 RF setup register 








Definition at line 48 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_datarate(), hal_nrf_get_lna_gain(), hal_nrf_get_output_power(), hal_nrf_get_pll_mode(), hal_nrf_set_datarate(), hal_nrf_set_lna_gain(), hal_nrf_set_output_power(), and hal_nrf_set_pll_mode().














      			#define RX_ADDR_P0   0x0A          











nRF24L01 receive address data pipe0 








Definition at line 52 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_address(), hal_nrf_read_multibyte_reg(), hal_nrf_set_address(), and hal_nrf_write_multibyte_reg().














      			#define RX_ADDR_P1   0x0B          











nRF24L01 receive address data pipe1 








Definition at line 53 of file hal_nrf_reg.h.














      			#define RX_ADDR_P2   0x0C          











nRF24L01 receive address data pipe2 








Definition at line 54 of file hal_nrf_reg.h.














      			#define RX_ADDR_P3   0x0D          











nRF24L01 receive address data pipe3 








Definition at line 55 of file hal_nrf_reg.h.














      			#define RX_ADDR_P4   0x0E          











nRF24L01 receive address data pipe4 








Definition at line 56 of file hal_nrf_reg.h.














      			#define RX_ADDR_P5   0x0F          











nRF24L01 receive address data pipe5 








Definition at line 57 of file hal_nrf_reg.h.














      			#define RX_DR   6          











STATUS register bit 6. 








Definition at line 222 of file hal_nrf_reg.h.














      			#define RX_EMPTY   0          











FIFO_STATUS register bit 0. 








Definition at line 235 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_rx_fifo_status(), and hal_nrf_rx_fifo_full().














      			#define RX_FULL   1          











FIFO_STATUS register bit 1. 








Definition at line 234 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_rx_fifo_status().














      			#define RX_PW_P0   0x11          











nRF24L01 # of bytes in rx payload for pipe0 








Definition at line 59 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_rx_pload_width(), and hal_nrf_set_rx_pload_width().














      			#define RX_PW_P1   0x12          











nRF24L01 # of bytes in rx payload for pipe1 








Definition at line 60 of file hal_nrf_reg.h.














      			#define RX_PW_P2   0x13          











nRF24L01 # of bytes in rx payload for pipe2 








Definition at line 61 of file hal_nrf_reg.h.














      			#define RX_PW_P3   0x14          











nRF24L01 # of bytes in rx payload for pipe3 








Definition at line 62 of file hal_nrf_reg.h.














      			#define RX_PW_P4   0x15          











nRF24L01 # of bytes in rx payload for pipe4 








Definition at line 63 of file hal_nrf_reg.h.














      			#define RX_PW_P5   0x16          











nRF24L01 # of bytes in rx payload for pipe5 








Definition at line 64 of file hal_nrf_reg.h.














      			#define SETUP_AW   0x03          











nRF24L01 setup of address width register 








Definition at line 45 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_address_width(), and hal_nrf_set_address_width().














      			#define SETUP_RETR   0x04          











nRF24L01 setup of automatic retransmission register 








Definition at line 46 of file hal_nrf_reg.h.




Referenced by hal_nrf_set_auto_retr().














      			#define STATUS   0x07          











nRF24L01 status register 








Definition at line 49 of file hal_nrf_reg.h.




Referenced by hal_nrf_clear_irq_flag(), and hal_nrf_get_clear_irq_flags().














      			#define TX_ADDR   0x10          











nRF24L01 transmit address 








Definition at line 58 of file hal_nrf_reg.h.














      			#define TX_DS   5          











STATUS register bit 5. 








Definition at line 223 of file hal_nrf_reg.h.














      			#define TX_EMPTY   4          











FIFO_STATUS register bit 4. 








Definition at line 233 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_tx_fifo_status(), and hal_nrf_tx_fifo_empty().














      			#define TX_FIFO_FULL   5          











FIFO_STATUS register bit 5. 








Definition at line 232 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_tx_fifo_status(), and hal_nrf_tx_fifo_full().














      			#define TX_FULL   0          











STATUS register bit 0. 








Definition at line 225 of file hal_nrf_reg.h.














      			#define TX_REUSE   6          











FIFO_STATUS register bit 6. 








Definition at line 231 of file hal_nrf_reg.h.




Referenced by hal_nrf_get_reuse_tx_status().














      			#define WR_ACK_PLOAD   0xA8          











Write ACK payload command. 








Definition at line 29 of file hal_nrf_reg.h.




Referenced by hal_nrf_write_ack_pload().














      			#define WR_NAC_TX_PLOAD   0xB0          











Write ACK payload command. 








Definition at line 30 of file hal_nrf_reg.h.














      			#define WR_TX_PLOAD   0xA0          











Write TX payload command. 








Definition at line 28 of file hal_nrf_reg.h.




Referenced by hal_nrf_write_multibyte_reg().














      			#define WRITE_REG   0x20          











Register write command. 








Definition at line 25 of file hal_nrf_reg.h.




Referenced by hal_nrf_write_multibyte_reg(), and hal_nrf_write_reg().












Enumeration Type Documentation






      			enum hal_nrf_address_t          











Structure containing the radio's address map. 




Pipe0 contains 5 unique address bytes, while pipe[1..5] share the 4 MSB bytes, set in pipe1. 



 - Remember that the LSB byte for all pipes have to be unique! - An enum describing the nRF24L01 pipe addresses and TX address. 


			Enumerator: 


			
			HAL_NRF_PIPE0 			
Select pipe0. 


			HAL_NRF_PIPE1 			
Select pipe1. 


			HAL_NRF_PIPE2 			
Select pipe2. 


			HAL_NRF_PIPE3 			
Select pipe3. 


			HAL_NRF_PIPE4 			
Select pipe4. 


			HAL_NRF_PIPE5 			
Select pipe5. 


			HAL_NRF_TX 			
Refer to TX address. 


			HAL_NRF_ALL 			
Close or open all pipes. 




			See also:


			hal_nrf_set_address 
hal_nrf_get_address 



hal_nrf_open_pipe 



hal_nrf_close_pipe 
























Definition at line 175 of file hal_nrf_reg.h.














      			enum hal_nrf_address_width_t          











An enum describing the radio's address width. 







			Enumerator: 


			
			HAL_NRF_AW_3BYTES 			
Set address width to 3 bytes. 


			HAL_NRF_AW_4BYTES 			
Set address width to 4 bytes. 


			HAL_NRF_AW_5BYTES 			
Set address width to 5 bytes. 














Definition at line 191 of file hal_nrf_reg.h.














      			enum hal_nrf_crc_mode_t          











An enum describing the radio's CRC mode. 







			Enumerator: 


			
			HAL_NRF_CRC_OFF 			
CRC check disabled. 


			HAL_NRF_CRC_8BIT 			
CRC check set to 8-bit. 


			HAL_NRF_CRC_16BIT 			
CRC check set to 16-bit. 














Definition at line 138 of file hal_nrf_reg.h.














      			enum hal_nrf_datarate_t          











An enum describing the radio's on-air datarate. 







			Enumerator: 


			
			HAL_NRF_1MBPS 			
Datarate set to 1 Mbps. 


			HAL_NRF_2MBPS 			
Datarate set to 2 Mbps. 














Definition at line 114 of file hal_nrf_reg.h.














      			enum hal_nrf_irq_source_t          











An enum describing the radio's irq sources. 







			Enumerator: 


			
			HAL_NRF_MAX_RT 			
Max retries interrupt. 


			HAL_NRF_TX_DS 			
TX data sent interrupt. 


			HAL_NRF_RX_DR 			
RX data received interrupt. 














Definition at line 78 of file hal_nrf_reg.h.














      			enum hal_nrf_lna_mode_t          











An enum describing the radio's LNA mode. 







			Enumerator: 


			
			HAL_NRF_LNA_LCURR 			
LNA set to low current mode. 


			HAL_NRF_LNA_HCURR 			
LNA set to high current mode. 














Definition at line 130 of file hal_nrf_reg.h.














      			enum hal_nrf_operation_mode_t          











An enum describing the radio's power mode. 







			Enumerator: 


			
			HAL_NRF_PTX 			
Primary TX operation. 


			HAL_NRF_PRX 			
Primary RX operation. 














Definition at line 88 of file hal_nrf_reg.h.














      			enum hal_nrf_output_power_t          











An enum describing the radio's output power mode's. 







			Enumerator: 


			
			HAL_NRF_18DBM 			
Output power set to -18dBm. 


			HAL_NRF_12DBM 			
Output power set to -12dBm. 


			HAL_NRF_6DBM 			
Output power set to -6dBm. 


			HAL_NRF_0DBM 			
Output power set to 0dBm. 














Definition at line 104 of file hal_nrf_reg.h.














      			enum hal_nrf_pll_mode_t          











An enum describing the radio's PLL mode. 







			Enumerator: 


			
			HAL_NRF_PLL_UNLOCK 			
PLL unlocked, normal operation. 


			HAL_NRF_PLL_LOCK 			
PLL locked, test mode. 














Definition at line 122 of file hal_nrf_reg.h.














      			enum hal_nrf_pload_command_t          











An enum describing the read/write payload command. 







			Enumerator: 


			
			HAL_NRF_TX_PLOAD 			
TX payload definition. 


			HAL_NRF_RX_PLOAD 			
RX payload definition. 


			HAL_NRF_ACK_PLOAD 			















Definition at line 147 of file hal_nrf_reg.h.














      			enum hal_nrf_pwr_mode_t          











An enum describing the radio's power mode. 







			Enumerator: 


			
			HAL_NRF_PWR_DOWN 			
Device power-down. 


			HAL_NRF_PWR_UP 			
Device power-up. 














Definition at line 96 of file hal_nrf_reg.h.
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mcu.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2311 $
00012  */ 
00013  
00023 //#include "fap.h"
00024 #include <Cygnal\c8051f320.h>
00025 #include "stdint.h"
00026 #include "stdbool.h"
00027 #include "system.h"
00028 
00029 static void sysclk_init(void);
00030 static void port_init(void);
00031 extern void hal_spi_init(uint8_t spi_speed);
00032 
00033 //-----------------------------------------------------------------------------
00034 // Definitions
00035 //-----------------------------------------------------------------------------
00036 
00037 // USB clock selections (SFR CLKSEL)
00038 #define USB_4X_CLOCK       0x00         // Select 4x clock multiplier, for USB
00039 
00040 // System clock selections (SFR CLKSEL)
00041 #define SYS_INT_OSC        0x00         // Select to use internal oscillator
00042 
00043 //-----------------------------------------------------------------------------
00044 // Global Variable Declarations
00045 //-----------------------------------------------------------------------------
00046 
00047 void system_init (void)
00048 {
00049   uint16_t temp;
00050 
00051   PCA0MD &= ~0x40;              // Disable Watchdog timer
00052 
00053   REG0CN |= 0x80;               // Internal Voltage Regulator Disabled
00054 
00055   sysclk_init();                // initialize system clock
00056   
00057   port_init();                  // configure cross bar
00058  
00059   TCON |= 0x01;                 // Int1 level triggered  xxx same as ir0 = 1
00060 
00061   // Radio IRQ setup
00062   IT0 = 1;                      // /INT0, edge sens    
00063   IE0 = 0;                      // clear pending interrupt  
00064   EX0 = 0;                      // Extern interrupt0 (nRF) enabled  
00065  
00066    // PS2 IRQ setup
00067   IT1 = 1;                      // Int1 edge sens
00068   IE1 = 0;
00069   EX1 = 0;                      // PS2 IRQ
00070   PX1=1;                        // Int1 priority bit set (ps2)    
00071   
00072   hal_spi_init(0);              // SPI Init, 3-wire mode, CK/2 speed
00073 
00074   temp=0xffff;                  // Waiting ...  
00075   while(--temp)                 // nRF radio is booting up
00076     ;                           // temp value can be tuned.
00077 }
00078 
00079 void sysclk_init (void)
00080 {
00081 #ifdef _USB_LOW_SPEED_
00082   
00083   OSCICN |= 0x03;                       // Configure internal oscillator for
00084                                         // its maximum frequency and enable
00085                                         // missing clock detector
00086   
00087   CLKSEL  = SYS_EXT_OSC;                // Select System clock
00088   CLKSEL |= USB_INT_OSC_DIV_2;          // Select USB clock
00089 #else
00090   OSCICN |= 0x03;                       // Configure internal oscillator for
00091                                         // its maximum frequency and enable
00092                                         // missing clock detector
00093   
00094   CLKMUL  = 0x00;                       // Select internal oscillator as
00095                                         // input to clock multiplier
00096   
00097   CLKMUL |= 0x80;                       // Enable clock multiplier
00098   
00099   delay_100ms();                       // Delay for clock multiplier to begin
00100   
00101   CLKMUL |= 0xC0;                       // Initialize the clock multiplier
00102   
00103   while(!(CLKMUL & 0x20))               // Wait for multiplier to lock
00104     ;
00105   CLKSEL  = SYS_INT_OSC;                // Select system clock
00106   CLKSEL |= USB_4X_CLOCK;               // Select USB clock
00107 #endif  /* _USB_LOW_SPEED_ */
00108 }
00109 
00110 void port_init (void)
00111 {
00112   P0MDIN = 0xff;                        // Port 0 set as digital IO
00113   P1MDIN = 0xff;                        // Port 1 set as digital IO
00114   P2MDIN = 0xff;                        // Port 2 set as digital IO
00115 
00116   P0MDOUT = 0x8D;                       // P0.0(SCK), P0.2(MOSI), P0.3(CSN), P0.4(CE) Outputs, P0.5(IRQ) rest inputs
00117   P1MDOUT = 0x63;                       // P1.0(LED1), P1.1(LED2), P1.2(LED3), P1.3(LED4) Outputs, rest inputs
00118   P2MDOUT = 0x00;                       // P2.1(SW1), P2.2(SW2), P2.3(SW3), P2[7..4] Rotary Switch, Inputs
00119 
00120   P0 = 0x6A;                            // P0.3(CSN), P0.5(IRQ) High(pullups), rest low
00121   P1 = 0x7F;                            // P1[3..0] LEDS OFF
00122   P2 = 0xff;                            // P2[3..1] low(ext.pullups), P2[7..4] pullups
00123 
00124   XBR0 = 0x00;                          // No periferi routed to crossbar
00125   XBR1 |= 0x40;                         // Enable Crossbar
00126   IT01CF = 0x65;                        // Int0 assigned to P0.5 and Int1 assigned to P0.6
00127                                         // Both active low 
00128 }
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mcu.c File Reference


Implementation of nRF24LU1 hardware functions. More...

#include "hal_nrf.h"

#include "radio.h"

#include "system.h"






Go to the source code of this file.			


			
Functions





			void 			nrf_spi_init (void)


			 			Function that initialises the spi bus to the radio.  



			void 			port_init (uint8_t alt, uint8_t dir, uint8_t value)


			void 			system_init (void)


			 			Initialise the timers, ports, interupts, etc.  











Detailed Description



Implementation of nRF24LU1 hardware functions. 

This file implements the system_init() function, that sets up hardware such as internal clocks, timers, and IO ports.






			Author:


			Per Kristian Schanke 







Definition in file lu1_bfb/mcu.c.




Function Documentation






      			void nrf_spi_init           			(			void 			          			 ) 			











Function that initialises the spi bus to the radio. 








Definition at line 51 of file lu1_bfb/mcu.c.




Referenced by system_init().














      			void port_init           			(			uint8_t 			 alt, 


									uint8_t 			 dir, 


									uint8_t 			 value			 


						)									















Definition at line 44 of file lu1_bfb/mcu.c.














      			void system_init           			(			void 			          			 ) 			











Initialise the timers, ports, interupts, etc. 








Definition at line 32 of file lu1_bfb/mcu.c.




References delay_10ms(), nrf_spi_init(), and port_init().
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application_esb.c File Reference


Application to show the functionality of the Enhanced ShockBurst mode. More...

#include "hal_nrf.h"

#include "system.h"

#include "radio.h"

#include "application_esb.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_esb (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_esb (void)


			 			This function is called if the application is entering the PTX mode.  



			
Variables





			static xdata uint8_t 			pload_esb [RF_PAYLOAD_LENGTH]


			 			The data to send in ShockBurst mode.  











Detailed Description



Application to show the functionality of the Enhanced ShockBurst mode. 

PTX mode: 


			Sends a packet aprox every 100ms


			Accepts user interaction at Button 1:			Not pressed: Send 00 


			Pressed: Send 10 









			If a ACK was recieved, blink LED2


			If a ACK was not recieved, blink LED3







PRX mode: 


			Constantly checks for data


			If no packet recieved in aprox 100ms, turn off all leds


			If a packet is recieved, turn on lights according to packet content:			0: LED1 off


			1: LED1 on

















			Author:


			Per Kristian Schanke 







Definition in file application_esb.c.




Function Documentation






      			void device_prx_mode_esb           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 82 of file application_esb.c.




Referenced by main().














      			void device_ptx_mode_esb           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 46 of file application_esb.c.




Referenced by main().












Variable Documentation






      			xdata uint8_t pload_esb[RF_PAYLOAD_LENGTH] [static]          











The data to send in ShockBurst mode. 








Definition at line 44 of file application_esb.c.




Referenced by device_ptx_mode_esb().
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hal_nrf_hw.h File Reference


Header file defining the hardware depenent interface of the C8051F320. More...

#include <Cygnal\c8051f320.h>






Go to the source code of this file.			


			
Defines





			#define 			CE_HIGH()   do {CE = 1;} while(0)


			 			Macro that set radio's CE line HIGH.  



			#define 			CE_LOW()   do {CE = 0;} while(0)


			 			Macro that set radio's CE line LOW.  



			#define 			CE_PULSE()


			 			Pulses the CE to nRF24L01 for at least 10 us.  



			#define 			CSN_HIGH()   do {CSN = 1;} while(0)


			 			Macro that set radio's CSN line HIGH.  



			#define 			CSN_LOW()   do {CSN = 0;} while(0)


			 			Macro that set radio's CSN line LOW.  



			
Variables





			sbit 			CE = P0^4


			sbit 			CSN = P0^3










Detailed Description



Header file defining the hardware depenent interface of the C8051F320. 





Definition in file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Define Documentation






      			#define CE_HIGH          			(





 
          			          			 ) 			   do {CE = 1;} while(0)











Macro that set radio's CE line HIGH. 








Definition at line 46 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), and device_prx_mode_sb().














      			#define CE_LOW          			(





 
          			          			 ) 			   do {CE = 0;} while(0)











Macro that set radio's CE line LOW. 








Definition at line 41 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.














      			#define CE_PULSE          			(





 
          			          			 ) 			











Value:


do { \
  uint8_t count; \
  count = 20; \
  CE_HIGH();  \
  while(count--) \
    ; \
  CE_LOW();  \
  } while(0)




Pulses the CE to nRF24L01 for at least 10 us. 





Definition at line 51 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Referenced by radio_send_packet().














      			#define CSN_HIGH          			(





 
          			          			 ) 			   do {CSN = 1;} while(0)











Macro that set radio's CSN line HIGH. 








Definition at line 36 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Referenced by hal_nrf_lock_unlock(), hal_nrf_read_multibyte_reg(), hal_nrf_read_reg(), hal_nrf_read_rx_pl_w(), hal_nrf_write_ack_pload(), hal_nrf_write_multibyte_reg(), and hal_nrf_write_reg().














      			#define CSN_LOW          			(





 
          			          			 ) 			   do {CSN = 0;} while(0)











Macro that set radio's CSN line LOW. 








Definition at line 31 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.




Referenced by hal_nrf_lock_unlock(), hal_nrf_read_multibyte_reg(), hal_nrf_read_reg(), hal_nrf_read_rx_pl_w(), hal_nrf_write_ack_pload(), hal_nrf_write_multibyte_reg(), and hal_nrf_write_reg().












Variable Documentation






      			sbit CE = P0^4          















Definition at line 26 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.














      			sbit CSN = P0^3          















Definition at line 25 of file prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h.
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application_esb.h File Reference




Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_esb (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_esb (void)


			 			This function is called if the application is entering the PTX mode.  











Function Documentation






      			void device_prx_mode_esb           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 82 of file application_esb.c.




References CE_HIGH, LED1_OFF, LED1_ON, radio_get_pload_byte(), radio_get_status(), radio_irq(), radio_set_status(), RF_IDLE, RF_RX_DR, start_timer(), and timer_done().














      			void device_ptx_mode_esb           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 46 of file application_esb.c.




References B1_PRESSED, LED2_BLINK, LED3_BLINK, pload_esb, radio_get_status(), radio_irq(), radio_send_packet(), RF_BUSY, RF_PAYLOAD_LENGTH, RF_TX_DS, start_timer(), and wait_for_timer().
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application_sb.c File Reference


Application to show the functionality of the ShockBurst mode. More...

#include "hal_nrf.h"

#include "system.h"

#include "radio.h"

#include "application_sb.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_sb (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_sb (void)


			 			This function is called if the application is entering the PTX mode.  



			
Variables





			static xdata uint8_t 			pload_sb [RF_PAYLOAD_LENGTH]


			 			The data to send in ShockBurst mode.  











Detailed Description



Application to show the functionality of the ShockBurst mode. 

PTX mode: 


			Sends a packet aprox every 100ms


			Accepts user interaction at Button 1:			Not pressed: Send 00 


			Pressed: Send 10 














PRX mode: 


			Constantly checks for data


			If no packet recieved in aprox 100ms, turn off all leds


			If a packet is recieved, turn on lights according to packet content:			0: LED1 off


			1: LED1 on

















			Author:


			Per Kristian Schanke 







Definition in file application_sb.c.




Function Documentation






      			void device_prx_mode_sb           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 69 of file application_sb.c.




Referenced by main().














      			void device_ptx_mode_sb           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 43 of file application_sb.c.




Referenced by main().












Variable Documentation






      			xdata uint8_t pload_sb[RF_PAYLOAD_LENGTH] [static]          











The data to send in ShockBurst mode. 








Definition at line 41 of file application_sb.c.




Referenced by device_ptx_mode_sb().
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system.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2310 $
00012  */ 
00013 
00023 #include "hal_nrf.h"
00024 #include "radio.h"
00025 #include "system.h"
00026 #include "target_includes.h"
00027 
00029 volatile uint8_t led_blink;
00033 static uint8_t timer_rounds;
00034 
00039 static void run_timer (uint16_t time);
00040 
00041 void device_boot_msg(void)
00042 {
00043   uint8_t ctr;
00044 
00045   for(ctr=0;ctr<3;ctr++)
00046   {
00047     LED1_BLINK();
00048     while(led_blink)               // wait until LED released...
00049       ;
00050     delay_10ms();
00051 
00052     LED2_BLINK();
00053     while(led_blink)               // wait until LED released...
00054       ;
00055     delay_10ms();
00056 
00057     LED3_BLINK();
00058     while(led_blink)               // wait until LED released...
00059       ;
00060     delay_10ms();
00061 
00062     LED2_BLINK();
00063     while(led_blink)               // wait until LED released...
00064       ;
00065     delay_10ms();
00066 
00067     LED1_BLINK();
00068     while(led_blink)               // wait until LED released...
00069       ;
00070     delay_10ms();
00071 
00072   }
00073 }
00074 
00075 void delay_10ms(void)
00076 {
00077   start_timer(10);
00078   wait_for_timer();
00079 }
00080 
00081 void delay_100ms(void)
00082 {
00083   start_timer(100);
00084   wait_for_timer();
00085 }
00086 
00091 void t0_ov_interrupt(void) interrupt INTERRUPT_T0
00092 {
00093   TR0 = 0;                          // stop timer0
00094   TL0 = 0xE9;                       // reload timer..
00095   TH0 = 0xCB;
00096 
00097   if (led_blink & (1<<LED1_INDEX))
00098   {
00099     LED1_OFF();
00100   }
00101   if (led_blink & (1<<LED2_INDEX))
00102   {
00103     LED2_OFF();
00104   }
00105   if (led_blink & (1<<LED3_INDEX))
00106   {
00107     LED3_OFF();
00108   }
00109 
00110   led_blink = 0;
00111 }
00112 
00113 void start_timer (uint16_t time)
00114 {
00115   uint16_t setuptime;
00116   uint16_t firstruntime;
00117 
00118   firstruntime = (uint16_t)(time % MAX_RUNTIME);
00119 
00120   setuptime = 0 - (firstruntime * CYCLES_PR_MS);
00121   time -= firstruntime;
00122   timer_rounds = (uint8_t)(time / MAX_RUNTIME) + 1;
00123 
00124   if (setuptime == 0)
00125   {
00126     setuptime = MAX_TIME;
00127     timer_rounds--;
00128   }
00129 
00130   run_timer (setuptime);
00131 }
00132 
00133 static void run_timer (uint16_t time)
00134 {
00135   if (time != 0)
00136   {
00137     T1_MODE1(); // Setting up mode 1 on timer 1 (16-bit timer) 
00138     T1_SET_LB((uint8_t)time);
00139     T1_SET_HB((uint8_t)(time >> 8));
00140     T1_START();
00141   }
00142 }
00143 
00144 void wait_for_timer (void)
00145 {
00146   while (timer_rounds > 0)
00147   {
00148     while (!TIMER1_OVERFLOW())
00149       ;
00150 
00151     timer_rounds--;
00152 
00153     if (timer_rounds > 0)
00154     {
00155       run_timer (MAX_TIME);
00156     }
00157   }
00158 
00159   T1_STOP();
00160 }
00161 
00162 bool timer_done (void)
00163 {
00164   bool retval = false;
00165 
00166   if (TIMER1_OVERFLOW())
00167   {
00168     timer_rounds--;
00169 
00170     if (timer_rounds > 0)
00171     {
00172       run_timer (MAX_TIME);
00173     }
00174     else
00175     {
00176       retval = true;
00177       T1_STOP();
00178     }
00179   }
00180 
00181   return retval;
00182 }
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hal.dox File Reference
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application_esb.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2088 $
00012  */ 
00013 
00014 #ifndef APPLICATION_ESB_H__
00015 #define APPLICATION_ESB_H__
00016 
00020 void device_ptx_mode_esb(void);
00021 
00025 void device_prx_mode_esb(void);
00026 
00027 #endif
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application_sb.h File Reference




Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_sb (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_sb (void)


			 			This function is called if the application is entering the PTX mode.  











Function Documentation






      			void device_prx_mode_sb           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 69 of file application_sb.c.




References CE_HIGH, LED1_OFF, LED1_ON, radio_get_pload_byte(), radio_get_status(), radio_irq(), radio_set_status(), RF_IDLE, RF_RX_DR, start_timer(), and timer_done().














      			void device_ptx_mode_sb           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 43 of file application_sb.c.




References B1_PRESSED, pload_sb, radio_get_status(), radio_irq(), radio_send_packet(), RF_BUSY, RF_PAYLOAD_LENGTH, start_timer(), and wait_for_timer().
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main.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2477 $
00012  */ 
00013 
00034 #include <stdint.h>
00035 #include <stdbool.h>
00036 
00037 #include "hal_nrf.h"
00038 #include "target_includes.h"
00039 
00041 #include "radio.h"                
00044 #include "sb/radio_sb.h"          
00047 #include "esb/radio_esb.h"        
00050 #include "pl/radio_pl.h"          
00053 #include "sb/application_sb.h"    
00056 #include "esb/application_esb.h"  
00059 #include "pl/application_pl.h"    
00062 #include "system.h"               
00063 
00067 typedef enum {
00068   DEVICE_IDLE = 0, 
00069   DEVICE_PRX_IDLE, 
00070   DEVICE_PTX_IDLE, 
00071   DEVICE_PRX_SB,   
00072   DEVICE_PRX_ESB,  
00073   DEVICE_PRX_PL,   
00074   DEVICE_PTX_SB,   
00075   DEVICE_PTX_ESB,  
00076   DEVICE_PTX_PL,   
00077   NO_CHANGE        
00078 } state_t;
00079 
00090 static const state_t state_machine[][3] = 
00091 // B1               B2               B3                 CURRENT STATE
00092 { {DEVICE_PTX_IDLE, DEVICE_PRX_IDLE, NO_CHANGE},      
00093   {DEVICE_PRX_SB,   DEVICE_PRX_ESB,  DEVICE_PRX_PL},  
00094   {DEVICE_PTX_SB,   DEVICE_PTX_ESB,  DEVICE_PTX_PL},  
00095   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00096   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00097   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00098   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00099   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      
00100   {NO_CHANGE,       NO_CHANGE,       NO_CHANGE}       
00101 };
00102 
00104 #define ON  1
00105 
00106 #define OFF 0
00107 
00108 #define SEK_0  0
00109 
00110 #define SEK_1 10
00111 
00112 #define SEK_2 20
00113 
00114 #define SEK_3 30
00115 
00123 static const uint8_t show_state[][5] = 
00124 //LED1, LED2, LED3, ALL off after?, Time, 
00125 {{ON ,  ON ,  ON ,  ON,             SEK_0},  
00126  {OFF,  OFF,  ON ,  ON,             SEK_0},  
00127  {OFF,  OFF,  OFF,  ON,             SEK_0},  
00128  {ON ,  OFF,  ON ,  OFF,            SEK_3},  
00129  {OFF,  ON ,  ON ,  OFF,            SEK_3},  
00130  {ON ,  ON ,  ON ,  OFF,            SEK_3},  
00131  {ON ,  OFF,  OFF,  OFF,            SEK_3},  
00132  {OFF,  ON ,  OFF,  OFF,            SEK_3},  
00133  {ON ,  ON ,  OFF,  OFF,            SEK_3},  
00134 };
00135 
00137 static code const uint8_t address[HAL_NRF_AW_5BYTES] = {0x22,0x33,0x44,0x55,0x01};
00138 
00147 static state_t get_next_state(state_t current_state);
00148 
00151 static void wait_for_button_release(void);
00152 
00155 static void show_status(state_t operation);
00156 
00165 void main(void) 
00166 {
00167   state_t current_state = DEVICE_IDLE;
00168 
00169   system_init();                  //Hardware dependant system initialisation
00170   device_boot_msg();              //Flashes LED's in a simple pattern
00171 
00172   GLOBAL_INT_ENABLE();            //Ensure that all interupts are turned on
00173 
00174   LED_ALL_OFF();                  //Turn off all lights
00175  
00176   wait_for_button_release ();     //Ensure that all buttons are released
00177 
00178   //Implemenation of a simple state machine. 
00179   while (true)
00180   {
00181     current_state = get_next_state (current_state);// Go to next state 
00182     wait_for_button_release ();                    // Ensure that all 
00183                                                    // buttons are released
00184     show_status (current_state);
00185     
00186     switch (current_state)
00187     {
00188       case DEVICE_IDLE:                       // No operation chosen yet
00189         break;
00190 
00191       case DEVICE_PRX_IDLE:                   // In PRX mode, but still lack 
00192         break;                                // functionality
00193 
00194       case DEVICE_PTX_IDLE:                   // In PTX mode, but still lack 
00195         break;                                // functionality
00196 
00197       case DEVICE_PRX_SB:                     // Start as PRX in ShockBurst 
00198         radio_sb_init (address, HAL_NRF_PRX);
00199         device_prx_mode_sb ();
00200         break;
00201 
00202       case DEVICE_PRX_ESB:                    // Start as PRX in Enhanced 
00203         radio_esb_init (address, HAL_NRF_PRX);// ShockBurst
00204         device_prx_mode_esb ();
00205         break;
00206 
00207       case DEVICE_PRX_PL:                     //Start as PRX in Enhanced 
00208         radio_pl_init (address, HAL_NRF_PRX); //ShockBurst with ACK payload
00209         device_prx_mode_pl ();
00210         break;
00211 
00212       case DEVICE_PTX_SB:                     //Start as PTX in ShockBurst
00213         radio_sb_init (address, HAL_NRF_PTX);
00214         device_ptx_mode_sb ();
00215         break;
00216 
00217       case DEVICE_PTX_ESB:                    //Start as PTX in Enhanced 
00218         radio_esb_init (address, HAL_NRF_PTX);//ShockBurst
00219         device_ptx_mode_esb ();
00220         break;
00221 
00222       case DEVICE_PTX_PL:                     // Start as PTX in Enhanced 
00223         radio_pl_init (address, HAL_NRF_PTX); // ShockBurst with ACK payload
00224         device_ptx_mode_pl ();
00225         break;
00226 
00227       default:                                // If in an illegal state, set to
00228         current_state = DEVICE_IDLE;       // default state (DEVICE_IDLE)
00229         break;
00230     }
00231   }
00232 }
00233 
00234 static state_t get_next_state (state_t current_state)
00235 {
00236   state_t next_state = NO_CHANGE;
00237 
00238   if (B1_PRESSED())                  // Swap state according to state_machine 
00239   {                                  // array with button input and 
00240                                      // current_state as input
00241      next_state = state_machine[current_state][0];
00242   }
00243   else if (B2_PRESSED())
00244   {
00245      next_state = state_machine[current_state][1];
00246   }
00247   else if (B3_PRESSED())
00248   {
00249      next_state = state_machine[current_state][2];
00250   }
00251 
00252   if (next_state == NO_CHANGE)      // If no statechange should occur, return 
00253   {                                 // previous state
00254     next_state = current_state;
00255   }
00256   else                              // As it takes some time for the button to
00257   {                                 // stabalise as pressed, give it a short 
00258     delay_10ms();                   // delay to stabalise
00259   }
00260 
00261   return next_state;
00262 }
00263 
00264 static void wait_for_button_release (void)
00265 {
00266   while (B1_PRESSED() || B2_PRESSED() || B3_PRESSED())  // Wait until all 
00267     ;                                                   // buttons are released
00268   delay_10ms();                                         // Delay to stabalise
00269 }
00270 
00271 static void show_status (state_t operation)
00272 {
00273   uint16_t time;
00274   LED_ALL_OFF();
00275 
00276   if (show_state[operation][0] == ON)
00277   {
00278     LED1_ON();
00279   }
00280   if (show_state[operation][1] == ON)
00281   {
00282     LED2_ON();
00283   } 
00284   if (show_state[operation][2] == ON)
00285   {
00286     LED3_ON();
00287   } 
00288 
00289   // If there is to be a delay where LED's are shown, but no input is
00290   // accepted, delay for the period indicated in show_state[operation][4]
00291   if (show_state[operation][4] > 0)
00292   {
00293     time = (uint16_t)(show_state[operation][4] * 100);
00294     start_timer(time);
00295     wait_for_timer();
00296   }
00297 
00298   // If the radio goes into an operational mode, all LED's should be turned off
00299   // before entering that mode
00300   if (show_state[operation][3] == OFF)
00301   {
00302     LED_ALL_OFF();
00303   } 
00304 }
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hal_nrf_hw.h


Go to the documentation of this file.00001 
00015 #ifndef _HAL_NRF_LU1_H_
00016 #define _HAL_NRF_LU1_H_
00017 
00018 #include <Nordic\reg24lu1.h>
00019 
00023 #define CSN_LOW() do { RFCSN = 0; } while(0)
00024 
00028 #define CSN_HIGH() do { RFCSN = 1; } while(0)
00029 
00033 #define CE_LOW() do { RFCE = 0; } while(0)
00034 
00038 #define CE_HIGH() do { RFCE = 1; } while(0)
00039 
00043 #define MCSN_LOW() do { MCSN = 0; } while(0)
00044 
00048 #define MCSN_HIGH() do { MCSN = 1; } while(0)
00049 
00053 #define CE_PULSE() do { \
00054   uint8_t count; \
00055   count = 20; \
00056   CE_HIGH();  \
00057   while(count--) \
00058     ; \
00059   CE_LOW();  \
00060   } while(0)
00061 
00062 #endif
00063 
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radio.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2310 $
00012  */ 
00013 
00024 #include "hal_nrf.h"
00025 #include "system.h"
00026 #include "radio.h"
00027 #include "target_includes.h"
00028 
00031 static xdata uint8_t pload[RF_PAYLOAD_LENGTH];
00035 static radio_status_t status;
00036 
00037 void radio_send_packet(uint8_t *packet, uint8_t length)
00038 {
00039   hal_nrf_write_tx_pload(packet, length);      // load message into radio
00040   
00041   CE_PULSE();                                 // send packet
00042 
00043   radio_set_status (RF_BUSY);                 // trans. in progress; RF_BUSY
00044 }
00045 
00046 radio_status_t radio_get_status (void)
00047 {
00048   return status;
00049 }
00050 
00051 uint8_t radio_get_pload_byte (uint8_t byte_index)
00052 {
00053   return pload[byte_index];
00054 }
00055 
00056 void radio_set_status (radio_status_t new_status)
00057 {
00058   status = new_status;
00059 }
00060 
00061 void radio_irq(void) 
00062 {
00063   if (RADIO_ACTIVITY())                         // Check if an interupt is
00064   {                                             // triggered
00065     switch(hal_nrf_get_clear_irq_flags ())
00066     {
00067       case (1<<HAL_NRF_MAX_RT):                 // Max retries reached
00068         hal_nrf_flush_tx();                     // flush tx fifo, avoid fifo jam
00069         radio_set_status (RF_MAX_RT);
00070         break;
00071       
00072       case (1<<HAL_NRF_TX_DS):                  // Packet sent
00073         radio_set_status (RF_TX_DS);
00074         break;
00075       
00076       case (1<<HAL_NRF_RX_DR):                  // Packet received
00077         while (!hal_nrf_rx_fifo_empty ())
00078         {
00079           hal_nrf_read_rx_pload(pload);
00080         }
00081         radio_set_status (RF_RX_DR);
00082         break;
00083   
00084       case ((1<<HAL_NRF_RX_DR)|(1<<HAL_NRF_TX_DS)): // Ack payload recieved
00085         while (!hal_nrf_rx_fifo_empty ())
00086         {
00087           hal_nrf_read_rx_pload(pload);
00088         }
00089         radio_set_status (RF_TX_AP);
00090         break;
00091   
00092       default:
00093         break;    
00094     }
00095 
00096     RESET_RADIO_ACTIVITY();
00097   }
00098 }
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radio.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2310 $
00012  */ 
00013 
00014 #ifndef RADIO_H__
00015 #define RADIO_H__
00016  
00025 #define RF_CHANNEL 40
00026 
00028 #define RF_POWER_UP_DELAY 2
00029 
00031 #define RF_PAYLOAD_LENGTH 10                           
00032 
00034 #define RF_RETRANSMITS 15
00035 
00042 #if (RF_PAYLOAD_LENGTH <= 18)
00043 #define RF_RETRANS_DELAY 250
00044 #else
00045 #define RF_RETRANS_DELAY 500
00046 #endif
00047 
00051 typedef enum {
00052   RF_IDLE,    
00053   RF_MAX_RT,  
00054   RF_TX_DS,   
00055   RF_RX_DR,   
00056   RF_TX_AP,   
00057   RF_BUSY     
00058 } radio_status_t;
00059 
00070 radio_status_t radio_get_status (void);
00071 
00077 void radio_set_status (radio_status_t new_status);
00078 
00084 uint8_t radio_get_pload_byte (uint8_t byte_index);
00085 
00091 void radio_send_packet(uint8_t *packet, uint8_t length);
00092 
00097 void radio_irq (void);
00098 
00099 #endif
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radio_sb.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2089 $
00012  */ 
00013 
00014 #ifndef RADIO_SB_H__
00015 #define RADIO_SB_H__
00016 
00023 void radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);
00024 
00025 #endif
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radio_pl.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2185 $
00012  */ 
00013 
00025 #include "hal_nrf.h"
00026 #include "radio_pl.h"
00027 #include "system.h"
00028 #include "radio.h"
00029 
00030 void radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
00031 {
00032   hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
00033                                                  // Pipe 0 and 1 open by default
00034   hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack 
00035 
00036   hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
00037   hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);
00038                                                  // Enables auto retransmit.
00039                                                  // 3 retrans with 250ms delay
00040 
00041   hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
00042   hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
00043   hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
00044                                                  // pipe0
00045 
00046 /*****************************************************************************
00047  * Changed from esb/radio_esb.c                                              *
00048  * Enables:                                                                  *
00049  *  - ACK payload                                                            *
00050  *  - Dynamic payload width                                                  *
00051  *  - Dynamic ACK                                                            *
00052  *****************************************************************************/
00053   hal_nrf_enable_ack_pl();                       // Try to enable ack payload
00054 
00055   // When the features are locked, the FEATURE and DYNPD are read out 0x00
00056   // even after we have tried to enable ack payload. This mean that we need to
00057   // activate the features.
00058   if(hal_nrf_read_reg(FEATURE) == 0x00 && (hal_nrf_read_reg(DYNPD) == 0x00))
00059   {
00060     hal_nrf_lock_unlock ();                      // Activate features
00061     hal_nrf_enable_ack_pl();                     // Enables payload in ack
00062   }
00063 
00064   hal_nrf_enable_dynamic_pl();                   // Enables dynamic payload
00065   hal_nrf_setup_dyn_pl(ALL_PIPES);               // Sets up dynamic payload on
00066                                                  // all data pipes.
00067 /*****************************************************************************
00068  * End changes from esb/radio_esb.c                                          *
00069  *****************************************************************************/
00070    
00071   if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
00072   {
00073     hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
00074   }
00075   else
00076   {
00077     hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
00078     hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
00079                                                  // Pipe0 expect 
00080                                                  // PAYLOAD_LENGTH byte payload
00081                                                  // PAYLOAD_LENGTH in radio.h
00082   }
00083 
00084   hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel
00085                                                  // Defined in radio.h. 
00086                                                  // Frequenzy = 
00087                                                  //        2400 + RF_CHANNEL
00088   hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
00089   
00090   start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
00091   wait_for_timer();                              // power up
00092   
00093   radio_set_status (RF_IDLE);                    // Radio now ready
00094 }    
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hal_nrf.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2132 $
00012  */ 
00013 
00022 #ifndef HAL_NRF_H__
00023 #define HAL_NRF_H__
00024 
00025 #include <stdint.h>
00026 #include <stdbool.h>
00027 
00028 #include "hal_nrf_reg.h"
00029 #include "hal_nrf_hw.h"
00030 
00031 
00034 /* Setup function prototypes */
00035 
00046 void hal_nrf_set_irq_mode(hal_nrf_irq_source_t int_source, bool irq_state);
00047 
00052 void hal_nrf_lock_unlock(void);
00053 
00056 void hal_nrf_enable_ack_pl(void);
00057 
00060 void hal_nrf_disable_ack_pl(void);
00061 
00064 void hal_nrf_enable_dynamic_pl(void);
00065 
00068 void hal_nrf_disable_dynamic_pl(void);
00069 
00076 void hal_nrf_setup_dyn_pl(uint8_t setup);
00077 
00081 uint8_t hal_nrf_read_rx_pl_w(void);
00082 
00089 void hal_nrf_write_ack_pload(uint8_t pipe, uint8_t *tx_pload, uint8_t length);
00090 
00093 void hal_nrf_enable_dynamic_ack(void);
00094 
00097 void hal_nrf_disable_dynamic_ack(void);
00098 
00108 uint8_t hal_nrf_get_clear_irq_flags(void);
00109 
00116 void hal_nrf_clear_irq_flag(hal_nrf_irq_source_t int_source);
00117 
00123 void hal_nrf_set_crc_mode(hal_nrf_crc_mode_t crc_mode);
00124 
00133 void hal_nrf_open_pipe(hal_nrf_address_t pipe_num, bool auto_ack);
00134 
00140 void hal_nrf_close_pipe(hal_nrf_address_t pipe_num);
00141 
00149 void hal_nrf_set_address(hal_nrf_address_t address, uint8_t *addr);
00150 
00158 void hal_nrf_set_auto_retr(uint8_t retr, uint16_t delay);
00159 
00166 void hal_nrf_set_address_width(hal_nrf_address_width_t address_width);
00167 
00175 void hal_nrf_set_rx_pload_width(uint8_t pipe_num, uint8_t pload_width);
00176 
00187 bool hal_nrf_get_irq_mode(uint8_t int_source);
00188 
00199 uint8_t hal_nrf_get_irq_flags(void);
00200 
00209 uint8_t hal_nrf_get_crc_mode(void);
00210 
00221 uint8_t hal_nrf_get_pipe_status(uint8_t pipe_num);
00222 
00234 uint8_t hal_nrf_get_address(uint8_t address, uint8_t *addr);
00235 
00245 uint8_t hal_nrf_get_auto_retr_status(void);
00246 
00252 uint8_t hal_nrf_get_packet_lost_ctr(void);
00253 
00260 uint8_t hal_nrf_get_address_width(void);
00261 
00270 uint8_t hal_nrf_get_rx_pload_width(uint8_t pipe_num);
00272 
00275 /* Operation function prototypes */
00276 
00283 void hal_nrf_set_operation_mode(hal_nrf_operation_mode_t op_mode);
00284 
00290 void hal_nrf_set_power_mode(hal_nrf_pwr_mode_t pwr_mode);
00291 
00297 void hal_nrf_set_rf_channel(uint8_t channel);
00298 
00304 void hal_nrf_set_output_power(hal_nrf_output_power_t power);
00305 
00312 void hal_nrf_set_datarate(hal_nrf_datarate_t datarate);
00313 
00322 uint8_t hal_nrf_get_operation_mode(void);
00323 
00332 uint8_t hal_nrf_get_power_mode(void);
00333 
00340 uint8_t hal_nrf_get_rf_channel(void);
00341 
00352 uint8_t hal_nrf_get_output_power(void);
00353 
00362 uint8_t hal_nrf_get_datarate(void);
00363 
00364 /* Status functions prototypes */
00365 
00376 uint8_t hal_nrf_get_tx_fifo_status(void);
00377 
00387 bool hal_nrf_tx_fifo_empty(void);
00388 
00398 bool hal_nrf_tx_fifo_full(void);
00399 
00410 uint8_t hal_nrf_get_rx_fifo_status(void);
00411 
00423 bool hal_nrf_rx_fifo_empty(void);
00424 
00434 bool hal_nrf_rx_fifo_full(void);
00435 
00442 uint8_t hal_nrf_get_transmit_attempts(void);
00443 
00453 bool hal_nrf_get_carrier_detect(void);
00454 
00455 /* Data operation prototypes */
00456 
00463 uint8_t hal_nrf_get_rx_data_source(void);
00464 
00472 uint16_t hal_nrf_read_rx_pload(uint8_t *rx_pload);
00473 
00482 void hal_nrf_write_tx_pload(uint8_t *tx_pload, uint8_t length);
00483 
00489 void hal_nrf_reuse_tx(void);
00490 
00499 bool hal_nrf_get_reuse_tx_status(void);
00500 
00506 void hal_nrf_flush_rx(void);
00507 
00513 void hal_nrf_flush_tx(void);
00514 
00521 uint8_t hal_nrf_nop(void);
00523 
00526 /* Test functions prototypes */
00527 
00534 void hal_nrf_set_pll_mode(hal_nrf_pll_mode_t pll_mode);
00535 
00542 hal_nrf_pll_mode_t hal_nrf_get_pll_mode(void);
00543 
00550 void hal_nrf_set_lna_gain(hal_nrf_lna_mode_t lna_gain);
00551 
00560 hal_nrf_lna_mode_t hal_nrf_get_lna_gain(void);
00561 
00562 /* hal_nrf_l01 basic functions, used by all the other functions */
00563 
00565 
00568 
00576 uint8_t hal_nrf_read_reg(uint8_t reg);
00577 
00586 uint8_t hal_nrf_write_reg(uint8_t reg, uint8_t value);
00587 
00599 uint16_t hal_nrf_read_multibyte_reg(uint8_t reg, uint8_t *pbuf);
00600 
00609 void hal_nrf_write_multibyte_reg(uint8_t reg, uint8_t *pbuf, uint8_t length);
00610 
00611 
00620 uint8_t hal_nrf_rw(uint8_t value);
00622 #endif // HAL_NRF_H__
00623 
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target_includes.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2477 $
00012  */ 
00013  
00026 #ifndef TARGET_INCLUDES_H__
00027 #define TARGET_INCLUDES_H__
00028 
00029 #include <Cygnal\c8051f320.h>
00030 #include "hal_nrf.h"
00031 
00032 #define LED_ON 0          
00033 #define LED_OFF 1         
00035 sbit LED1 = P1^0;         
00036 sbit LED2 = P1^1;         
00037 sbit LED3 = P1^2;         
00039 sbit B1  = P2^1;          
00040 sbit B2  = P2^2;          
00041 sbit B3  = P2^3;          
00043 #define B_PRESSED 0       
00045 #define RADIO_ACTIVITY() (IE0 == 1) 
00049 #define RESET_RADIO_ACTIVITY() (IE0 = 0)
00050 
00051 #define INTERRUPT_T0 INTERRUPT_TIMER0  
00053 #define TIMER1_OVERFLOW() (TF1 == 1)   
00063 #define CYCLES_PR_MS 1000
00064 
00070 #define MAX_RUNTIME 65
00071 
00075 #define MAX_TIME (0 - MAX_RUNTIME * CYCLES_PR_MS)
00076 
00077 #define GLOBAL_INT_ENABLE() do{EA = 1;}while(0) 
00078 #define GLOBAL_INT_DISABLE() do{EA = 0;}while(0)
00082 #define T0_START() do{  TR0 = 1; \
00083                         ET0 = 1; \
00084                         EA  = 1; \
00085                         }while(0)
00086 
00087 #define T0_STOP() do{ TR0 = 0; \
00088                       ET0 = 0; \
00089                       }while(0)
00090 
00091 #define T1_START() do{  TR1 = 1; \
00092                         ET1 = 0; \
00093                         TF1 = 0; \
00094                         EA  = 1; \
00095                         }while(0)
00096 
00097 #define T1_STOP() do{ TR1 = 0; \
00098                       ET1 = 0; \
00099                       }while(0)
00100 
00102 #define T1_MODE1() (TMOD |= 0x10)
00103 
00104 #define T1_SET_LB(x) (TL1 = x)
00105 
00106 #define T1_SET_HB(x) (TH1 = x)
00107 
00108 #endif // TARGET_INCLUDES_H__
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target_includes.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2477 $
00012  */ 
00013  
00026 #ifndef TARGET_INCLUDES_H__
00027 #define TARGET_INCLUDES_H__
00028 
00029 #include <Nordic\reg24lu1.h>
00030 
00031 #define LED_ON 1     
00032 #define LED_OFF 0    
00034 #define B1 P05       
00035 #define B2 P04       
00036 #define B3 P03       
00038 #define LED1 P00     
00039 #define LED2 P01     
00040 #define LED3 P02     
00042 #define B_PRESSED 0  
00044 #define RADIO_ACTIVITY() (RFF == 1) 
00047 #define RESET_RADIO_ACTIVITY() (RFF = 0) 
00050 #define TIMER1_OVERFLOW() (TF1 == 1) 
00060 #define CYCLES_PR_MS 1333
00061 
00066 #define MAX_RUNTIME 40
00067 
00071 #define MAX_TIME (0 - MAX_RUNTIME * CYCLES_PR_MS)
00072 
00073 #define GLOBAL_INT_ENABLE() do{EA = 1;}while(0) 
00074 #define GLOBAL_INT_DISABLE() do{EA = 0;}while(0)
00078 #define T0_START() do{  TR0 = 1; \
00079                         ET0 = 1; \
00080                         EA  = 1; \
00081                         }while(0)
00082 
00083 #define T0_STOP() do{ TR0 = 0; \
00084                       ET0 = 0; \
00085                       IE0 = 0; \
00086                       }while(0)
00087 
00088 #define T1_START() do{  TR1 = 1; \
00089                         ET1 = 0; \
00090                         TF1 = 0; \
00091                         EA  = 1; \
00092                         }while(0)
00093 
00094 #define T1_STOP() do{ TR1 = 0; \
00095                       ET1 = 0; \
00096                       }while(0)
00097 
00099 #define T1_MODE1() (TMOD |= 0x10)
00100 
00101 #define T1_SET_LB(x) (TL1 = x)
00102 
00103 #define T1_SET_HB(x) (TH1 = x)
00104 
00105 #endif // TARGET_INCLUDES_H__
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Main files


This group of files contain common files.  
More...			


			
Files





			file  			main.c


			 			This file contain the main initialisation and allows users to make their choices of operational mode. 







			file  			radio.c


			 			Radio functions. 










			file  			system.c


			 			System level functions: Timers, port setup, interrupt handlers, and other system functions. 















Detailed Description



This group of files contain common files. 

These files implement the common functionality and also handles the choice between different operational modes. 
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radio_esb.c File Reference


Initialise the radio in Enhanced ShockBurst mode. More...

#include "hal_nrf.h"

#include "radio_esb.h"

#include "system.h"

#include "radio.h"






Go to the source code of this file.			


			
Functions





			void 			radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in Enhanced ShockBurst mode.  











Detailed Description



Initialise the radio in Enhanced ShockBurst mode. 

This is done by opening pipe0 with auto ACK and with auto retransmits.






			Author:


			Per Kristian Schanke 







Definition in file radio_esb.c.




Function Documentation






      			void radio_esb_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in Enhanced ShockBurst mode. 




This mean that we enable auto-retransmit and auto-acknowledgment.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 27 of file radio_esb.c.




Referenced by main().
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system.h File Reference




Go to the source code of this file.			


			
Defines





			#define 			B1_PRESSED()   (B1 == B_PRESSED)


			 			Checks whether B1 is pressed or not.  



			#define 			B2_PRESSED()   (B2 == B_PRESSED)


			 			Checks whether B2 is pressed or not.  



			#define 			B3_PRESSED()   (B3 == B_PRESSED)


			 			Checks whether B3 is pressed or not.  



			#define 			LED1_BLINK()


			 			Initialize LED1 blinking.  



			#define 			LED1_OFF()   do{LED1 = LED_OFF;}while(0)


			 			Turn off LED1.  



			#define 			LED1_ON()   do{LED1 = LED_ON;}while(0)


			 			Turn on LED1.  



			#define 			LED2_BLINK()


			 			Initialize LED2 blinking.  



			#define 			LED2_OFF()   do{LED2 = LED_OFF;}while(0)


			 			Turn off LED2.  



			#define 			LED2_ON()   do{LED2 = LED_ON;}while(0)


			 			Turn on LED2.  



			#define 			LED3_BLINK()


			 			Initialize LED3 blinking.  



			#define 			LED3_OFF()   do{LED3 = LED_OFF;}while(0)


			 			Turn off LED3.  



			#define 			LED3_ON()   do{LED3 = LED_ON;}while(0)


			 			Turn on LED3.  



			#define 			LED_ALL_OFF()


			 			Turn off all LED's.  



			
Enumerations





			enum  			{ LED1_INDEX, 
LED2_INDEX, 
LED3_INDEX
 }


			 			Enumeration of the LED's to be used to indicate which bit in led_blink that indicate which LED.  More...



			
Functions





			void 			delay_100ms (void)


			 			Delay of aprox 100ms.  



			void 			delay_10ms (void)


			 			Delay of aprox 10ms.  



			void 			device_boot_msg (void)


			 			Runs a LED pattern to indicate startup.  



			void 			start_timer (uint16_t time)


			 			Starts a timer that runs time ms.  



			void 			system_init (void)


			 			Initialise the timers, ports, interupts, etc.  



			bool 			timer_done (void)


			 			Checks the timer flags and return the status.  



			void 			wait_for_timer (void)


			 			Runs a loop that waits for the timer to be done.  



			
Variables





			volatile uint8_t 			led_blink


			 			Indicates which LED is set to blink.  











Detailed Description




Definition in file system.h.




Define Documentation






      			#define B1_PRESSED          			(





 
          			          			 ) 			   (B1 == B_PRESSED)











Checks whether B1 is pressed or not. 








Definition at line 62 of file system.h.




Referenced by device_prx_mode_pl(), device_ptx_mode_esb(), device_ptx_mode_pl(), device_ptx_mode_sb(), get_next_state(), and wait_for_button_release().














      			#define B2_PRESSED          			(





 
          			          			 ) 			   (B2 == B_PRESSED)











Checks whether B2 is pressed or not. 








Definition at line 64 of file system.h.




Referenced by get_next_state(), and wait_for_button_release().














      			#define B3_PRESSED          			(





 
          			          			 ) 			   (B3 == B_PRESSED)











Checks whether B3 is pressed or not. 








Definition at line 66 of file system.h.




Referenced by get_next_state(), and wait_for_button_release().














      			#define LED1_BLINK          			(





 
          			          			 ) 			











Value:


do{  LED1_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED1_INDEX); \
                          }while(0)




Initialize LED1 blinking. 

Enables timer0 interrupts to stop the blinking. 



Definition at line 46 of file system.h.




Referenced by device_boot_msg().














      			#define LED1_OFF          			(





 
          			          			 ) 			   do{LED1 = LED_OFF;}while(0)











Turn off LED1. 








Definition at line 35 of file system.h.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_pl(), and t0_ov_interrupt().














      			#define LED1_ON          			(





 
          			          			 ) 			   do{LED1 = LED_ON;}while(0)











Turn on LED1. 








Definition at line 31 of file system.h.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_pl(), and show_status().














      			#define LED2_BLINK          			(





 
          			          			 ) 			











Value:


do{  LED2_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED2_INDEX); \
                          }while(0)




Initialize LED2 blinking. 

Enables timer0 interrupts to stop the blinking. 



Definition at line 51 of file system.h.




Referenced by device_boot_msg(), device_prx_mode_pl(), device_ptx_mode_esb(), and device_ptx_mode_pl().














      			#define LED2_OFF          			(





 
          			          			 ) 			   do{LED2 = LED_OFF;}while(0)











Turn off LED2. 








Definition at line 36 of file system.h.




Referenced by t0_ov_interrupt().














      			#define LED2_ON          			(





 
          			          			 ) 			   do{LED2 = LED_ON;}while(0)











Turn on LED2. 








Definition at line 32 of file system.h.




Referenced by show_status().














      			#define LED3_BLINK          			(





 
          			          			 ) 			











Value:


do{  LED3_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED3_INDEX); \
                          }while(0)




Initialize LED3 blinking. 

Enables timer0 interrupts to stop the blinking. 



Definition at line 56 of file system.h.




Referenced by device_boot_msg(), device_prx_mode_pl(), device_ptx_mode_esb(), and device_ptx_mode_pl().














      			#define LED3_OFF          			(





 
          			          			 ) 			   do{LED3 = LED_OFF;}while(0)











Turn off LED3. 








Definition at line 37 of file system.h.




Referenced by t0_ov_interrupt().














      			#define LED3_ON          			(





 
          			          			 ) 			   do{LED3 = LED_ON;}while(0)











Turn on LED3. 








Definition at line 33 of file system.h.




Referenced by show_status().














      			#define LED_ALL_OFF          			(





 
          			          			 ) 			











Value:


do{ LED1_OFF(); \
                          LED2_OFF(); \
                          LED3_OFF(); \
                         }while(0)




Turn off all LED's. 





Definition at line 40 of file system.h.




Referenced by main(), and show_status().












Enumeration Type Documentation






      			anonymous enum          











Enumeration of the LED's to be used to indicate which bit in led_blink that indicate which LED. 







			Enumerator: 


			
			LED1_INDEX 			



			LED2_INDEX 			



			LED3_INDEX 			















Definition at line 24 of file system.h.












Function Documentation






      			void delay_100ms           			(			void 			          			 ) 			











Delay of aprox 100ms. 








Definition at line 81 of file system.c.




References start_timer(), and wait_for_timer().














      			void delay_10ms           			(			void 			          			 ) 			











Delay of aprox 10ms. 








Definition at line 75 of file system.c.




References start_timer(), and wait_for_timer().














      			void device_boot_msg           			(			void 			          			 ) 			











Runs a LED pattern to indicate startup. 








Definition at line 41 of file system.c.




References delay_10ms(), LED1_BLINK, LED2_BLINK, LED3_BLINK, and led_blink.














      			void start_timer           			(			uint16_t 			 time          			 ) 			











Starts a timer that runs time ms. 




As it is only possible to run for aprox 50ms using the internal timers, anything above 50ms is done by restarting the counter. To restart the counter, either wait_for_timer() or timer_done() should be called. These check the timer and restart it if needed.






			Parameters:


			
  						time 			How many ms you want the timer to run 














Definition at line 113 of file system.c.




References CYCLES_PR_MS, MAX_RUNTIME, MAX_TIME, run_timer(), and timer_rounds.














      			void system_init           			(			void 			          			 ) 			











Initialise the timers, ports, interupts, etc. 








Definition at line 47 of file l01_bfb/mcu.c.




References hal_spi_init(), port_init(), and sysclk_init().














      			bool timer_done           			(			void 			          			 ) 			











Checks the timer flags and return the status. 




Restarts the timer if needed.






			Returns:


			If the clock is done or not 






			Return values:


			
  						true 			clock is done 


						false 			clock is not done 














Definition at line 162 of file system.c.




References MAX_TIME, run_timer(), T1_STOP, TIMER1_OVERFLOW, and timer_rounds.














      			void wait_for_timer           			(			void 			          			 ) 			











Runs a loop that waits for the timer to be done. 




Restarts the timer if needed 



Definition at line 144 of file system.c.




References MAX_TIME, run_timer(), T1_STOP, TIMER1_OVERFLOW, and timer_rounds.












Variable Documentation






      			volatile uint8_t led_blink          











Indicates which LED is set to blink. 








Definition at line 29 of file system.c.
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application_sb.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2311 $
00012  */ 
00013 
00034 #include "hal_nrf.h"
00035 #include "system.h"
00036 #include "radio.h"
00037 #include "application_sb.h"
00038 #include "target_includes.h"
00039 
00041 static xdata uint8_t pload_sb[RF_PAYLOAD_LENGTH];
00042 
00043 void device_ptx_mode_sb(void)
00044 {
00045   while(true)
00046   {
00047     // Wait til the packet is sent
00048     do {
00049       radio_irq ();
00050     } while((radio_get_status ()) == RF_BUSY);
00051 
00052     // Sleep 100ms
00053     start_timer(100);
00054     wait_for_timer();
00055 
00056     // Set up the payload according to the input button 1
00057     pload_sb[0] = 0;
00058 
00059     if(B1_PRESSED())
00060     {
00061       pload_sb[0] = 1;
00062     }
00063 
00064     //Send the packet
00065     radio_send_packet(pload_sb, RF_PAYLOAD_LENGTH);           
00066   }
00067 }
00068 
00069 void device_prx_mode_sb(void)
00070 {
00071   CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever
00072 
00073   while(true)
00074   { 
00075     start_timer(110);
00076 
00077     // Run until either 110ms has lapsed 
00078     // OR there is data on the radio
00079     do
00080     {
00081       radio_irq ();
00082     } while ((radio_get_status() == RF_IDLE) && !timer_done());
00083 
00084     if ((radio_get_status ()) == RF_RX_DR)
00085     {
00086       // Get the payload from the PTX and set LED1 accordingly
00087       if (radio_get_pload_byte(0) == 1)
00088       {
00089         LED1_ON();
00090       }
00091       else
00092       {
00093         LED1_OFF();
00094       }
00095     }
00096     else
00097     {
00098       LED1_OFF();
00099     }
00100 
00101     // Set radio status to idle
00102     radio_set_status(RF_IDLE);
00103   }
00104 }
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nRF HAL


[Hardware Abstraction Layer]



HAL interface for Nordic Semiconductor's radio chip.  
More...			


			
Modules





			 			nRF24L01 HW dependents.


			 						Rev


			














			 			nRF24L01 Register definitions


			 			Header file defining register mapping with bit definitions. This file is radio-chip dependent, and are included with the hal_nrf.h. 










			
<< SETUP FUNCTIONS >>





			void 			hal_nrf_clear_irq_flag (hal_nrf_irq_source_t int_source)


			 			Clear one selected interrupt flag.  



			void 			hal_nrf_close_pipe (hal_nrf_address_t pipe_num)


			 			Close radio pipe(s).  



			void 			hal_nrf_disable_ack_pl (void)


			 			Disables the ACK payload feature.  



			void 			hal_nrf_disable_dynamic_ack (void)


			 			Disables the no-ack feature.  



			void 			hal_nrf_disable_dynamic_pl (void)


			 			Disables the dynamic payload feature.  



			void 			hal_nrf_enable_ack_pl (void)


			 			Enables the ACK payload feature.  



			void 			hal_nrf_enable_dynamic_ack (void)


			 			Enables the no-ack feature.  



			void 			hal_nrf_enable_dynamic_pl (void)


			 			Enables the dynamic payload feature.  



			uint8_t 			hal_nrf_get_address (uint8_t address, uint8_t *addr)


			 			Get address for selected pipe.  



			uint8_t 			hal_nrf_get_address_width (void)


			 			Get address width for radio.  



			uint8_t 			hal_nrf_get_auto_retr_status (void)


			 			Get auto retransmit parameters.  



			uint8_t 			hal_nrf_get_clear_irq_flags (void)


			 			Read then clears all interrupt flags.  



			uint8_t 			hal_nrf_get_crc_mode (void)


			 			Get CRC mode.  



			uint8_t 			hal_nrf_get_irq_flags (void)


			 			Read all interrupt flags.  



			bool 			hal_nrf_get_irq_mode (uint8_t int_source)


			 			Read current interrupt mode for selected interrupt source.  



			uint8_t 			hal_nrf_get_packet_lost_ctr (void)


			 			Get packet lost counter Use this function to get the packet(s) counter.  



			uint8_t 			hal_nrf_get_pipe_status (uint8_t pipe_num)


			 			Get pipe status.  



			uint8_t 			hal_nrf_get_rx_pload_width (uint8_t pipe_num)


			 			Get RX payload width for selected pipe.  



			void 			hal_nrf_lock_unlock (void)


			 			Activate features Sends the ACTIVATE command to the RF tranceiver.  



			void 			hal_nrf_open_pipe (hal_nrf_address_t pipe_num, bool auto_ack)


			 			Open radio pipe(s) and enable/ disable auto acknowledge.  



			uint8_t 			hal_nrf_read_rx_pl_w (void)


			 			Reads the payload width of the received ack payload.  



			void 			hal_nrf_set_address (hal_nrf_address_t address, uint8_t *addr)


			 			Set radio's RX address and TX address.  



			void 			hal_nrf_set_address_width (hal_nrf_address_width_t address_width)


			 			Set radio's address width.  



			void 			hal_nrf_set_auto_retr (uint8_t retr, uint16_t delay)


			 			Set auto acknowledge parameters.  



			void 			hal_nrf_set_crc_mode (hal_nrf_crc_mode_t crc_mode)


			 			Set the CRC mode used by the radio.  



			void 			hal_nrf_set_irq_mode (hal_nrf_irq_source_t int_source, bool irq_state)


			 			Enable or disable interrupt for radio.  



			void 			hal_nrf_set_rx_pload_width (uint8_t pipe_num, uint8_t pload_width)


			 			Set payload width for selected pipe.  



			void 			hal_nrf_setup_dyn_pl (uint8_t setup)


			 			Sets the dynamic payload features for the RX pipes The input parameter contains is a byte where the bit values tells weather the pipe uses the ack payload feature or not.  



			void 			hal_nrf_write_ack_pload (uint8_t pipe, uint8_t *tx_pload, uint8_t length)


			 			Write ack payload Writes the payload that will be transmitted with the ack on the given pipe.  



			
<< OPERATION FUNCTIONS >>





			void 			hal_nrf_flush_rx (void)


			 			Flush RX FIFO.  



			void 			hal_nrf_flush_tx (void)


			 			Flush TX FIFO.  



			bool 			hal_nrf_get_carrier_detect (void)


			 			Get the carrier detect flag.  



			uint8_t 			hal_nrf_get_datarate (void)


			 			Get radio's current on-air datarate.  



			uint8_t 			hal_nrf_get_operation_mode (void)


			 			Get radio's current operation mode.  



			uint8_t 			hal_nrf_get_output_power (void)


			 			Get radio's current TX output power.  



			uint8_t 			hal_nrf_get_power_mode (void)


			 			Get radio's current power mode.  



			bool 			hal_nrf_get_reuse_tx_status (void)


			 			Get status of reuse TX function.  



			uint8_t 			hal_nrf_get_rf_channel (void)


			 			Get radio's current RF channel.  



			uint8_t 			hal_nrf_get_rx_data_source (void)


			 			Get RX data source.  



			uint8_t 			hal_nrf_get_rx_fifo_status (void)


			 			Get radio's RX FIFO status.  



			uint8_t 			hal_nrf_get_transmit_attempts (void)


			 			Get radio's transmit attempts status.  



			uint8_t 			hal_nrf_get_tx_fifo_status (void)


			 			Get radio's TX FIFO status.  



			uint8_t 			hal_nrf_nop (void)


			 			No Operation command.  



			uint16_t 			hal_nrf_read_rx_pload (uint8_t *rx_pload)


			 			Read RX payload.  



			void 			hal_nrf_reuse_tx (void)


			 			Reuse TX payload.  



			bool 			hal_nrf_rx_fifo_empty (void)


			 			Check for RX FIFO empty.  



			bool 			hal_nrf_rx_fifo_full (void)


			 			Check for RX FIFO full.  



			void 			hal_nrf_set_datarate (hal_nrf_datarate_t datarate)


			 			Set radio's on-air datarate.  



			void 			hal_nrf_set_operation_mode (hal_nrf_operation_mode_t op_mode)


			 			Set radio's operation mode.  



			void 			hal_nrf_set_output_power (hal_nrf_output_power_t power)


			 			Set radio's TX output power.  



			void 			hal_nrf_set_power_mode (hal_nrf_pwr_mode_t pwr_mode)


			 			Set radio's power mode.  



			void 			hal_nrf_set_rf_channel (uint8_t channel)


			 			Set radio's RF channel.  



			bool 			hal_nrf_tx_fifo_empty (void)


			 			Check for TX FIFO empty.  



			bool 			hal_nrf_tx_fifo_full (void)


			 			Check for TX FIFO full.  



			void 			hal_nrf_write_tx_pload (uint8_t *tx_pload, uint8_t length)


			 			Write TX payload to radio.  



			
<< TEST FUNCTIONS >>





			hal_nrf_lna_mode_t 			hal_nrf_get_lna_gain (void)


			 			Get LNA gain mode.  



			hal_nrf_pll_mode_t 			hal_nrf_get_pll_mode (void)


			 			Get PLL mode.  



			void 			hal_nrf_set_lna_gain (hal_nrf_lna_mode_t lna_gain)


			 			Set radio's LNA gain mode.  



			void 			hal_nrf_set_pll_mode (hal_nrf_pll_mode_t pll_mode)


			 			Set radio's PLL mode.  



			
<< BASIS FUNCTIONS >>





			uint16_t 			hal_nrf_read_multibyte_reg (uint8_t reg, uint8_t *pbuf)


			 			Basis function, read_multibyte register .  



			uint8_t 			hal_nrf_read_reg (uint8_t reg)


			 			Basis function read_reg.  



			uint8_t 			hal_nrf_rw (uint8_t value)


			 			Basis function, nrf_rw This function is used by the basis functions to exchange data with the data.  



			void 			hal_nrf_write_multibyte_reg (uint8_t reg, uint8_t *pbuf, uint8_t length)


			 			Basis function, write_multibyte register.  



			uint8_t 			hal_nrf_write_reg (uint8_t reg, uint8_t value)


			 			Basis function write_reg.  











Detailed Description



HAL interface for Nordic Semiconductor's radio chip. 





Function Documentation






      			void hal_nrf_clear_irq_flag           			(			hal_nrf_irq_source_t 			 int_source          			 ) 			











Clear one selected interrupt flag. 




Use this function to clear one spesific interrupt flag. Other interrupt flags are left unchanged.






			Parameters:


			
  						int_source 			Interrupt source of which flag to clear 














Definition at line 46 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), SET_BIT, and STATUS.














      			void hal_nrf_close_pipe           			(			hal_nrf_address_t 			 pipe_num          			 ) 			











Close radio pipe(s). 




Use this function to close one pipe or all pipes.






			Parameters:


			
  						pipe_num 			Pipe# number to close 














Definition at line 101 of file hal_nrf_l01.c.




References EN_AA, EN_RXADDR, HAL_NRF_ALL, HAL_NRF_PIPE0, HAL_NRF_PIPE1, HAL_NRF_PIPE2, HAL_NRF_PIPE3, HAL_NRF_PIPE4, HAL_NRF_PIPE5, hal_nrf_read_reg(), hal_nrf_write_reg(), and SET_BIT.














      			void hal_nrf_disable_ack_pl           			(			void 			          			 ) 			











Disables the ACK payload feature. 








Definition at line 363 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_disable_dynamic_ack           			(			void 			          			 ) 			











Disables the no-ack feature. 








Definition at line 373 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_disable_dynamic_pl           			(			void 			          			 ) 			











Disables the dynamic payload feature. 








Definition at line 353 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_enable_ack_pl           			(			void 			          			 ) 			











Enables the ACK payload feature. 








Definition at line 358 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_enable_dynamic_ack           			(			void 			          			 ) 			











Enables the no-ack feature. 








Definition at line 368 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_enable_dynamic_pl           			(			void 			          			 ) 			











Enables the dynamic payload feature. 








Definition at line 348 of file hal_nrf_l01.c.




References FEATURE, hal_nrf_read_reg(), and hal_nrf_write_reg().














      			void hal_nrf_flush_rx           			(			void 			          			 ) 			











Flush RX FIFO. 




Use this function to flush the radio's RX FIFO. 



Definition at line 436 of file hal_nrf_l01.c.




References FLUSH_RX, and hal_nrf_write_reg().














      			void hal_nrf_flush_tx           			(			void 			          			 ) 			











Flush TX FIFO. 




Use this function to flush the radio's TX FIFO. 



Definition at line 441 of file hal_nrf_l01.c.




References FLUSH_TX, and hal_nrf_write_reg().














      			uint8_t hal_nrf_get_address           			(			uint8_t 			 address, 


									uint8_t * 			 addr			 


						)									











Get address for selected pipe. 




Use this function to get address for selected pipe.






			Parameters:


			
  						address 			Which address to get, Pipe- or TX-address 


						*addr 			buffer in which address bytes are written. 



For pipes containing only LSB byte of address, this byte is returned in the

 *addr buffer.













			Returns:


			Address_Width in bytes 







Definition at line 180 of file hal_nrf_l01.c.




References hal_nrf_get_address_width(), HAL_NRF_PIPE0, HAL_NRF_PIPE1, hal_nrf_read_multibyte_reg(), hal_nrf_read_reg(), HAL_NRF_TX, and RX_ADDR_P0.














      			uint8_t hal_nrf_get_address_width           			(			void 			          			 ) 			











Get address width for radio. 




Use this function to get the address width used for the radio, both RX and TX.






			Returns:


			Address_Width in bytes 







Definition at line 205 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), and SETUP_AW.














      			uint8_t hal_nrf_get_auto_retr_status           			(			void 			          			 ) 			











Get auto retransmit parameters. 




Use this function to get the auto retransmit parameters, retrans count and retrans delay.






			Returns:


			AutoRetrans Parameters






			Return values:


			
  						UpperNibble 			Retransmit Delay 


						LowerNibble 			Retransmit Count 














Definition at line 195 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), and OBSERVE_TX.














      			bool hal_nrf_get_carrier_detect           			(			void 			          			 ) 			











Get the carrier detect flag. 




Use this function to get the carrier detect flag, used to detect stationary disturbance on selected RF channel.






			Returns:


			Carrier Detect 






			Return values:


			
  						FALSE 			Carrier NOT Detected 


						TRUE 			Carrier Detected 














Definition at line 333 of file hal_nrf_l01.c.




References CD, and hal_nrf_read_reg().














      			uint8_t hal_nrf_get_clear_irq_flags           			(			void 			          			 ) 			











Read then clears all interrupt flags. 




Use this function to get the interrupt flags and clear them in the same operation. Reduced radio interface activity and speed optimized.






			Returns:


			Interrupt_flags 






			Return values:


			
  						0x10 			Max Retransmit interrupt 


						0x20 			TX Data sent interrupt 


						0x40 			RX Data received interrupt 














Definition at line 41 of file hal_nrf_l01.c.




References BIT_4, BIT_5, BIT_6, hal_nrf_write_reg(), and STATUS.














      			uint8_t hal_nrf_get_crc_mode           			(			void 			          			 ) 			











Get CRC mode. 




Use this function to check which CRC mode is used.






			Returns:


			CRC_mode 






			Return values:


			
  						0x00 			CRC_OFF 


						0x02 			CRC_8BIT 


						0x03 			CRC_16BIT 














Definition at line 162 of file hal_nrf_l01.c.




References BIT_2, BIT_3, CONFIG, CRCO, and hal_nrf_read_reg().














      			uint8_t hal_nrf_get_datarate           			(			void 			          			 ) 			











Get radio's current on-air datarate. 




Use this function to get the radio's current on-air datarate setting.






			Returns:


			On-air datarate 






			Return values:


			
  						0x00 			1Mbps selected 


						0x01 			2Mbps selected 














Definition at line 281 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), RF_DR, and RF_SETUP.














      			uint8_t hal_nrf_get_irq_flags           			(			void 			          			 ) 			











Read all interrupt flags. 




Use this function to get the interrupt flags. This function is similar to hal_nrf_get_clear_irq_flags with the exception that it does NOT clear the irq_flags.






			Returns:


			Interrupt_flags 






			Return values:


			
  						0x10 			Max Retransmit interrupt 


						0x20 			TX Data sent interrupt 


						0x40 			RX Data received interrupt 














Definition at line 59 of file hal_nrf_l01.c.




References BIT_4, BIT_5, BIT_6, and hal_nrf_nop().














      			bool hal_nrf_get_irq_mode           			(			uint8_t 			 int_source          			 ) 			











Read current interrupt mode for selected interrupt source. 




Use this function to get the interrupt source's mode, either enabled or disabled.






			Parameters:


			
  						int_source 			Interrupt source to get mode from













			Returns:


			Interrupt Mode 






			Return values:


			
  						FALSE 			Interrupt disabled 


						TRUE 			Interrupt enabled 














Definition at line 51 of file hal_nrf_l01.c.




References CONFIG, hal_nrf_read_reg(), and SET_BIT.














      			hal_nrf_lna_mode_t hal_nrf_get_lna_gain           			(			void 			          			 ) 			











Get LNA gain mode. 




Use this function to get the radio's current LNA gain mode.






			Returns:


			LNA gain mode 






			Return values:


			
  						0 			LNA LOW current 


						1 			LNA HI current 














Definition at line 480 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), LNA_HCURR, and RF_SETUP.














      			uint8_t hal_nrf_get_operation_mode           			(			void 			          			 ) 			











Get radio's current operation mode. 




Use this function to get the radio's current operation mode, PTX or PRX.






			Returns:


			Operation_Mode 






			Return values:


			
  						0x00 			Primary RX (PRX) 


						0x01 			Primary TX (PTX) 














Definition at line 261 of file hal_nrf_l01.c.




References CONFIG, hal_nrf_read_reg(), and PRIM_RX.














      			uint8_t hal_nrf_get_output_power           			(			void 			          			 ) 			











Get radio's current TX output power. 




Use this function to get the radio's current TX output power setting.






			Returns:


			TX_power_output 






			Return values:


			
  						0x00 			-18dBm 


						0x01 			-12dBm 


						0x02 			-6dBm 


						0x03 			0dBm 














Definition at line 276 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), RF_PWR0, RF_PWR1, and RF_SETUP.














      			uint8_t hal_nrf_get_packet_lost_ctr           			(			void 			          			 ) 			











Get packet lost counter Use this function to get the packet(s) counter. 







			Returns:


			packet lost counter 







Definition at line 200 of file hal_nrf_l01.c.




References BIT_4, BIT_5, BIT_6, BIT_7, hal_nrf_read_reg(), and OBSERVE_TX.














      			uint8_t hal_nrf_get_pipe_status           			(			uint8_t 			 pipe_num          			 ) 			











Get pipe status. 




Use this function to check status for a selected pipe.






			Parameters:


			
  						pipe_num 			Pipe number to check status for













			Returns:


			Pipe_Status 






			Return values:


			
  						0x00 			Pipe is closed, autoack disabled 


						0x01 			Pipe is open, autoack disabled 


						0x03 			Pipe is open, autoack enabled 














Definition at line 167 of file hal_nrf_l01.c.




References EN_AA, EN_RXADDR, and hal_nrf_read_reg().














      			hal_nrf_pll_mode_t hal_nrf_get_pll_mode           			(			void 			          			 ) 			











Get PLL mode. 




Use this function to get the radio's current PLL mode.






			Returns:


			PLL_mode 







Definition at line 463 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), PLL_LOCK, and RF_SETUP.














      			uint8_t hal_nrf_get_power_mode           			(			void 			          			 ) 			











Get radio's current power mode. 




Use this function to get the radio's currnet power mode, POWER_UP or POWER_DOWN.






			Returns:


			Power_Mode 






			Return values:


			
  						0x00 			POWER_DOWN 


						0x01 			POWER_UP 














Definition at line 266 of file hal_nrf_l01.c.




References CONFIG, hal_nrf_read_reg(), and PWR_UP.














      			bool hal_nrf_get_reuse_tx_status           			(			void 			          			 ) 			











Get status of reuse TX function. 




Use this function to check if reuse TX payload is activated






			Returns:


			Reuse TX payload mode 






			Return values:


			
  						FALSE 			Not activated 


						TRUE 			Activated 














Definition at line 431 of file hal_nrf_l01.c.




References hal_nrf_get_fifo_status(), and TX_REUSE.














      			uint8_t hal_nrf_get_rf_channel           			(			void 			          			 ) 			











Get radio's current RF channel. 




Use this function to get the radio's current selected RF channel






			Returns:


			RF channel 







Definition at line 271 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), and RF_CH.














      			uint8_t hal_nrf_get_rx_data_source           			(			void 			          			 ) 			











Get RX data source. 




Use this function to read which RX pipe data was received on for current top level FIFO data packet.






			Returns:


			pipe number of current packet present 







Definition at line 414 of file hal_nrf_l01.c.




References BIT_1, BIT_2, BIT_3, and hal_nrf_nop().














      			uint8_t hal_nrf_get_rx_fifo_status           			(			void 			          			 ) 			











Get radio's RX FIFO status. 




Use this function to get the radio's TX FIFO status.






			Returns:


			RX FIFO status 






			Return values:


			
  						0x00 			RX FIFO NOT empty, but NOT full 


						0x01 			RX FIFO empty 


						0x02 			RX FIFO full 














Definition at line 318 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), RX_EMPTY, and RX_FULL.














      			uint8_t hal_nrf_get_rx_pload_width           			(			uint8_t 			 pipe_num          			 ) 			











Get RX payload width for selected pipe. 




Use this function to get the expected payload width for selected ppe number.






			Parameters:


			
  						pipe_num 			Pipe number to get payload width for













			Returns:


			Payload_Width in bytes 







Definition at line 210 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), and RX_PW_P0.














      			uint8_t hal_nrf_get_transmit_attempts           			(			void 			          			 ) 			











Get radio's transmit attempts status. 




Use this function to get number of retransmit attempts and number of packet lost.






			Returns:


			Retransmit attempts counters 







Definition at line 328 of file hal_nrf_l01.c.




References BIT_0, BIT_1, BIT_2, BIT_3, hal_nrf_read_reg(), and OBSERVE_TX.














      			uint8_t hal_nrf_get_tx_fifo_status           			(			void 			          			 ) 			











Get radio's TX FIFO status. 




Use this function to get the radio's TX FIFO status.






			Returns:


			TX FIFO status 






			Return values:


			
  						0x00 			TX FIFO NOT empty, but NOT full 


						0x01 			FIFO empty 


						0x02 			FIFO full 














Definition at line 313 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), TX_EMPTY, and TX_FIFO_FULL.














      			void hal_nrf_lock_unlock           			(			void 			          			 ) 			











Activate features Sends the ACTIVATE command to the RF tranceiver. 




By calling this function once it is possible to use the functions related to the FEATURE register. 



Definition at line 404 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_rw(), and LOCK_UNLOCK.














      			uint8_t hal_nrf_nop           			(			void 			          			 ) 			











No Operation command. 




Use this function to receive the radio's status register.






			Returns:


			Status register 







Definition at line 446 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and NOP.














      			void hal_nrf_open_pipe           			(			hal_nrf_address_t 			 pipe_num, 


									bool 			 auto_ack			 


						)									











Open radio pipe(s) and enable/ disable auto acknowledge. 




Use this function to open one or all pipes, with or without auto acknowledge.






			Parameters:


			
  						pipe_num 			Radio pipe to open 


						auto_ack 			Auto_Ack ON/OFF 













			See also:


			hal_nrf_address 







Definition at line 69 of file hal_nrf_l01.c.




References BIT_6, BIT_7, EN_AA, EN_RXADDR, HAL_NRF_ALL, HAL_NRF_PIPE0, HAL_NRF_PIPE1, HAL_NRF_PIPE2, HAL_NRF_PIPE3, HAL_NRF_PIPE4, HAL_NRF_PIPE5, hal_nrf_read_reg(), hal_nrf_write_reg(), and SET_BIT.














      			uint16_t hal_nrf_read_multibyte_reg           			(			uint8_t 			 reg, 


									uint8_t * 			 pbuf			 


						)									











Basis function, read_multibyte register . 




Use this function to read multiple bytes from a multibyte radio-register






			Parameters:


			
  						reg 			Multibyte register to read from 


						*pbuf 			Pointer to buffer in which to store read bytes to













			Returns:


			pipe# of received data (MSB), if operation used by a hal_nrf_read_rx_pload 
length of read data (LSB), either for hal_nrf_read_rx_pload or for hal_nrf_get_address. 










Definition at line 522 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_get_address_width(), hal_nrf_get_rx_data_source(), HAL_NRF_PIPE0, HAL_NRF_PIPE1, hal_nrf_read_rx_pl_w(), hal_nrf_rw(), HAL_NRF_RX_PLOAD, HAL_NRF_TX, RD_RX_PLOAD, and RX_ADDR_P0.














      			uint8_t hal_nrf_read_reg           			(			uint8_t 			 reg          			 ) 			











Basis function read_reg. 




Use this function to read the contents of one radios register.






			Parameters:


			
  						reg 			Register to read 













			Returns:


			Register contents 







Definition at line 485 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, and hal_nrf_rw().














      			uint8_t hal_nrf_read_rx_pl_w           			(			void 			          			 ) 			











Reads the payload width of the received ack payload. 







			Returns:


			Payload width of the received ack payload 







Definition at line 391 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_rw(), and RD_RX_PLOAD_W.














      			uint16_t hal_nrf_read_rx_pload           			(			uint8_t * 			 rx_pload          			 ) 			











Read RX payload. 




Use this function to read top level payload available in the RX FIFO.






			Parameters:


			
  						*rx_pload 			pointer to buffer in which RX payload are stored 













			Returns:


			pipe number (MSB byte) and packet length (LSB byte) 







Definition at line 421 of file hal_nrf_l01.c.




References hal_nrf_read_multibyte_reg(), HAL_NRF_RX_PLOAD, and UINT8.














      			void hal_nrf_reuse_tx           			(			void 			          			 ) 			











Reuse TX payload. 




Use this function to set that the radio is using the last transmitted payload for the next packet as well. 



Definition at line 426 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and REUSE_TX_PL.














      			uint8_t hal_nrf_rw           			(			uint8_t 			 value          			 ) 			











Basis function, nrf_rw This function is used by the basis functions to exchange data with the data. 







			Parameters:


			
  						value 			Databyte to write













			Returns:


			Databyte from radio. 







Definition at line 18 of file hal_nrf_f32x_hw.c.














      			bool hal_nrf_rx_fifo_empty           			(			void 			          			 ) 			











Check for RX FIFO empty. 




Use this function to check if RX FIFO is empty.



Reads STATUS register to check this, not FIFO_STATUS






			Returns:


			RX FIFO empty bit 






			Return values:


			
  						FALSE 			RX FIFO NOT empty 


						TRUE 			RX FIFO empty 














Definition at line 286 of file hal_nrf_l01.c.




References hal_nrf_get_rx_data_source().














      			bool hal_nrf_rx_fifo_full           			(			void 			          			 ) 			











Check for RX FIFO full. 




Use this function to check if RX FIFO is full.






			Returns:


			RX FIFO full bit 






			Return values:


			
  						FALSE 			RX FIFO NOT full 


						TRUE 			RX FIFO full 














Definition at line 298 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), and RX_EMPTY.














      			void hal_nrf_set_address           			(			hal_nrf_address_t 			 address, 


									uint8_t * 			 addr			 


						)									











Set radio's RX address and TX address. 




Use this function to set a RX address, or to set the TX address. Beware of the difference for single and multibyte address registers.






			Parameters:


			
  						address 			Which address to set 


						*addr 			Buffer from which the address is stored in 














Definition at line 125 of file hal_nrf_l01.c.




References HAL_NRF_PIPE0, HAL_NRF_PIPE1, HAL_NRF_PIPE2, HAL_NRF_PIPE3, HAL_NRF_PIPE4, HAL_NRF_PIPE5, HAL_NRF_TX, hal_nrf_write_multibyte_reg(), hal_nrf_write_reg(), and RX_ADDR_P0.














      			void hal_nrf_set_address_width           			(			hal_nrf_address_width_t 			 address_width          			 ) 			











Set radio's address width. 




Use this function to define the radio's address width, referes to both RX and TX.






			Parameters:


			
  						address_width 			Address with in bytes 














Definition at line 152 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), SETUP_AW, and UINT8.














      			void hal_nrf_set_auto_retr           			(			uint8_t 			 retr, 


									uint16_t 			 delay			 


						)									











Set auto acknowledge parameters. 




Use this function to set retransmit and retransmit delay parameters.






			Parameters:


			
  						retr 			Number of retransmit, 0 equ retransmit OFF 


						delay 			Retransmit delay in �s 














Definition at line 147 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and SETUP_RETR.














      			void hal_nrf_set_crc_mode           			(			hal_nrf_crc_mode_t 			 crc_mode          			 ) 			











Set the CRC mode used by the radio. 




Use this function to set the CRC mode; CRC disabled, 1 or 2 bytes.






			Parameters:


			
  						crc_mode 			CRC mode to use 














Definition at line 64 of file hal_nrf_l01.c.




References BIT_2, BIT_3, CONFIG, hal_nrf_read_reg(), hal_nrf_write_reg(), and UINT8.














      			void hal_nrf_set_datarate           			(			hal_nrf_datarate_t 			 datarate          			 ) 			











Set radio's on-air datarate. 




Use this function to select radio's on-air datarate.






			Parameters:


			
  						datarate 			On-air datarate 














Definition at line 249 of file hal_nrf_l01.c.




References HAL_NRF_1MBPS, hal_nrf_read_reg(), hal_nrf_write_reg(), RF_DR, and RF_SETUP.














      			void hal_nrf_set_irq_mode           			(			hal_nrf_irq_source_t 			 int_source, 


									bool 			 irq_state			 


						)									











Enable or disable interrupt for radio. 




Use this function to enable or disable one of the interrupt sources for the radio. This function only changes state for selected int_type, the rest of the interrupt sources are left unchanged.






			Parameters:


			
  						int_source 			Radio interrupt Source. 


						irq_state 			Enable or Disable. 














Definition at line 29 of file hal_nrf_l01.c.




References CONFIG, hal_nrf_read_reg(), hal_nrf_write_reg(), and SET_BIT.














      			void hal_nrf_set_lna_gain           			(			hal_nrf_lna_mode_t 			 lna_gain          			 ) 			











Set radio's LNA gain mode. 




Use this function to either use HI current or LOW current mode for the radio.






			Parameters:


			
  						lna_gain 			LNA gain mode 














Definition at line 468 of file hal_nrf_l01.c.




References HAL_NRF_LNA_HCURR, hal_nrf_read_reg(), hal_nrf_write_reg(), LNA_HCURR, and RF_SETUP.














      			void hal_nrf_set_operation_mode           			(			hal_nrf_operation_mode_t 			 op_mode          			 ) 			











Set radio's operation mode. 




Use this function to enter PTX (primary TX) or PRX (primary RX).






			Parameters:


			
  						op_mode 			Operation mode 














Definition at line 215 of file hal_nrf_l01.c.




References CONFIG, HAL_NRF_PRX, hal_nrf_read_reg(), hal_nrf_write_reg(), and PRIM_RX.














      			void hal_nrf_set_output_power           			(			hal_nrf_output_power_t 			 power          			 ) 			











Set radio's TX output power. 




Use this function set the radio's TX output power.






			Parameters:


			
  						power 			Radio's TX output power 














Definition at line 244 of file hal_nrf_l01.c.




References hal_nrf_read_reg(), hal_nrf_write_reg(), RF_PWR0, RF_PWR1, RF_SETUP, and UINT8.














      			void hal_nrf_set_pll_mode           			(			hal_nrf_pll_mode_t 			 pll_mode          			 ) 			











Set radio's PLL mode. 




Use this function to either LOCK or UNLOCK the radio's PLL.






			Parameters:


			
  						pll_mode 			PLL locked, TRUE or FALSE 














Definition at line 451 of file hal_nrf_l01.c.




References HAL_NRF_PLL_LOCK, hal_nrf_read_reg(), hal_nrf_write_reg(), PLL_LOCK, and RF_SETUP.














      			void hal_nrf_set_power_mode           			(			hal_nrf_pwr_mode_t 			 pwr_mode          			 ) 			











Set radio's power mode. 




Use this function to power_up or power_down radio.






			Parameters:


			
  						pwr_mode 			POWER_UP or POWER_DOWN 














Definition at line 227 of file hal_nrf_l01.c.




References CONFIG, HAL_NRF_PWR_UP, hal_nrf_read_reg(), hal_nrf_write_reg(), and PWR_UP.














      			void hal_nrf_set_rf_channel           			(			uint8_t 			 channel          			 ) 			











Set radio's RF channel. 




Use this function to select which RF channel to use.






			Parameters:


			
  						channel 			RF channel 














Definition at line 239 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and RF_CH.














      			void hal_nrf_set_rx_pload_width           			(			uint8_t 			 pipe_num, 


									uint8_t 			 pload_width			 


						)									











Set payload width for selected pipe. 




Use this function to set the number of bytes expected on a selected pipe.






			Parameters:


			
  						pipe_num 			Pipe number to set payload width for 


						pload_width 			number of bytes expected 














Definition at line 157 of file hal_nrf_l01.c.




References hal_nrf_write_reg(), and RX_PW_P0.














      			void hal_nrf_setup_dyn_pl           			(			uint8_t 			 setup          			 ) 			











Sets the dynamic payload features for the RX pipes The input parameter contains is a byte where the bit values tells weather the pipe uses the ack payload feature or not. 




For example if bit 0 is set then Pipe 0 uses ack payload, 


			Parameters:


			
  						setup 			Byte value with bit set for pipes that uses the dynamic payload feature 














Definition at line 343 of file hal_nrf_l01.c.




References DYNPD, and hal_nrf_write_reg().














      			bool hal_nrf_tx_fifo_empty           			(			void 			          			 ) 			











Check for TX FIFO empty. 




Use this function to check if TX FIFO is empty.






			Returns:


			TX FIFO empty bit 






			Return values:


			
  						FALSE 			TX FIFO NOT empty 


						TRUE 			TX FIFO empty 














Definition at line 303 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), and TX_EMPTY.














      			bool hal_nrf_tx_fifo_full           			(			void 			          			 ) 			











Check for TX FIFO full. 




Use this function to check if TX FIFO is full.






			Returns:


			TX FIFO full bit 






			Return values:


			
  						FALSE 			TX FIFO NOT full 


						TRUE 			TX FIFO full 














Definition at line 308 of file hal_nrf_l01.c.




References FIFO_STATUS, hal_nrf_read_reg(), and TX_FIFO_FULL.














      			void hal_nrf_write_ack_pload           			(			uint8_t 			 pipe, 


									uint8_t * 			 tx_pload, 


									uint8_t 			 length			 


						)									











Write ack payload Writes the payload that will be transmitted with the ack on the given pipe. 







			Parameters:


			
  						pipe 			Pipe that transmits the payload 


						tx_pload 			Pointer to the payload data 


						length 			Size of the data to transmit 














Definition at line 378 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_rw(), and WR_ACK_PLOAD.














      			void hal_nrf_write_multibyte_reg           			(			uint8_t 			 reg, 


									uint8_t * 			 pbuf, 


									uint8_t 			 length			 


						)									











Basis function, write_multibyte register. 




Use this function to write multiple bytes to a multiple radio register.






			Parameters:


			
  						reg 			Register to write 


						*pbuf 			pointer to buffer in which data to write is 


						length 			# of bytes to write 














Definition at line 564 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, hal_nrf_get_address_width(), HAL_NRF_PIPE0, HAL_NRF_PIPE1, hal_nrf_rw(), HAL_NRF_TX, HAL_NRF_TX_PLOAD, RX_ADDR_P0, WR_TX_PLOAD, and WRITE_REG.














      			uint8_t hal_nrf_write_reg           			(			uint8_t 			 reg, 


									uint8_t 			 value			 


						)									











Basis function write_reg. 




Use this function to write a new value to a radio register.






			Parameters:


			
  						reg 			Register to write 


						value 			New value to write 













			Returns:


			Status register 







Definition at line 496 of file hal_nrf_l01.c.




References CSN_HIGH, CSN_LOW, FLUSH_RX, FLUSH_TX, hal_nrf_rw(), NOP, REUSE_TX_PL, and WRITE_REG.














      			void hal_nrf_write_tx_pload           			(			uint8_t * 			 tx_pload, 


									uint8_t 			 length			 


						)									











Write TX payload to radio. 




Use this function to write a packet of TX payload into the radio. length number of bytes, which are stored in *tx_pload.






			Parameters:


			
  						*tx_pload 			pointer to buffer in which TX payload are present 


						length 			number of bytes to write 














Definition at line 338 of file hal_nrf_l01.c.




References HAL_NRF_TX_PLOAD, hal_nrf_write_multibyte_reg(), and UINT8.
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radio.c File Reference


Radio functions. More...

#include "hal_nrf.h"

#include "system.h"

#include "radio.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			uint8_t 			radio_get_pload_byte (uint8_t byte_index)


			 			Gets the bit at position byte_index in pload.  



			radio_status_t 			radio_get_status (void)


			 			Get the current status of the radio.  



			void 			radio_irq (void)


			 			This function reads the interrupts.  



			void 			radio_send_packet (uint8_t *packet, uint8_t length)


			 			This function load the data to be sent into the radio, sends it, and waits for the response.  



			void 			radio_set_status (radio_status_t new_status)


			 			Sets the status of the radio.  



			
Variables





			static xdata uint8_t 			pload [RF_PAYLOAD_LENGTH]


			 			The payload sent over the radio.  



			static radio_status_t 			status


			 			The current status of the radio.  











Detailed Description



Radio functions. 

This file handles all radio communication for the example application, i.e. radio_init, radio_send_packet and radio_interrupt function.






			Author:


			Per Kristian Schanke 







Definition in file radio.c.




Function Documentation






      			uint8_t radio_get_pload_byte           			(			uint8_t 			 byte_index          			 ) 			











Gets the bit at position byte_index in pload. 







			Parameters:


			
  						byte_index 			The index of the bit 













			Returns:


			The value of pload[byte_index] 







Definition at line 51 of file radio.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), and device_ptx_mode_pl().














      			radio_status_t radio_get_status           			(			void 			          			 ) 			











Get the current status of the radio. 







			Returns:


			Status of the radio. May be one of: 






			Return values:


			
  						RF_IDLE 			Radio is idle 


						RF_MAX_RT 			Maximum number of retries have occured 


						RF_TX_DS 			The data are sent 


						RF_RX_DR 			Data is recieved 


						RF_TX_AP 			Ack payload recieved 


						RF_BUSY 			Radio is busy 














Definition at line 46 of file radio.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_esb(), device_ptx_mode_pl(), and device_ptx_mode_sb().














      			void radio_irq           			(			void 			          			 ) 			











This function reads the interrupts. 




It does the work of a interrupt handler by manually reading the interrupt flags and act on them. Sets the status with \ 



Definition at line 61 of file radio.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), device_ptx_mode_esb(), device_ptx_mode_pl(), and device_ptx_mode_sb().














      			void radio_send_packet           			(			uint8_t * 			 packet, 


									uint8_t 			 length			 


						)									











This function load the data to be sent into the radio, sends it, and waits for the response. 







			Parameters:


			
  						packet 			The data to send. Maximum 2 byte 


						length 			The length of the data 














Definition at line 37 of file radio.c.




Referenced by device_ptx_mode_esb(), device_ptx_mode_pl(), and device_ptx_mode_sb().














      			void radio_set_status           			(			radio_status_t 			 new_status          			 ) 			











Sets the status of the radio. 




Input parameter is checked to see if it is allowed.






			Parameters:


			
  						new_status 			The new status of the radio 














Definition at line 56 of file radio.c.




Referenced by device_prx_mode_esb(), device_prx_mode_pl(), device_prx_mode_sb(), radio_esb_init(), radio_irq(), radio_pl_init(), radio_sb_init(), and radio_send_packet().












Variable Documentation






      			xdata uint8_t pload[RF_PAYLOAD_LENGTH] [static]          











The payload sent over the radio. 




Also contains the recieved data. Should be read with radio_get_pload_byte(). 



Definition at line 31 of file radio.c.




Referenced by radio_get_pload_byte(), and radio_irq().














      			radio_status_t status [static]          











The current status of the radio. 




Should be set with radio_set_status(), and read with radio_get_status(). 



Definition at line 35 of file radio.c.




Referenced by radio_get_status(), and radio_set_status().
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application_pl.c File Reference


Application to show the functionality of the Enhanced ShockBurst mode with Bidirectional data. More...

#include "hal_nrf.h"

#include "system.h"

#include "radio.h"

#include "application_pl.h"

#include "target_includes.h"






Go to the source code of this file.			


			
Functions





			void 			device_prx_mode_pl (void)


			 			This function is called if the application is entering the PRX mode.  



			void 			device_ptx_mode_pl (void)


			 			This function is called if the application is entering the PTX mode.  



			
Variables





			static xdata uint8_t 			pload_pl [RF_PAYLOAD_LENGTH]


			 			The data to send in ShockBurst with Bidirectional data mode.  











Detailed Description



Application to show the functionality of the Enhanced ShockBurst mode with Bidirectional data. 

PTX mode: 


			Sends a packet aprox every 100ms


			Accepts user interaction at Button 1			Not pressed: Send 00 


			Pressed: Send 10 









			If a ACK was recieved, blink LED2


			If a ACK was not recieved, blink LED3


			If a ACK payload is recieved, turn on lights according to packet content:			0: LED1 off


			1: LED1 on














PRX mode: 


			Constantly checks for data


			If no packet recieved in aprox 100ms, turn off all leds


			If a packet is recieved, turn on lights according to packet content:			0: LED1 off


			1: LED1 on









			Accepts user interaction at Button 1			Not pressed: Put 00 in ACK payload


			Pressed: Put 10 in ACK payload









			If a ACK payload was sent, blink LED2


			If a ACK payload was not sent, blink LED3










			Author:


			Per Kristian Schanke 







Definition in file application_pl.c.




Function Documentation






      			void device_prx_mode_pl           			(			void 			          			 ) 			











This function is called if the application is entering the PRX mode. 




This is an endless loop, RX mode (PRX) function. 



Definition at line 104 of file application_pl.c.




Referenced by main().














      			void device_ptx_mode_pl           			(			void 			          			 ) 			











This function is called if the application is entering the PTX mode. 




This is an endless loop, TX mode (PTX) function. 



Definition at line 54 of file application_pl.c.




Referenced by main().












Variable Documentation






      			xdata uint8_t pload_pl[RF_PAYLOAD_LENGTH] [static]          











The data to send in ShockBurst with Bidirectional data mode. 








Definition at line 52 of file application_pl.c.




Referenced by device_prx_mode_pl(), and device_ptx_mode_pl().
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target_includes.h File Reference


Target specific include directives. More...

#include <Nordic\reg24lu1.h>






Go to the source code of this file.			


			
Defines





			#define 			B1   P05


			 			Button 1 on BFB.  



			#define 			B2   P04


			 			Button 2 on BFB.  



			#define 			B3   P03


			 			Button 3 on BFB.  



			#define 			B_PRESSED   0


			 			The value on the line when a button is pressed.  



			#define 			CYCLES_PR_MS   1333


			 			This is a constant showing how many clock cycles that is counted by a timer to make up 1ms.  



			#define 			GLOBAL_INT_DISABLE()   do{EA = 0;}while(0)


			 			Disable all interrupts.  



			#define 			GLOBAL_INT_ENABLE()   do{EA = 1;}while(0)


			 			Enable all interrupts.  



			#define 			LED1   P00


			 			LED1 on BFB.  



			#define 			LED2   P01


			 			LED2 on BFB.  



			#define 			LED3   P02


			 			LED3 on BFB.  



			#define 			LED_OFF   0


			 			The value on the line that turn the LED off.  



			#define 			LED_ON   1


			 			The value on the line that turn the LED on.  



			#define 			MAX_RUNTIME   40


			 			The maximum runtime in ms that a timer might run.  



			#define 			MAX_TIME   (0 - MAX_RUNTIME * CYCLES_PR_MS)


			 			This constant defines the value the timer should be set to for running for the maximum time.  



			#define 			RADIO_ACTIVITY()   (RFF == 1)


			 			The register on the radio indicating activity on the radio.  



			#define 			RESET_RADIO_ACTIVITY()   (RFF = 0)


			 			How to reset the activity register.  



			#define 			T0_START()


			 			Start timer0.  



			#define 			T0_STOP()


			 			Stop timer0.  



			#define 			T1_MODE1()   (TMOD |= 0x10)


			 			Initialise Timer 1 in mode 1 (16-bit timer).  



			#define 			T1_SET_HB(x)   (TH1 = x)


			 			Sets the high bit of timer 1.  



			#define 			T1_SET_LB(x)   (TL1 = x)


			 			Sets the low bit of timer 1.  



			#define 			T1_START()


			 			Start timer1.  



			#define 			T1_STOP()


			 			Stop timer1.  



			#define 			TIMER1_OVERFLOW()   (TF1 == 1)


			 			Checks for overflow on timer1.  











Detailed Description



Target specific include directives. 

The file name is standardised, but the contents will vary according to the target. Separate the files by locating them in different folders. The goal is to avoid the use #ifdef for conditional compilation, which is difficult to maintain and prone to errors.



This target include contains the files for nRF24LU1.






			Author:


			Per Kristian Schanke 







Definition in file lu1_bfb/target_includes.h.




Define Documentation






      			#define B1   P05          











Button 1 on BFB. 








Definition at line 34 of file lu1_bfb/target_includes.h.














      			#define B2   P04          











Button 2 on BFB. 








Definition at line 35 of file lu1_bfb/target_includes.h.














      			#define B3   P03          











Button 3 on BFB. 








Definition at line 36 of file lu1_bfb/target_includes.h.














      			#define B_PRESSED   0          











The value on the line when a button is pressed. 








Definition at line 42 of file lu1_bfb/target_includes.h.














      			#define CYCLES_PR_MS   1333          











This is a constant showing how many clock cycles that is counted by a timer to make up 1ms. 




Calculation of this constant:


      Ocilatorspeed / Clock divider / 1000ms/sec
      16MHz         / 12            / 1000ms/sec = 1333




 
Definition at line 60 of file lu1_bfb/target_includes.h.














      			#define GLOBAL_INT_DISABLE          			(





 
          			          			 ) 			   do{EA = 0;}while(0)











Disable all interrupts. 








Definition at line 74 of file lu1_bfb/target_includes.h.














      			#define GLOBAL_INT_ENABLE          			(





 
          			          			 ) 			   do{EA = 1;}while(0)











Enable all interrupts. 








Definition at line 73 of file lu1_bfb/target_includes.h.














      			#define LED1   P00          











LED1 on BFB. 








Definition at line 38 of file lu1_bfb/target_includes.h.














      			#define LED2   P01          











LED2 on BFB. 








Definition at line 39 of file lu1_bfb/target_includes.h.














      			#define LED3   P02          











LED3 on BFB. 








Definition at line 40 of file lu1_bfb/target_includes.h.














      			#define LED_OFF   0          











The value on the line that turn the LED off. 








Definition at line 32 of file lu1_bfb/target_includes.h.














      			#define LED_ON   1          











The value on the line that turn the LED on. 








Definition at line 31 of file lu1_bfb/target_includes.h.














      			#define MAX_RUNTIME   40          











The maximum runtime in ms that a timer might run. 




Calculated by taking the maximum number your timer might take and divide that by CYCLES_PR_MS. On the nRF24LU1 this is 0xFFFF / 1333 = 49 (aprox). 



Definition at line 66 of file lu1_bfb/target_includes.h.














      			#define MAX_TIME   (0 - MAX_RUNTIME * CYCLES_PR_MS)          











This constant defines the value the timer should be set to for running for the maximum time. 








Definition at line 71 of file lu1_bfb/target_includes.h.














      			#define RADIO_ACTIVITY          			(





 
          			          			 ) 			   (RFF == 1)











The register on the radio indicating activity on the radio. 








Definition at line 44 of file lu1_bfb/target_includes.h.














      			#define RESET_RADIO_ACTIVITY          			(





 
          			          			 ) 			   (RFF = 0)











How to reset the activity register. 








Definition at line 47 of file lu1_bfb/target_includes.h.














      			#define T0_START          			(





 
          			          			 ) 			











Value:


do{  TR0 = 1; \
                        ET0 = 1; \
                        EA  = 1; \
                        }while(0)




Start timer0. 





Definition at line 78 of file lu1_bfb/target_includes.h.














      			#define T0_STOP          			(





 
          			          			 ) 			











Value:


do{ TR0 = 0; \
                      ET0 = 0; \
                      IE0 = 0; \
                      }while(0)




Stop timer0. 





Definition at line 83 of file lu1_bfb/target_includes.h.














      			#define T1_MODE1          			(





 
          			          			 ) 			   (TMOD |= 0x10)











Initialise Timer 1 in mode 1 (16-bit timer). 








Definition at line 99 of file lu1_bfb/target_includes.h.














      			#define T1_SET_HB          			(			x 			          			 ) 			   (TH1 = x)











Sets the high bit of timer 1. 








Definition at line 103 of file lu1_bfb/target_includes.h.














      			#define T1_SET_LB          			(			x 			          			 ) 			   (TL1 = x)











Sets the low bit of timer 1. 








Definition at line 101 of file lu1_bfb/target_includes.h.














      			#define T1_START          			(





 
          			          			 ) 			











Value:


do{  TR1 = 1; \
                        ET1 = 0; \
                        TF1 = 0; \
                        EA  = 1; \
                        }while(0)




Start timer1. 





Definition at line 88 of file lu1_bfb/target_includes.h.














      			#define T1_STOP          			(





 
          			          			 ) 			











Value:


do{ TR1 = 0; \
                      ET1 = 0; \
                      }while(0)




Stop timer1. 





Definition at line 94 of file lu1_bfb/target_includes.h.














      			#define TIMER1_OVERFLOW          			(





 
          			          			 ) 			   (TF1 == 1)











Checks for overflow on timer1. 








Definition at line 50 of file lu1_bfb/target_includes.h.
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mcu.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2093 $
00012  */ 
00013 
00023 #include "hal_nrf.h"
00024 #include "radio.h"
00025 #include "system.h"
00026 
00027 void port_init(uint8_t alt, uint8_t dir, uint8_t value);
00028 
00030 void nrf_spi_init(void);
00031 
00032 void system_init(void)
00033 {
00034   port_init(0x00, 0x38, 0x00);      // P0[2..0] outputs LED1,2,3
00035 
00036   USBSLP = 0x01;                    // shut down USB part...save pwr
00037 
00038   delay_10ms();
00039   WUIRQ = 1;                        // wakeup int enabled
00040   EA = 1;                           // global interrupt enable
00041   nrf_spi_init();
00042 }
00043 
00044 void port_init(uint8_t alt, uint8_t dir, uint8_t value)
00045 {
00046   P0ALT = alt;
00047   P0DIR = dir;
00048   P0    = value;  
00049 }
00050 
00051 void nrf_spi_init(void)
00052 {
00053   RFCKEN = 1;        // enable L01 clock
00054   RFCTL = 0x10;      // L01 SPI speed = max (CK/2) & SPI enable
00055 }
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hal_nrf.h File Reference


Interface for nRF HAL. More...

#include <stdint.h>

#include <stdbool.h>

#include "hal_nrf_reg.h"

#include "hal_nrf_hw.h"






Go to the source code of this file.			


			
Functions





			<< SETUP FUNCTIONS >>



			void 			hal_nrf_clear_irq_flag (hal_nrf_irq_source_t int_source)


			 			Clear one selected interrupt flag.  



			void 			hal_nrf_close_pipe (hal_nrf_address_t pipe_num)


			 			Close radio pipe(s).  



			void 			hal_nrf_disable_ack_pl (void)


			 			Disables the ACK payload feature.  



			void 			hal_nrf_disable_dynamic_ack (void)


			 			Disables the no-ack feature.  



			void 			hal_nrf_disable_dynamic_pl (void)


			 			Disables the dynamic payload feature.  



			void 			hal_nrf_enable_ack_pl (void)


			 			Enables the ACK payload feature.  



			void 			hal_nrf_enable_dynamic_ack (void)


			 			Enables the no-ack feature.  



			void 			hal_nrf_enable_dynamic_pl (void)


			 			Enables the dynamic payload feature.  



			uint8_t 			hal_nrf_get_address (uint8_t address, uint8_t *addr)


			 			Get address for selected pipe.  



			uint8_t 			hal_nrf_get_address_width (void)


			 			Get address width for radio.  



			uint8_t 			hal_nrf_get_auto_retr_status (void)


			 			Get auto retransmit parameters.  



			uint8_t 			hal_nrf_get_clear_irq_flags (void)


			 			Read then clears all interrupt flags.  



			uint8_t 			hal_nrf_get_crc_mode (void)


			 			Get CRC mode.  



			uint8_t 			hal_nrf_get_irq_flags (void)


			 			Read all interrupt flags.  



			bool 			hal_nrf_get_irq_mode (uint8_t int_source)


			 			Read current interrupt mode for selected interrupt source.  



			uint8_t 			hal_nrf_get_packet_lost_ctr (void)


			 			Get packet lost counter Use this function to get the packet(s) counter.  



			uint8_t 			hal_nrf_get_pipe_status (uint8_t pipe_num)


			 			Get pipe status.  



			uint8_t 			hal_nrf_get_rx_pload_width (uint8_t pipe_num)


			 			Get RX payload width for selected pipe.  



			void 			hal_nrf_lock_unlock (void)


			 			Activate features Sends the ACTIVATE command to the RF tranceiver.  



			void 			hal_nrf_open_pipe (hal_nrf_address_t pipe_num, bool auto_ack)


			 			Open radio pipe(s) and enable/ disable auto acknowledge.  



			uint8_t 			hal_nrf_read_rx_pl_w (void)


			 			Reads the payload width of the received ack payload.  



			void 			hal_nrf_set_address (hal_nrf_address_t address, uint8_t *addr)


			 			Set radio's RX address and TX address.  



			void 			hal_nrf_set_address_width (hal_nrf_address_width_t address_width)


			 			Set radio's address width.  



			void 			hal_nrf_set_auto_retr (uint8_t retr, uint16_t delay)


			 			Set auto acknowledge parameters.  



			void 			hal_nrf_set_crc_mode (hal_nrf_crc_mode_t crc_mode)


			 			Set the CRC mode used by the radio.  



			void 			hal_nrf_set_irq_mode (hal_nrf_irq_source_t int_source, bool irq_state)


			 			Enable or disable interrupt for radio.  



			void 			hal_nrf_set_rx_pload_width (uint8_t pipe_num, uint8_t pload_width)


			 			Set payload width for selected pipe.  



			void 			hal_nrf_setup_dyn_pl (uint8_t setup)


			 			Sets the dynamic payload features for the RX pipes The input parameter contains is a byte where the bit values tells weather the pipe uses the ack payload feature or not.  



			void 			hal_nrf_write_ack_pload (uint8_t pipe, uint8_t *tx_pload, uint8_t length)


			 			Write ack payload Writes the payload that will be transmitted with the ack on the given pipe.  



			<< OPERATION FUNCTIONS >>



			void 			hal_nrf_flush_rx (void)


			 			Flush RX FIFO.  



			void 			hal_nrf_flush_tx (void)


			 			Flush TX FIFO.  



			bool 			hal_nrf_get_carrier_detect (void)


			 			Get the carrier detect flag.  



			uint8_t 			hal_nrf_get_datarate (void)


			 			Get radio's current on-air datarate.  



			uint8_t 			hal_nrf_get_operation_mode (void)


			 			Get radio's current operation mode.  



			uint8_t 			hal_nrf_get_output_power (void)


			 			Get radio's current TX output power.  



			uint8_t 			hal_nrf_get_power_mode (void)


			 			Get radio's current power mode.  



			bool 			hal_nrf_get_reuse_tx_status (void)


			 			Get status of reuse TX function.  



			uint8_t 			hal_nrf_get_rf_channel (void)


			 			Get radio's current RF channel.  



			uint8_t 			hal_nrf_get_rx_data_source (void)


			 			Get RX data source.  



			uint8_t 			hal_nrf_get_rx_fifo_status (void)


			 			Get radio's RX FIFO status.  



			uint8_t 			hal_nrf_get_transmit_attempts (void)


			 			Get radio's transmit attempts status.  



			uint8_t 			hal_nrf_get_tx_fifo_status (void)


			 			Get radio's TX FIFO status.  



			uint8_t 			hal_nrf_nop (void)


			 			No Operation command.  



			uint16_t 			hal_nrf_read_rx_pload (uint8_t *rx_pload)


			 			Read RX payload.  



			void 			hal_nrf_reuse_tx (void)


			 			Reuse TX payload.  



			bool 			hal_nrf_rx_fifo_empty (void)


			 			Check for RX FIFO empty.  



			bool 			hal_nrf_rx_fifo_full (void)


			 			Check for RX FIFO full.  



			void 			hal_nrf_set_datarate (hal_nrf_datarate_t datarate)


			 			Set radio's on-air datarate.  



			void 			hal_nrf_set_operation_mode (hal_nrf_operation_mode_t op_mode)


			 			Set radio's operation mode.  



			void 			hal_nrf_set_output_power (hal_nrf_output_power_t power)


			 			Set radio's TX output power.  



			void 			hal_nrf_set_power_mode (hal_nrf_pwr_mode_t pwr_mode)


			 			Set radio's power mode.  



			void 			hal_nrf_set_rf_channel (uint8_t channel)


			 			Set radio's RF channel.  



			bool 			hal_nrf_tx_fifo_empty (void)


			 			Check for TX FIFO empty.  



			bool 			hal_nrf_tx_fifo_full (void)


			 			Check for TX FIFO full.  



			void 			hal_nrf_write_tx_pload (uint8_t *tx_pload, uint8_t length)


			 			Write TX payload to radio.  



			<< TEST FUNCTIONS >>



			hal_nrf_lna_mode_t 			hal_nrf_get_lna_gain (void)


			 			Get LNA gain mode.  



			hal_nrf_pll_mode_t 			hal_nrf_get_pll_mode (void)


			 			Get PLL mode.  



			void 			hal_nrf_set_lna_gain (hal_nrf_lna_mode_t lna_gain)


			 			Set radio's LNA gain mode.  



			void 			hal_nrf_set_pll_mode (hal_nrf_pll_mode_t pll_mode)


			 			Set radio's PLL mode.  



			<< BASIS FUNCTIONS >>



			uint16_t 			hal_nrf_read_multibyte_reg (uint8_t reg, uint8_t *pbuf)


			 			Basis function, read_multibyte register .  



			uint8_t 			hal_nrf_read_reg (uint8_t reg)


			 			Basis function read_reg.  



			uint8_t 			hal_nrf_rw (uint8_t value)


			 			Basis function, nrf_rw This function is used by the basis functions to exchange data with the data.  



			void 			hal_nrf_write_multibyte_reg (uint8_t reg, uint8_t *pbuf, uint8_t length)


			 			Basis function, write_multibyte register.  



			uint8_t 			hal_nrf_write_reg (uint8_t reg, uint8_t value)


			 			Basis function write_reg.  











Detailed Description



Interface for nRF HAL. 





Definition in file hal_nrf.h.
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application_esb.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2311 $
00012  */ 
00013 
00037 #include "hal_nrf.h"
00038 #include "system.h"
00039 #include "radio.h"
00040 #include "application_esb.h"
00041 #include "target_includes.h"
00042 
00044 static xdata uint8_t pload_esb[RF_PAYLOAD_LENGTH];
00045 
00046 void device_ptx_mode_esb(void)
00047 {
00048   while(true)
00049   {
00050     // Wait til the packet is sent
00051     do {
00052       radio_irq ();
00053     } while((radio_get_status ()) == RF_BUSY);
00054 
00055     // Blink LED2 if ACK is recieved, LED3 if not
00056     if (((radio_get_status ()) == RF_TX_DS))
00057     {
00058       LED2_BLINK();
00059     }
00060     else
00061     {
00062       LED3_BLINK();
00063     }
00064 
00065     // Sleep 100ms
00066     start_timer(100);
00067     wait_for_timer();
00068 
00069     // Set up the payload according to the input button 1
00070     pload_esb[0] = 0;
00071 
00072     if(B1_PRESSED())
00073     {
00074       pload_esb[0] = 1;
00075     }
00076 
00077     //Send the packet
00078     radio_send_packet(pload_esb, RF_PAYLOAD_LENGTH);           
00079   }
00080 }
00081 
00082 void device_prx_mode_esb(void)
00083 {
00084   CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever
00085 
00086   while(true)
00087   { 
00088     start_timer(110);
00089 
00090     // Run until either 110ms has lapsed 
00091     // OR there is data on the radio
00092     do
00093     {
00094       radio_irq ();
00095     } while ((radio_get_status () == RF_IDLE) && !timer_done());
00096     
00097     if ((radio_get_status ()) == RF_RX_DR)
00098     {
00099       // Get the payload from the PTX and set LED1
00100       if (radio_get_pload_byte (0) == 1)
00101       {
00102         LED1_ON();
00103       }
00104       else
00105       {
00106         LED1_OFF();
00107       }
00108     }
00109     else
00110     {
00111       LED1_OFF();
00112     }
00113 
00114     // Set radio status to idle
00115     radio_set_status (RF_IDLE);
00116   }
00117 }
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radio_sb.h File Reference




Go to the source code of this file.			


			
Functions





			void 			radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in ShockBurst mode.  











Function Documentation






      			void radio_sb_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in ShockBurst mode. 




This mean that there are no auto-retransmit or auto-acknowledgment enabled.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 27 of file radio_sb.c.




References HAL_NRF_ALL, HAL_NRF_AW_5BYTES, hal_nrf_close_pipe(), HAL_NRF_CRC_16BIT, hal_nrf_open_pipe(), HAL_NRF_PIPE0, HAL_NRF_PRX, HAL_NRF_PTX, HAL_NRF_PWR_UP, hal_nrf_set_address(), hal_nrf_set_address_width(), hal_nrf_set_auto_retr(), hal_nrf_set_crc_mode(), hal_nrf_set_operation_mode(), hal_nrf_set_power_mode(), hal_nrf_set_rf_channel(), hal_nrf_set_rx_pload_width(), HAL_NRF_TX, radio_set_status(), RF_CHANNEL, RF_IDLE, RF_PAYLOAD_LENGTH, RF_POWER_UP_DELAY, RF_RETRANS_DELAY, start_timer(), and wait_for_timer().
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hal_nrf_l01.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2132 $
00012  */ 
00013 
00020 #include <stdint.h>
00021 #include <stdbool.h>
00022 
00023 #include "nordic_common.h"
00024 #include "hal_nrf.h"
00025 
00026 #define SET_BIT(pos) ((uint8_t) (1<<( (uint8_t) (pos) )))
00027 #define UINT8(t) ((uint8_t) (t))
00028 
00029 void hal_nrf_set_irq_mode(hal_nrf_irq_source_t int_source, bool irq_state)
00030 {
00031   if(irq_state)
00032   {
00033     hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) & ~SET_BIT(int_source));
00034   }
00035   else
00036   {
00037     hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) | SET_BIT(int_source));
00038   }
00039 }
00040 
00041 uint8_t hal_nrf_get_clear_irq_flags(void)
00042 {
00043   return hal_nrf_write_reg(STATUS, (BIT_6|BIT_5|BIT_4)) & (BIT_6|BIT_5|BIT_4);
00044 }
00045 
00046 void hal_nrf_clear_irq_flag(hal_nrf_irq_source_t int_source)
00047 {
00048   hal_nrf_write_reg(STATUS, SET_BIT(int_source));
00049 }
00050  
00051 bool hal_nrf_get_irq_mode(uint8_t int_type)
00052 {
00053   if(hal_nrf_read_reg(CONFIG) & SET_BIT(int_type))
00054     return false;
00055   else
00056     return true;
00057 }
00058 
00059 uint8_t hal_nrf_get_irq_flags(void)
00060 {
00061   return hal_nrf_nop() & (BIT_6|BIT_5|BIT_4);
00062 }
00063 
00064 void hal_nrf_set_crc_mode(hal_nrf_crc_mode_t crc_mode)
00065 {
00066   hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(BIT_3|BIT_2)) | (UINT8(crc_mode)<<2));
00067 }
00068 
00069 void hal_nrf_open_pipe(hal_nrf_address_t pipe_num, bool auto_ack)
00070 {
00071   switch(pipe_num)
00072   {
00073     case HAL_NRF_PIPE0:
00074     case HAL_NRF_PIPE1:
00075     case HAL_NRF_PIPE2:
00076     case HAL_NRF_PIPE3:
00077     case HAL_NRF_PIPE4:
00078     case HAL_NRF_PIPE5:
00079       hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) | SET_BIT(pipe_num));
00080 
00081       if(auto_ack)
00082         hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) | SET_BIT(pipe_num));
00083       else
00084         hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
00085       break;
00086 
00087     case HAL_NRF_ALL:
00088       hal_nrf_write_reg(EN_RXADDR, ~(BIT_7|BIT_6));
00089 
00090       if(auto_ack)
00091         hal_nrf_write_reg(EN_AA, ~(BIT_7|BIT_6));
00092       else
00093         hal_nrf_write_reg(EN_AA, 0);
00094       break;
00095       
00096     default:
00097       break;
00098   }
00099 }
00100 
00101 void hal_nrf_close_pipe(hal_nrf_address_t pipe_num)
00102 {
00103   switch(pipe_num)
00104   {
00105     case HAL_NRF_PIPE0:
00106     case HAL_NRF_PIPE1:
00107     case HAL_NRF_PIPE2:
00108     case HAL_NRF_PIPE3:
00109     case HAL_NRF_PIPE4:
00110     case HAL_NRF_PIPE5:
00111       hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) & ~SET_BIT(pipe_num));
00112       hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
00113       break;
00114     
00115     case HAL_NRF_ALL:
00116       hal_nrf_write_reg(EN_RXADDR, 0);
00117       hal_nrf_write_reg(EN_AA, 0);
00118       break;
00119       
00120     default:
00121       break;
00122   }
00123 }
00124 
00125 void hal_nrf_set_address(hal_nrf_address_t address, uint8_t *addr)
00126 {
00127   switch(address)
00128   {
00129     case HAL_NRF_TX:
00130     case HAL_NRF_PIPE0:
00131     case HAL_NRF_PIPE1:
00132       hal_nrf_write_multibyte_reg((uint8_t) address, addr, 0);
00133       break;
00134 
00135     case HAL_NRF_PIPE2:
00136     case HAL_NRF_PIPE3:
00137     case HAL_NRF_PIPE4:
00138     case HAL_NRF_PIPE5:
00139       hal_nrf_write_reg(RX_ADDR_P0 + (uint8_t) address, *addr);
00140       break;
00141 
00142     default:
00143       break;
00144   }
00145 }
00146 
00147 void hal_nrf_set_auto_retr(uint8_t retr, uint16_t delay)
00148 {
00149   hal_nrf_write_reg(SETUP_RETR, (((delay/250)-1)<<4) | retr);
00150 }
00151 
00152 void hal_nrf_set_address_width(hal_nrf_address_width_t address_width)
00153 {
00154   hal_nrf_write_reg(SETUP_AW, (UINT8(address_width) - 2));
00155 }
00156 
00157 void hal_nrf_set_rx_pload_width(uint8_t pipe_num, uint8_t pload_width)
00158 {
00159   hal_nrf_write_reg(RX_PW_P0 + pipe_num, pload_width);
00160 }
00161 
00162 uint8_t hal_nrf_get_crc_mode(void)
00163 {
00164   return (hal_nrf_read_reg(CONFIG) & (BIT_3|BIT_2)) >> CRCO;
00165 }
00166 
00167 uint8_t hal_nrf_get_pipe_status(uint8_t pipe_num)
00168 {
00169   uint8_t en_rx, en_aa;
00170 
00171   en_rx = hal_nrf_read_reg(EN_RXADDR) & (1<<pipe_num);
00172   en_aa = hal_nrf_read_reg(EN_AA) & (1<<pipe_num);
00173 
00174   en_rx >>= pipe_num;
00175   en_aa >>= pipe_num;
00176 
00177   return (en_aa << 1) + en_rx;
00178 }
00179 
00180 uint8_t hal_nrf_get_address(uint8_t address, uint8_t *addr)
00181 {
00182   switch(address)
00183   {
00184     case HAL_NRF_PIPE0:
00185     case HAL_NRF_PIPE1:
00186     case HAL_NRF_TX:
00187       return hal_nrf_read_multibyte_reg(address, addr);
00188 
00189     default:
00190       *addr = hal_nrf_read_reg(RX_ADDR_P0 + address);
00191       return hal_nrf_get_address_width();
00192   }
00193 }
00194 
00195 uint8_t hal_nrf_get_auto_retr_status(void)
00196 {
00197   return hal_nrf_read_reg(OBSERVE_TX);
00198 }
00199 
00200 uint8_t hal_nrf_get_packet_lost_ctr(void)
00201 {
00202   return (hal_nrf_read_reg(OBSERVE_TX) & (BIT_7|BIT_6|BIT_5|BIT_4)) >> 4;
00203 }
00204 
00205 uint8_t hal_nrf_get_address_width(void)
00206 {
00207   return (hal_nrf_read_reg(SETUP_AW) + 2);
00208 }
00209 
00210 uint8_t hal_nrf_get_rx_pload_width(uint8_t pipe_num)
00211 {
00212   return hal_nrf_read_reg(RX_PW_P0 + pipe_num);
00213 }
00214 
00215 void hal_nrf_set_operation_mode(hal_nrf_operation_mode_t op_mode)
00216 {
00217   if(op_mode == HAL_NRF_PRX)
00218   {
00219     hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PRIM_RX)));
00220   }
00221   else
00222   {
00223     hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PRIM_RX)));
00224   }
00225 }
00226 
00227 void hal_nrf_set_power_mode(hal_nrf_pwr_mode_t pwr_mode)
00228 {
00229   if(pwr_mode == HAL_NRF_PWR_UP)
00230   {
00231     hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PWR_UP)));
00232   }
00233   else
00234   {
00235     hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PWR_UP)));
00236   }
00237 }
00238 
00239 void hal_nrf_set_rf_channel(uint8_t channel)
00240 {
00241   hal_nrf_write_reg(RF_CH, channel);
00242 }
00243 
00244 void hal_nrf_set_output_power(hal_nrf_output_power_t power)
00245 {
00246   hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~((1<<RF_PWR1)|(1<<RF_PWR0))) | (UINT8(power)<<1));
00247 }
00248 
00249 void hal_nrf_set_datarate(hal_nrf_datarate_t datarate)
00250 {
00251   if(datarate == HAL_NRF_1MBPS)
00252   {
00253     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<RF_DR)));
00254   }
00255   else
00256   {
00257     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<RF_DR)));
00258   }
00259 }
00260 
00261 uint8_t hal_nrf_get_operation_mode(void)
00262 {
00263   return (hal_nrf_read_reg(CONFIG) & (1<<PRIM_RX)) >> PRIM_RX;
00264 }
00265 
00266 uint8_t hal_nrf_get_power_mode(void)
00267 {
00268   return (hal_nrf_read_reg(CONFIG) & (1<<PWR_UP)) >> PWR_UP;
00269 }
00270 
00271 uint8_t hal_nrf_get_rf_channel(void)
00272 {
00273   return hal_nrf_read_reg(RF_CH);
00274 }
00275 
00276 uint8_t hal_nrf_get_output_power(void)
00277 {
00278   return (hal_nrf_read_reg(RF_SETUP) & ((1<<RF_PWR1)|(1<<RF_PWR0))) >> RF_PWR0;
00279 }
00280 
00281 uint8_t hal_nrf_get_datarate(void)
00282 {
00283   return (hal_nrf_read_reg(RF_SETUP) & (1<<RF_DR)) >> RF_DR;
00284 }
00285 
00286 bool hal_nrf_rx_fifo_empty(void)
00287 {
00288  if(hal_nrf_get_rx_data_source()==7)
00289   {
00290     return true;
00291   }
00292   else
00293   {
00294     return false;
00295   }
00296 }
00297 
00298 bool hal_nrf_rx_fifo_full(void)
00299 {
00300   return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> RX_EMPTY) & 1);
00301 }
00302 
00303 bool hal_nrf_tx_fifo_empty(void)
00304 {
00305   return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_EMPTY) & 1);
00306 }
00307 
00308 bool hal_nrf_tx_fifo_full(void)
00309 {
00310   return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_FIFO_FULL) & 1);
00311 }
00312 
00313 uint8_t hal_nrf_get_tx_fifo_status(void)
00314 {
00315   return ((hal_nrf_read_reg(FIFO_STATUS) & ((1<<TX_FIFO_FULL)|(1<<TX_EMPTY))) >> 4);
00316 }
00317 
00318 uint8_t hal_nrf_get_rx_fifo_status(void)
00319 {
00320   return (hal_nrf_read_reg(FIFO_STATUS) & ((1<<RX_FULL)|(1<<RX_EMPTY)));
00321 }
00322 
00323 uint8_t hal_nrf_get_fifo_status(void)
00324 {
00325   return hal_nrf_read_reg(FIFO_STATUS);
00326 }
00327 
00328 uint8_t hal_nrf_get_transmit_attempts(void)
00329 {
00330   return hal_nrf_read_reg(OBSERVE_TX) & (BIT_3|BIT_2|BIT_1|BIT_0);
00331 }
00332 
00333 bool hal_nrf_get_carrier_detect(void)
00334 {
00335   return hal_nrf_read_reg(CD) & 1;
00336 }
00337 
00338 void hal_nrf_write_tx_pload(uint8_t *tx_pload, uint8_t length)
00339 {
00340   hal_nrf_write_multibyte_reg(UINT8(HAL_NRF_TX_PLOAD), tx_pload, length);
00341 }
00342 
00343 void hal_nrf_setup_dyn_pl(uint8_t setup)
00344 {
00345   hal_nrf_write_reg(DYNPD, setup & ~0xC0); 
00346 }
00347 
00348 void hal_nrf_enable_dynamic_pl(void)
00349 {
00350   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x04));   
00351 }
00352 
00353 void hal_nrf_disable_dynamic_pl(void)
00354 {
00355   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x04));   
00356 }
00357 
00358 void hal_nrf_enable_ack_pl(void)
00359 {
00360   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x02));   
00361 }
00362 
00363 void hal_nrf_disable_ack_pl(void)
00364 {
00365   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x02));   
00366 }
00367 
00368 void hal_nrf_enable_dynamic_ack(void)
00369 {
00370   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x01));   
00371 }
00372 
00373 void hal_nrf_disable_dynamic_ack(void)
00374 {
00375   hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x01));   
00376 }
00377 
00378 void hal_nrf_write_ack_pload(uint8_t pipe, uint8_t *tx_pload, uint8_t length)
00379 {
00380   CSN_LOW();
00381 
00382   hal_nrf_rw(WR_ACK_PLOAD | pipe);
00383   while(length--)
00384   {
00385     hal_nrf_rw(*tx_pload++);
00386   }
00387 
00388   CSN_HIGH();
00389 }
00390 
00391 uint8_t hal_nrf_read_rx_pl_w()
00392 {
00393   uint8_t temp;
00394   
00395   CSN_LOW();
00396 
00397   hal_nrf_rw(RD_RX_PLOAD_W);
00398   temp = hal_nrf_rw(0);
00399   CSN_HIGH();
00400 
00401   return temp;
00402 }
00403 
00404 void hal_nrf_lock_unlock()
00405 {
00406   CSN_LOW();
00407 
00408   hal_nrf_rw(LOCK_UNLOCK);             
00409   hal_nrf_rw(0x73);
00410 
00411   CSN_HIGH();
00412 }
00413 
00414 uint8_t hal_nrf_get_rx_data_source(void)
00415 {
00416   return ((hal_nrf_nop() & (BIT_3|BIT_2|BIT_1)) >> 1);
00417 }
00418 
00419 // Fixed: returns length==0 and pipe==7 means FIFO empty
00420 
00421 uint16_t hal_nrf_read_rx_pload(uint8_t *rx_pload)
00422 {
00423   return hal_nrf_read_multibyte_reg(UINT8(HAL_NRF_RX_PLOAD), rx_pload);
00424 }
00425 
00426 void hal_nrf_reuse_tx(void)
00427 {
00428   hal_nrf_write_reg(REUSE_TX_PL, 0);
00429 }
00430 
00431 bool hal_nrf_get_reuse_tx_status(void)
00432 {
00433   return (bool)((hal_nrf_get_fifo_status() & (1<<TX_REUSE)) >> TX_REUSE);
00434 }
00435 
00436 void hal_nrf_flush_rx(void)
00437 {
00438   hal_nrf_write_reg(FLUSH_RX, 0);
00439 }
00440 
00441 void hal_nrf_flush_tx(void)
00442 {
00443   hal_nrf_write_reg(FLUSH_TX, 0);
00444 }
00445 
00446 uint8_t hal_nrf_nop(void)
00447 {
00448   return hal_nrf_write_reg(NOP,0);
00449 }
00450 
00451 void hal_nrf_set_pll_mode(hal_nrf_pll_mode_t pll_mode)
00452 {
00453   if(pll_mode == HAL_NRF_PLL_LOCK)
00454   {
00455     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<PLL_LOCK)));
00456   }
00457   else
00458   {
00459     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<PLL_LOCK)));
00460   }
00461 }
00462 
00463 hal_nrf_pll_mode_t hal_nrf_get_pll_mode(void)
00464 {
00465   return (hal_nrf_pll_mode_t)((hal_nrf_read_reg(RF_SETUP) & (1<<PLL_LOCK)) >> PLL_LOCK);
00466 }
00467 
00468 void hal_nrf_set_lna_gain(hal_nrf_lna_mode_t lna_gain)
00469 {
00470   if(lna_gain == HAL_NRF_LNA_HCURR)
00471   {
00472     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<LNA_HCURR)));
00473   }
00474   else
00475   {
00476     hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<LNA_HCURR)));
00477   }
00478 }
00479 
00480 hal_nrf_lna_mode_t hal_nrf_get_lna_gain(void)
00481 {
00482   return (hal_nrf_lna_mode_t) ( (hal_nrf_read_reg(RF_SETUP) & (1<<LNA_HCURR)) >> LNA_HCURR );
00483 }
00484 
00485 uint8_t hal_nrf_read_reg(uint8_t reg)
00486 {
00487 uint8_t temp;
00488   CSN_LOW();
00489   hal_nrf_rw(reg);
00490   temp = hal_nrf_rw(0);
00491   CSN_HIGH();
00492 
00493   return temp;
00494 }
00495 
00496 uint8_t hal_nrf_write_reg(uint8_t reg, uint8_t value)
00497 {
00498   uint8_t retval;
00499   CSN_LOW();
00500   if(reg < WRITE_REG)   // i.e. this is a register access
00501   {
00502     retval = hal_nrf_rw(WRITE_REG + reg);
00503     hal_nrf_rw(value);
00504   }
00505   else            // single byte cmd OR future command/register access
00506   {
00507     if(!(reg == FLUSH_TX) && !(reg == FLUSH_RX) && !(reg == REUSE_TX_PL) && !(reg == NOP))
00508     {
00509       retval = hal_nrf_rw(reg);
00510       hal_nrf_rw(value);
00511     }
00512     else          // single byte L01 command
00513     {
00514       retval = hal_nrf_rw(reg);
00515     }
00516   }
00517   CSN_HIGH();
00518 
00519   return retval;
00520 }
00521 
00522 uint16_t hal_nrf_read_multibyte_reg(uint8_t reg, uint8_t *pbuf)
00523 {
00524 uint8_t ctr, length;
00525   switch(reg)
00526   {
00527     case HAL_NRF_PIPE0:
00528     case HAL_NRF_PIPE1:
00529     case HAL_NRF_TX:
00530       length = ctr = hal_nrf_get_address_width();
00531       CSN_LOW();
00532       hal_nrf_rw(RX_ADDR_P0 + reg);
00533       break;
00534       
00535     case HAL_NRF_RX_PLOAD:
00536       if( (reg = hal_nrf_get_rx_data_source()) < 7)
00537       {
00538         length = ctr = hal_nrf_read_rx_pl_w();
00539 
00540         CSN_LOW();
00541         hal_nrf_rw(RD_RX_PLOAD);
00542       }
00543       else
00544       {
00545        ctr = length = 0;
00546       }
00547       break;
00548 
00549     default:
00550       ctr = length = 0;
00551       break;
00552   }
00553 
00554   while(ctr--)
00555   {
00556     *pbuf++ = hal_nrf_rw(0);
00557   }
00558 
00559   CSN_HIGH();
00560 
00561   return (((uint16_t) reg << 8) | length);
00562 }
00563 
00564 void hal_nrf_write_multibyte_reg(uint8_t reg, uint8_t *pbuf, uint8_t length)
00565 {
00566   switch(reg)
00567   {
00568     case HAL_NRF_PIPE0:
00569     case HAL_NRF_PIPE1:
00570     case HAL_NRF_TX:
00571       length = hal_nrf_get_address_width();
00572       CSN_LOW();
00573       hal_nrf_rw(WRITE_REG + RX_ADDR_P0 + reg);
00574       break;
00575       
00576     case HAL_NRF_TX_PLOAD:
00577       CSN_LOW();
00578       hal_nrf_rw(WR_TX_PLOAD);
00579       break;      
00580     default:
00581       break;
00582   }
00583 
00584   while(length--)
00585   {
00586     hal_nrf_rw(*pbuf++);
00587   }
00588 
00589   CSN_HIGH();
00590 }
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radio_esb.c


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2185 $
00012  */ 
00013 
00022 #include "hal_nrf.h"
00023 #include "radio_esb.h"
00024 #include "system.h"
00025 #include "radio.h"
00026 
00027 void radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
00028 {
00029   hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
00030                                                  // Pipe 0 and 1 open by default
00031   hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack
00032                                                  // Changed from sb/radio_sb.c
00033 
00034   hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
00035   hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);                 
00036                                                  // Enables auto retransmit.
00037                                                  // 3 retrans with 250ms delay
00038                                                  // Changed from sb/radio_sb.c
00039 
00040   hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
00041   hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
00042   hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
00043                                                  // pipe0
00044   
00045   if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
00046   {
00047     hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
00048   }
00049   else
00050   {
00051     hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
00052     hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
00053                                                  // Pipe0 expect 
00054                                                  // PAYLOAD_LENGTH byte payload
00055                                                  // PAYLOAD_LENGTH in radio.h
00056   }
00057 
00058   hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
00059                                                  // Defined in radio.h.
00060                                                  // Frequenzy = 
00061                                                  //        2400 + RF_CHANNEL
00062   hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
00063 
00064   start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
00065   wait_for_timer();                              // power up
00066   
00067   radio_set_status (RF_IDLE);                     // Radio now ready
00068 }  
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mcu.c File Reference


Implementation of C8051F320 hardware functions. More...

#include <Cygnal\c8051f320.h>

#include "stdint.h"

#include "stdbool.h"

#include "system.h"






Go to the source code of this file.			


			
Defines





			#define 			SYS_INT_OSC   0x00


			#define 			USB_4X_CLOCK   0x00


			
Functions





			void 			hal_spi_init (uint8_t spi_speed)


			static void 			port_init (void)


			static void 			sysclk_init (void)


			void 			system_init (void)


			 			Initialise the timers, ports, interupts, etc.  











Detailed Description



Implementation of C8051F320 hardware functions. 

This file implements the system_init() function, that sets up hardware such as internal clocks, timers, and IO ports.






			Author:


			Per Kristian Schanke 







Definition in file l01_bfb/mcu.c.




Define Documentation






      			#define SYS_INT_OSC   0x00          















Definition at line 41 of file l01_bfb/mcu.c.




Referenced by sysclk_init().














      			#define USB_4X_CLOCK   0x00          















Definition at line 38 of file l01_bfb/mcu.c.




Referenced by sysclk_init().












Function Documentation






      			void hal_spi_init           			(			uint8_t 			 spi_speed          			 ) 			















Definition at line 28 of file hal_nrf_f32x_hw.c.














      			void port_init           			(			void 			          			 ) 			 [static]















Definition at line 110 of file l01_bfb/mcu.c.




Referenced by system_init().














      			void sysclk_init           			(			void 			          			 ) 			 [static]















Definition at line 79 of file l01_bfb/mcu.c.




References delay_100ms(), SYS_INT_OSC, and USB_4X_CLOCK.




Referenced by system_init().














      			void system_init           			(			void 			          			 ) 			











Initialise the timers, ports, interupts, etc. 








Definition at line 47 of file l01_bfb/mcu.c.




Referenced by main().
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nRF24L01 HW dependents.


[nRF HAL]



			Rev


			






 
More...			


			
Defines





			#define 			CE_HIGH()   do { RFCE = 1; } while(0)


			 			Macro that set radio's CE line HIGH.  



			#define 			CE_LOW()   do { RFCE = 0; } while(0)


			 			Macro that set radio's CE line LOW.  



			#define 			CE_PULSE()


			 			Pulses the CE to nRF24L01 for at least 10 us.  



			#define 			CSN_HIGH()   do { RFCSN = 1; } while(0)


			 			Macro that set radio's CSN line HIGH.  



			#define 			CSN_LOW()   do { RFCSN = 0; } while(0)


			 			Macro that set radio's CSN line LOW.  



			#define 			MCSN_HIGH()   do { MCSN = 1; } while(0)


			 			Macro that set master SPI CSN line HIGH.  



			#define 			MCSN_LOW()   do { MCSN = 0; } while(0)


			 			Macro that set master SPI CSN line LOW.  








Detailed Description



			Rev


			












Define Documentation






      			#define CE_HIGH          			(





 
          			          			 ) 			   do { RFCE = 1; } while(0)











Macro that set radio's CE line HIGH. 








Definition at line 38 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define CE_LOW          			(





 
          			          			 ) 			   do { RFCE = 0; } while(0)











Macro that set radio's CE line LOW. 








Definition at line 33 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define CE_PULSE          			(





 
          			          			 ) 			











Value:


do { \
  uint8_t count; \
  count = 20; \
  CE_HIGH();  \
  while(count--) \
    ; \
  CE_LOW();  \
  } while(0)




Pulses the CE to nRF24L01 for at least 10 us. 





Definition at line 53 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define CSN_HIGH          			(





 
          			          			 ) 			   do { RFCSN = 1; } while(0)











Macro that set radio's CSN line HIGH. 








Definition at line 28 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define CSN_LOW          			(





 
          			          			 ) 			   do { RFCSN = 0; } while(0)











Macro that set radio's CSN line LOW. 








Definition at line 23 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define MCSN_HIGH          			(





 
          			          			 ) 			   do { MCSN = 1; } while(0)











Macro that set master SPI CSN line HIGH. 








Definition at line 48 of file arch/hal/nrf24lu1/hal_nrf_hw.h.














      			#define MCSN_LOW          			(





 
          			          			 ) 			   do { MCSN = 0; } while(0)











Macro that set master SPI CSN line LOW. 








Definition at line 43 of file arch/hal/nrf24lu1/hal_nrf_hw.h.
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application_sb.h


Go to the documentation of this file.00001 /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
00002  *
00003  * The information contained herein is property of Nordic Semiconductor ASA.
00004  * Terms and conditions of usage are described in detail in NORDIC
00005  * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
00006  *
00007  * Licensees are granted free, non-transferable use of the information. NO
00008  * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
00009  * the file.
00010  *
00011  * $LastChangedRevision: 2088 $
00012  */ 
00013 
00014 #ifndef APPLICATION_SB_H__
00015 #define APPLICATION_SB_H__
00016 
00020 void device_ptx_mode_sb(void);
00021 
00025 void device_prx_mode_sb(void);
00026 
00027 #endif
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radio_pl.c File Reference


Initialise the radio in Enhanced ShockBurst mode with Bidirectional data. More...

#include "hal_nrf.h"

#include "radio_pl.h"

#include "system.h"

#include "radio.h"






Go to the source code of this file.			


			
Functions





			void 			radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)


			 			Initializes the radio in Enhanced ShockBurst mode with ACK payload.  











Detailed Description



Initialise the radio in Enhanced ShockBurst mode with Bidirectional data. 

This is done by opening pipe0 with auto ACK and with auto retransmits. It also opens for the use of ACK payload (hal_nrf_enable_ack_pl()) and dynamic payload width (hal_nrf_enable_dynamic_pl() for general enabeling and hal_nrf_setup_dyn_pl() to enable on specific pipes).






			Author:


			Per Kristian Schanke 







Definition in file radio_pl.c.




Function Documentation






      			void radio_pl_init           			(			const uint8_t * 			 address, 


									hal_nrf_operation_mode_t 			 operational_mode			 


						)									











Initializes the radio in Enhanced ShockBurst mode with ACK payload. 




This mean that we enable auto-retransmit and auto-acknowledgment as in Enhanced ShockBurst, and the features auto-ack payload and dynamic payload width.






			Parameters:


			
  						address 			The radios working address 


						operational_mode 			The operational mode, either HAL_NRF_PRX or HAL_NRF_PTX 














Definition at line 30 of file radio_pl.c.




Referenced by main().
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Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 File List


Here is a list of all files with brief descriptions:			application_esb.c [code]			Application to show the functionality of the Enhanced ShockBurst mode 


			application_esb.h [code]			


			application_pl.c [code]			Application to show the functionality of the Enhanced ShockBurst mode with Bidirectional data 


			application_pl.h [code]			


			application_sb.c [code]			Application to show the functionality of the ShockBurst mode 


			application_sb.h [code]			


			hal_nrf.h [code]			Interface for nRF HAL 


			hal_nrf_f32x_hw.c [code]			MCU depenent source code for accessing the nRF24L01 radio 


			hal_nrf_hw.c [code]			Implementation of hal_nrf_rw 


			prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h [code]			Header file defining the hardware depenent interface of the C8051F320 


			arch/hal/nrf24lu1/hal_nrf_hw.h [code]			Header file defining hardware dependent functions for nRF24LU1 


			hal_nrf_l01.c [code]						Author:


			Runar Kjellhaug 









			hal_nrf_reg.h [code]			Register definitions for the nRF HAL module 


			main.c [code]			This file contain the main initialisation and allows users to make their choices of operational mode 


			l01_bfb/mcu.c [code]			Implementation of C8051F320 hardware functions 


			lu1_bfb/mcu.c [code]			Implementation of nRF24LU1 hardware functions 


			nordic_common.h [code]			Common defines and macros for firmware developed by Nordic Semiconductor 


			radio.c [code]			Radio functions 


			radio.h [code]			Radio header file for the nRF24LU1 example application 


			radio_esb.c [code]			Initialise the radio in Enhanced ShockBurst mode 


			radio_esb.h [code]			


			radio_pl.c [code]			Initialise the radio in Enhanced ShockBurst mode with Bidirectional data 


			radio_pl.h [code]			


			radio_sb.c [code]			Initialise the radio in ShockBurst mode 


			radio_sb.h [code]			


			system.c [code]			System level functions: Timers, port setup, interrupt handlers, and other system functions 


			system.h [code]			


			l01_bfb/target_includes.h [code]			Target specific include directives 


			lu1_bfb/target_includes.h [code]			Target specific include directives 
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- a -


			address
: main.c



			ALL_PIPES
: radio_pl.h








Generated on Wed Feb 13 12:04:45 2008 for Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 by 

 1.5.3 







  			Main Page


			Modules


			Files









  			File List


			Globals









  			All


			Functions


			Variables


			Enumerations


			Enumerator


			Defines









  			a


			b


			c


			d


			e


			f


			g


			h


			i


			l


			m


			n


			o


			p


			r


			s


			t


			u


			w










Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- b -


			B1
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			B1_PRESSED
: system.h



			B2
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			B2_PRESSED
: system.h



			B3
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			B3_PRESSED
: system.h



			B_PRESSED
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			BIT_0
: nordic_common.h



			BIT_1
: nordic_common.h



			BIT_2
: nordic_common.h



			BIT_3
: nordic_common.h



			BIT_4
: nordic_common.h



			BIT_5
: nordic_common.h



			BIT_6
: nordic_common.h



			BIT_7
: nordic_common.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- c -


			CD
: hal_nrf_reg.h



			CE
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CE_HIGH
: arch/hal/nrf24lu1/hal_nrf_hw.h
, prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CE_LOW
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CE_PULSE
: arch/hal/nrf24lu1/hal_nrf_hw.h
, prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CONFIG
: hal_nrf_reg.h



			CRCO
: hal_nrf_reg.h



			CSN
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CSN_HIGH
: arch/hal/nrf24lu1/hal_nrf_hw.h
, prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CSN_LOW
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CYCLES_PR_MS
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h








Generated on Wed Feb 13 12:04:45 2008 for Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 by 

 1.5.3 







  			Main Page


			Modules


			Files









  			File List


			Globals









  			All


			Functions


			Variables


			Enumerations


			Enumerator


			Defines









  			a


			b


			c


			d


			e


			f


			g


			h


			i


			l


			m


			n


			o


			p


			r


			s


			t


			u


			w










Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- d -


			delay_100ms()
: system.c
, system.h



			delay_10ms()
: system.h
, system.c



			device_boot_msg()
: system.c
, system.h



			DEVICE_IDLE
: main.c



			DEVICE_PRX_ESB
: main.c



			DEVICE_PRX_IDLE
: main.c



			device_prx_mode_esb()
: application_esb.c
, application_esb.h



			device_prx_mode_pl()
: application_pl.c
, application_pl.h



			device_prx_mode_sb()
: application_sb.c
, application_sb.h



			DEVICE_PRX_PL
: main.c



			DEVICE_PRX_SB
: main.c



			DEVICE_PTX_ESB
: main.c



			DEVICE_PTX_IDLE
: main.c



			device_ptx_mode_esb()
: application_esb.h
, application_esb.c



			device_ptx_mode_pl()
: application_pl.h
, application_pl.c



			device_ptx_mode_sb()
: application_sb.h
, application_sb.c



			DEVICE_PTX_PL
: main.c



			DEVICE_PTX_SB
: main.c



			DYNPD
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- e -


			EN_AA
: hal_nrf_reg.h



			EN_CRC
: hal_nrf_reg.h



			EN_RXADDR
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- f -


			FEATURE
: hal_nrf_reg.h



			FIFO_STATUS
: hal_nrf_reg.h



			FLUSH_RX
: hal_nrf_reg.h



			FLUSH_TX
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- g -


			get_next_state()
: main.c



			GLOBAL_INT_DISABLE
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			GLOBAL_INT_ENABLE
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- h -


			HAL_NRF_0DBM
: hal_nrf_reg.h



			HAL_NRF_12DBM
: hal_nrf_reg.h



			HAL_NRF_18DBM
: hal_nrf_reg.h



			HAL_NRF_1MBPS
: hal_nrf_reg.h



			HAL_NRF_2MBPS
: hal_nrf_reg.h



			HAL_NRF_6DBM
: hal_nrf_reg.h



			HAL_NRF_ACK_PLOAD
: hal_nrf_reg.h



			hal_nrf_address_t
: hal_nrf_reg.h



			hal_nrf_address_width_t
: hal_nrf_reg.h



			HAL_NRF_ALL
: hal_nrf_reg.h



			HAL_NRF_AW_3BYTES
: hal_nrf_reg.h



			HAL_NRF_AW_4BYTES
: hal_nrf_reg.h



			HAL_NRF_AW_5BYTES
: hal_nrf_reg.h



			hal_nrf_clear_irq_flag()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_close_pipe()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_CRC_16BIT
: hal_nrf_reg.h



			HAL_NRF_CRC_8BIT
: hal_nrf_reg.h



			hal_nrf_crc_mode_t
: hal_nrf_reg.h



			HAL_NRF_CRC_OFF
: hal_nrf_reg.h



			hal_nrf_datarate_t
: hal_nrf_reg.h



			hal_nrf_disable_ack_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_disable_dynamic_ack()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_disable_dynamic_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_ack_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_dynamic_ack()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_enable_dynamic_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_flush_rx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_flush_tx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_address()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_address_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_auto_retr_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_carrier_detect()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_clear_irq_flags()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_crc_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_datarate()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_fifo_status()
: hal_nrf_l01.c



			hal_nrf_get_irq_flags()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_irq_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_lna_gain()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_operation_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_output_power()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_packet_lost_ctr()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_pipe_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_pll_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_power_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_reuse_tx_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rf_channel()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_data_source()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_fifo_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_pload_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_transmit_attempts()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_tx_fifo_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_irq_source_t
: hal_nrf_reg.h



			HAL_NRF_LNA_HCURR
: hal_nrf_reg.h



			HAL_NRF_LNA_LCURR
: hal_nrf_reg.h



			hal_nrf_lna_mode_t
: hal_nrf_reg.h



			hal_nrf_lock_unlock()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_MAX_RT
: hal_nrf_reg.h



			hal_nrf_nop()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_open_pipe()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_operation_mode_t
: hal_nrf_reg.h



			hal_nrf_output_power_t
: hal_nrf_reg.h



			HAL_NRF_PIPE0
: hal_nrf_reg.h



			HAL_NRF_PIPE1
: hal_nrf_reg.h



			HAL_NRF_PIPE2
: hal_nrf_reg.h



			HAL_NRF_PIPE3
: hal_nrf_reg.h



			HAL_NRF_PIPE4
: hal_nrf_reg.h



			HAL_NRF_PIPE5
: hal_nrf_reg.h



			HAL_NRF_PLL_LOCK
: hal_nrf_reg.h



			hal_nrf_pll_mode_t
: hal_nrf_reg.h



			HAL_NRF_PLL_UNLOCK
: hal_nrf_reg.h



			hal_nrf_pload_command_t
: hal_nrf_reg.h



			HAL_NRF_PRX
: hal_nrf_reg.h



			HAL_NRF_PTX
: hal_nrf_reg.h



			HAL_NRF_PWR_DOWN
: hal_nrf_reg.h



			hal_nrf_pwr_mode_t
: hal_nrf_reg.h



			HAL_NRF_PWR_UP
: hal_nrf_reg.h



			hal_nrf_read_multibyte_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_rx_pl_w()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_rx_pload()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_reuse_tx()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_rw()
: hal_nrf_hw.c
, hal_nrf.h
, hal_nrf_f32x_hw.c



			HAL_NRF_RX_DR
: hal_nrf_reg.h



			hal_nrf_rx_fifo_empty()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_rx_fifo_full()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_RX_PLOAD
: hal_nrf_reg.h



			hal_nrf_set_address()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_address_width()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_auto_retr()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_crc_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_datarate()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_irq_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_lna_gain()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_operation_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_output_power()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_pll_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_power_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_rf_channel()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_rx_pload_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_setup_dyn_pl()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_TX
: hal_nrf_reg.h



			HAL_NRF_TX_DS
: hal_nrf_reg.h



			hal_nrf_tx_fifo_empty()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_tx_fifo_full()
: hal_nrf_l01.c
, hal_nrf.h



			HAL_NRF_TX_PLOAD
: hal_nrf_reg.h



			hal_nrf_write_ack_pload()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_write_multibyte_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_write_reg()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_write_tx_pload()
: hal_nrf.h
, hal_nrf_l01.c



			hal_spi_init()
: l01_bfb/mcu.c
, hal_nrf_f32x_hw.c
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- i -


			INTERRUPT_T0
: l01_bfb/target_includes.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- l -


			LED1
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			LED1_BLINK
: system.h



			LED1_INDEX
: system.h



			LED1_OFF
: system.h



			LED1_ON
: system.h



			LED2
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			LED2_BLINK
: system.h



			LED2_INDEX
: system.h



			LED2_OFF
: system.h



			LED2_ON
: system.h



			LED3
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			LED3_BLINK
: system.h



			LED3_INDEX
: system.h



			LED3_OFF
: system.h



			LED3_ON
: system.h



			LED_ALL_OFF
: system.h



			led_blink
: system.h
, system.c



			LED_OFF
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			LED_ON
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			LNA_HCURR
: hal_nrf_reg.h



			LOCK_UNLOCK
: hal_nrf_reg.h



			LSB
: nordic_common.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- m -


			main()
: main.c



			MASK_MAX_RT
: hal_nrf_reg.h



			MASK_RX_DR
: hal_nrf_reg.h



			MASK_TX_DS
: hal_nrf_reg.h



			MAX
: nordic_common.h



			MAX_RT
: hal_nrf_reg.h



			MAX_RUNTIME
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			MAX_TIME
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			MCSN_HIGH
: arch/hal/nrf24lu1/hal_nrf_hw.h



			MCSN_LOW
: arch/hal/nrf24lu1/hal_nrf_hw.h



			MIN
: nordic_common.h



			MSB
: nordic_common.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- n -


			NO_CHANGE
: main.c



			NOP
: hal_nrf_reg.h



			nrf_spi_init()
: lu1_bfb/mcu.c
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- o -


			OBSERVE_TX
: hal_nrf_reg.h



			OFF
: main.c



			ON
: main.c
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- p -


			PLL_LOCK
: hal_nrf_reg.h



			pload
: radio.c



			pload_esb
: application_esb.c



			pload_pl
: application_pl.c



			pload_sb
: application_sb.c



			port_init()
: lu1_bfb/mcu.c
, l01_bfb/mcu.c



			PRIM_RX
: hal_nrf_reg.h



			PWR_UP
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- r -


			RADIO_ACTIVITY
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			radio_esb_init()
: radio_esb.h
, radio_esb.c



			radio_get_pload_byte()
: radio.c
, radio.h



			radio_get_status()
: radio.h
, radio.c



			radio_irq()
: radio.c
, radio.h



			radio_pl_init()
: radio_pl.c
, radio_pl.h



			radio_sb_init()
: radio_sb.c
, radio_sb.h



			radio_send_packet()
: radio.h
, radio.c



			radio_set_status()
: radio.c
, radio.h



			radio_status_t
: radio.h



			RD_RX_PLOAD
: hal_nrf_reg.h



			RD_RX_PLOAD_W
: hal_nrf_reg.h



			RESET_RADIO_ACTIVITY
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			REUSE_TX_PL
: hal_nrf_reg.h



			RF_BUSY
: radio.h



			RF_CH
: hal_nrf_reg.h



			RF_CHANNEL
: radio.h



			RF_DR
: hal_nrf_reg.h



			RF_IDLE
: radio.h



			RF_MAX_RT
: radio.h



			RF_PAYLOAD_LENGTH
: radio.h



			RF_POWER_UP_DELAY
: radio.h



			RF_PWR0
: hal_nrf_reg.h



			RF_PWR1
: hal_nrf_reg.h



			RF_RETRANS_DELAY
: radio.h



			RF_RETRANSMITS
: radio.h



			RF_RX_DR
: radio.h



			RF_SETUP
: hal_nrf_reg.h



			RF_TX_AP
: radio.h



			RF_TX_DS
: radio.h



			run_timer()
: system.c



			RX_ADDR_P0
: hal_nrf_reg.h



			RX_ADDR_P1
: hal_nrf_reg.h



			RX_ADDR_P2
: hal_nrf_reg.h



			RX_ADDR_P3
: hal_nrf_reg.h



			RX_ADDR_P4
: hal_nrf_reg.h



			RX_ADDR_P5
: hal_nrf_reg.h



			RX_DR
: hal_nrf_reg.h



			RX_EMPTY
: hal_nrf_reg.h



			RX_FULL
: hal_nrf_reg.h



			RX_PW_P0
: hal_nrf_reg.h



			RX_PW_P1
: hal_nrf_reg.h



			RX_PW_P2
: hal_nrf_reg.h



			RX_PW_P3
: hal_nrf_reg.h



			RX_PW_P4
: hal_nrf_reg.h



			RX_PW_P5
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- s -


			SEK_0
: main.c



			SEK_1
: main.c



			SEK_2
: main.c



			SEK_3
: main.c



			SET_BIT
: hal_nrf_l01.c



			SETUP_AW
: hal_nrf_reg.h



			SETUP_RETR
: hal_nrf_reg.h



			show_state
: main.c



			show_status()
: main.c



			start_timer()
: system.c
, system.h



			state_machine
: main.c



			state_t
: main.c



			status
: radio.c



			STATUS
: hal_nrf_reg.h



			SWAP
: nordic_common.h



			SYS_INT_OSC
: l01_bfb/mcu.c



			sysclk_init()
: l01_bfb/mcu.c



			system_init()
: system.h
, lu1_bfb/mcu.c
, l01_bfb/mcu.c
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- t -


			t0_ov_interrupt()
: system.c



			T0_START
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T0_STOP
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_MODE1
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_SET_HB
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_SET_LB
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_START
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_STOP
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			TIMER1_OVERFLOW
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			timer_done()
: system.c
, system.h



			timer_rounds
: system.c



			TX_ADDR
: hal_nrf_reg.h



			TX_DS
: hal_nrf_reg.h



			TX_EMPTY
: hal_nrf_reg.h



			TX_FIFO_FULL
: hal_nrf_reg.h



			TX_FULL
: hal_nrf_reg.h



			TX_REUSE
: hal_nrf_reg.h
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- u -


			UINT8
: hal_nrf_l01.c



			USB_4X_CLOCK
: l01_bfb/mcu.c
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Here is a list of all functions, variables, defines, enums, and typedefs with links to the files they belong to:







- w -


			wait_for_button_release()
: main.c



			wait_for_timer()
: system.c
, system.h



			WR_ACK_PLOAD
: hal_nrf_reg.h



			WR_NAC_TX_PLOAD
: hal_nrf_reg.h



			WR_TX_PLOAD
: hal_nrf_reg.h



			WRITE_REG
: hal_nrf_reg.h
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- a -


			ALL_PIPES
: radio_pl.h







- b -


			B1
: lu1_bfb/target_includes.h



			B1_PRESSED
: system.h



			B2
: lu1_bfb/target_includes.h



			B2_PRESSED
: system.h



			B3
: lu1_bfb/target_includes.h



			B3_PRESSED
: system.h



			B_PRESSED
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			BIT_0
: nordic_common.h



			BIT_1
: nordic_common.h



			BIT_2
: nordic_common.h



			BIT_3
: nordic_common.h



			BIT_4
: nordic_common.h



			BIT_5
: nordic_common.h



			BIT_6
: nordic_common.h



			BIT_7
: nordic_common.h







- c -


			CD
: hal_nrf_reg.h



			CE_HIGH
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CE_LOW
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CE_PULSE
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CONFIG
: hal_nrf_reg.h



			CRCO
: hal_nrf_reg.h



			CSN_HIGH
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h
, arch/hal/nrf24lu1/hal_nrf_hw.h



			CSN_LOW
: arch/hal/nrf24lu1/hal_nrf_hw.h
, prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CYCLES_PR_MS
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h







- d -


			DYNPD
: hal_nrf_reg.h







- e -


			EN_AA
: hal_nrf_reg.h



			EN_CRC
: hal_nrf_reg.h



			EN_RXADDR
: hal_nrf_reg.h







- f -


			FEATURE
: hal_nrf_reg.h



			FIFO_STATUS
: hal_nrf_reg.h



			FLUSH_RX
: hal_nrf_reg.h



			FLUSH_TX
: hal_nrf_reg.h







- g -


			GLOBAL_INT_DISABLE
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			GLOBAL_INT_ENABLE
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h







- i -


			INTERRUPT_T0
: l01_bfb/target_includes.h







- l -


			LED1
: lu1_bfb/target_includes.h



			LED1_BLINK
: system.h



			LED1_OFF
: system.h



			LED1_ON
: system.h



			LED2
: lu1_bfb/target_includes.h



			LED2_BLINK
: system.h



			LED2_OFF
: system.h



			LED2_ON
: system.h



			LED3
: lu1_bfb/target_includes.h



			LED3_BLINK
: system.h



			LED3_OFF
: system.h



			LED3_ON
: system.h



			LED_ALL_OFF
: system.h



			LED_OFF
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			LED_ON
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			LNA_HCURR
: hal_nrf_reg.h



			LOCK_UNLOCK
: hal_nrf_reg.h



			LSB
: nordic_common.h







- m -


			MASK_MAX_RT
: hal_nrf_reg.h



			MASK_RX_DR
: hal_nrf_reg.h



			MASK_TX_DS
: hal_nrf_reg.h



			MAX
: nordic_common.h



			MAX_RT
: hal_nrf_reg.h



			MAX_RUNTIME
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			MAX_TIME
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			MCSN_HIGH
: arch/hal/nrf24lu1/hal_nrf_hw.h



			MCSN_LOW
: arch/hal/nrf24lu1/hal_nrf_hw.h



			MIN
: nordic_common.h



			MSB
: nordic_common.h







- n -


			NOP
: hal_nrf_reg.h







- o -


			OBSERVE_TX
: hal_nrf_reg.h



			OFF
: main.c



			ON
: main.c







- p -


			PLL_LOCK
: hal_nrf_reg.h



			PRIM_RX
: hal_nrf_reg.h



			PWR_UP
: hal_nrf_reg.h







- r -


			RADIO_ACTIVITY
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			RD_RX_PLOAD
: hal_nrf_reg.h



			RD_RX_PLOAD_W
: hal_nrf_reg.h



			RESET_RADIO_ACTIVITY
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			REUSE_TX_PL
: hal_nrf_reg.h



			RF_CH
: hal_nrf_reg.h



			RF_CHANNEL
: radio.h



			RF_DR
: hal_nrf_reg.h



			RF_PAYLOAD_LENGTH
: radio.h



			RF_POWER_UP_DELAY
: radio.h



			RF_PWR0
: hal_nrf_reg.h



			RF_PWR1
: hal_nrf_reg.h



			RF_RETRANS_DELAY
: radio.h



			RF_RETRANSMITS
: radio.h



			RF_SETUP
: hal_nrf_reg.h



			RX_ADDR_P0
: hal_nrf_reg.h



			RX_ADDR_P1
: hal_nrf_reg.h



			RX_ADDR_P2
: hal_nrf_reg.h



			RX_ADDR_P3
: hal_nrf_reg.h



			RX_ADDR_P4
: hal_nrf_reg.h



			RX_ADDR_P5
: hal_nrf_reg.h



			RX_DR
: hal_nrf_reg.h



			RX_EMPTY
: hal_nrf_reg.h



			RX_FULL
: hal_nrf_reg.h



			RX_PW_P0
: hal_nrf_reg.h



			RX_PW_P1
: hal_nrf_reg.h



			RX_PW_P2
: hal_nrf_reg.h



			RX_PW_P3
: hal_nrf_reg.h



			RX_PW_P4
: hal_nrf_reg.h



			RX_PW_P5
: hal_nrf_reg.h







- s -


			SEK_0
: main.c



			SEK_1
: main.c



			SEK_2
: main.c



			SEK_3
: main.c



			SET_BIT
: hal_nrf_l01.c



			SETUP_AW
: hal_nrf_reg.h



			SETUP_RETR
: hal_nrf_reg.h



			STATUS
: hal_nrf_reg.h



			SWAP
: nordic_common.h



			SYS_INT_OSC
: l01_bfb/mcu.c







- t -


			T0_START
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T0_STOP
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			T1_MODE1
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_SET_HB
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			T1_SET_LB
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_START
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			T1_STOP
: l01_bfb/target_includes.h
, lu1_bfb/target_includes.h



			TIMER1_OVERFLOW
: lu1_bfb/target_includes.h
, l01_bfb/target_includes.h



			TX_ADDR
: hal_nrf_reg.h



			TX_DS
: hal_nrf_reg.h



			TX_EMPTY
: hal_nrf_reg.h



			TX_FIFO_FULL
: hal_nrf_reg.h



			TX_FULL
: hal_nrf_reg.h



			TX_REUSE
: hal_nrf_reg.h







- u -


			UINT8
: hal_nrf_l01.c



			USB_4X_CLOCK
: l01_bfb/mcu.c







- w -


			WR_ACK_PLOAD
: hal_nrf_reg.h



			WR_NAC_TX_PLOAD
: hal_nrf_reg.h



			WR_TX_PLOAD
: hal_nrf_reg.h



			WRITE_REG
: hal_nrf_reg.h
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			hal_nrf_address_t
: hal_nrf_reg.h



			hal_nrf_address_width_t
: hal_nrf_reg.h



			hal_nrf_crc_mode_t
: hal_nrf_reg.h



			hal_nrf_datarate_t
: hal_nrf_reg.h



			hal_nrf_irq_source_t
: hal_nrf_reg.h



			hal_nrf_lna_mode_t
: hal_nrf_reg.h



			hal_nrf_operation_mode_t
: hal_nrf_reg.h



			hal_nrf_output_power_t
: hal_nrf_reg.h



			hal_nrf_pll_mode_t
: hal_nrf_reg.h



			hal_nrf_pload_command_t
: hal_nrf_reg.h



			hal_nrf_pwr_mode_t
: hal_nrf_reg.h



			radio_status_t
: radio.h



			state_t
: main.c
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- d -


			DEVICE_IDLE
: main.c



			DEVICE_PRX_ESB
: main.c



			DEVICE_PRX_IDLE
: main.c



			DEVICE_PRX_PL
: main.c



			DEVICE_PRX_SB
: main.c



			DEVICE_PTX_ESB
: main.c



			DEVICE_PTX_IDLE
: main.c



			DEVICE_PTX_PL
: main.c



			DEVICE_PTX_SB
: main.c







- h -


			HAL_NRF_0DBM
: hal_nrf_reg.h



			HAL_NRF_12DBM
: hal_nrf_reg.h



			HAL_NRF_18DBM
: hal_nrf_reg.h



			HAL_NRF_1MBPS
: hal_nrf_reg.h



			HAL_NRF_2MBPS
: hal_nrf_reg.h



			HAL_NRF_6DBM
: hal_nrf_reg.h



			HAL_NRF_ACK_PLOAD
: hal_nrf_reg.h



			HAL_NRF_ALL
: hal_nrf_reg.h



			HAL_NRF_AW_3BYTES
: hal_nrf_reg.h



			HAL_NRF_AW_4BYTES
: hal_nrf_reg.h



			HAL_NRF_AW_5BYTES
: hal_nrf_reg.h



			HAL_NRF_CRC_16BIT
: hal_nrf_reg.h



			HAL_NRF_CRC_8BIT
: hal_nrf_reg.h



			HAL_NRF_CRC_OFF
: hal_nrf_reg.h



			HAL_NRF_LNA_HCURR
: hal_nrf_reg.h



			HAL_NRF_LNA_LCURR
: hal_nrf_reg.h



			HAL_NRF_MAX_RT
: hal_nrf_reg.h



			HAL_NRF_PIPE0
: hal_nrf_reg.h



			HAL_NRF_PIPE1
: hal_nrf_reg.h



			HAL_NRF_PIPE2
: hal_nrf_reg.h



			HAL_NRF_PIPE3
: hal_nrf_reg.h



			HAL_NRF_PIPE4
: hal_nrf_reg.h



			HAL_NRF_PIPE5
: hal_nrf_reg.h



			HAL_NRF_PLL_LOCK
: hal_nrf_reg.h



			HAL_NRF_PLL_UNLOCK
: hal_nrf_reg.h



			HAL_NRF_PRX
: hal_nrf_reg.h



			HAL_NRF_PTX
: hal_nrf_reg.h



			HAL_NRF_PWR_DOWN
: hal_nrf_reg.h



			HAL_NRF_PWR_UP
: hal_nrf_reg.h



			HAL_NRF_RX_DR
: hal_nrf_reg.h



			HAL_NRF_RX_PLOAD
: hal_nrf_reg.h



			HAL_NRF_TX
: hal_nrf_reg.h



			HAL_NRF_TX_DS
: hal_nrf_reg.h



			HAL_NRF_TX_PLOAD
: hal_nrf_reg.h







- l -


			LED1_INDEX
: system.h



			LED2_INDEX
: system.h



			LED3_INDEX
: system.h







- n -


			NO_CHANGE
: main.c







- r -


			RF_BUSY
: radio.h



			RF_IDLE
: radio.h



			RF_MAX_RT
: radio.h



			RF_RX_DR
: radio.h



			RF_TX_AP
: radio.h



			RF_TX_DS
: radio.h
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- d -


			delay_100ms()
: system.c
, system.h



			delay_10ms()
: system.h
, system.c



			device_boot_msg()
: system.c
, system.h



			device_prx_mode_esb()
: application_esb.h
, application_esb.c



			device_prx_mode_pl()
: application_pl.c
, application_pl.h



			device_prx_mode_sb()
: application_sb.c
, application_sb.h



			device_ptx_mode_esb()
: application_esb.c
, application_esb.h



			device_ptx_mode_pl()
: application_pl.h
, application_pl.c



			device_ptx_mode_sb()
: application_sb.h
, application_sb.c







- g -


			get_next_state()
: main.c







- h -


			hal_nrf_clear_irq_flag()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_close_pipe()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_disable_ack_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_disable_dynamic_ack()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_disable_dynamic_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_ack_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_dynamic_ack()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_enable_dynamic_pl()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_flush_rx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_flush_tx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_address()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_address_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_auto_retr_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_carrier_detect()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_clear_irq_flags()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_crc_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_get_datarate()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_fifo_status()
: hal_nrf_l01.c



			hal_nrf_get_irq_flags()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_irq_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_lna_gain()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_operation_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_output_power()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_packet_lost_ctr()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_pipe_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_pll_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_power_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_reuse_tx_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rf_channel()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_data_source()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_fifo_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_rx_pload_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_transmit_attempts()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_get_tx_fifo_status()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_lock_unlock()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_nop()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_open_pipe()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_multibyte_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_rx_pl_w()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_read_rx_pload()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_reuse_tx()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_rw()
: hal_nrf_f32x_hw.c
, hal_nrf_hw.c
, hal_nrf.h



			hal_nrf_rx_fifo_empty()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_rx_fifo_full()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_address()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_address_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_auto_retr()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_crc_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_datarate()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_irq_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_lna_gain()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_operation_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_output_power()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_pll_mode()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_power_mode()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_set_rf_channel()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_set_rx_pload_width()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_setup_dyn_pl()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_tx_fifo_empty()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_tx_fifo_full()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_write_ack_pload()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_write_multibyte_reg()
: hal_nrf.h
, hal_nrf_l01.c



			hal_nrf_write_reg()
: hal_nrf_l01.c
, hal_nrf.h



			hal_nrf_write_tx_pload()
: hal_nrf_l01.c
, hal_nrf.h



			hal_spi_init()
: hal_nrf_f32x_hw.c
, l01_bfb/mcu.c







- m -


			main()
: main.c







- n -


			nrf_spi_init()
: lu1_bfb/mcu.c







- p -


			port_init()
: l01_bfb/mcu.c
, lu1_bfb/mcu.c







- r -


			radio_esb_init()
: radio_esb.c
, radio_esb.h



			radio_get_pload_byte()
: radio.h
, radio.c



			radio_get_status()
: radio.c
, radio.h



			radio_irq()
: radio.h
, radio.c



			radio_pl_init()
: radio_pl.c
, radio_pl.h



			radio_sb_init()
: radio_sb.c
, radio_sb.h



			radio_send_packet()
: radio.h
, radio.c



			radio_set_status()
: radio.c
, radio.h



			run_timer()
: system.c







- s -


			show_status()
: main.c



			start_timer()
: system.c
, system.h



			sysclk_init()
: l01_bfb/mcu.c



			system_init()
: system.h
, lu1_bfb/mcu.c
, l01_bfb/mcu.c







- t -


			t0_ov_interrupt()
: system.c



			timer_done()
: system.h
, system.c







- w -


			wait_for_button_release()
: main.c



			wait_for_timer()
: system.h
, system.c
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			address
: main.c



			B1
: l01_bfb/target_includes.h



			B2
: l01_bfb/target_includes.h



			B3
: l01_bfb/target_includes.h



			CE
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			CSN
: prod/appnote/nan24-12/l01_bfb/hal_nrf_hw.h



			LED1
: l01_bfb/target_includes.h



			LED2
: l01_bfb/target_includes.h



			LED3
: l01_bfb/target_includes.h



			led_blink
: system.c
, system.h



			pload
: radio.c



			pload_esb
: application_esb.c



			pload_pl
: application_pl.c



			pload_sb
: application_sb.c



			show_state
: main.c



			state_machine
: main.c



			status
: radio.c



			timer_rounds
: system.c
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1.0 


Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 
Purpose



The software examples show how to setup and use the nRF24L01 and nRF24LU1 in advanced ShockBurst modes.
Prerequisites



You should have read application note nAN24-12.
Definitions, acronyms, and abbreviations



			Term 			Definition  


			ACK			Acknowledgement - Sent by PRX to PTX as confirmation that packet was recieved 


			ACK payload			Data sent from PRX to PTX in ACK 


			Bx			Button on the BFB. x is one of 1 to 3 and corresponds to the different buttons on the BFB 


			BFB			Basic Feature Board - Comes with the evaluation kit to demonstrate the possibilities of the nRF24L01/nRF24LU1 


			Enhanced ShockBurst			More advanced mode. Gives the user ability to let the radio handle ACK and packet re-transmission 


			Evaluation Kit			Kit containting BFB, radio, microcontroller, and other items to evaluate the radios 


			LEDx			LED's on the BFB. x is one of 1 to 3 and corresponds to the different LED's on the BFB 


			nRF24L01			Nordic Semiconductor radio transmitting and reciveing in the 2.4GHz band. Low power consumption 


			nRF24LU1			Nordic Semiconductor radio transmitting and reciveing in the 2.4GHz band. Also contain a 8051 compatible microcontroller. Low power consumption 


			PTX			Primary transmitter 


			PRX			Primary reciever 


			ShockBurst			The simplest mode. Compatible with nRF2401, nRF2402, nRF24E1, and nRF24E2 







Modes



The program allows the user to use three different modes as both PTX and PRX. Both PTX and PRX need to be in the same operational modus for everything to work as intended.
The available modes are:


			ShockBurst			Enables simple packet transmission.


			The user has to handle ACK and packet re-transmissions


			Practical for simple streaming use









			Enhanced ShockBurst			Enables some more advanced packet handeling


			The radio can handle ACK and packet re-transmissions


			Practical for reducing program size and complexity as the program does not need to handle ACK









			Enhanced ShockBurst with ACK payload			Enables even more advanced functionality


			The PRX can send data to the PTX in ACK


			The payload size can be dynamically changed at use


			Practical for applications were PTX should get some status information from PRX			Graphical display on a remote that gets programinformation from the TV when the TV channel is changed





















Setup



You will need two Basic Feature Boards (BFB), which are included in the nRF24L01 and nRF24LU1 development kits, programmed with the nAN24-12 firmware to run the application.
nRF24L01 and nRF24LU1 use the following hex files for demonstration when plugged into the BFB:


			Basic Feature Board with C8051F320 + nRF24L01: nRF24L01.hex


			Basic Feature Board with nRF24LU1: nRF24LU1.hex







Figure 1. shows how to set up a board in each mode. The first step is to choose between PTX and PRX mode and the second step is to set up the desired operation mode. For example, the board can be set up to PTX ShockBurst mode by pressing Button 1 twice. After you set up the operation mode, the LED stays lit for three seconds to indicate that the set up is successful.



Mode choice





Figure 1: How to chooce between different operational modes




 The choice of operational modus is done after reset of the unit. How to choose between the different operational modes can be seen in Figure 1.
Mode operation



The operation of the application depends on the operational mode chosen. Common for all modes is that input is done by pressing B1 and B2, and response is given by LED's 1 through 4. A packet is sent every 100ms in all modes. The responses are as given in the application descriptions under the different operational modes.
For detailed description on each ShockBurst mode refer to application note nAN24-12. 
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Software examples using ShockBurst modes in nRF24L01 and nRF24LU1 Modules


Here is a list of all modules:			Main files



			Operational modes
			ShockBurst



			Enhanced ShockBurst



			Enhanced ShockBurst with ACK payload










			Hardware dependant
			nRF24L01



			nRF24LU1










			Hardware Abstraction Layer
			nRF HAL
			nRF24L01 HW dependents.



			nRF24L01 Register definitions
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                         Application Note

Liability disclaimer


Nordic Semiconductor ASA reserves the right to make changes without further notice to the product to 
improve reliability, function or design. Nordic Semiconductor ASA does not assume any liability arising out 
of the application or use of any product or circuits described herein.


Life support applications


These products are not designed for use in life support appliances, devices, or systems where malfunction 
of these products can reasonably be expected to result in personal injury. Nordic Semiconductor ASA cus-
tomers using or selling these products for use in such applications do so at their own risk and agree to fully 
indemnify Nordic Semiconductor ASA for any damages resulting from such improper use or sale.


Contact details


For your nearest dealer, please see http://www.nordicsemi.no


Receive available updates automatically by subscribing to eNews from our homepage or check our web-
site regularly for any available updates.


Main office:


Otto Nielsen’s vei 12
7004 Trondheim


Phone: +47 72 89 89 00 
Fax: +47 72 89 89 89
www.nordicsemi.no


Revision History


Date Version Description
February 2008 1.0
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                         Application Note

1       Introduction


This document uses software examples to describe how to use ShockBurst™ (SB), Enhanced Shock-
Burst™ (ESB) and Enhanced ShockBurst™ with Bidirectional data (PL), to transfer button status from one 
device to another. Also described in this document is how to port code to other hardware platforms. 


The nAN24-12SW package contains source code that helps you set up the nRF24L01 and nRF24LU1 in 
the ShockBurst™ modes. The source code is written in C and contains all the files necessary for setting up 
the devices using only the Hardware Abstraction Layer (HAL). The source code can also be used as a ref-
erence when you are developing your own application.


You will need two Basic Feature Boards (BFB), which are included in the nRF24L01 and nRF24LU1 devel-
opment kits, programmed with the nAN24-12 firmware to run the application. 


nRF24L01 and nRF24LU1 use the following hex files for demonstration when plugged into the BFB:


• Basic Feature Board with C8051F320 + nRF24L01: nRF24L01.hex
• Basic Feature Board with nRF24LU1: nRF24LU1.hex


The BFB must be powered on, but does not need to be connected to any peripherals to run the application 
example. The buttons and LEDs on the BFB are used for user input and output.


1.1        Prerequisites


In order to fully understand the application note, a good knowledge of electronic and software engineering 
is required.


1.2        Writing conventions


This application note follows a set of typographic rules that makes the document consistent and easy to 
read. The following writing conventions are used:


• Commands and code are written in Courier.


• File names are written in bold.


• Cross references are underlined and highlighted in blue.

Revision 1.0 Page 4 of 22







Software examples using ShockBurst™ modes in                                        


nRF24L01 and nRF24LU1 
2       nAN24-12 contents and requirements


This chapter describes the contents of the nAN24-12SW package and the hardware that is required for 
demonstrating the different operational modes. Refer to chapter 6 for information on porting the source 
code to other hardware architectures.


2.1        Contents


The software package contains the following files:


• Documentation (/doc)
nAN24-12 Application Note
Windows help file (help.chm)


• Source code (/src)
The Keil project files for both nRF24L01 and nRF24LU1
Complete source code for the application
Complete source code for the necessary HAL libraries


• Firmware files (/hex)
The pre-compiled hex files for nRF24L01 and nRF24LU1


2.2        Required software


The application has been tested and compiled on KEIL µVision3 3.53.


2.2.1        nRF24L01 specific software


To program the SiLabs C8051F320 MCU, which is part of the nRF24L01 development kit, you can use 
either the built in functionality in the Keil software package or you can download the Flash Programming 
Utilities from SiLabs: http://www.silabs.com


2.2.2        nRF24LU1 specific software


Refer to the documentation for the nRF24LU1 Development Kit on how to program the nRF24LU1.


2.3        Required hardware


To work out of the box, this application needs either the development kit for nRF24L01 or nRF24LU1. 


2.3.1        nRF24L01 specific hardware


To program the nRF24L01 development kit you need a programmer that supports the SiLabs C8051F320 
MCU. The low cost USB debug adapter from SiLabs has been used during the development: http://
www.silabs.com


You need to solder the four pin programming/debug interface on the dongle to a simple interface to support 
the 10 pin connector on the USB debug adapter. See Figure 1. for the schematic.
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 Figure 1. SiLabs modification


2.3.2        nRF24LU1 specific hardware


All the necessary hardware for the nRF24LU1 is included in the nRF24LU1 Development Kit.
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3       SW architecture


The software (SW) architecture is shown in Figure 2. A source and header file represent each block. See 
the help documentation for more information on the prototypes and macros.


 Figure 2. SW Architecture


3.1        Main


The main application is a state machine controlling your choices of operational modes and initialization. It 
starts up, initializes the microcontroller, and waits for you to select the application mode before initializing 
the radio and starting the application. After starting the application, the main application releases all con-
trol.


The main application defines the following prototypes and typedefs:


Prototypes:


state_t get_next_state (state_t current_state);
void wait_for_button_release (void);
void show_status (state_t operation);


Data flow in operation modes:
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Typedef:


enum {
  DEVICE_IDLE = 0,
  DEVICE_PRX_IDLE,
  DEVICE_PTX_IDLE,
  DEVICE_PRX_SB,  
  DEVICE_PRX_ESB, 
  DEVICE_PRX_PL,  
  DEVICE_PTX_SB,  
  DEVICE_PTX_ESB, 
  DEVICE_PTX_PL,  
  NO_CHANGE
} state_t;


3.2        Application


The application handles the logic of the program. It contains the logic for both the Primary Transceiver 
(PTX) and the Primary Receiver (PRX) in separate functions. There is one implementation for each of the 
operational modes.


The application defines the following external prototypes:


Prototypes (ShockBurst™):


void device_ptx_mode_sb (void);
void device_prx_mode_sb (void);


Prototypes (Enhanced ShockBurst™):


void device_ptx_mode_esb (void);
void device_prx_mode_esb (void);


Prototypes (Enhanced ShockBurst™ with bidirectional data):


void device_ptx_mode_pl (void);
void device_prx_mode_pl (void);
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3.3        System


The system controls the interface to the MCU and the development kit. All hardware interaction is per-
formed through these functions.


The following external prototypes and macros are defined in the system:


Prototypes:


void device_boot_msg (void);
void delay_10ms (void); 
void delay_100ms (void);
void start_timer (uint16_t time);
void wait_for_timer (void);
bool timer_done (void);


Macros:


LEDx_ON (); (One each for LED1, LED2 and LED3)
LEDx_OFF (); (One each for LED1, LED2 and LED3)
LEDx_BLINK (); (One each for LED1, LED2 and LED3)
LED_ALL_OFF ();
T0_START ();
T0_STOP ();
T1_START ();
T1_STOP ();


3.4        Radio


The radio contains all the necessary functions to send and receive packages. Each operation mode 
(ShockBurst™, Enhanced ShockBurst™, and Enhanced ShockBurst™ with bidirectional data) has a sepa-
rate initiation function.


The radio defines the following external prototypes, constants and typedefs:


Prototypes:


void radio_send_packet (uint8_t *packet, uint8_t length);
radio_status_t radio_get_status (void);
void radio_set_status (void);
uint8_t radio_get_pload_byte (uint8_t byte_index);
void radio_irq (void);


ShockBurst™:


void radio_init_sb (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);


Enhanced ShockBurst™:


void radio_init_esb (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);

Revision 1.0 Page 9 of 22







                         Application Note

Enhanced ShockBurst™ with bidirectional data:


void radio_init_pl (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);


Constants:


RF_CHANNEL 40;
RF_POWER_UP_DELAY 2;
PAYLOAD_LENGTH 2;
RF_RETRANSMITS 15;
RF_TRANS_DELAY 250;


Typedef:


enum {
  RF_IDLE,    
  RF_MAX_RT,  
  RF_TX_DS,   
  RF_RX_DR,   
  RF_TX_AP,   
  RF_BUSY     
} radio_status_t;


3.5        nRF HAL


The nRF HAL (Hardware Abstraction Layer) contains all the functions that abstracts communication with 
the selected radio. These are specific for the chosen radio, but implement the same interface, hal_nrf.h.
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4       Structure


The source code is divided into logical parts for easy reading. To enable easy porting to different hardware 
platforms, the hardware specific files are placed in separate subfolders for each architecture. The default 
supported platforms are:


• SiLabs C8051F320+nRF24L01
• nRF24LU1


There are also separate folders for each operational mode (ShockBurst™, Enhanced ShockBurst™, and 
Enhanced ShockBurst™ with bidirectional data)


For information on porting, see chapter 6.


 Figure 3. File and folder structure
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5       Application


This chapter describes how to operate the application. How to choose an operational mode is described in 
section 5.1.The different operational modes are described in sections 5.2  to section 5.4.


5.1        Easy setup for demonstration


Figure 4. shows how to set up a board in each mode. The first step is to choose between PTX and PRX 
mode and the second step is to set up the desired operation mode. For example, the board can be set up 
to PTX ShockBurst™ mode by pressing Button 1 twice. After you set up the operation mode, the LED 
stays lit for three seconds to indicate that the set up is successful.


 Figure 4. Setting up the board for demonstration


 Table 1. LED status of each mode


Mode LED status
LED 1 LED 2 LED 3


Idle mode ON ON ON
PTX OFF OFF OFF
PRX OFF OFF ON
PTX ShockBurstTM ON OFF OFF


PRX ShockBurstTM ON OFF ON


PTX Enhanced ShockBurstTM OFF ON OFF


PRX Enhanced ShockBurstTM OFF ON ON


PTX Enhanced ShockBurstTM  and Bidirectional data ON ON OFF


PRX Enhanced ShockBurstTM  and Bidirectional data ON ON ON


IDLE


Button 2


PRX


Button 3


PRX Enhanced 
ShockBurst 


mode


PRX ShockBurst 
mode


PRX Enhanced ShockBurst 
and Bidirectional data 


mode


Button 1


PTX


Button 1 Button 2


PTX Enhanced 
ShockBurst™  


mode


PTX 
ShockBurst™  


mode


PTX Enhanced 
ShockBurst™ and 


Bidirectional data mode


Button 1 Button 2 Button 3
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 Figure 5. nRF24LU1 Basic Feature Board (BFB)


5.2        ShockBurst™


You can set up the PTX and PRX to ShockBurst™ with no advanced features enabled. The PTX is config-
ured without auto retransmit, and the PRX is configured without auto ack. ShockBurst™ is used to broad-
cast data.


ShockBurst™ is demonstrated by pressing Button 1 on the PTX which then turns on the LED 1 on the 
PRX.


See Figure 6. (a) for the flow of PTX in ShockBurst™. Press Button 1 twice to get to this mode.  


See Figure 6. (b) for the flow of PRX in ShockBurst™. Press Button 2 followed by Button 1 to get to this 
mode.


1 LEDs (1,2,3) 2 Buttons (1,2,3)


1


2
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 Figure 6. Application flow in ShockBurst™


(a) (b)


PTX


Set radio IDLE


Wait 100ms


Send button status


Wait for data sent


PRX


Set radio IDLE


Wait 110ms
OR


until data is received


Data received


Read button status


LED 1 offLED 1 on/off according to 
PTX button status


Yes No

Revision 1.0 Page 14 of 22







Software examples using ShockBurst™ modes in                                        


nRF24L01 and nRF24LU1 
5.3        Enhanced ShockBurst™


You can set up the PTX and PRX to Enhanced ShockBurst™ with advanced features enabled. The PTX is 
configured with auto retransmit, and the PRX is configured with auto acknowledgement. 


The advantages of using Enhanced ShockBurst™ are:


• One way communication.
• Auto acknowledge and auto retransmit data.


Enhanced ShockBurst™ is demonstrated by pressing Button 1 on the PTX, which then turns on LED 1 on 
the PRX. The PTX indicates successfully sent data by turning LED 2 on, or if max retransmission occurs 
this is indicated by the PTX turning LED 3 on.


See Figure 7. (a) for the flow of PTX in Enhanced ShockBurst™. Press Button 1 followed by Button 2 to 
get to this mode.


See Figure 7. (b) for the flow of PRX in Enhanced ShockBurst™. Press Button 2 twice to get to this mode.
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 Figure 7. Application flow in Enhanced ShockBurst™
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5.4        Enhanced ShockBurst™ with bidirectional data


You can set up the PTX and PRX to Enhanced ShockBurst™ with advanced features enabled. The PTX is 
configured with auto retransmit and ack payload, and the PRX is configured with auto ack and ack pay-
load. 


The advantages of using the Enhanced ShockBurst™ with bidirectional data are:


• Bidirectional communication
• Auto acknowledge and auto retransmit data
• Dynamic payload length
• Payload with acknowledgement


Enhanced ShockBurst™ with Bidirectional data is demonstrated by pressing either Button 1 on the PTX, 
which then turns on LED 1 on the PRX or, by pressing Button 1 on the PRX, which then turns on LED1 on 
the PTX. Both the PTX and the PRX indicate successfully sent data by turning LED 2 on, or if max retrans-
mission occurs this is indicated by LED 3 on.


See Figure 8. (a) for the flow of PTX in Enhanced ShockBurst™ with Bidirectional data. Press Button 1 fol-
lowed by Button 3 to get to this mode.


See Figure 8. (b) for the flow of PRX in Enhanced ShockBurst™ with Bidirectional data. Press Button 2 fol-
lowed by Button 3 to get to this mode.
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 Figure 8. Application flow in Enhanced ShockBurst™ with bidirectional data
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6       Porting the source code to another hardware architecture


You must re-map the hardware to port this application to another hardware architecture. Most of the hard-
ware dependent parts of the code are in the MCU specific subfolders. The hardware dependent files for the 
nRF24LU1 are located in the lu1_bfb folder. The hardware dependent files for the nRF24L01 are located 
in the l01_bfb folder. When porting to another MCU, a new folder must be made containing the following 
files:


• mcu.c
• target_includes.h


If you want a new Keil project, you should base it on the nRF24LU1.uV2 with the following changes:


1. Update the device architecture to your target device.
2. Name of the compiled hex file should reflect the architecture.
3. Paths should include:


a.The new folder for the MCU.
b.The correct HAL library for the radio architecture.


4. Update the HAL group to contain the HAL files for the architecture.
a. hal_nrf_hw.c (implementation of hal_nrf_rw from hal_nrf.h).
b. hal_nrf_x.c (x indicating MCU. Implementation of hal_nrf.h).


6.1        mcu.c


This file needs one function: void system_init (void); This function should set up three inputs and 
three outputs (B1-3 and LED1-3 respectively).


6.2        target_includes.h


This file contains most of the hardware dependent settings. The hardware abstractions that must be ported 
are in Table 2.


Name Description
LED_ON The value that should be sent on the output to turn on a LED
LED_OFF The value that should be sent on the output to turn off a LED
LED1 Address of LED1 (bit address)
LED2 Address of LED2 (bit address)
LED3 Address of LED3 (bit address)
B1 Address of B1 (bit address)
B2 Address of B2 (bit address)
B3 Address of B3 (bit address)
B_PRESSED Value on input that indicate button pressed
RADIO_ACTIVITY The way to check if the radio is active without using interrupts
RESET_RADIO_ACTIVITY How to reset the radio detection so that a new packet can be 


detected
TIMER1_OVERFLOW Check for Timer 1 overflow
CYCLES_PR_MS The number clock cycles a timer counts that make up a millisec-


ond
MAX_RUNTIME How many milliseconds the timer can run on a 16-bit counter 


(0xFF / CYCLES_PR_MS)
GLOBAL_INT_ENABLE Enables all interrupts
GLOBAL_INT_DISABLE Disables all interrupts
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 Table 2. Hardware dependencies


6.3        Interrupt


If the MCU does not have an interrupt vector for timer 0, some of the LED functionality will not work. The 
workaround for this problem is to change the LEDx_BLINK functions in system.h to call LEDx_TOGGLE 
instead and remove the t0_ov_interrupt() function from system.c.


No other interrupts are used in this application. The interrupt status for timer 1 and radio are polled, but not 
handled as interrupts.


T0_START Starts Timer 0
T0_STOP Stops Timer 0
T1_START Starts Timer 1
T1_STOP Stops Timer 1
T1_MODE1 Sets timer 1 up in mode 1 (16-bit timer)
T1_SET_LB Sets the low byte on timer 1
T1_SET_HB Sets the high byte on timer 1
INTERRUPT_T0 The interrupt vector for timer 0


Name Description
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7       Troubleshoot


Q: The board does not flash after I reset. What could be the problem?


A: There could be two reasons why this is happening:


i. The board may not be powered up. In this case, ensure that the board is powered up through either 
the USB or the battery. 


ii. The program may not be loaded. In this case, flash the development kit with the correct HEX file for 
your MCU and radio.


Q: LED 1 on the receiver does not light up when I press Button 1 on the transmitter. What could be the 
problem?


A: There could be three reasons why this is happening: 


i. The button may not be fully pressed. In this case, press the button harder.


ii. The receiver or transmitter may not be powered up. In this case, power up and configure.


iii. The receiver and transmitter are in non-compatible operational modes. Restart and configure to the 
correct operational mode.


Q: ACK is not receiving on the transmitter (LED 3 flashing).


A: There could be two reasons why this is happening:


i. The receiver may be out of range. In this case, bring the receiver into range.


ii. The receiver is in a different operational mode. In this case, restart and configure to correct opera-
tional mode.
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8       Glossary of terms


Term Definition
ACK Acknowledgment
BFB Basic Feature Board
Enhanced ShockBurst™ (ESB) A packet based data link layer that features automatic packet 


assembly and timing, automatic acknowledgement and retrans-
missions of packets.


Enhanced ShockBurst™ with Bidi-
rectional data (PL)


A packet based data link layer that features automatic packet 
assembly and timing, automatic acknowledgement, retransmis-
sions of packets and transmission of data from PRX to PTX in 
ACK so that no mode change is required.


HAL Hardware Abstraction Layer 
HW Hardware
MCU Microcontroller
PRX Primary receiver
PTX Primary transceiver
SDK Software Development Kit
ShockBurst™ (SB) This mode gives you automatic packet transmission at a high 


data rate.
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nRF24L01P/nAN24-12SW/nAN24-12/hex/nRF24L01.hex
:100000000201F3E4FD7FFF1205AA2202097EE490BB
:100010000048F01209B3120614D2AF120BA3120B50
:10002000ED900048E0FF1206D4900048EFF0120B6C
:10003000ED900048E0FF12027F900048E0B4090014
:100040005072900049F82828730200210200210212
:10005000002102006402007102007E02008B020097
:10006000980200A6120B9C7D011204D11209108087
:10007000B0120B9C7D0112046312094780A3120B7E
:100080009C7D011201641203048096120B9CE4FD16
:100090001204D11209E38089120B9CE4FD1204635F
:1000A00012085D020021120B9CE4FD12016412068D
:1000B0007D020021E4900048F0020021BB01068986
:1000C000828A83E0225002E722BBFE02E322898279
:1000D0008A83E49322BB010689828A83F02250023C
:1000E000F722BBFE01F322EF8DF0A4A8F0CF8CF035
:1000F000A428CE8DF0A42EFE22BC000BBE0029EF5A
:100100008DF084FFADF022E4CCF875F008EF2FFFFE
:10011000EE33FEEC33FCEE9DEC984005FCEE9DFECC
:100120000FD5F0E9E4CEFD22EDF8F5F0EE8420D213
:100130001CFEADF075F008EF2FFFED33FD40079882
:100140005006D5F0F222C398FD0FD5F0EA22A3F8AD
:10015000E0C5F025F0F0E582158270021583E0C855
:1001600038F0E822900049EBF0A3EAF0A3E9F0A30D
:10017000EDF07FFF1208117D01E4FF12053E7F03C1
:10018000120A817DFA7C007F0F120B117F05120C81
:100190007C120C297F061208D9120C29E4FF1208E0
:1001A000D9120BB87F1D120BD3EF700E7F1C120BF0
:1001B000D3EF7006120B7E120BB8120BAA7F3F1200
:1001C0000C8590004CE07006FF120A9F800C7F01A6
:1001D000120A9F7D0AE4FF120C8E7F28120C957F75
:1001E00001120ABC7F027E001203F2120A38E4FFF9
:1001F000020CA9787FE4F6D8FD75810702023A0265
:10020000000EE493A3F8E493A34003F68001F20800
:10021000DFF48029E493A3F85407240CC8C333C443
:10022000540F4420C8834004F456800146F6DFE4AE
:10023000800B0102040810204080900726E47E0114
:100240009360BCA3FF543F30E509541FFEE493A321
:1002500060010ECF54C025E060A840B8E493A3FA33
:10026000E493A3F8E493A3C8C582C8CAC583CAF0BF
:10027000A3C8C582C8CAC583CADFE9DEE780BE90CD
:100280000049EFF0120BA375F005A42400F582E4F9
:100290003400F583E0B40102C290900049E0FF759C
:1002A000F005A42401F582E43400F583E0B40102F2
:1002B000C291EF75F005A42402F582E43400F583C1
:1002C000E0B40102C292900049E075F005A4240454
:1002D000F582E43400F583E0FFD39400400EEF751F
:1002E000F064A4FFAEF01203F2120A38900049E065
:1002F00075F005A42403F582E43400F583E070036F
:10030000120BA322D284E4900075F020A10204F025
:100310007B017A00797590004D740AF0E4FF120AAF
:100320000F7F6E7E001203F2120776120CA3EF709D
:1003300006120AF5EF60F1120CA3EF6402600612D8
:100340000CA3BF0408120BE04402F08008C2921212
:100350000BE24404F0120CA3EF64036006120CA33A
:10036000BF0410E4FF120BC6BF0104C2908006D286
:10037000908002D290E4FF120CA9808A9000801233
:1003800008AC90007FEFF014600C24FB600824FEA2
:10039000601324087029120C541208CF90007FE0DB
:1003A000240AFF8015120C6890007FEFF0C39407B9
:1003B000500D120B6F1208CF7F61120C728009E48E
:1003C000900084F0900083F0900083E0FF14F0EF41
:1003D0006011E4FF120C729000801208C1EF12004D
:1003E000D580E5D28390007FE0FE900084E0FDEDB3
:1003F000FF22AB07AA067C007D411200F990004F56
:10040000ECF0A3EDF090004FE0FEA3E0FF7C037D55
:10041000E81200E7C3E49FFFE49E90004DF0A3EFD5
:10042000F0A3E0FEA3E0FFC3EB9FFBEA9EFAFEAF62
:10043000037C007D411200F9EF04900088F09000E9
:100440004DE07002A3E0701090004D7402F0A374B0
:1004500018F0900088E014F090004DE0FEA3E0FF5B
:10046000020B5A900049EBF0A3EAF0A3E9F0A3EDE8
:10047000F07FFF1208117D01E4FF12053E7F031299
:100480000A817DFA7C007F0F120B117F05120C7C14
:10049000120C1D7F061208D9120C1DE4FF1208D998
:1004A00090004CE07006FF120A9F800C7F01120A38
:1004B0009F7D0AE4FF120C8E7F28120C957F01129B
:1004C0000ABC7F027E001203F2120A38E4FF020C1B
:1004D000A9900049EBF0A3EAF0A3E9F0A3EDF07FC7
:1004E000FF120811E4FDFF12053E7F03120A817D11
:1004F000FA7C00E4FF120B117F05120C7C120C1128
:100500007F061208D9120C11E4FF1208D990004C92
:10051000E07006FF120A9F800C7F01120A9F7D0A7D
:10052000E4FF120C8E7F28120C957F01120ABC7F0B
:10053000027E001203F2120A38E4FF020CA99000B6
:100540004EEDF090004DEFF024FA50062407604184
:1005500080577F02120BD31208A18002C333D8FC4C
:100560004FFD7F021205AA90004EE060117F01123C
:100570000BD31208A18002C333D8FC4F80107F0137
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:030000000201CC2E
:0C01CC00787FE4F6D8FD7581690202130B
:1000AD00BB010689828A83E0225002E722BBFE0251
:0900BD00E32289828A83E4932284
:1000C600BB010689828A83F0225002F722BBFE0119
:0200D600F32213
:1000D800EF8DF0A4A8F0CF8CF0A428CE8DF0A42E3C
:0200E800FE22F6
:1000EA00BC000BBE0029EF8DF084FFADF022E4CCFA
:1000FA00F875F008EF2FFFEE33FEEC33FCEE9DECC3
:10010A00984005FCEE9DFE0FD5F0E9E4CEFD22ED08
:10011A00F8F5F0EE8420D21CFEADF075F008EF2F52
:10012A00FFED33FD4007985006D5F0F222C398FD43
:05013A000FD5F0EA22E0
:1001D80002000EE493A3F8E493A34003F68001F22F
:1001E80008DFF48029E493A3F85407240CC8C33328
:1001F800C4540F4420C8834004F456800146F6DFF7
:10020800E4800B010204081020408090062AE47E56
:10021800019360BCA3FF543F30E509541FFEE493EB
:10022800A360010ECF54C025E060A840B8E493A3B2
:10023800FAE493A3F8E493A3C8C582C8CAC583CADD
:10024800F0A3C8C582C8CAC583CADFE9DEE780BE95
:010677000082
:00000001FF
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/*
 * Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 *
 */
/** @file
 *  C-file defining the hardware depenent interface of the nRF24l01.
 *
 *  @author Jon Helge Nistad
 *
 */

#include "nordic_types.h"
#include "hal_spi.h"

int8u hal_nrf_rw(int8u value)
{
  return hal_spi_master_read_write(value);
}
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2132 $
 */ 

/** @file
 * Interface for nRF HAL
 * @defgroup nordic_hal_nrf nRF HAL
 * @{
 * @ingroup nordic_hal
 * HAL interface for Nordic Semiconductor's radio chip.
 */

#ifndef HAL_NRF_H__
#define HAL_NRF_H__

#include <stdint.h>
#include <stdbool.h>

#include "hal_nrf_reg.h"
#include "hal_nrf_hw.h"


/** @name  << SETUP FUNCTIONS >> */
//@{
/* Setup function prototypes */

/** Enable or disable interrupt for radio.
 * Use this function to enable or disable
 * one of the interrupt sources for the radio.
 * This function only changes state for selected
 * int_type, the rest of the interrupt sources
 * are left unchanged.
 *
 * @param int_source Radio interrupt Source.
 * @param irq_state Enable or Disable.
*/
void hal_nrf_set_irq_mode(hal_nrf_irq_source_t int_source, bool irq_state);

/** Activate features
 * Sends the ACTIVATE command to the RF tranceiver. By calling this function
 * once it is possible to use the functions related to the FEATURE register.  
 */
void hal_nrf_lock_unlock(void);

/** Enables the ACK payload feature
 */
void hal_nrf_enable_ack_pl(void);

/** Disables the ACK payload feature
 */
void hal_nrf_disable_ack_pl(void);

/** Enables the dynamic payload feature
 */
void hal_nrf_enable_dynamic_pl(void);

/** Disables the dynamic payload feature
 */
void hal_nrf_disable_dynamic_pl(void);

/** Sets the dynamic payload features for the RX pipes
* The input parameter contains is a byte where the bit values tells weather the
*  pipe uses the ack payload feature or not. For example if bit 0 is set then 
* Pipe 0 uses ack payload,
 * @param setup Byte value with bit set for pipes that uses the dynamic payload feature
 */
void hal_nrf_setup_dyn_pl(uint8_t setup);

/** Reads the payload width of the received ack payload
 * @return Payload width of the received ack payload
 */
uint8_t hal_nrf_read_rx_pl_w(void);

/** Write ack payload
 * Writes the payload that will be transmitted with the ack on the given pipe.
 * @param pipe Pipe that transmits the payload
 * @param tx_pload Pointer to the payload data
 * @param length Size of the data to transmit
 */
void hal_nrf_write_ack_pload(uint8_t pipe, uint8_t *tx_pload, uint8_t length);

/** Enables the no-ack feature
 */
void hal_nrf_enable_dynamic_ack(void);

/** Disables the no-ack feature
 */
void hal_nrf_disable_dynamic_ack(void);

/** Read then clears all interrupt flags.
 * Use this function to get the interrupt flags and clear them in the same operation.
 * Reduced radio interface activity and speed optimized.
 *
 * @return  Interrupt_flags
 * @retval 0x10 Max Retransmit interrupt
 * @retval 0x20 TX Data sent interrupt
 * @retval 0x40 RX Data received interrupt
*/
uint8_t hal_nrf_get_clear_irq_flags(void);

/** Clear one selected interrupt flag.
 * Use this function to clear one @a spesific interrupt flag.
 * Other interrupt flags are left unchanged.
 *
 * @param int_source Interrupt source of which flag to clear
*/
void hal_nrf_clear_irq_flag(hal_nrf_irq_source_t int_source);

/** Set the CRC mode used by the radio.
 * Use this function to set the CRC mode; CRC disabled, 1 or 2 bytes.
 *
 * @param crc_mode CRC mode to use
*/
void hal_nrf_set_crc_mode(hal_nrf_crc_mode_t crc_mode);

/** Open radio pipe(s) and enable/ disable auto acknowledge.
 * Use this function to open one or all pipes,
 * with or without auto acknowledge.
 *
 * @param pipe_num Radio pipe to open
 * @param auto_ack Auto_Ack ON/OFF
 * @see hal_nrf_address
*/
void hal_nrf_open_pipe(hal_nrf_address_t pipe_num, bool auto_ack);

/** Close radio pipe(s).
 * Use this function to close one pipe or all pipes.
 *
 * @param pipe_num Pipe# number to close
*/
void hal_nrf_close_pipe(hal_nrf_address_t pipe_num);

/** Set radio's RX address and TX address.
 * Use this function to set a RX address, or to set the TX address.
 * Beware of the difference for single and multibyte address registers.
 *
 * @param address Which address to set
 * @param *addr Buffer from which the address is stored in
*/
void hal_nrf_set_address(hal_nrf_address_t address, uint8_t *addr);

/** Set auto acknowledge parameters.
 * Use this function to set retransmit and retransmit delay
 * parameters.
 *
 * @param retr Number of retransmit, 0 equ retransmit OFF
 * @param delay Retransmit delay in µs
*/
void hal_nrf_set_auto_retr(uint8_t retr, uint16_t delay);

/** Set radio's address width.
 * Use this function to define the radio's address width,
 * referes to both RX and TX.
 *
 * @param address_width Address with in bytes
*/
void hal_nrf_set_address_width(hal_nrf_address_width_t address_width);

/** Set payload width for selected pipe.
 * Use this function to set the number of bytes expected
 * on a selected pipe.
 *
 * @param pipe_num Pipe number to set payload width for
 * @param pload_width number of bytes expected
*/
void hal_nrf_set_rx_pload_width(uint8_t pipe_num, uint8_t pload_width);

/** Read current interrupt mode for selected interrupt source.
 * Use this function to get the interrupt source's mode,
 * either enabled or disabled.
 *
 * @param int_source Interrupt source to get mode from
 *
 * @return Interrupt Mode
 * @retval FALSE Interrupt disabled
 * @retval TRUE Interrupt enabled
*/
bool hal_nrf_get_irq_mode(uint8_t int_source);

/** Read all interrupt flags.
 * Use this function to get the interrupt flags. This function is similar
 * to hal_nrf_get_clear_irq_flags with the exception that it does <I><B>NOT</B></I> clear
 * the irq_flags.
 *
 * @return Interrupt_flags
 * @retval 0x10 Max Retransmit interrupt
 * @retval 0x20 TX Data sent interrupt
 * @retval 0x40 RX Data received interrupt
*/
uint8_t hal_nrf_get_irq_flags(void);

/** Get CRC mode.
 * Use this function to check which CRC mode is used.
 *
 * @return CRC_mode
 * @retval 0x00 CRC_OFF
 * @retval 0x02 CRC_8BIT
 * @retval 0x03 CRC_16BIT
*/
uint8_t hal_nrf_get_crc_mode(void);

/** Get pipe status.
 * Use this function to check status for a selected pipe.
 *
 * @param  pipe_num Pipe number to check status for
 *
 * @return Pipe_Status
 * @retval 0x00 Pipe is closed, autoack disabled
 * @retval 0x01 Pipe is open, autoack disabled
 * @retval 0x03 Pipe is open, autoack enabled
*/
uint8_t hal_nrf_get_pipe_status(uint8_t pipe_num);

/** Get address for selected pipe.
 * Use this function to get address for selected pipe.
 *
 *
 * @param address Which address to get, Pipe- or TX-address
 * @param *addr buffer in which address bytes are written.
 * <BR><BR>For pipes containing only LSB byte of address, this byte is returned
 * in the<BR> *addr buffer.
 *
 * @return Address_Width in bytes
*/
uint8_t hal_nrf_get_address(uint8_t address, uint8_t *addr);

/** Get auto retransmit parameters.
 * Use this function to get the auto retransmit parameters,
 * retrans count and retrans delay.
 *
 * @return AutoRetrans Parameters
 *
 * @retval UpperNibble Retransmit Delay
 * @retval LowerNibble Retransmit Count
*/
uint8_t hal_nrf_get_auto_retr_status(void);

/** Get packet lost counter
 * Use this function to get the packet(s) counter.
 *
 * @return packet lost counter
*/
uint8_t hal_nrf_get_packet_lost_ctr(void);

/** Get address width for radio.
 * Use this function to get the address width used for
 * the radio, both RX and TX.
 *
 * @return Address_Width in bytes
*/
uint8_t hal_nrf_get_address_width(void);

/** Get RX payload width for selected pipe.
 * Use this function to get the expected payload
 * width for selected ppe number.
 *
 * @param pipe_num Pipe number to get payload width for
 *
 * @return Payload_Width in bytes
*/
uint8_t hal_nrf_get_rx_pload_width(uint8_t pipe_num);
//@}

/** @name  << OPERATION FUNCTIONS >> */
//@{
/* Operation function prototypes */

/** Set radio's operation mode.
 * Use this function to enter PTX (primary TX)
 * or PRX (primary RX).
 *
 * @param op_mode Operation mode
*/
void hal_nrf_set_operation_mode(hal_nrf_operation_mode_t op_mode);

/** Set radio's power mode.
 * Use this function to power_up or power_down radio.
 *
 * @param pwr_mode POWER_UP or POWER_DOWN
*/
void hal_nrf_set_power_mode(hal_nrf_pwr_mode_t pwr_mode);

/** Set radio's RF channel.
 * Use this function to select which RF channel to use.
 *
 * @param channel RF channel
*/
void hal_nrf_set_rf_channel(uint8_t channel);

/** Set radio's TX output power.
 * Use this function set the radio's TX output power.
 *
 * @param power Radio's TX output power
*/
void hal_nrf_set_output_power(hal_nrf_output_power_t power);

/** Set radio's on-air datarate.
 * Use this function to select radio's on-air
 * datarate.
 *
 * @param datarate On-air datarate
*/
void hal_nrf_set_datarate(hal_nrf_datarate_t datarate);

/** Get radio's current operation mode.
 * Use this function to get the radio's current
 * operation mode, PTX or PRX.
 *
 * @return Operation_Mode
 * @retval 0x00 Primary RX (PRX)
 * @retval 0x01 Primary TX (PTX)
*/
uint8_t hal_nrf_get_operation_mode(void);

/** Get radio's current power mode.
 * Use this function to get the radio's currnet
 * power mode, POWER_UP or POWER_DOWN.
 *
 * @return Power_Mode
 * @retval 0x00 POWER_DOWN
 * @retval 0x01 POWER_UP
*/
uint8_t hal_nrf_get_power_mode(void);

/** Get radio's current RF channel.
 * Use this function to get the radio's current
 * selected RF channel
 *
 * @return RF channel
*/
uint8_t hal_nrf_get_rf_channel(void);

/** Get radio's current TX output power.
 * Use this function to get the radio's current
 * TX output power setting.
 *
 * @return TX_power_output
 * @retval 0x00 -18dBm
 * @retval 0x01 -12dBm
 * @retval 0x02 -6dBm
 * @retval 0x03 0dBm
*/
uint8_t hal_nrf_get_output_power(void);

/** Get radio's current on-air datarate.
 * Use this function to get the radio's current
 * on-air datarate setting.
 *
 * @return On-air datarate
 * @retval 0x00 1Mbps selected
 * @retval 0x01 2Mbps selected
*/
uint8_t hal_nrf_get_datarate(void);

/* Status functions prototypes */

/** Get radio's TX FIFO status.
 * Use this function to get the radio's TX
 * FIFO status.
 *
 * @return TX FIFO status
 * @retval 0x00 TX FIFO NOT empty, but NOT full
 * @retval 0x01 FIFO empty
 * @retval 0x02 FIFO full
 *
*/
uint8_t hal_nrf_get_tx_fifo_status(void);

/** Check for TX FIFO empty.
 * Use this function to check if TX FIFO
 * is empty.
 *
 * @return TX FIFO empty bit
 * @retval FALSE TX FIFO NOT empty
 * @retval TRUE TX FIFO empty
 *
*/
bool hal_nrf_tx_fifo_empty(void);

/** Check for TX FIFO full.
 * Use this function to check if TX FIFO
 * is full.
 *
 * @return TX FIFO full bit
 * @retval FALSE TX FIFO NOT full
 * @retval TRUE TX FIFO full
 *
*/
bool hal_nrf_tx_fifo_full(void);

/** Get radio's RX FIFO status.
 * Use this function to get the radio's TX
 * FIFO status.
 *
 * @return RX FIFO status
 * @retval 0x00 RX FIFO NOT empty, but NOT full
 * @retval 0x01 RX FIFO empty
 * @retval 0x02 RX FIFO full
 *
*/
uint8_t hal_nrf_get_rx_fifo_status(void);

/** Check for RX FIFO empty.
 * Use this function to check if RX FIFO
 * is empty.
 *
 * Reads STATUS register to check this, not FIFO_STATUS  
 *
 * @return RX FIFO empty bit
 * @retval FALSE RX FIFO NOT empty
 * @retval TRUE RX FIFO empty
 *
*/
bool hal_nrf_rx_fifo_empty(void);

/** Check for RX FIFO full.
 * Use this function to check if RX FIFO
 * is full.
 *
 * @return RX FIFO full bit
 * @retval FALSE RX FIFO NOT full
 * @retval TRUE RX FIFO full
 *
*/
bool hal_nrf_rx_fifo_full(void);

/** Get radio's transmit attempts status.
 * Use this function to get number of retransmit
 * attempts and number of packet lost.
 *
 * @return Retransmit attempts counters
*/
uint8_t hal_nrf_get_transmit_attempts(void);

/** Get the carrier detect flag.
 * Use this function to get the carrier detect flag,
 * used to detect stationary disturbance on selected
 * RF channel.
 *
 * @return Carrier Detect
 * @retval FALSE Carrier NOT Detected
 * @retval TRUE Carrier Detected
*/
bool hal_nrf_get_carrier_detect(void);

/* Data operation prototypes */

/** Get RX data source.
 * Use this function to read which RX pipe data
 * was received on for current top level FIFO data packet.
 *
 * @return pipe number of current packet present
*/
uint8_t hal_nrf_get_rx_data_source(void);

/** Read RX payload.
 * Use this function to read top level payload
 * available in the RX FIFO.
 *
 * @param  *rx_pload pointer to buffer in which RX payload are stored
 * @return pipe number (MSB byte) and packet length (LSB byte)
*/
uint16_t hal_nrf_read_rx_pload(uint8_t *rx_pload);

/** Write TX payload to radio.
 * Use this function to write a packet of
 * TX payload into the radio.
 * <I>length</I> number of bytes, which are stored in <I>*tx_pload</I>.
 *
 * @param *tx_pload pointer to buffer in which TX payload are present
 * @param length number of bytes to write
*/
void hal_nrf_write_tx_pload(uint8_t *tx_pload, uint8_t length);

/** Reuse TX payload.
 * Use this function to set that the radio is using
 * the last transmitted payload for the next packet as well.
 *
*/
void hal_nrf_reuse_tx(void);

/** Get status of reuse TX function.
 * Use this function to check if reuse TX payload is
 * activated
 *
 * @return Reuse TX payload mode
 * @retval FALSE Not activated
 * @retval TRUE Activated
*/
bool hal_nrf_get_reuse_tx_status(void);

/** Flush RX FIFO.
 * Use this function to flush the radio's
 * RX FIFO.
 *
*/
void hal_nrf_flush_rx(void);

/** Flush TX FIFO.
 * Use this function to flush the radio's
 * TX FIFO.
 *
*/
void hal_nrf_flush_tx(void);

/** No Operation command.
 * Use this function to receive the radio's
 * status register.
 *
 * @return Status register
*/
uint8_t hal_nrf_nop(void);
//@}

/** @name  << TEST FUNCTIONS >> */
//@{
/* Test functions prototypes */

/** Set radio's PLL mode.
 * Use this function to either LOCK
 * or UNLOCK the radio's PLL.
 *
 * @param pll_mode PLL locked, TRUE or FALSE
*/
void hal_nrf_set_pll_mode(hal_nrf_pll_mode_t pll_mode);

/** Get PLL mode.
 * Use this function to get the radio's
 * current PLL mode.
 *
 * @return PLL_mode
*/
hal_nrf_pll_mode_t hal_nrf_get_pll_mode(void);

/** Set radio's LNA gain mode.
 * Use this function to either use HI
 * current or LOW current mode for the radio.
 *
 * @param lna_gain LNA gain mode
*/
void hal_nrf_set_lna_gain(hal_nrf_lna_mode_t lna_gain);

/** Get LNA gain mode.
 * Use this function to get the radio's
 * current LNA gain mode.
 *
 * @return LNA gain mode
 * @retval 0 LNA LOW current
 * @retval 1 LNA HI current
*/
hal_nrf_lna_mode_t hal_nrf_get_lna_gain(void);

/* hal_nrf_l01 basic functions, used by all the other functions */

//@}

/** @name  << BASIS FUNCTIONS >> */
//@{

/** Basis function read_reg.
 * Use this function to read the contents
 * of one radios register.
 *
 * @param reg Register to read
 * @return Register contents
*/
uint8_t hal_nrf_read_reg(uint8_t reg);

/** Basis function write_reg.
 * Use this function to write a new value to
 * a radio register.
 *
 * @param reg Register to write
 * @param value New value to write
 * @return Status register
*/
uint8_t hal_nrf_write_reg(uint8_t reg, uint8_t value);

/** Basis function, read_multibyte register .
 * Use this function to read multiple bytes from
 * a multibyte radio-register
 *
 * @param reg Multibyte register to read from
 * @param *pbuf Pointer to buffer in which to store read bytes to
 *
 * @return pipe# of received data (MSB), if operation used by a hal_nrf_read_rx_pload
 * @return length of read data (LSB), either for hal_nrf_read_rx_pload or
 * for hal_nrf_get_address.
*/
uint16_t hal_nrf_read_multibyte_reg(uint8_t reg, uint8_t *pbuf);

/** Basis function, write_multibyte register.
 * Use this function to write multiple bytes to
 * a multiple radio register.
 *
 * @param reg Register to write
 * @param *pbuf pointer to buffer in which data to write is
 * @param length \# of bytes to write
*/
void hal_nrf_write_multibyte_reg(uint8_t reg, uint8_t *pbuf, uint8_t length);


/** Basis function, nrf_rw
 * This function is used by the basis functions
 * to exchange data with the data.
 *
 * @param value Databyte to write
 *
 * @return Databyte from radio.
*/
uint8_t hal_nrf_rw(uint8_t value);
//@}
#endif // HAL_NRF_H__
/** 
@} 
@} */
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/* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 *
 * $Rev: 1731 $
 *
 */

/** @file
 * Register definitions for the nRF HAL module
 * @defgroup nordic_hal_nrf_reg nRF24L01 Register definitions
 * @{
 * @ingroup nordic_hal_nrf
 * Header file defining register mapping with bit definitions.\ This file is radio-chip dependent, and are included with the hal_nrf.h
 */

#ifndef HAL_NRF_REG_H__
#define HAL_NRF_REG_H__

/** @name - Instruction Set - */
//@{
/* nRF24L01 Instruction Definitions */
#define WRITE_REG     0x20  /**< Register write command */
#define RD_RX_PLOAD_W   0x60  /**< Read RX payload command */
#define RD_RX_PLOAD   0x61  /**< Read RX payload command */
#define WR_TX_PLOAD   0xA0  /**< Write TX payload command */
#define WR_ACK_PLOAD  0xA8  /**< Write ACK payload command */
#define WR_NAC_TX_PLOAD 0xB0  /**< Write ACK payload command */
#define FLUSH_TX      0xE1  /**< Flush TX register command */
#define FLUSH_RX      0xE2  /**< Flush RX register command */
#define REUSE_TX_PL   0xE3  /**< Reuse TX payload command */
#define LOCK_UNLOCK   0x50  /**< Lock/unlcok exclusive features */

#define NOP           0xFF  /**< No Operation command, used for reading status register */
//@}

/** @name  - Register Memory Map - */
//@{
/* nRF24L01 * Register Definitions * */
#define CONFIG        0x00  /**< nRF24L01 config register */
#define EN_AA         0x01  /**< nRF24L01 enable Auto-Acknowledge register */
#define EN_RXADDR     0x02  /**< nRF24L01 enable RX addresses register */
#define SETUP_AW      0x03  /**< nRF24L01 setup of address width register */
#define SETUP_RETR    0x04  /**< nRF24L01 setup of automatic retransmission register */
#define RF_CH         0x05  /**< nRF24L01 RF channel register */
#define RF_SETUP      0x06  /**< nRF24L01 RF setup register */
#define STATUS        0x07  /**< nRF24L01 status register */
#define OBSERVE_TX    0x08  /**< nRF24L01 transmit observe register */
#define CD            0x09  /**< nRF24L01 carrier detect register */
#define RX_ADDR_P0    0x0A  /**< nRF24L01 receive address data pipe0 */
#define RX_ADDR_P1    0x0B  /**< nRF24L01 receive address data pipe1 */
#define RX_ADDR_P2    0x0C  /**< nRF24L01 receive address data pipe2 */
#define RX_ADDR_P3    0x0D  /**< nRF24L01 receive address data pipe3 */
#define RX_ADDR_P4    0x0E  /**< nRF24L01 receive address data pipe4 */
#define RX_ADDR_P5    0x0F  /**< nRF24L01 receive address data pipe5 */
#define TX_ADDR       0x10  /**< nRF24L01 transmit address */
#define RX_PW_P0      0x11  /**< nRF24L01 \# of bytes in rx payload for pipe0 */
#define RX_PW_P1      0x12  /**< nRF24L01 \# of bytes in rx payload for pipe1 */
#define RX_PW_P2      0x13  /**< nRF24L01 \# of bytes in rx payload for pipe2 */
#define RX_PW_P3      0x14  /**< nRF24L01 \# of bytes in rx payload for pipe3 */
#define RX_PW_P4      0x15  /**< nRF24L01 \# of bytes in rx payload for pipe4 */
#define RX_PW_P5      0x16  /**< nRF24L01 \# of bytes in rx payload for pipe5 */
#define FIFO_STATUS   0x17  /**< nRF24L01 FIFO status register */
#define DYNPD         0x1C  /**< nRF24L01 Dynamic payload setup */
#define FEATURE       0x1D  /**< nRF24L01 Exclusive feature setup */

//@}

/* nRF24L01 related definitions */
/* Interrupt definitions */
/* Operation mode definitions */

/** An enum describing the radio's irq sources.
 *
 */
typedef enum {
    HAL_NRF_MAX_RT = 4,     /**< Max retries interrupt */
    HAL_NRF_TX_DS,          /**< TX data sent interrupt */
    HAL_NRF_RX_DR           /**< RX data received interrupt */
} hal_nrf_irq_source_t;

/* Operation mode definitions */
/** An enum describing the radio's power mode.
 *
 */
typedef enum {
    HAL_NRF_PTX,            /**< Primary TX operation */
    HAL_NRF_PRX             /**< Primary RX operation */
} hal_nrf_operation_mode_t;

/** An enum describing the radio's power mode.
 *
 */
typedef enum {
    HAL_NRF_PWR_DOWN,       /**< Device power-down */
    HAL_NRF_PWR_UP          /**< Device power-up */
} hal_nrf_pwr_mode_t;

/** An enum describing the radio's output power mode's.
 *
 */
typedef enum {
    HAL_NRF_18DBM,          /**< Output power set to -18dBm */
    HAL_NRF_12DBM,          /**< Output power set to -12dBm */
    HAL_NRF_6DBM,           /**< Output power set to -6dBm  */
    HAL_NRF_0DBM            /**< Output power set to 0dBm   */
} hal_nrf_output_power_t;

/** An enum describing the radio's on-air datarate.
 *
 */
typedef enum {
    HAL_NRF_1MBPS,          /**< Datarate set to 1 Mbps  */
    HAL_NRF_2MBPS           /**< Datarate set to 2 Mbps  */
} hal_nrf_datarate_t;

/** An enum describing the radio's PLL mode.
 *
 */
typedef enum {
    HAL_NRF_PLL_UNLOCK,     /**< PLL unlocked, normal operation  */
    HAL_NRF_PLL_LOCK        /**< PLL locked, test mode  */
} hal_nrf_pll_mode_t;

/** An enum describing the radio's LNA mode.
 *
 */
typedef enum {
    HAL_NRF_LNA_LCURR,      /**< LNA set to low current mode */
    HAL_NRF_LNA_HCURR       /**< LNA set to high current mode */
} hal_nrf_lna_mode_t;

/** An enum describing the radio's CRC mode.
 *
 */
typedef enum {
    HAL_NRF_CRC_OFF,        /**< CRC check disabled */
    HAL_NRF_CRC_8BIT = 2,   /**< CRC check set to 8-bit */
    HAL_NRF_CRC_16BIT       /**< CRC check set to 16-bit */
} hal_nrf_crc_mode_t;

/** An enum describing the read/write payload command.
 *
 */
typedef enum {
    HAL_NRF_TX_PLOAD = 7,   /**< TX payload definition */
    HAL_NRF_RX_PLOAD,        /**< RX payload definition */
    HAL_NRF_ACK_PLOAD
} hal_nrf_pload_command_t;

/** Structure containing the radio's address map.
 * Pipe0 contains 5 unique address bytes,
 * while pipe[1..5] share the 4 MSB bytes, set in pipe1.
 * <p><b> - Remember that the LSB byte for all pipes have to be unique! -</b>
 */
// nRF24L01 Address struct

/*
//typedef struct {
//   uint8_t p0[5];            /**< Pipe0 address, 5 bytes */
//    uint8_t p1[5];            /**< Pipe1 address, 5 bytes, 4 MSB bytes shared for pipe1 to pipe5 */
//    uint8_t p2[1];            /**< Pipe2 address, 1 byte */
//    uint8_t p3[1];            /**< Pipe3 address, 1 byte */
 //   uint8_t p4[1];            /**< Pipe3 address, 1 byte */
 //   uint8_t p5[1];            /**< Pipe3 address, 1 byte */
 //   uint8_t tx[5];            /**< TX address, 5 byte */
//} hal_nrf_l01_addr_map;


/** An enum describing the nRF24L01 pipe addresses and TX address.
 *
 */
typedef enum {
    HAL_NRF_PIPE0,              /**< Select pipe0 */
    HAL_NRF_PIPE1,              /**< Select pipe1 */
    HAL_NRF_PIPE2,              /**< Select pipe2 */
    HAL_NRF_PIPE3,              /**< Select pipe3 */
    HAL_NRF_PIPE4,              /**< Select pipe4 */
    HAL_NRF_PIPE5,              /**< Select pipe5 */
    HAL_NRF_TX,                 /**< Refer to TX address*/
    HAL_NRF_ALL = 0xFF          /**< Close or open all pipes*/
                                /**< @see hal_nrf_set_address @see hal_nrf_get_address
                                 @see hal_nrf_open_pipe  @see hal_nrf_close_pipe */
} hal_nrf_address_t;

/** An enum describing the radio's address width.
 *
 */
typedef enum {
    HAL_NRF_AW_3BYTES = 3,      /**< Set address width to 3 bytes */
    HAL_NRF_AW_4BYTES,          /**< Set address width to 4 bytes */
    HAL_NRF_AW_5BYTES           /**< Set address width to 5 bytes */
} hal_nrf_address_width_t;


/** @name CONFIG register bit definitions */
//@{

#define MASK_RX_DR    6     /**< CONFIG register bit 6 */
#define MASK_TX_DS    5     /**< CONFIG register bit 5 */
#define MASK_MAX_RT   4     /**< CONFIG register bit 4 */
#define EN_CRC        3     /**< CONFIG register bit 3 */
#define CRCO          2     /**< CONFIG register bit 2 */
#define PWR_UP        1     /**< CONFIG register bit 1 */
#define PRIM_RX       0     /**< CONFIG register bit 0 */
//@}

/** @name RF_SETUP register bit definitions */
//@{
#define PLL_LOCK      4     /**< RF_SETUP register bit 4 */
#define RF_DR         3     /**< RF_SETUP register bit 3 */
#define RF_PWR1       2     /**< RF_SETUP register bit 2 */
#define RF_PWR0       1     /**< RF_SETUP register bit 1 */
#define LNA_HCURR     0     /**< RF_SETUP register bit 0 */
//@}

/* STATUS 0x07 */
/** @name STATUS register bit definitions */
//@{
#define RX_DR         6     /**< STATUS register bit 6 */
#define TX_DS         5     /**< STATUS register bit 5 */
#define MAX_RT        4     /**< STATUS register bit 4 */
#define TX_FULL       0     /**< STATUS register bit 0 */
//@}

/* FIFO_STATUS 0x17 */
/** @name FIFO_STATUS register bit definitions */
//@{
#define TX_REUSE      6     /**< FIFO_STATUS register bit 6 */
#define TX_FIFO_FULL  5     /**< FIFO_STATUS register bit 5 */
#define TX_EMPTY      4     /**< FIFO_STATUS register bit 4 */
#define RX_FULL       1     /**< FIFO_STATUS register bit 1 */
#define RX_EMPTY      0     /**< FIFO_STATUS register bit 0 */
//@}

#endif // HAL_NRF_REG_H__
/** @} */



nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/arch/hal/include/nordic_common.h
/* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 */

/** @file
 * Common defines and macros for firmware developed by Nordic Semiconductor.
 *
 * @author Ken A. Redergaard
 */

#ifndef NORDIC_COMMON_H__
#define NORDIC_COMMON_H__

/** Swaps the upper byte with the lower byte in a 16 bit variable */
//lint -emacro((572),SWAP) // Suppress warning 572 "Excessive shift value"
#define SWAP(x) ((((x)&0xFF)<<8)|(((x)>>8)&0xFF))

/** The upper 8 bits of a 16 bit value */
#define MSB(a) ((a & 0xFF00) >> 8)
/** The lower 8 bits (of a 16 bit value) */
#define LSB(a) ((a & 0xFF))

/** Leaves the minimum of the two arguments */
#define MIN(a, b) ((a) < (b) ? (a) : (b))
/** Leaves the maximum of the two arguments */
#define MAX(a, b) ((a) < (b) ? (b) : (a))

#define BIT_0 0x01 /**< The value of bit 0 */
#define BIT_1 0x02 /**< The value of bit 1 */
#define BIT_2 0x04 /**< The value of bit 2 */
#define BIT_3 0x08 /**< The value of bit 3 */
#define BIT_4 0x10 /**< The value of bit 4 */
#define BIT_5 0x20 /**< The value of bit 5 */
#define BIT_6 0x40 /**< The value of bit 6 */
#define BIT_7 0x80 /**< The value of bit 7 */

#endif // NORDIC_COMMON_H__




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/arch/hal/nrf24l01/hal_nrf_l01.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2132 $
 */ 

 /** @file
 *
 * @author Runar Kjellhaug
 *
 */

#include <stdint.h>
#include <stdbool.h>

#include "nordic_common.h"
#include "hal_nrf.h"

#define SET_BIT(pos) ((uint8_t) (1<<( (uint8_t) (pos) )))
#define UINT8(t) ((uint8_t) (t))

void hal_nrf_set_irq_mode(hal_nrf_irq_source_t int_source, bool irq_state)
{
  if(irq_state)
  {
    hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) & ~SET_BIT(int_source));
  }
  else
  {
    hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) | SET_BIT(int_source));
  }
}

uint8_t hal_nrf_get_clear_irq_flags(void)
{
  return hal_nrf_write_reg(STATUS, (BIT_6|BIT_5|BIT_4)) & (BIT_6|BIT_5|BIT_4);
}

void hal_nrf_clear_irq_flag(hal_nrf_irq_source_t int_source)
{
  hal_nrf_write_reg(STATUS, SET_BIT(int_source));
}
 
bool hal_nrf_get_irq_mode(uint8_t int_type)
{
  if(hal_nrf_read_reg(CONFIG) & SET_BIT(int_type))
    return false;
  else
    return true;
}

uint8_t hal_nrf_get_irq_flags(void)
{
  return hal_nrf_nop() & (BIT_6|BIT_5|BIT_4);
}

void hal_nrf_set_crc_mode(hal_nrf_crc_mode_t crc_mode)
{
  hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(BIT_3|BIT_2)) | (UINT8(crc_mode)<<2));
}

void hal_nrf_open_pipe(hal_nrf_address_t pipe_num, bool auto_ack)
{
  switch(pipe_num)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_PIPE2:
    case HAL_NRF_PIPE3:
    case HAL_NRF_PIPE4:
    case HAL_NRF_PIPE5:
      hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) | SET_BIT(pipe_num));

      if(auto_ack)
        hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) | SET_BIT(pipe_num));
      else
        hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
      break;

    case HAL_NRF_ALL:
      hal_nrf_write_reg(EN_RXADDR, ~(BIT_7|BIT_6));

      if(auto_ack)
        hal_nrf_write_reg(EN_AA, ~(BIT_7|BIT_6));
      else
        hal_nrf_write_reg(EN_AA, 0);
      break;
      
    default:
      break;
  }
}

void hal_nrf_close_pipe(hal_nrf_address_t pipe_num)
{
  switch(pipe_num)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_PIPE2:
    case HAL_NRF_PIPE3:
    case HAL_NRF_PIPE4:
    case HAL_NRF_PIPE5:
      hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) & ~SET_BIT(pipe_num));
      hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
      break;
    
    case HAL_NRF_ALL:
      hal_nrf_write_reg(EN_RXADDR, 0);
      hal_nrf_write_reg(EN_AA, 0);
      break;
      
    default:
      break;
  }
}

void hal_nrf_set_address(hal_nrf_address_t address, uint8_t *addr)
{
  switch(address)
  {
    case HAL_NRF_TX:
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
      hal_nrf_write_multibyte_reg((uint8_t) address, addr, 0);
      break;

    case HAL_NRF_PIPE2:
    case HAL_NRF_PIPE3:
    case HAL_NRF_PIPE4:
    case HAL_NRF_PIPE5:
      hal_nrf_write_reg(RX_ADDR_P0 + (uint8_t) address, *addr);
      break;

    default:
      break;
  }
}

void hal_nrf_set_auto_retr(uint8_t retr, uint16_t delay)
{
  hal_nrf_write_reg(SETUP_RETR, (((delay/250)-1)<<4) | retr);
}

void hal_nrf_set_address_width(hal_nrf_address_width_t address_width)
{
  hal_nrf_write_reg(SETUP_AW, (UINT8(address_width) - 2));
}

void hal_nrf_set_rx_pload_width(uint8_t pipe_num, uint8_t pload_width)
{
  hal_nrf_write_reg(RX_PW_P0 + pipe_num, pload_width);
}

uint8_t hal_nrf_get_crc_mode(void)
{
  return (hal_nrf_read_reg(CONFIG) & (BIT_3|BIT_2)) >> CRCO;
}

uint8_t hal_nrf_get_pipe_status(uint8_t pipe_num)
{
  uint8_t en_rx, en_aa;

  en_rx = hal_nrf_read_reg(EN_RXADDR) & (1<<pipe_num);
  en_aa = hal_nrf_read_reg(EN_AA) & (1<<pipe_num);

  en_rx >>= pipe_num;
  en_aa >>= pipe_num;

  return (en_aa << 1) + en_rx;
}

uint8_t hal_nrf_get_address(uint8_t address, uint8_t *addr)
{
  switch(address)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_TX:
      return hal_nrf_read_multibyte_reg(address, addr);

    default:
      *addr = hal_nrf_read_reg(RX_ADDR_P0 + address);
      return hal_nrf_get_address_width();
  }
}

uint8_t hal_nrf_get_auto_retr_status(void)
{
  return hal_nrf_read_reg(OBSERVE_TX);
}

uint8_t hal_nrf_get_packet_lost_ctr(void)
{
  return (hal_nrf_read_reg(OBSERVE_TX) & (BIT_7|BIT_6|BIT_5|BIT_4)) >> 4;
}

uint8_t hal_nrf_get_address_width(void)
{
  return (hal_nrf_read_reg(SETUP_AW) + 2);
}

uint8_t hal_nrf_get_rx_pload_width(uint8_t pipe_num)
{
  return hal_nrf_read_reg(RX_PW_P0 + pipe_num);
}

void hal_nrf_set_operation_mode(hal_nrf_operation_mode_t op_mode)
{
  if(op_mode == HAL_NRF_PRX)
  {
    hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PRIM_RX)));
  }
  else
  {
    hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PRIM_RX)));
  }
}

void hal_nrf_set_power_mode(hal_nrf_pwr_mode_t pwr_mode)
{
  if(pwr_mode == HAL_NRF_PWR_UP)
  {
    hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PWR_UP)));
  }
  else
  {
    hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PWR_UP)));
  }
}

void hal_nrf_set_rf_channel(uint8_t channel)
{
  hal_nrf_write_reg(RF_CH, channel);
}

void hal_nrf_set_output_power(hal_nrf_output_power_t power)
{
  hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~((1<<RF_PWR1)|(1<<RF_PWR0))) | (UINT8(power)<<1));
}

void hal_nrf_set_datarate(hal_nrf_datarate_t datarate)
{
  if(datarate == HAL_NRF_1MBPS)
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<RF_DR)));
  }
  else
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<RF_DR)));
  }
}

uint8_t hal_nrf_get_operation_mode(void)
{
  return (hal_nrf_read_reg(CONFIG) & (1<<PRIM_RX)) >> PRIM_RX;
}

uint8_t hal_nrf_get_power_mode(void)
{
  return (hal_nrf_read_reg(CONFIG) & (1<<PWR_UP)) >> PWR_UP;
}

uint8_t hal_nrf_get_rf_channel(void)
{
  return hal_nrf_read_reg(RF_CH);
}

uint8_t hal_nrf_get_output_power(void)
{
  return (hal_nrf_read_reg(RF_SETUP) & ((1<<RF_PWR1)|(1<<RF_PWR0))) >> RF_PWR0;
}

uint8_t hal_nrf_get_datarate(void)
{
  return (hal_nrf_read_reg(RF_SETUP) & (1<<RF_DR)) >> RF_DR;
}

bool hal_nrf_rx_fifo_empty(void)
{
 if(hal_nrf_get_rx_data_source()==7)
  {
    return true;
  }
  else
  {
    return false;
  }
}

bool hal_nrf_rx_fifo_full(void)
{
  return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> RX_EMPTY) & 1);
}

bool hal_nrf_tx_fifo_empty(void)
{
  return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_EMPTY) & 1);
}

bool hal_nrf_tx_fifo_full(void)
{
  return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_FIFO_FULL) & 1);
}

uint8_t hal_nrf_get_tx_fifo_status(void)
{
  return ((hal_nrf_read_reg(FIFO_STATUS) & ((1<<TX_FIFO_FULL)|(1<<TX_EMPTY))) >> 4);
}

uint8_t hal_nrf_get_rx_fifo_status(void)
{
  return (hal_nrf_read_reg(FIFO_STATUS) & ((1<<RX_FULL)|(1<<RX_EMPTY)));
}

uint8_t hal_nrf_get_fifo_status(void)
{
  return hal_nrf_read_reg(FIFO_STATUS);
}

uint8_t hal_nrf_get_transmit_attempts(void)
{
  return hal_nrf_read_reg(OBSERVE_TX) & (BIT_3|BIT_2|BIT_1|BIT_0);
}

bool hal_nrf_get_carrier_detect(void)
{
  return hal_nrf_read_reg(CD) & 1;
}

void hal_nrf_write_tx_pload(uint8_t *tx_pload, uint8_t length)
{
  hal_nrf_write_multibyte_reg(UINT8(HAL_NRF_TX_PLOAD), tx_pload, length);
}

void hal_nrf_setup_dyn_pl(uint8_t setup)
{
  hal_nrf_write_reg(DYNPD, setup & ~0xC0); 
}

void hal_nrf_enable_dynamic_pl(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x04));   
}

void hal_nrf_disable_dynamic_pl(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x04));   
}

void hal_nrf_enable_ack_pl(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x02));   
}

void hal_nrf_disable_ack_pl(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x02));   
}

void hal_nrf_enable_dynamic_ack(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x01));   
}

void hal_nrf_disable_dynamic_ack(void)
{
  hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x01));   
}

void hal_nrf_write_ack_pload(uint8_t pipe, uint8_t *tx_pload, uint8_t length)
{
  CSN_LOW();

  hal_nrf_rw(WR_ACK_PLOAD | pipe);
  while(length--)
  {
    hal_nrf_rw(*tx_pload++);
  }

  CSN_HIGH();
}

uint8_t hal_nrf_read_rx_pl_w()
{
  uint8_t temp;
  
  CSN_LOW();

  hal_nrf_rw(RD_RX_PLOAD_W);
  temp = hal_nrf_rw(0);
  CSN_HIGH();

  return temp;
}

void hal_nrf_lock_unlock()
{
  CSN_LOW();

  hal_nrf_rw(LOCK_UNLOCK);             
  hal_nrf_rw(0x73);

  CSN_HIGH();
}

uint8_t hal_nrf_get_rx_data_source(void)
{
  return ((hal_nrf_nop() & (BIT_3|BIT_2|BIT_1)) >> 1);
}

// Fixed: returns length==0 and pipe==7 means FIFO empty

uint16_t hal_nrf_read_rx_pload(uint8_t *rx_pload)
{
  return hal_nrf_read_multibyte_reg(UINT8(HAL_NRF_RX_PLOAD), rx_pload);
}

void hal_nrf_reuse_tx(void)
{
  hal_nrf_write_reg(REUSE_TX_PL, 0);
}

bool hal_nrf_get_reuse_tx_status(void)
{
  return (bool)((hal_nrf_get_fifo_status() & (1<<TX_REUSE)) >> TX_REUSE);
}

void hal_nrf_flush_rx(void)
{
  hal_nrf_write_reg(FLUSH_RX, 0);
}

void hal_nrf_flush_tx(void)
{
  hal_nrf_write_reg(FLUSH_TX, 0);
}

uint8_t hal_nrf_nop(void)
{
  return hal_nrf_write_reg(NOP,0);
}

void hal_nrf_set_pll_mode(hal_nrf_pll_mode_t pll_mode)
{
  if(pll_mode == HAL_NRF_PLL_LOCK)
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<PLL_LOCK)));
  }
  else
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<PLL_LOCK)));
  }
}

hal_nrf_pll_mode_t hal_nrf_get_pll_mode(void)
{
  return (hal_nrf_pll_mode_t)((hal_nrf_read_reg(RF_SETUP) & (1<<PLL_LOCK)) >> PLL_LOCK);
}

void hal_nrf_set_lna_gain(hal_nrf_lna_mode_t lna_gain)
{
  if(lna_gain == HAL_NRF_LNA_HCURR)
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<LNA_HCURR)));
  }
  else
  {
    hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<LNA_HCURR)));
  }
}

hal_nrf_lna_mode_t hal_nrf_get_lna_gain(void)
{
  return (hal_nrf_lna_mode_t) ( (hal_nrf_read_reg(RF_SETUP) & (1<<LNA_HCURR)) >> LNA_HCURR );
}

uint8_t hal_nrf_read_reg(uint8_t reg)
{
uint8_t temp;
  CSN_LOW();
  hal_nrf_rw(reg);
  temp = hal_nrf_rw(0);
  CSN_HIGH();

  return temp;
}

uint8_t hal_nrf_write_reg(uint8_t reg, uint8_t value)
{
  uint8_t retval;
  CSN_LOW();
  if(reg < WRITE_REG)   // i.e. this is a register access
  {
    retval = hal_nrf_rw(WRITE_REG + reg);
    hal_nrf_rw(value);
  }
  else            // single byte cmd OR future command/register access
  {
    if(!(reg == FLUSH_TX) && !(reg == FLUSH_RX) && !(reg == REUSE_TX_PL) && !(reg == NOP))
    {
      retval = hal_nrf_rw(reg);
      hal_nrf_rw(value);
    }
    else          // single byte L01 command
    {
      retval = hal_nrf_rw(reg);
    }
  }
  CSN_HIGH();

  return retval;
}

uint16_t hal_nrf_read_multibyte_reg(uint8_t reg, uint8_t *pbuf)
{
uint8_t ctr, length;
  switch(reg)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_TX:
      length = ctr = hal_nrf_get_address_width();
      CSN_LOW();
      hal_nrf_rw(RX_ADDR_P0 + reg);
      break;
      
    case HAL_NRF_RX_PLOAD:
      if( (reg = hal_nrf_get_rx_data_source()) < 7)
      {
        length = ctr = hal_nrf_read_rx_pl_w();

        CSN_LOW();
        hal_nrf_rw(RD_RX_PLOAD);
      }
      else
      {
       ctr = length = 0;
      }
      break;

    default:
      ctr = length = 0;
      break;
  }

  while(ctr--)
  {
    *pbuf++ = hal_nrf_rw(0);
  }

  CSN_HIGH();

  return (((uint16_t) reg << 8) | length);
}

void hal_nrf_write_multibyte_reg(uint8_t reg, uint8_t *pbuf, uint8_t length)
{
  switch(reg)
  {
    case HAL_NRF_PIPE0:
    case HAL_NRF_PIPE1:
    case HAL_NRF_TX:
      length = hal_nrf_get_address_width();
      CSN_LOW();
      hal_nrf_rw(WRITE_REG + RX_ADDR_P0 + reg);
      break;
      
    case HAL_NRF_TX_PLOAD:
      CSN_LOW();
      hal_nrf_rw(WR_TX_PLOAD);
      break;      
    default:
      break;
  }

  while(length--)
  {
    hal_nrf_rw(*pbuf++);
  }

  CSN_HIGH();
}




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/arch/hal/nrf24lu1/hal_nrf_hw.c
/* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of 
 * Nordic Semiconductor. The use, copying, transfer or disclosure of such
 * information is prohibited except by express written agreement with 
 * Nordic Semiconductor.
 */

/** @file
 * Implementation of #hal_nrf_rw.
 * #hal_nrf_rw is an SPI function which is hardware dependent. This file
 * contains an implementation for nRF24LU1.
 */

#include <Nordic\reg24lu1.h>
#include <stdint.h>
#include "hal_nrf.h"

uint8_t hal_nrf_rw(uint8_t value)
{
  RFDAT = value;
  RFSPIF = 0;     // ! IMPORTANT ! Clear RF SPI ready flag
                  // after data written to RFDAT..
  while(!RFSPIF); // wait for byte transfer finished
    ;
  return RFDAT;   // return SPI read value
}
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/** @file
 *
 * Header file defining hardware dependent functions for nRF24LU1.
 *
 * @addtogroup nordic_hal_nrf
 *
 * @{
 * @defgroup nordic_hal_nrf_hw nRF24L01 HW dependents.
 * @{
 *
 * $Rev: 1731 $
 *
 */

#ifndef _HAL_NRF_LU1_H_
#define _HAL_NRF_LU1_H_

#include <Nordic\reg24lu1.h>

/** Macro that set radio's CSN line LOW.
 *
 */
#define CSN_LOW() do { RFCSN = 0; } while(0)

/** Macro that set radio's CSN line HIGH.
 *
 */
#define CSN_HIGH() do { RFCSN = 1; } while(0)

/** Macro that set radio's CE line LOW.
 *
 */
#define CE_LOW() do { RFCE = 0; } while(0)

/** Macro that set radio's CE line HIGH.
 *
 */
#define CE_HIGH() do { RFCE = 1; } while(0)

/** Macro that set master SPI CSN line LOW.
 *
 */
#define MCSN_LOW() do { MCSN = 0; } while(0)

/** Macro that set master SPI CSN line HIGH.
 *
 */
#define MCSN_HIGH() do { MCSN = 1; } while(0)

/**
 * Pulses the CE to nRF24L01 for at least 10 us
 */
#define CE_PULSE() do { \
  uint8_t count; \
  count = 20; \
  CE_HIGH();  \
  while(count--) \
    ; \
  CE_LOW();  \
  } while(0)

#endif

/** @} */
/** @} */
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/** @file
 * Type definitions for firmware projects developed at Nordic semiconductor.
 *
 * Standard storage classes in C, such as @c char, @c int, and @c long, ar not always
 * interpreted in the same way by the compiler. The types here are defined by their
 * bit length and signed/unsigned property, as their name indicate. The correlation
 * between the name and properties of the storage class should be true, regardless of
 * the compiler being used.
 */
 
/* $copyright$
 *
 * $license$
 */

#ifndef __STDBOOL_H__
#define __STDBOOL_H__

//lint -strong(B,_Bool)
typedef unsigned char _Bool; ///< Boolean type

#define bool _Bool
#define true 1
#define false 0
#define __bool_true_false_are_defined 1

#endif // __STDBOOL_H__
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/** @file
 * Type definitions for firmware projects developed at Nordic semiconductor.
 *
 * Standard storage classes in C, such as @c char, @c int, and @c long, ar not always
 * interpreted in the same way by the compiler. The types here are defined by their
 * bit length and signed/unsigned property, as their name indicate. The correlation
 * between the name and properties of the storage class should be true, regardless of
 * the compiler being used.
 */
 
/* $copyright$
 *
 * $license$
 */

#ifndef __STDINT_H__
#define __STDINT_H__

#ifdef __C51__

typedef unsigned char uint8_t;        ///< 8 bit unsigned int

typedef signed char int8_t;          ///< 8 bit signed int

typedef unsigned int uint16_t;        ///< 16 bit unsigned int

typedef signed int int16_t;          ///< 16 bit signed int

typedef unsigned long uint32_t;       ///< 32 bit unsigned int

typedef signed long int32_t;         ///< 32 bit signed int

#endif // __C51__

#ifndef NULL
#define NULL (void*)0
#endif

#endif // __STDINT_H__




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/esb/application_esb.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2311 $
 */ 

/** @ingroup ESB 
 * @file
 * Application to show the functionality of the Enhanced ShockBurst mode. 
 *
 * @b PTX @b mode: 
 * - Sends a packet aprox every 100ms
 * - Accepts user interaction at Button 1:
 *   - Not pressed: Send @c 00
 *   - Pressed: Send @c 10
 * - If a ACK was recieved, blink LED2
 * - If a ACK was not recieved, blink LED3
 *
 * @b PRX @b mode:
 * - Constantly checks for data
 * - If no packet recieved in aprox 100ms, turn off all leds
 * - If a packet is recieved, turn on lights according to packet content:
 *    - 0: LED1 off
 *    - 1: LED1 on
 *
 * @author Per Kristian Schanke
 *
 */

#include "hal_nrf.h"
#include "system.h"
#include "radio.h"
#include "application_esb.h"
#include "target_includes.h"

/** The data to send in ShockBurst mode */
static xdata uint8_t pload_esb[RF_PAYLOAD_LENGTH];

void device_ptx_mode_esb(void)
{
  while(true)
  {
    // Wait til the packet is sent
    do {
      radio_irq ();
    } while((radio_get_status ()) == RF_BUSY);

    // Blink LED2 if ACK is recieved, LED3 if not
    if (((radio_get_status ()) == RF_TX_DS))
    {
      LED2_BLINK();
    }
    else
    {
      LED3_BLINK();
    }

    // Sleep 100ms
    start_timer(100);
    wait_for_timer();

    // Set up the payload according to the input button 1
    pload_esb[0] = 0;

    if(B1_PRESSED())
    {
      pload_esb[0] = 1;
    }

    //Send the packet
    radio_send_packet(pload_esb, RF_PAYLOAD_LENGTH);           
  }
}

void device_prx_mode_esb(void)
{
  CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever

  while(true)
  { 
    start_timer(110);

    // Run until either 110ms has lapsed 
    // OR there is data on the radio
    do
    {
      radio_irq ();
    } while ((radio_get_status () == RF_IDLE) && !timer_done());
    
    if ((radio_get_status ()) == RF_RX_DR)
    {
      // Get the payload from the PTX and set LED1
      if (radio_get_pload_byte (0) == 1)
      {
        LED1_ON();
      }
      else
      {
        LED1_OFF();
      }
    }
    else
    {
      LED1_OFF();
    }

    // Set radio status to idle
    radio_set_status (RF_IDLE);
  }
}
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2088 $
 */ 

#ifndef APPLICATION_ESB_H__
#define APPLICATION_ESB_H__

/** This function is called if the application is entering the PTX mode.
 * This is an endless loop, TX mode (PTX) function.
*/
void device_ptx_mode_esb(void);

/** This function is called if the application is entering the PRX mode.
 * This is an endless loop, RX mode (PRX) function.
*/
void device_prx_mode_esb(void);

#endif
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2185 $
 */ 

/** @ingroup ESB 
 * @file
 * Initialise the radio in Enhanced ShockBurst mode. This is done by opening 
 * @b pipe0 with auto ACK and with auto retransmits.
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio_esb.h"
#include "system.h"
#include "radio.h"

void radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
{
  hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
                                                 // Pipe 0 and 1 open by default
  hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack
                                                 // Changed from sb/radio_sb.c

  hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
  hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);                 
                                                 // Enables auto retransmit.
                                                 // 3 retrans with 250ms delay
                                                 // Changed from sb/radio_sb.c

  hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
  hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
  hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
                                                 // pipe0
  
  if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
  {
    hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
  }
  else
  {
    hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
    hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
                                                 // Pipe0 expect 
                                                 // PAYLOAD_LENGTH byte payload
                                                 // PAYLOAD_LENGTH in radio.h
  }

  hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
                                                 // Defined in radio.h.
                                                 // Frequenzy = 
                                                 //        2400 + RF_CHANNEL
  hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device

  start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
  wait_for_timer();                              // power up
  
  radio_set_status (RF_IDLE);                     // Radio now ready
}  
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2089 $
 */ 

#ifndef RADIO_ESB_H__
#define RADIO_ESB_H__

/** Initializes the radio in Enhanced ShockBurst mode. This mean that we enable auto-retransmit
 * and auto-acknowledgment.
 *
 * @param address The radios working address
 * @param operational_mode The operational mode, either @c HAL_NRF_PRX or @c HAL_NRF_PTX
 */
void radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);

#endif
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/* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 */

/** @file
 * MCU depenent source code for accessing the nRF24L01 radio
 *
 * @author Runar Kjellhaug
 *
 */

#include <stdint.h>
#include <Cygnal\C8051F320.h>

uint8_t hal_nrf_rw(uint8_t value)
{
  SPIDAT = value;
  while(!SPIF)                  // wait for byte transfer finished
    ;
  SPIF = 0;                     // and clear SPI flag

  return SPIDAT;                // return SPI read value.
}

void hal_spi_init(uint8_t spi_speed)
{
  SPI0CKR = spi_speed;          // Set SPI(nRF24L01) speed    

  SPI0CFG = 0x40;               // SPI Master mode
  NSSMD0 = 0;                   // 3-Wire SPI mode
  NSSMD1 = 0;                   // NSS not used..
    
  XBR0 |= 0x02;                 // XBAR SPI I/O enable
  SPIEN = 1;                 // SPI enable
}
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2132 $
 */ 

/** @file
 * Header file defining the hardware depenent interface of the C8051F320
 *
 *
 */

#ifndef HAL_NRF_HW_H__
#define HAL_NRF_HW_H__

#include <Cygnal\c8051f320.h>

sbit CSN = P0^3;  // CSN PIN for BFB
sbit CE = P0^4;   // CE PIN

/** Macro that set radio's CSN line LOW.
 *
 */
#define CSN_LOW() do {CSN = 0;} while(0)

/** Macro that set radio's CSN line HIGH.
 *
 */
#define CSN_HIGH() do {CSN = 1;} while(0)

/** Macro that set radio's CE line LOW.
 *
 */
#define CE_LOW() do {CE = 0;} while(0)

/** Macro that set radio's CE line HIGH.
 *
 */
#define CE_HIGH() do {CE = 1;} while(0)

/**
 * Pulses the CE to nRF24L01 for at least 10 us
 */
#define CE_PULSE() do { \
  uint8_t count; \
  count = 20; \
  CE_HIGH();  \
  while(count--) \
    ; \
  CE_LOW();  \
  } while(0)

#endif /* HAL_NRF_HW_H__ */
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2311 $
 */ 
 
/** @file
 * @ingroup L01
 * Implementation of C8051F320 hardware functions. This file implements the
 * system_init() function, that sets up hardware such as internal clocks,
 * timers, and IO ports.
 *
 * @author Per Kristian Schanke
 */
 
//#include "fap.h"
#include <Cygnal\c8051f320.h>
#include "stdint.h"
#include "stdbool.h"
#include "system.h"

static void sysclk_init(void);
static void port_init(void);
extern void hal_spi_init(uint8_t spi_speed);

//-----------------------------------------------------------------------------
// Definitions
//-----------------------------------------------------------------------------

// USB clock selections (SFR CLKSEL)
#define USB_4X_CLOCK       0x00         // Select 4x clock multiplier, for USB

// System clock selections (SFR CLKSEL)
#define SYS_INT_OSC        0x00         // Select to use internal oscillator

//-----------------------------------------------------------------------------
// Global Variable Declarations
//-----------------------------------------------------------------------------

void system_init (void)
{
  uint16_t temp;

  PCA0MD &= ~0x40;              // Disable Watchdog timer

  REG0CN |= 0x80;               // Internal Voltage Regulator Disabled

  sysclk_init();                // initialize system clock
  
  port_init();                  // configure cross bar
 
  TCON |= 0x01;                 // Int1 level triggered  xxx same as ir0 = 1

  // Radio IRQ setup
  IT0 = 1;                      // /INT0, edge sens    
  IE0 = 0;                      // clear pending interrupt  
  EX0 = 0;                      // Extern interrupt0 (nRF) enabled  
 
   // PS2 IRQ setup
  IT1 = 1;                      // Int1 edge sens
  IE1 = 0;
  EX1 = 0;                      // PS2 IRQ
  PX1=1;                        // Int1 priority bit set (ps2)    
  
  hal_spi_init(0);              // SPI Init, 3-wire mode, CK/2 speed

  temp=0xffff;                  // Waiting ...  
  while(--temp)                 // nRF radio is booting up
    ;                           // temp value can be tuned.
}

void sysclk_init (void)
{
#ifdef _USB_LOW_SPEED_
  
  OSCICN |= 0x03;                       // Configure internal oscillator for
                                        // its maximum frequency and enable
                                        // missing clock detector
  
  CLKSEL  = SYS_EXT_OSC;                // Select System clock
  CLKSEL |= USB_INT_OSC_DIV_2;          // Select USB clock
#else
  OSCICN |= 0x03;                       // Configure internal oscillator for
                                        // its maximum frequency and enable
                                        // missing clock detector
  
  CLKMUL  = 0x00;                       // Select internal oscillator as
                                        // input to clock multiplier
  
  CLKMUL |= 0x80;                       // Enable clock multiplier
  
  delay_100ms();                       // Delay for clock multiplier to begin
  
  CLKMUL |= 0xC0;                       // Initialize the clock multiplier
  
  while(!(CLKMUL & 0x20))               // Wait for multiplier to lock
    ;
  CLKSEL  = SYS_INT_OSC;                // Select system clock
  CLKSEL |= USB_4X_CLOCK;               // Select USB clock
#endif  /* _USB_LOW_SPEED_ */
}

void port_init (void)
{
  P0MDIN = 0xff;                        // Port 0 set as digital IO
  P1MDIN = 0xff;                        // Port 1 set as digital IO
  P2MDIN = 0xff;                        // Port 2 set as digital IO

  P0MDOUT = 0x8D;                       // P0.0(SCK), P0.2(MOSI), P0.3(CSN), P0.4(CE) Outputs, P0.5(IRQ) rest inputs
  P1MDOUT = 0x63;                       // P1.0(LED1), P1.1(LED2), P1.2(LED3), P1.3(LED4) Outputs, rest inputs
  P2MDOUT = 0x00;                       // P2.1(SW1), P2.2(SW2), P2.3(SW3), P2[7..4] Rotary Switch, Inputs

  P0 = 0x6A;                            // P0.3(CSN), P0.5(IRQ) High(pullups), rest low
  P1 = 0x7F;                            // P1[3..0] LEDS OFF
  P2 = 0xff;                            // P2[3..1] low(ext.pullups), P2[7..4] pullups

  XBR0 = 0x00;                          // No periferi routed to crossbar
  XBR1 |= 0x40;                         // Enable Crossbar
  IT01CF = 0x65;                        // Int0 assigned to P0.5 and Int1 assigned to P0.6
                                        // Both active low 
}
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2477 $
 */ 
 
/** @file
 * @ingroup L01
 * Target specific include directives. The file name is standardised, but the
 * contents will vary according to the target. Separate the files by locating 
 * them in different folders. The goal is to avoid the use \#ifdef for
 * conditional compilation, which is difficult to maintain and prone to errors.
 *
 * This target include contains the files for nRF24L01.
 *
 * @author Per Kristian Schanke
 */
 
#ifndef TARGET_INCLUDES_H__
#define TARGET_INCLUDES_H__

#include <Cygnal\c8051f320.h>
#include "hal_nrf.h"

#define LED_ON 0          /**< The value on the line that turn the LED on */
#define LED_OFF 1         /**< The value on the line that turn the LED off */

sbit LED1 = P1^0;         /**< LED1 on BFB */
sbit LED2 = P1^1;         /**< LED2 on BFB */
sbit LED3 = P1^2;         /**< LED3 on BFB */

sbit B1  = P2^1;          /**< Button 1 on BFB */
sbit B2  = P2^2;          /**< Button 2 on BFB */
sbit B3  = P2^3;          /**< Button 3 on BFB */

#define B_PRESSED 0       /**< The value on the line when a button is pressed*/

#define RADIO_ACTIVITY() (IE0 == 1) /**< The register on the radio indicating 
                                     * activity on the radio */

/** How to reset the activity register */
#define RESET_RADIO_ACTIVITY() (IE0 = 0)

#define INTERRUPT_T0 INTERRUPT_TIMER0  /**< Definition of interrupt names */

#define TIMER1_OVERFLOW() (TF1 == 1)   /**< Checks for overflow on timer1 */

/** This is a constant showing how many clock cycles that is counted
 * by a timer to make up 1ms.
 *
 * Calculation of this constant:@code
      Ocilatorspeed / Clock divider / 1000ms/sec
      12MHz         / 12            / 1000ms/sec = 1000
 @endcode
 */
#define CYCLES_PR_MS 1000

/** The maximum runtime in ms that a timer might run. Calculated by 
 * taking the maximum number your timer might take and divide that by
 * @b CYCLES_PR_MS. On the nRF24L01 evaluation kit this is 0xFFFF / 1000 = 
 * 65 (aprox).
 */
#define MAX_RUNTIME 65

/** This constant defines the value the timer should be set to for running for
 * the maximum time.
 */
#define MAX_TIME (0 - MAX_RUNTIME * CYCLES_PR_MS)

#define GLOBAL_INT_ENABLE() do{EA = 1;}while(0) /**< Enable all interrupts */
#define GLOBAL_INT_DISABLE() do{EA = 0;}while(0)/**< Disable all interrupts */


/** Start timer0. */
#define T0_START() do{  TR0 = 1; \
                        ET0 = 1; \
                        EA  = 1; \
                        }while(0)
/** Stop timer0. */
#define T0_STOP() do{ TR0 = 0; \
                      ET0 = 0; \
                      }while(0)
/** Start timer1. */
#define T1_START() do{  TR1 = 1; \
                        ET1 = 0; \
                        TF1 = 0; \
                        EA  = 1; \
                        }while(0)
/** Stop timer1. */
#define T1_STOP() do{ TR1 = 0; \
                      ET1 = 0; \
                      }while(0)

/** Initialise Timer 1 in mode 1 (16-bit timer) */
#define T1_MODE1() (TMOD |= 0x10)
/** Sets the low bit of timer 1 */
#define T1_SET_LB(x) (TL1 = x)
/** Sets the high bit of timer 1 */
#define T1_SET_HB(x) (TH1 = x)

#endif // TARGET_INCLUDES_H__
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C51 COMPILER V8.16, COMPILATION OF MODULE APPLICATION_ESB
OBJECT MODULE PLACED IN .\obj\application_esb.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE esb\application_esb.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\ar
                    -ch\hal\include;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\appl
                    -ication_esb.lst) OBJECT(.\obj\application_esb.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2311 $
  12           */ 
  13          
  14          /** @ingroup ESB 
  15           * @file
  16           * Application to show the functionality of the Enhanced ShockBurst mode. 
  17           *
  18           * @b PTX @b mode: 
  19           * - Sends a packet aprox every 100ms
  20           * - Accepts user interaction at Button 1:
  21           *   - Not pressed: Send @c 00
  22           *   - Pressed: Send @c 10
  23           * - If a ACK was recieved, blink LED2
  24           * - If a ACK was not recieved, blink LED3
  25           *
  26           * @b PRX @b mode:
  27           * - Constantly checks for data
  28           * - If no packet recieved in aprox 100ms, turn off all leds
  29           * - If a packet is recieved, turn on lights according to packet content:
  30           *    - 0: LED1 off
  31           *    - 1: LED1 on
  32           *
  33           * @author Per Kristian Schanke
  34           *
  35           */
  36          
  37          #include "hal_nrf.h"
  38          #include "system.h"
  39          #include "radio.h"
  40          #include "application_esb.h"
  41          #include "target_includes.h"
  42          
  43          /** The data to send in ShockBurst mode */
  44          static xdata uint8_t pload_esb[RF_PAYLOAD_LENGTH];
  45          
  46          void device_ptx_mode_esb(void)
  47          {
  48   1        while(true)
  49   1        {
  50   2          // Wait til the packet is sent
  51   2          do {
  52   3            radio_irq ();
  53   3          } while((radio_get_status ()) == RF_BUSY);
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  54   2      
  55   2          // Blink LED2 if ACK is recieved, LED3 if not
  56   2          if (((radio_get_status ()) == RF_TX_DS))
  57   2          {
  58   3            LED2_BLINK();
  59   3          }
  60   2          else
  61   2          {
  62   3            LED3_BLINK();
  63   3          }
  64   2      
  65   2          // Sleep 100ms
  66   2          start_timer(100);
  67   2          wait_for_timer();
  68   2      
  69   2          // Set up the payload according to the input button 1
  70   2          pload_esb[0] = 0;
  71   2      
  72   2          if(B1_PRESSED())
  73   2          {
  74   3            pload_esb[0] = 1;
  75   3          }
  76   2      
  77   2          //Send the packet
  78   2          radio_send_packet(pload_esb, RF_PAYLOAD_LENGTH);           
  79   2        }
  80   1      }
  81          
  82          void device_prx_mode_esb(void)
  83          {
  84   1        CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever
  85   1      
  86   1        while(true)
  87   1        { 
  88   2          start_timer(110);
  89   2      
  90   2          // Run until either 110ms has lapsed 
  91   2          // OR there is data on the radio
  92   2          do
  93   2          {
  94   3            radio_irq ();
  95   3          } while ((radio_get_status () == RF_IDLE) && !timer_done());
  96   2          
  97   2          if ((radio_get_status ()) == RF_RX_DR)
  98   2          {
  99   3            // Get the payload from the PTX and set LED1
 100   3            if (radio_get_pload_byte (0) == 1)
 101   3            {
 102   4              LED1_ON();
 103   4            }
 104   3            else
 105   3            {
 106   4              LED1_OFF();
 107   4            }
 108   3          }
 109   2          else
 110   2          {
 111   3            LED1_OFF();
 112   3          }
 113   2      
 114   2          // Set radio status to idle
 115   2          radio_set_status (RF_IDLE);
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 116   2        }
 117   1      }


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =    129    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =     10    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =   ----    ----
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/application_pl.lst
C51 COMPILER V8.16   APPLICATION_PL                                                        04/03/2009 08:18:48 PAGE 1   


C51 COMPILER V8.16, COMPILATION OF MODULE APPLICATION_PL
OBJECT MODULE PLACED IN .\obj\application_pl.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE pl\application_pl.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\arch
                    -\hal\include;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\applic
                    -ation_pl.lst) OBJECT(.\obj\application_pl.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2311 $
  12           */ 
  13          
  14          /** @ingroup PL 
  15           * @file
  16           * Application to show the functionality of the Enhanced ShockBurst mode with 
  17           * Bidirectional data. 
  18           *
  19           * @b PTX @b mode: 
  20           * - Sends a packet aprox every 100ms
  21           * - Accepts user interaction at Button 1
  22           *   - Not pressed: Send @c 00
  23           *   - Pressed: Send @c 10
  24           * - If a ACK was recieved, blink LED2
  25           * - If a ACK was not recieved, blink LED3
  26           * - If a ACK payload is recieved, turn on lights according to packet content:
  27           *    - 0: LED1 off
  28           *    - 1: LED1 on
  29           *
  30           * @b PRX @b mode:
  31           * - Constantly checks for data
  32           * - If no packet recieved in aprox 100ms, turn off all leds
  33           * - If a packet is recieved, turn on lights according to packet content:
  34           *    - 0: LED1 off
  35           *    - 1: LED1 on
  36           * - Accepts user interaction at Button 1
  37           *   - Not pressed: Put @c 00 in ACK payload
  38           *   - Pressed: Put @c 10 in ACK payload
  39           * - If a ACK payload was sent, blink LED2
  40           * - If a ACK payload was not sent, blink LED3
  41           *
  42           * @author Per Kristian Schanke
  43           */
  44          
  45          #include "hal_nrf.h"
  46          #include "system.h"
  47          #include "radio.h"
  48          #include "application_pl.h"
  49          #include "target_includes.h"
  50          
  51          /** The data to send in ShockBurst with Bidirectional data mode */
  52          static xdata uint8_t pload_pl[RF_PAYLOAD_LENGTH];
  53          
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  54          void device_ptx_mode_pl(void)
  55          {
  56   1        while(true)
  57   1        {
  58   2          // Wait til the packet is sent
  59   2          do {
  60   3            radio_irq ();
  61   3          } while((radio_get_status ()) == RF_BUSY);
  62   2      
  63   2          // Blink LED2 if ACK is recieved, LED3 if not
  64   2          if (((radio_get_status ()) == RF_TX_DS) 
  65   2              || ((radio_get_status ()) == RF_TX_AP))
  66   2          {
  67   3            LED2_BLINK();
  68   3          }
  69   2          else
  70   2          {
  71   3            LED3_BLINK();
  72   3          }
  73   2      
  74   2          // If ACK payload was recieved, get the payload
  75   2          if (radio_get_status () == RF_TX_AP)
  76   2          {
  77   3            // Get the payload from the PRX and set LED1 accordingly
  78   3            if (radio_get_pload_byte (0) == 1)
  79   3            {
  80   4              LED1_ON();
  81   4            }
  82   3            else
  83   3            {
  84   4              LED1_OFF();
  85   4            }
  86   3          }
  87   2      
  88   2          // Sleep 100ms
  89   2          delay_100ms();
  90   2      
  91   2          // Set up the payload according to the input button 1
  92   2          pload_pl[0] = 0;
  93   2      
  94   2          if(B1_PRESSED())
  95   2          {
  96   3            pload_pl[0] = 1;
  97   3          }
  98   2      
  99   2          //Send the packet
 100   2          radio_send_packet(pload_pl, RF_PAYLOAD_LENGTH);           
 101   2        }
 102   1      }
 103          
 104          void device_prx_mode_pl(void)
 105          {
 106   1        CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever
 107   1      
 108   1        while(true)
 109   1        { 
 110   2          // Setup and put the ACK payload on the FIFO
 111   2          pload_pl[0] = 0;
 112   2      
 113   2          if(B1_PRESSED())
 114   2          {
 115   3            pload_pl[0] = 1;
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 116   3          }
 117   2      
 118   2          hal_nrf_write_ack_pload (0, pload_pl, RF_PAYLOAD_LENGTH);
 119   2      
 120   2          start_timer(110);
 121   2          
 122   2          // Run until either 110ms has lapsed 
 123   2          // OR there is data on the radio
 124   2          do
 125   2          {
 126   3            radio_irq ();
 127   3          } while ((radio_get_status () == RF_IDLE) && !timer_done());
 128   2      
 129   2          // Blink LED2 if ACK payload was sent, LED3 if not
 130   2          if ((radio_get_status ()) == RF_TX_DS
 131   2             || (radio_get_status ()) == RF_TX_AP)
 132   2          {
 133   3            LED2_BLINK();
 134   3          }
 135   2          else
 136   2          {
 137   3            LED3_BLINK();
 138   3          }
 139   2      
 140   2          if ((radio_get_status ()) == RF_RX_DR
 141   2             || (radio_get_status ()) == RF_TX_AP)
 142   2          {
 143   3            // Get the payload from the PTX and set LED1 accordingly
 144   3            if (radio_get_pload_byte (0) == 1)
 145   3            {
 146   4              LED1_ON();
 147   4            }
 148   3            else
 149   3            {
 150   4              LED1_OFF();
 151   4            }
 152   3          }
 153   2          else
 154   2          {
 155   3            LED1_OFF();
 156   3          }
 157   2      
 158   2          // Set radio status to idle
 159   2          radio_set_status (RF_IDLE);
 160   2        }
 161   1      
 162   1        EX0 = 1;
 163   1      }


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =    213    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =     10    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =   ----    ----
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/application_sb.lst
C51 COMPILER V8.16   APPLICATION_SB                                                        04/03/2009 08:18:47 PAGE 1   


C51 COMPILER V8.16, COMPILATION OF MODULE APPLICATION_SB
OBJECT MODULE PLACED IN .\obj\application_sb.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE sb\application_sb.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\arch
                    -\hal\include;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\applic
                    -ation_sb.lst) OBJECT(.\obj\application_sb.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2311 $
  12           */ 
  13          
  14          /** @ingroup SB 
  15           * @file
  16           * Application to show the functionality of the ShockBurst mode. 
  17           *
  18           * @b PTX @b mode: 
  19           * - Sends a packet aprox every 100ms
  20           * - Accepts user interaction at Button 1:
  21           *   - Not pressed: Send @c 00
  22           *   - Pressed: Send @c 10
  23           *
  24           * @b PRX @b mode:
  25           * - Constantly checks for data
  26           * - If no packet recieved in aprox 100ms, turn off all leds
  27           * - If a packet is recieved, turn on lights according to packet content:
  28           *    - 0: LED1 off
  29           *    - 1: LED1 on
  30           *
  31           * @author Per Kristian Schanke
  32           */
  33          
  34          #include "hal_nrf.h"
  35          #include "system.h"
  36          #include "radio.h"
  37          #include "application_sb.h"
  38          #include "target_includes.h"
  39          
  40          /** The data to send in ShockBurst mode */
  41          static xdata uint8_t pload_sb[RF_PAYLOAD_LENGTH];
  42          
  43          void device_ptx_mode_sb(void)
  44          {
  45   1        while(true)
  46   1        {
  47   2          // Wait til the packet is sent
  48   2          do {
  49   3            radio_irq ();
  50   3          } while((radio_get_status ()) == RF_BUSY);
  51   2      
  52   2          // Sleep 100ms
  53   2          start_timer(100);
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  54   2          wait_for_timer();
  55   2      
  56   2          // Set up the payload according to the input button 1
  57   2          pload_sb[0] = 0;
  58   2      
  59   2          if(B1_PRESSED())
  60   2          {
  61   3            pload_sb[0] = 1;
  62   3          }
  63   2      
  64   2          //Send the packet
  65   2          radio_send_packet(pload_sb, RF_PAYLOAD_LENGTH);           
  66   2        }
  67   1      }
  68          
  69          void device_prx_mode_sb(void)
  70          {
  71   1        CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever
  72   1      
  73   1        while(true)
  74   1        { 
  75   2          start_timer(110);
  76   2      
  77   2          // Run until either 110ms has lapsed 
  78   2          // OR there is data on the radio
  79   2          do
  80   2          {
  81   3            radio_irq ();
  82   3          } while ((radio_get_status() == RF_IDLE) && !timer_done());
  83   2      
  84   2          if ((radio_get_status ()) == RF_RX_DR)
  85   2          {
  86   3            // Get the payload from the PTX and set LED1 accordingly
  87   3            if (radio_get_pload_byte(0) == 1)
  88   3            {
  89   4              LED1_ON();
  90   4            }
  91   3            else
  92   3            {
  93   4              LED1_OFF();
  94   4            }
  95   3          }
  96   2          else
  97   2          {
  98   3            LED1_OFF();
  99   3          }
 100   2      
 101   2          // Set radio status to idle
 102   2          radio_set_status(RF_IDLE);
 103   2        }
 104   1      }


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =     99    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =     10    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =   ----    ----
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.
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C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/hal_nrf_f32x_hw.lst
C51 COMPILER V7.50   HAL_NRF_F32X_HW                                                       02/04/2009 09:14:24 PAGE 1   


C51 COMPILER V7.50, COMPILATION OF MODULE HAL_NRF_F32X_HW
OBJECT MODULE PLACED IN .\obj\hal_nrf_f32x_hw.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE l01_bfb\hal_nrf_f32x_hw.c LARGE OMF2 OPTIMIZE(9,SPEED) BROWSE INCDIR(l01_bf
                    -b;..\..\..\arch\hal\include) DEFINE(nRF24L01__) DEBUG PRINT(.\lst\hal_nrf_f32x_hw.lst) OBJECT(.\obj\hal_nrf_f32x_hw.obj)

line level    source

   1          /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is confidential property of Nordic Semiconductor. The use,
   4           * copying, transfer or disclosure of such information is prohibited except by express written
   5           * agreement with Nordic Semiconductor.
   6           */
   7          
   8          /** @file
   9           * MCU depenent source code for accessing the nRF24L01 radio
  10           *
  11           * @author Runar Kjellhaug
  12           *
  13           */
  14          
  15          #include <stdint.h>
*** WARNING C318 IN LINE 15 OF l01_bfb\hal_nrf_f32x_hw.c: can't open file 'stdint.h'
  16          #include <Cygnal\C8051F320.h>
  17          
  18          uint8_t hal_nrf_rw(uint8_t value)
*** ERROR C129 IN LINE 18 OF L01_BFB\HAL_NRF_F32X_HW.C: missing ';' before 'hal_nrf_rw'
  19          {
  20            SPIDAT = value;
  21            while(!SPIF)                  // wait for byte transfer finished
  22              ;
  23            SPIF = 0;                     // and clear SPI flag
  24          
  25            return SPIDAT;                // return SPI read value.
  26          }
  27          
  28          void hal_spi_init(uint8_t spi_speed)
  29          {
  30            SPI0CKR = spi_speed;          // Set SPI(nRF24L01) speed    
  31          
  32            SPI0CFG = 0x40;               // SPI Master mode
  33            NSSMD0 = 0;                   // 3-Wire SPI mode
  34            NSSMD1 = 0;                   // NSS not used..
  35              
  36            XBR0 |= 0x02;                 // XBAR SPI I/O enable
  37            SPIEN = 1;                 // SPI enable
  38          }

C51 COMPILATION COMPLETE.  1 WARNING(S),  1 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/hal_nrf_hw.lst
C51 COMPILER V8.16   HAL_NRF_HW                                                            04/03/2009 08:18:47 PAGE 1   


C51 COMPILER V8.16, COMPILATION OF MODULE HAL_NRF_HW
OBJECT MODULE PLACED IN .\obj\hal_nrf_hw.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE ..\..\..\arch\hal\nrf24lu1\hal_nrf_hw.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\l
                    -u1_bfb;..\..\..\arch\hal\include;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEN
                    -D PRINT(.\lst\hal_nrf_hw.lst) OBJECT(.\obj\hal_nrf_hw.obj)

line level    source

   1          /* Copyright (c) 2006 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is confidential property of 
   4           * Nordic Semiconductor. The use, copying, transfer or disclosure of such
   5           * information is prohibited except by express written agreement with 
   6           * Nordic Semiconductor.
   7           */
   8          
   9          /** @file
  10           * Implementation of #hal_nrf_rw.
  11           * #hal_nrf_rw is an SPI function which is hardware dependent. This file
  12           * contains an implementation for nRF24LU1.
  13           */
  14          
  15          #include <Nordic\reg24lu1.h>
  16          #include <stdint.h>
  17          #include "hal_nrf.h"
  18          
  19          uint8_t hal_nrf_rw(uint8_t value)
  20          {
  21   1        RFDAT = value;
  22   1        RFSPIF = 0;     // ! IMPORTANT ! Clear RF SPI ready flag
  23   1                        // after data written to RFDAT..
  24   1        while(!RFSPIF); // wait for byte transfer finished
  25   1          ;
  26   1        return RFDAT;   // return SPI read value
  27   1      }
  28          
  29          


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =     10    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =   ----    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =   ----    ----
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/hal_nrf_l01.lst
C51 COMPILER V8.16   HAL_NRF_L01                                                           04/03/2009 08:18:46 PAGE 1   


C51 COMPILER V8.16, COMPILATION OF MODULE HAL_NRF_L01
OBJECT MODULE PLACED IN .\obj\hal_nrf_l01.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE ..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\
                    -lu1_bfb;..\..\..\arch\hal\include;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTE
                    -ND PRINT(.\lst\hal_nrf_l01.lst) OBJECT(.\obj\hal_nrf_l01.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2132 $
  12           */ 
  13          
  14           /** @file
  15           *
  16           * @author Runar Kjellhaug
  17           *
  18           */
  19          
  20          #include <stdint.h>
  21          #include <stdbool.h>
  22          
  23          #include "nordic_common.h"
  24          #include "hal_nrf.h"
  25          
  26          #define SET_BIT(pos) ((uint8_t) (1<<( (uint8_t) (pos) )))
  27          #define UINT8(t) ((uint8_t) (t))
  28          
  29          void hal_nrf_set_irq_mode(hal_nrf_irq_source_t int_source, bool irq_state)
  30          {
  31   1        if(irq_state)
  32   1        {
  33   2          hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) & ~SET_BIT(int_source));
  34   2        }
  35   1        else
  36   1        {
  37   2          hal_nrf_write_reg(CONFIG, hal_nrf_read_reg(CONFIG) | SET_BIT(int_source));
  38   2        }
  39   1      }
  40          
  41          uint8_t hal_nrf_get_clear_irq_flags(void)
  42          {
  43   1        return hal_nrf_write_reg(STATUS, (BIT_6|BIT_5|BIT_4)) & (BIT_6|BIT_5|BIT_4);
  44   1      }
  45          
  46          void hal_nrf_clear_irq_flag(hal_nrf_irq_source_t int_source)
  47          {
  48   1        hal_nrf_write_reg(STATUS, SET_BIT(int_source));
  49   1      }
  50           
  51          bool hal_nrf_get_irq_mode(uint8_t int_type)
  52          {
  53   1        if(hal_nrf_read_reg(CONFIG) & SET_BIT(int_type))
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  54   1          return false;
  55   1        else
  56   1          return true;
  57   1      }
  58          
  59          uint8_t hal_nrf_get_irq_flags(void)
  60          {
  61   1        return hal_nrf_nop() & (BIT_6|BIT_5|BIT_4);
  62   1      }
  63          
  64          void hal_nrf_set_crc_mode(hal_nrf_crc_mode_t crc_mode)
  65          {
  66   1        hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(BIT_3|BIT_2)) | (UINT8(crc_mode)<<2));
  67   1      }
  68          
  69          void hal_nrf_open_pipe(hal_nrf_address_t pipe_num, bool auto_ack)
  70          {
  71   1        switch(pipe_num)
  72   1        {
  73   2          case HAL_NRF_PIPE0:
  74   2          case HAL_NRF_PIPE1:
  75   2          case HAL_NRF_PIPE2:
  76   2          case HAL_NRF_PIPE3:
  77   2          case HAL_NRF_PIPE4:
  78   2          case HAL_NRF_PIPE5:
  79   2            hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) | SET_BIT(pipe_num));
  80   2      
  81   2            if(auto_ack)
  82   2              hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) | SET_BIT(pipe_num));
  83   2            else
  84   2              hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
  85   2            break;
  86   2      
  87   2          case HAL_NRF_ALL:
  88   2            hal_nrf_write_reg(EN_RXADDR, ~(BIT_7|BIT_6));
  89   2      
  90   2            if(auto_ack)
  91   2              hal_nrf_write_reg(EN_AA, ~(BIT_7|BIT_6));
  92   2            else
  93   2              hal_nrf_write_reg(EN_AA, 0);
  94   2            break;
  95   2            
  96   2          default:
  97   2            break;
  98   2        }
  99   1      }
 100          
 101          void hal_nrf_close_pipe(hal_nrf_address_t pipe_num)
 102          {
 103   1        switch(pipe_num)
 104   1        {
 105   2          case HAL_NRF_PIPE0:
 106   2          case HAL_NRF_PIPE1:
 107   2          case HAL_NRF_PIPE2:
 108   2          case HAL_NRF_PIPE3:
 109   2          case HAL_NRF_PIPE4:
 110   2          case HAL_NRF_PIPE5:
 111   2            hal_nrf_write_reg(EN_RXADDR, hal_nrf_read_reg(EN_RXADDR) & ~SET_BIT(pipe_num));
 112   2            hal_nrf_write_reg(EN_AA, hal_nrf_read_reg(EN_AA) & ~SET_BIT(pipe_num));
 113   2            break;
 114   2          
 115   2          case HAL_NRF_ALL:
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 116   2            hal_nrf_write_reg(EN_RXADDR, 0);
 117   2            hal_nrf_write_reg(EN_AA, 0);
 118   2            break;
 119   2            
 120   2          default:
 121   2            break;
 122   2        }
 123   1      }
 124          
 125          void hal_nrf_set_address(hal_nrf_address_t address, uint8_t *addr)
 126          {
 127   1        switch(address)
 128   1        {
 129   2          case HAL_NRF_TX:
 130   2          case HAL_NRF_PIPE0:
 131   2          case HAL_NRF_PIPE1:
 132   2            hal_nrf_write_multibyte_reg((uint8_t) address, addr, 0);
 133   2            break;
 134   2      
 135   2          case HAL_NRF_PIPE2:
 136   2          case HAL_NRF_PIPE3:
 137   2          case HAL_NRF_PIPE4:
 138   2          case HAL_NRF_PIPE5:
 139   2            hal_nrf_write_reg(RX_ADDR_P0 + (uint8_t) address, *addr);
 140   2            break;
 141   2      
 142   2          default:
 143   2            break;
 144   2        }
 145   1      }
 146          
 147          void hal_nrf_set_auto_retr(uint8_t retr, uint16_t delay)
 148          {
 149   1        hal_nrf_write_reg(SETUP_RETR, (((delay/250)-1)<<4) | retr);
 150   1      }
 151          
 152          void hal_nrf_set_address_width(hal_nrf_address_width_t address_width)
 153          {
 154   1        hal_nrf_write_reg(SETUP_AW, (UINT8(address_width) - 2));
 155   1      }
 156          
 157          void hal_nrf_set_rx_pload_width(uint8_t pipe_num, uint8_t pload_width)
 158          {
 159   1        hal_nrf_write_reg(RX_PW_P0 + pipe_num, pload_width);
 160   1      }
 161          
 162          uint8_t hal_nrf_get_crc_mode(void)
 163          {
 164   1        return (hal_nrf_read_reg(CONFIG) & (BIT_3|BIT_2)) >> CRCO;
 165   1      }
 166          
 167          uint8_t hal_nrf_get_pipe_status(uint8_t pipe_num)
 168          {
 169   1        uint8_t en_rx, en_aa;
 170   1      
 171   1        en_rx = hal_nrf_read_reg(EN_RXADDR) & (1<<pipe_num);
 172   1        en_aa = hal_nrf_read_reg(EN_AA) & (1<<pipe_num);
 173   1      
 174   1        en_rx >>= pipe_num;
 175   1        en_aa >>= pipe_num;
 176   1      
 177   1        return (en_aa << 1) + en_rx;
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 178   1      }
 179          
 180          uint8_t hal_nrf_get_address(uint8_t address, uint8_t *addr)
 181          {
 182   1        switch(address)
 183   1        {
 184   2          case HAL_NRF_PIPE0:
 185   2          case HAL_NRF_PIPE1:
 186   2          case HAL_NRF_TX:
 187   2            return hal_nrf_read_multibyte_reg(address, addr);
 188   2      
 189   2          default:
 190   2            *addr = hal_nrf_read_reg(RX_ADDR_P0 + address);
 191   2            return hal_nrf_get_address_width();
 192   2        }
 193   1      }
 194          
 195          uint8_t hal_nrf_get_auto_retr_status(void)
 196          {
 197   1        return hal_nrf_read_reg(OBSERVE_TX);
 198   1      }
 199          
 200          uint8_t hal_nrf_get_packet_lost_ctr(void)
 201          {
 202   1        return (hal_nrf_read_reg(OBSERVE_TX) & (BIT_7|BIT_6|BIT_5|BIT_4)) >> 4;
 203   1      }
 204          
 205          uint8_t hal_nrf_get_address_width(void)
 206          {
 207   1        return (hal_nrf_read_reg(SETUP_AW) + 2);
 208   1      }
 209          
 210          uint8_t hal_nrf_get_rx_pload_width(uint8_t pipe_num)
 211          {
 212   1        return hal_nrf_read_reg(RX_PW_P0 + pipe_num);
 213   1      }
 214          
 215          void hal_nrf_set_operation_mode(hal_nrf_operation_mode_t op_mode)
 216          {
 217   1        if(op_mode == HAL_NRF_PRX)
 218   1        {
 219   2          hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PRIM_RX)));
 220   2        }
 221   1        else
 222   1        {
 223   2          hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PRIM_RX)));
 224   2        }
 225   1      }
 226          
 227          void hal_nrf_set_power_mode(hal_nrf_pwr_mode_t pwr_mode)
 228          {
 229   1        if(pwr_mode == HAL_NRF_PWR_UP)
 230   1        {
 231   2          hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) | (1<<PWR_UP)));
 232   2        }
 233   1        else
 234   1        {
 235   2          hal_nrf_write_reg(CONFIG, (hal_nrf_read_reg(CONFIG) & ~(1<<PWR_UP)));
 236   2        }
 237   1      }
 238          
 239          void hal_nrf_set_rf_channel(uint8_t channel)
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 240          {
 241   1        hal_nrf_write_reg(RF_CH, channel);
 242   1      }
 243          
 244          void hal_nrf_set_output_power(hal_nrf_output_power_t power)
 245          {
 246   1        hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~((1<<RF_PWR1)|(1<<RF_PWR0))) | (UINT8(power)<
             -<1));
 247   1      }
 248          
 249          void hal_nrf_set_datarate(hal_nrf_datarate_t datarate)
 250          {
 251   1        if(datarate == HAL_NRF_1MBPS)
 252   1        {
 253   2          hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<RF_DR)));
 254   2        }
 255   1        else
 256   1        {
 257   2          hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<RF_DR)));
 258   2        }
 259   1      }
 260          
 261          uint8_t hal_nrf_get_operation_mode(void)
 262          {
 263   1        return (hal_nrf_read_reg(CONFIG) & (1<<PRIM_RX)) >> PRIM_RX;
 264   1      }
 265          
 266          uint8_t hal_nrf_get_power_mode(void)
 267          {
 268   1        return (hal_nrf_read_reg(CONFIG) & (1<<PWR_UP)) >> PWR_UP;
 269   1      }
 270          
 271          uint8_t hal_nrf_get_rf_channel(void)
 272          {
 273   1        return hal_nrf_read_reg(RF_CH);
 274   1      }
 275          
 276          uint8_t hal_nrf_get_output_power(void)
 277          {
 278   1        return (hal_nrf_read_reg(RF_SETUP) & ((1<<RF_PWR1)|(1<<RF_PWR0))) >> RF_PWR0;
 279   1      }
 280          
 281          uint8_t hal_nrf_get_datarate(void)
 282          {
 283   1        return (hal_nrf_read_reg(RF_SETUP) & (1<<RF_DR)) >> RF_DR;
 284   1      }
 285          
 286          bool hal_nrf_rx_fifo_empty(void)
 287          {
 288   1       if(hal_nrf_get_rx_data_source()==7)
 289   1        {
 290   2          return true;
 291   2        }
 292   1        else
 293   1        {
 294   2          return false;
 295   2        }
 296   1      }
 297          
 298          bool hal_nrf_rx_fifo_full(void)
 299          {
 300   1        return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> RX_EMPTY) & 1);
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 301   1      }
 302          
 303          bool hal_nrf_tx_fifo_empty(void)
 304          {
 305   1        return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_EMPTY) & 1);
 306   1      }
 307          
 308          bool hal_nrf_tx_fifo_full(void)
 309          {
 310   1        return (bool)((hal_nrf_read_reg(FIFO_STATUS) >> TX_FIFO_FULL) & 1);
 311   1      }
 312          
 313          uint8_t hal_nrf_get_tx_fifo_status(void)
 314          {
 315   1        return ((hal_nrf_read_reg(FIFO_STATUS) & ((1<<TX_FIFO_FULL)|(1<<TX_EMPTY))) >> 4);
 316   1      }
 317          
 318          uint8_t hal_nrf_get_rx_fifo_status(void)
 319          {
 320   1        return (hal_nrf_read_reg(FIFO_STATUS) & ((1<<RX_FULL)|(1<<RX_EMPTY)));
 321   1      }
 322          
 323          uint8_t hal_nrf_get_fifo_status(void)
 324          {
 325   1        return hal_nrf_read_reg(FIFO_STATUS);
 326   1      }
 327          
 328          uint8_t hal_nrf_get_transmit_attempts(void)
 329          {
 330   1        return hal_nrf_read_reg(OBSERVE_TX) & (BIT_3|BIT_2|BIT_1|BIT_0);
 331   1      }
 332          
 333          bool hal_nrf_get_carrier_detect(void)
 334          {
 335   1        return hal_nrf_read_reg(CD) & 1;
 336   1      }
 337          
 338          void hal_nrf_write_tx_pload(uint8_t *tx_pload, uint8_t length)
 339          {
 340   1        hal_nrf_write_multibyte_reg(UINT8(HAL_NRF_TX_PLOAD), tx_pload, length);
 341   1      }
 342          
 343          void hal_nrf_setup_dyn_pl(uint8_t setup)
 344          {
 345   1        hal_nrf_write_reg(DYNPD, setup & ~0xC0); 
 346   1      }
 347          
 348          void hal_nrf_enable_dynamic_pl(void)
 349          {
 350   1        hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x04));   
 351   1      }
 352          
 353          void hal_nrf_disable_dynamic_pl(void)
 354          {
 355   1        hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x04));   
 356   1      }
 357          
 358          void hal_nrf_enable_ack_pl(void)
 359          {
 360   1        hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x02));   
 361   1      }
 362          
�C51 COMPILER V8.16   HAL_NRF_L01                                                           04/03/2009 08:18:46 PAGE 7   

 363          void hal_nrf_disable_ack_pl(void)
 364          {
 365   1        hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x02));   
 366   1      }
 367          
 368          void hal_nrf_enable_dynamic_ack(void)
 369          {
 370   1        hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) | 0x01));   
 371   1      }
 372          
 373          void hal_nrf_disable_dynamic_ack(void)
 374          {
 375   1        hal_nrf_write_reg(FEATURE, (hal_nrf_read_reg(FEATURE) & ~0x01));   
 376   1      }
 377          
 378          void hal_nrf_write_ack_pload(uint8_t pipe, uint8_t *tx_pload, uint8_t length)
 379          {
 380   1        CSN_LOW();
 381   1      
 382   1        hal_nrf_rw(WR_ACK_PLOAD | pipe);
 383   1        while(length--)
 384   1        {
 385   2          hal_nrf_rw(*tx_pload++);
 386   2        }
 387   1      
 388   1        CSN_HIGH();
 389   1      }
 390          
 391          uint8_t hal_nrf_read_rx_pl_w()
 392          {
 393   1        uint8_t temp;
 394   1        
 395   1        CSN_LOW();
 396   1      
 397   1        hal_nrf_rw(RD_RX_PLOAD_W);
 398   1        temp = hal_nrf_rw(0);
 399   1        CSN_HIGH();
 400   1      
 401   1        return temp;
 402   1      }
 403          
 404          void hal_nrf_lock_unlock()
 405          {
 406   1        CSN_LOW();
 407   1      
 408   1        hal_nrf_rw(LOCK_UNLOCK);             
 409   1        hal_nrf_rw(0x73);
 410   1      
 411   1        CSN_HIGH();
 412   1      }
 413          
 414          uint8_t hal_nrf_get_rx_data_source(void)
 415          {
 416   1        return ((hal_nrf_nop() & (BIT_3|BIT_2|BIT_1)) >> 1);
 417   1      }
 418          
 419          // Fixed: returns length==0 and pipe==7 means FIFO empty
 420          
 421          uint16_t hal_nrf_read_rx_pload(uint8_t *rx_pload)
 422          {
 423   1        return hal_nrf_read_multibyte_reg(UINT8(HAL_NRF_RX_PLOAD), rx_pload);
 424   1      }
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 425          
 426          void hal_nrf_reuse_tx(void)
 427          {
 428   1        hal_nrf_write_reg(REUSE_TX_PL, 0);
 429   1      }
 430          
 431          bool hal_nrf_get_reuse_tx_status(void)
 432          {
 433   1        return (bool)((hal_nrf_get_fifo_status() & (1<<TX_REUSE)) >> TX_REUSE);
 434   1      }
 435          
 436          void hal_nrf_flush_rx(void)
 437          {
 438   1        hal_nrf_write_reg(FLUSH_RX, 0);
 439   1      }
 440          
 441          void hal_nrf_flush_tx(void)
 442          {
 443   1        hal_nrf_write_reg(FLUSH_TX, 0);
 444   1      }
 445          
 446          uint8_t hal_nrf_nop(void)
 447          {
 448   1        return hal_nrf_write_reg(NOP,0);
 449   1      }
 450          
 451          void hal_nrf_set_pll_mode(hal_nrf_pll_mode_t pll_mode)
 452          {
 453   1        if(pll_mode == HAL_NRF_PLL_LOCK)
 454   1        {
 455   2          hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<PLL_LOCK)));
 456   2        }
 457   1        else
 458   1        {
 459   2          hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<PLL_LOCK)));
 460   2        }
 461   1      }
 462          
 463          hal_nrf_pll_mode_t hal_nrf_get_pll_mode(void)
 464          {
 465   1        return (hal_nrf_pll_mode_t)((hal_nrf_read_reg(RF_SETUP) & (1<<PLL_LOCK)) >> PLL_LOCK);
 466   1      }
 467          
 468          void hal_nrf_set_lna_gain(hal_nrf_lna_mode_t lna_gain)
 469          {
 470   1        if(lna_gain == HAL_NRF_LNA_HCURR)
 471   1        {
 472   2          hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) | (1<<LNA_HCURR)));
 473   2        }
 474   1        else
 475   1        {
 476   2          hal_nrf_write_reg(RF_SETUP, (hal_nrf_read_reg(RF_SETUP) & ~(1<<LNA_HCURR)));
 477   2        }
 478   1      }
 479          
 480          hal_nrf_lna_mode_t hal_nrf_get_lna_gain(void)
 481          {
 482   1        return (hal_nrf_lna_mode_t) ( (hal_nrf_read_reg(RF_SETUP) & (1<<LNA_HCURR)) >> LNA_HCURR );
 483   1      }
 484          
 485          uint8_t hal_nrf_read_reg(uint8_t reg)
 486          {
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 487   1      uint8_t temp;
 488   1        CSN_LOW();
 489   1        hal_nrf_rw(reg);
 490   1        temp = hal_nrf_rw(0);
 491   1        CSN_HIGH();
 492   1      
 493   1        return temp;
 494   1      }
 495          
 496          uint8_t hal_nrf_write_reg(uint8_t reg, uint8_t value)
 497          {
 498   1        uint8_t retval;
 499   1        CSN_LOW();
 500   1        if(reg < WRITE_REG)   // i.e. this is a register access
 501   1        {
 502   2          retval = hal_nrf_rw(WRITE_REG + reg);
 503   2          hal_nrf_rw(value);
 504   2        }
 505   1        else            // single byte cmd OR future command/register access
 506   1        {
 507   2          if(!(reg == FLUSH_TX) && !(reg == FLUSH_RX) && !(reg == REUSE_TX_PL) && !(reg == NOP))
 508   2          {
 509   3            retval = hal_nrf_rw(reg);
 510   3            hal_nrf_rw(value);
 511   3          }
 512   2          else          // single byte L01 command
 513   2          {
 514   3            retval = hal_nrf_rw(reg);
 515   3          }
 516   2        }
 517   1        CSN_HIGH();
 518   1      
 519   1        return retval;
 520   1      }
 521          
 522          uint16_t hal_nrf_read_multibyte_reg(uint8_t reg, uint8_t *pbuf)
 523          {
 524   1      uint8_t ctr, length;
 525   1        switch(reg)
 526   1        {
 527   2          case HAL_NRF_PIPE0:
 528   2          case HAL_NRF_PIPE1:
 529   2          case HAL_NRF_TX:
 530   2            length = ctr = hal_nrf_get_address_width();
 531   2            CSN_LOW();
 532   2            hal_nrf_rw(RX_ADDR_P0 + reg);
 533   2            break;
 534   2            
 535   2          case HAL_NRF_RX_PLOAD:
 536   2            if( (reg = hal_nrf_get_rx_data_source()) < 7)
 537   2            {
 538   3              length = ctr = hal_nrf_read_rx_pl_w();
 539   3      
 540   3              CSN_LOW();
 541   3              hal_nrf_rw(RD_RX_PLOAD);
 542   3            }
 543   2            else
 544   2            {
 545   3             ctr = length = 0;
 546   3            }
 547   2            break;
 548   2      
�C51 COMPILER V8.16   HAL_NRF_L01                                                           04/03/2009 08:18:46 PAGE 10  

 549   2          default:
 550   2            ctr = length = 0;
 551   2            break;
 552   2        }
 553   1      
 554   1        while(ctr--)
 555   1        {
 556   2          *pbuf++ = hal_nrf_rw(0);
 557   2        }
 558   1      
 559   1        CSN_HIGH();
 560   1      
 561   1        return (((uint16_t) reg << 8) | length);
 562   1      }
 563          
 564          void hal_nrf_write_multibyte_reg(uint8_t reg, uint8_t *pbuf, uint8_t length)
 565          {
 566   1        switch(reg)
 567   1        {
 568   2          case HAL_NRF_PIPE0:
 569   2          case HAL_NRF_PIPE1:
 570   2          case HAL_NRF_TX:
 571   2            length = hal_nrf_get_address_width();
 572   2            CSN_LOW();
 573   2            hal_nrf_rw(WRITE_REG + RX_ADDR_P0 + reg);
 574   2            break;
 575   2            
 576   2          case HAL_NRF_TX_PLOAD:
 577   2            CSN_LOW();
 578   2            hal_nrf_rw(WR_TX_PLOAD);
 579   2            break;      
 580   2          default:
 581   2            break;
 582   2        }
 583   1      
 584   1        while(length--)
 585   1        {
 586   2          hal_nrf_rw(*pbuf++);
 587   2        }
 588   1      
 589   1        CSN_HIGH();
 590   1      }


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =   1460    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =   ----    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =   ----      36
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)
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C51 COMPILER V8.16, COMPILATION OF MODULE MAIN
OBJECT MODULE PLACED IN .\obj\main.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE main.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\arch\hal\include;
                    -..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\main.lst) OBJECT(.\
                    -obj\main.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2477 $
  12           */ 
  13          
  14          /**
  15           * @file
  16           * @ingroup Main
  17           * This file contain the main initialisation and allows users to make their 
  18           * choices of operational mode. Implements a state machine through the enum 
  19           * @c state, the @c state_machine array, and the get_next_state() function.
  20           *
  21           * To choose between the differnt modes, after startup press:
  22           * - B1 for PTX mode
  23           *   - B1 for ShockBurst in PTX mode. Indicate with @b LED1 on
  24           *   - B2 for Enhanced ShockBurst in PTX mode. Indicate with @b LED2 on
  25           *   - B3 for Enhanced ShockBurst with Bidirectional data in PTX mode. Indicate with @b LED1 and @b LED2 o
             -n
  26           * - B2 for PRX mode
  27           *   - B1 for ShockBurst in PRX mode. Indicate with @b LED1 and @b LED3 on
  28           *   - B2 for Enhanced ShockBurst in PRX mode. Indicate with @b LED2 and @b LED3 on
  29           *   - B3 for Enhanced ShockBurst with Bidirectional data in PRX mode. Indicate with @b LED1, @b LED2 and 
             -@b LED3 on
  30           *
  31           * @author Per Kristian Schanke 
  32           */
  33          
  34          #include <stdint.h>
  35          #include <stdbool.h>
  36          
  37          #include "hal_nrf.h"
  38          #include "target_includes.h"
  39          
  40          /** Contain the common radio functions, implemented in radio.c */
  41          #include "radio.h"                
  42          /** Contain the specific radio functions for a radio in ShockBurst, 
  43           * implemented in sb/radio_sb.c */
  44          #include "sb/radio_sb.h"          
  45          /** Contain the specific radio functions for a radio in Enhanced ShockBurst, 
  46           * implemented in esb/radio_esb.c */
  47          #include "esb/radio_esb.h"        
  48          /** Contain the specific radio functions for a radio in Enhanced ShockBurst 
  49           * with Bidirectional data, implemented in pl/radio_pl.c */
  50          #include "pl/radio_pl.h"          
  51          /** Contain the application functions for a radio in ShockBurst, 
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  52           * implemented in sb/application_sb.c */
  53          #include "sb/application_sb.h"    
  54          /** Contain the application functions for a radio in Enhanced ShockBurst, 
  55           * implemented in esb/application_esb.c */
  56          #include "esb/application_esb.h"  
  57          /** Contain the application functions for a radio in Enhanced ShockBurst 
  58           * with Bidirectional data, implemented in pl/application_pl.c */
  59          #include "pl/application_pl.h"    
  60          /** Contain the functions for delays, system functions and some timers, 
  61           * implemented in system.c */
  62          #include "system.h"               
  63          
  64          /**
  65           * The possible states of the system.
  66           */
  67          typedef enum {
  68            DEVICE_IDLE = 0, /**< The device is idle */
  69            DEVICE_PRX_IDLE, /**< The device will operate in @b PRX mode */
  70            DEVICE_PTX_IDLE, /**< The device will operate in @b PTX mode */
  71            DEVICE_PRX_SB,   /**< The device will operate in @b PRX mode with ShockBurst functionailty */
  72            DEVICE_PRX_ESB,  /**< The device will operate in @b PRX mode with Enhanced ShockBurst functionailty */
  73            DEVICE_PRX_PL,   /**< The device will operate in @b PRX mode with Enhanced ShockBurst functionailty with
             - Bidirectional data */
  74            DEVICE_PTX_SB,   /**< The device will operate in @b PTX mode with ShockBurst functionailty */
  75            DEVICE_PTX_ESB,  /**< The device will operate in @b PTX mode with Enhanced ShockBurst functionailty */
  76            DEVICE_PTX_PL,   /**< The device will operate in @b PTX mode with Enhanced ShockBurst functionailty with
             - Bidirectional data */
  77            NO_CHANGE        /**< No state change */
  78          } state_t;
  79          
  80          /**
  81           * The state transistion table. Indicates which state the statemachine
  82           * should jump to as next state. 
  83           *
  84           * Example on use:@code
  85            next_state = state_machine[current_state][button_pressed];
  86            if (next_state == NO_CHANGE)
  87               next_state = current_state;
  88           @endcode
  89           */
  90          static const state_t state_machine[][3] = 
  91          // B1               B2               B3                 CURRENT STATE
  92          { {DEVICE_PTX_IDLE, DEVICE_PRX_IDLE, NO_CHANGE},      /**< DEVICE_IDLE */
  93            {DEVICE_PRX_SB,   DEVICE_PRX_ESB,  DEVICE_PRX_PL},  /**< DEVICE_PRX_IDLE */
  94            {DEVICE_PTX_SB,   DEVICE_PTX_ESB,  DEVICE_PTX_PL},  /**< DEVICE_PTX_IDLE */
  95            {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PRX_SB */
  96            {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PRX_ESB */
  97            {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PRX_PL */
  98            {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PTX_SB */
  99            {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PTX_ESB */
 100            {NO_CHANGE,       NO_CHANGE,       NO_CHANGE}       /**< DEVICE_PTX_PL */
 101          };
 102          
 103          /** LED should be on */
 104          #define ON  1
 105          /** LED should be off */
 106          #define OFF 0
 107          /** Function should loop for 0 seconds */
 108          #define SEK_0  0
 109          /** Function should loop for aprox 1 seconds */
 110          #define SEK_1 10
 111          /** Function should loop for aprox 2 seconds */
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 112          #define SEK_2 20
 113          /** Function should loop for aprox 3 seconds */
 114          #define SEK_3 30
 115          
 116          /** Defines the leds that should be turned on by the show_status() function
 117           * and how long the light should be on. Column 1 is LED1 ON/OFF, column 2
 118           * is LED2 ON/OFF, column 3 is LED3 ON/OFF, 
 119           * column 4 indicates wheter all light should be turned off (OFF) or if the
 120           * pattern already lit up should stay on (ON), column 5 is the time the lights
 121           * should stay in a locking loop (rounds of 100ms). 
 122           */ 
 123          static const uint8_t show_state[][5] = 
 124          //LED1, LED2, LED3, ALL off after?, Time, 
 125          {{ON ,  ON ,  ON ,  ON,             SEK_0},  /**< DEVICE_IDLE */
 126           {OFF,  OFF,  ON ,  ON,             SEK_0},  /**< DEVICE_PRX_IDLE */
 127           {OFF,  OFF,  OFF,  ON,             SEK_0},  /**< DEVICE_PTX_IDLE */
 128           {ON ,  OFF,  ON ,  OFF,            SEK_3},  /**< DEVICE_PRX_SB */
 129           {OFF,  ON ,  ON ,  OFF,            SEK_3},  /**< DEVICE_PRX_ESB */
 130           {ON ,  ON ,  ON ,  OFF,            SEK_3},  /**< DEVICE_PRX_PL */
 131           {ON ,  OFF,  OFF,  OFF,            SEK_3},  /**< DEVICE_PTX_SB */
 132           {OFF,  ON ,  OFF,  OFF,            SEK_3},  /**< DEVICE_PTX_ESB */
 133           {ON ,  ON ,  OFF,  OFF,            SEK_3},  /**< DEVICE_PTX_PL */
 134          };
 135          
 136          /** The address of the radio. Parameter to the radio init */
 137          static code const uint8_t address[HAL_NRF_AW_5BYTES] = {0x22,0x33,0x44,0x55,0x01};
 138          
 139          /** Implementation of the state transition. Changes state based on the
 140           * current state and the value of a pressed button. Waits til button is released
 141           * before it returns.
 142           *
 143           * @param current_state The current state of the statemachine
 144           * @return The next state. Returns @b current_state if state_machine 
 145           * indicated @c NO_CHANGE
 146           */
 147          static state_t get_next_state(state_t current_state);
 148          
 149          /** Function that runs in a loop until all buttons are released.
 150           */
 151          static void wait_for_button_release(void);
 152          
 153          /** Shows the state the state_machine is in.
 154           */
 155          static void show_status(state_t operation);
 156          
 157          /** Function that initialises everything. Calls @b system_init () which is
 158           * hardware dependant, and @b device_boot_msg () from @b system.c.
 159           * It implementes a simple statemachine to handle the input from the user on 
 160           * the evaluation board. With two clicks, the user can choose between 
 161           * primary transmitter mode (PTX) and primary reciever mode (PRX), and between
 162           * the functionality levels ShockBurst (sb), Enchanced ShockBurst, 
 163           * and Enhanced ShockBurst with Bidirectional data (pl).
 164           */  
 165          void main(void) 
 166          {
 167   1        state_t current_state = DEVICE_IDLE;
 168   1      
 169   1        system_init();                  //Hardware dependant system initialisation
 170   1        device_boot_msg();              //Flashes LED's in a simple pattern
 171   1      
 172   1        GLOBAL_INT_ENABLE();            //Ensure that all interupts are turned on
 173   1      
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 174   1        LED_ALL_OFF();                  //Turn off all lights
 175   1       
 176   1        wait_for_button_release ();     //Ensure that all buttons are released
 177   1      
 178   1        //Implemenation of a simple state machine. 
 179   1        while (true)
 180   1        {
 181   2          current_state = get_next_state (current_state);// Go to next state 
 182   2          wait_for_button_release ();                    // Ensure that all 
 183   2                                                         // buttons are released
 184   2          show_status (current_state);
 185   2          
 186   2          switch (current_state)
 187   2          {
 188   3            case DEVICE_IDLE:                       // No operation chosen yet
 189   3              break;
 190   3      
 191   3            case DEVICE_PRX_IDLE:                   // In PRX mode, but still lack 
 192   3              break;                                // functionality
 193   3      
 194   3            case DEVICE_PTX_IDLE:                   // In PTX mode, but still lack 
 195   3              break;                                // functionality
 196   3      
 197   3            case DEVICE_PRX_SB:                     // Start as PRX in ShockBurst 
 198   3              radio_sb_init (address, HAL_NRF_PRX);
 199   3              device_prx_mode_sb ();
 200   3              break;
 201   3      
 202   3            case DEVICE_PRX_ESB:                    // Start as PRX in Enhanced 
 203   3              radio_esb_init (address, HAL_NRF_PRX);// ShockBurst
 204   3              device_prx_mode_esb ();
 205   3              break;
 206   3      
 207   3            case DEVICE_PRX_PL:                     //Start as PRX in Enhanced 
 208   3              radio_pl_init (address, HAL_NRF_PRX); //ShockBurst with ACK payload
 209   3              device_prx_mode_pl ();
 210   3              break;
 211   3      
 212   3            case DEVICE_PTX_SB:                     //Start as PTX in ShockBurst
 213   3              radio_sb_init (address, HAL_NRF_PTX);
 214   3              device_ptx_mode_sb ();
 215   3              break;
 216   3      
 217   3            case DEVICE_PTX_ESB:                    //Start as PTX in Enhanced 
 218   3              radio_esb_init (address, HAL_NRF_PTX);//ShockBurst
 219   3              device_ptx_mode_esb ();
 220   3              break;
 221   3      
 222   3            case DEVICE_PTX_PL:                     // Start as PTX in Enhanced 
 223   3              radio_pl_init (address, HAL_NRF_PTX); // ShockBurst with ACK payload
 224   3              device_ptx_mode_pl ();
 225   3              break;
 226   3      
 227   3            default:                                // If in an illegal state, set to
 228   3              current_state = DEVICE_IDLE;       // default state (DEVICE_IDLE)
 229   3              break;
 230   3          }
 231   2        }
 232   1      }
 233          
 234          static state_t get_next_state (state_t current_state)
 235          {
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 236   1        state_t next_state = NO_CHANGE;
 237   1      
 238   1        if (B1_PRESSED())                  // Swap state according to state_machine 
 239   1        {                                  // array with button input and 
 240   2                                           // current_state as input
 241   2           next_state = state_machine[current_state][0];
 242   2        }
 243   1        else if (B2_PRESSED())
 244   1        {
 245   2           next_state = state_machine[current_state][1];
 246   2        }
 247   1        else if (B3_PRESSED())
 248   1        {
 249   2           next_state = state_machine[current_state][2];
 250   2        }
 251   1      
 252   1        if (next_state == NO_CHANGE)      // If no statechange should occur, return 
 253   1        {                                 // previous state
 254   2          next_state = current_state;
 255   2        }
 256   1        else                              // As it takes some time for the button to
 257   1        {                                 // stabalise as pressed, give it a short 
 258   2          delay_10ms();                   // delay to stabalise
 259   2        }
 260   1      
 261   1        return next_state;
 262   1      }
 263          
 264          static void wait_for_button_release (void)
 265          {
 266   1        while (B1_PRESSED() || B2_PRESSED() || B3_PRESSED())  // Wait until all 
 267   1          ;                                                   // buttons are released
 268   1        delay_10ms();                                         // Delay to stabalise
 269   1      }
 270          
 271          static void show_status (state_t operation)
 272          {
 273   1        uint16_t time;
 274   1        LED_ALL_OFF();
 275   1      
 276   1        if (show_state[operation][0] == ON)
 277   1        {
 278   2          LED1_ON();
 279   2        }
 280   1        if (show_state[operation][1] == ON)
 281   1        {
 282   2          LED2_ON();
 283   2        } 
 284   1        if (show_state[operation][2] == ON)
 285   1        {
 286   2          LED3_ON();
 287   2        } 
 288   1      
 289   1        // If there is to be a delay where LED's are shown, but no input is
 290   1        // accepted, delay for the period indicated in show_state[operation][4]
 291   1        if (show_state[operation][4] > 0)
 292   1        {
 293   2          time = (uint16_t)(show_state[operation][4] * 100);
 294   2          start_timer(time);
 295   2          wait_for_timer();
 296   2        }
 297   1      
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 298   1        // If the radio goes into an operational mode, all LED's should be turned off
 299   1        // before entering that mode
 300   1        if (show_state[operation][3] == OFF)
 301   1        {
 302   2          LED_ALL_OFF();
 303   2        } 
 304   1      }


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =    331    ----
   CONSTANT SIZE    =      5    ----
   XDATA SIZE       =   ----    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =     72       3
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/mcu.lst
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C51 COMPILER V8.16, COMPILATION OF MODULE MCU
OBJECT MODULE PLACED IN .\obj\mcu.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE lu1_bfb\mcu.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\arch\hal\i
                    -nclude;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\mcu.lst) OBJ
                    -ECT(.\obj\mcu.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2093 $
  12           */ 
  13          
  14           /** @file
  15           * @ingroup LU1
  16           * Implementation of nRF24LU1 hardware functions. This file implements the
  17           * system_init() function, that sets up hardware such as internal clocks,
  18           * timers, and IO ports.
  19           *
  20           * @author Per Kristian Schanke
  21           */
  22          
  23          #include "hal_nrf.h"
  24          #include "radio.h"
  25          #include "system.h"
  26          
  27          void port_init(uint8_t alt, uint8_t dir, uint8_t value);
  28          
  29          /** Function that initialises the spi bus to the radio. */
  30          void nrf_spi_init(void);
  31          
  32          void system_init(void)
  33          {
  34   1        port_init(0x00, 0x38, 0x00);      // P0[2..0] outputs LED1,2,3
  35   1      
  36   1        USBSLP = 0x01;                    // shut down USB part...save pwr
  37   1      
  38   1        delay_10ms();
  39   1        WUIRQ = 1;                        // wakeup int enabled
  40   1        EA = 1;                           // global interrupt enable
  41   1        nrf_spi_init();
  42   1      }
  43          
  44          void port_init(uint8_t alt, uint8_t dir, uint8_t value)
  45          {
  46   1        P0ALT = alt;
  47   1        P0DIR = dir;
  48   1        P0    = value;  
  49   1      }
  50          
  51          void nrf_spi_init(void)
  52          {
  53   1        RFCKEN = 1;        // enable L01 clock
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  54   1        RFCTL = 0x10;      // L01 SPI speed = max (CK/2) & SPI enable
  55   1      }


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =     34    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =   ----    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =   ----    ----
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/nRF24LU1.m51
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BL51 BANKED LINKER/LOCATER V6.15, INVOKED BY:
C:\KEIL\C51\BIN\BL51.EXE .\obj\main.obj, .\obj\radio.obj, .\obj\system.obj, .\obj\mcu.obj, .\obj\hal_nrf_l01.obj, .\obj\
>> hal_nrf_hw.obj, .\obj\radio_sb.obj, .\obj\application_sb.obj, .\obj\radio_esb.obj, .\obj\application_esb.obj, .\obj\r
>> adio_pl.obj, .\obj\application_pl.obj TO .\obj\nRF24LU1 PRINT (.\lst\nRF24LU1.m51) RAMSIZE (256) DISABLEWARNING (15, 
>> 16) XDATA (0X8000-0X87FF)


MEMORY MODEL: SMALL


INPUT MODULES INCLUDED:
  .\obj\main.obj (MAIN)
  .\obj\radio.obj (RADIO)
  .\obj\system.obj (SYSTEM)
  .\obj\mcu.obj (MCU)
  .\obj\hal_nrf_l01.obj (HAL_NRF_L01)
  .\obj\hal_nrf_hw.obj (HAL_NRF_HW)
  .\obj\radio_sb.obj (RADIO_SB)
  .\obj\application_sb.obj (APPLICATION_SB)
  .\obj\radio_esb.obj (RADIO_ESB)
  .\obj\application_esb.obj (APPLICATION_ESB)
  .\obj\radio_pl.obj (RADIO_PL)
  .\obj\application_pl.obj (APPLICATION_PL)
  C:\KEIL\C51\LIB\C51S.LIB (?C_STARTUP)
  C:\KEIL\C51\LIB\C51S.LIB (?C?CLDPTR)
  C:\KEIL\C51\LIB\C51S.LIB (?C?CSTPTR)
  C:\KEIL\C51\LIB\C51S.LIB (?C?IMUL)
  C:\KEIL\C51\LIB\C51S.LIB (?C?UIDIV)
  C:\KEIL\C51\LIB\C51S.LIB (?C_INIT)


LINK MAP OF MODULE:  .\obj\nRF24LU1 (MAIN)


            TYPE    BASE      LENGTH    RELOCATION   SEGMENT NAME
            -----------------------------------------------------

            * * * * * * *   D A T A   M E M O R Y   * * * * * * *
            REG     0000H     0008H     ABSOLUTE     "REG BANK 0"
            DATA    0008H     0048H     UNIT         ?DT?MAIN
            DATA    0050H     000EH     UNIT         _DATA_GROUP_
            DATA    005EH     0004H     UNIT         ?DT?_HAL_NRF_GET_ADDRESS?HAL_NRF_L01
            DATA    0062H     0002H     UNIT         ?DT?SYSTEM
            DATA    0064H     0002H     UNIT         ?DT?_HAL_NRF_GET_PIPE_STATUS?HAL_NRF_L01
            DATA    0066H     0001H     UNIT         ?DT?RADIO
            DATA    0067H     0001H     UNIT         ?DT?_HAL_NRF_SET_IRQ_MODE?HAL_NRF_L01
            DATA    0068H     0001H     UNIT         ?DT?_HAL_NRF_GET_IRQ_MODE?HAL_NRF_L01
            DATA    0069H     0001H     UNIT         ?DT?_HAL_NRF_SET_OUTPUT_POWER?HAL_NRF_L01
            IDATA   006AH     0001H     UNIT         ?STACK

            * * * * * * *  X D A T A   M E M O R Y  * * * * * * *
                    0000H     8000H                  *** GAP ***
            XDATA   8000H     000AH     UNIT         ?XD?RADIO
            XDATA   800AH     000AH     UNIT         ?XD?APPLICATION_SB
            XDATA   8014H     000AH     UNIT         ?XD?APPLICATION_ESB
            XDATA   801EH     000AH     UNIT         ?XD?APPLICATION_PL

            * * * * * * *   C O D E   M E M O R Y   * * * * * * *
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            CODE    0000H     0003H     ABSOLUTE     
            CODE    0003H     0008H     UNIT         ?PR?HAL_NRF_GET_IRQ_FLAGS?HAL_NRF_L01
            CODE    000BH     0003H     ABSOLUTE     
            CODE    000EH     009FH     UNIT         ?PR?MAIN?MAIN
            CODE    00ADH     0092H     UNIT         ?C?LIB_CODE
            CODE    013FH     008DH     UNIT         ?PR?_RADIO_PL_INIT?RADIO_PL
            CODE    01CCH     008CH     UNIT         ?C_C51STARTUP
            CODE    0258H     0075H     UNIT         ?PR?DEVICE_PRX_MODE_PL?APPLICATION_PL
            CODE    02CDH     0072H     UNIT         ?PR?_HAL_NRF_READ_MULTIBYTE_REG?HAL_NRF_L01
            CODE    033FH     006CH     UNIT         ?PR?_RADIO_ESB_INIT?RADIO_ESB
            CODE    03ABH     006BH     UNIT         ?PR?_HAL_NRF_OPEN_PIPE?HAL_NRF_L01
            CODE    0416H     006BH     UNIT         ?PR?_RADIO_SB_INIT?RADIO_SB
            CODE    0481H     005AH     UNIT         ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01
            CODE    04DBH     0057H     UNIT         ?PR?DEVICE_PTX_MODE_PL?APPLICATION_PL
            CODE    0532H     0056H     UNIT         ?PR?DEVICE_BOOT_MSG?SYSTEM
            CODE    0588H     0053H     UNIT         ?PR?_SHOW_STATUS?MAIN
            CODE    05DBH     004FH     UNIT         ?PR?_START_TIMER?SYSTEM
            CODE    062AH     004EH     UNIT         ?C_INITSEG
            CODE    0678H     004EH     UNIT         ?PR?RADIO_IRQ?RADIO
            CODE    06C6H     004CH     UNIT         ?PR?_HAL_NRF_WRITE_MULTIBYTE_REG?HAL_NRF_L01
            CODE    0712H     004AH     UNIT         ?PR?_HAL_NRF_CLOSE_PIPE?HAL_NRF_L01
            CODE    075CH     004AH     UNIT         ?PR?DEVICE_PTX_MODE_ESB?APPLICATION_ESB
            CODE    07A6H     0049H     UNIT         ?PR?_HAL_NRF_GET_PIPE_STATUS?HAL_NRF_L01
            CODE    07EFH     0038H     UNIT         ?PR?_GET_NEXT_STATE?MAIN
            CODE    0827H     0038H     UNIT         ?PR?_HAL_NRF_SET_ADDRESS?HAL_NRF_L01
            CODE    085FH     0037H     UNIT         ?PR?DEVICE_PRX_MODE_SB?APPLICATION_SB
            CODE    0896H     0037H     UNIT         ?PR?DEVICE_PRX_MODE_ESB?APPLICATION_ESB
            CODE    08CDH     0036H     UNIT         ?PR?_HAL_NRF_GET_ADDRESS?HAL_NRF_L01
            CODE    0903H     0030H     UNIT         ?PR?_HAL_NRF_SET_IRQ_MODE?HAL_NRF_L01
            CODE    0933H     002EH     UNIT         ?PR?_HAL_NRF_WRITE_ACK_PLOAD?HAL_NRF_L01
            CODE    0961H     002CH     UNIT         ?PR?DEVICE_PTX_MODE_SB?APPLICATION_SB
            CODE    098DH     0027H     UNIT         ?PR?WAIT_FOR_TIMER?SYSTEM
            CODE    09B4H     0025H     UNIT         ?PR?T0_OV_INTERRUPT?SYSTEM
            CODE    09D9H     0020H     UNIT         ?PR?TIMER_DONE?SYSTEM
            CODE    09F9H     001DH     UNIT         ?PR?_HAL_NRF_GET_IRQ_MODE?HAL_NRF_L01
            CODE    0A16H     001CH     UNIT         ?PR?_HAL_NRF_SET_OPERATION_MODE?HAL_NRF_L01
            CODE    0A32H     001CH     UNIT         ?PR?_HAL_NRF_SET_POWER_MODE?HAL_NRF_L01
            CODE    0A4EH     001CH     UNIT         ?PR?_HAL_NRF_SET_PLL_MODE?HAL_NRF_L01
            CODE    0A6AH     001CH     UNIT         ?PR?_HAL_NRF_SET_LNA_GAIN?HAL_NRF_L01
            CODE    0A86H     001AH     UNIT         ?PR?_HAL_NRF_SET_DATARATE?HAL_NRF_L01
            CODE    0AA0H     0019H     UNIT         ?PR?_HAL_NRF_SET_AUTO_RETR?HAL_NRF_L01
            CODE    0AB9H     0018H     UNIT         ?PR?_HAL_NRF_SET_CRC_MODE?HAL_NRF_L01
            CODE    0AD1H     0016H     UNIT         ?PR?_RADIO_SEND_PACKET?RADIO
            CODE    0AE7H     0016H     UNIT         ?PR?_HAL_NRF_SET_OUTPUT_POWER?HAL_NRF_L01
            CODE    0AFDH     0015H     UNIT         ?PR?MAIN
            CODE    0B12H     0015H     UNIT         ?PR?SYSTEM_INIT?MCU
            CODE    0B27H     0014H     UNIT         ?PR?_RUN_TIMER?SYSTEM
            CODE    0B3BH     0011H     UNIT         ?PR?_HAL_NRF_CLEAR_IRQ_FLAG?HAL_NRF_L01
            CODE    0B4CH     000FH     UNIT         ?PR?HAL_NRF_GET_DATARATE?HAL_NRF_L01
            CODE    0B5BH     000FH     UNIT         ?PR?HAL_NRF_READ_RX_PL_W?HAL_NRF_L01
            CODE    0B6AH     000FH     UNIT         ?PR?HAL_NRF_LOCK_UNLOCK?HAL_NRF_L01
            CODE    0B79H     000EH     UNIT         ?PR?HAL_NRF_GET_CRC_MODE?HAL_NRF_L01
            CODE    0B87H     000EH     UNIT         ?PR?HAL_NRF_ENABLE_DYNAMIC_PL?HAL_NRF_L01
            CODE    0B95H     000EH     UNIT         ?PR?HAL_NRF_DISABLE_DYNAMIC_PL?HAL_NRF_L01
            CODE    0BA3H     000EH     UNIT         ?PR?HAL_NRF_ENABLE_ACK_PL?HAL_NRF_L01
            CODE    0BB1H     000EH     UNIT         ?PR?HAL_NRF_DISABLE_ACK_PL?HAL_NRF_L01
            CODE    0BBFH     000EH     UNIT         ?PR?HAL_NRF_ENABLE_DYNAMIC_ACK?HAL_NRF_L01
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            CODE    0BCDH     000EH     UNIT         ?PR?HAL_NRF_DISABLE_DYNAMIC_ACK?HAL_NRF_L01
            CODE    0BDBH     000DH     UNIT         ?PR?_RADIO_GET_PLOAD_BYTE?RADIO
            CODE    0BE8H     000DH     UNIT         ?PR?HAL_NRF_GET_PACKET_LOST_CTR?HAL_NRF_L01
            CODE    0BF5H     000DH     UNIT         ?PR?HAL_NRF_GET_TX_FIFO_STATUS?HAL_NRF_L01
            CODE    0C02H     000DH     UNIT         ?PR?HAL_NRF_GET_REUSE_TX_STATUS?HAL_NRF_L01
            CODE    0C0FH     000DH     UNIT         ?PR?HAL_NRF_GET_PLL_MODE?HAL_NRF_L01
            CODE    0C1CH     000DH     UNIT         ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01
            CODE    0C29H     000CH     UNIT         ?PR?WAIT_FOR_BUTTON_RELEASE?MAIN
            CODE    0C35H     000CH     UNIT         ?PR?HAL_NRF_GET_CLEAR_IRQ_FLAGS?HAL_NRF_L01
            CODE    0C41H     000CH     UNIT         ?PR?HAL_NRF_GET_POWER_MODE?HAL_NRF_L01
            CODE    0C4DH     000CH     UNIT         ?PR?HAL_NRF_GET_OUTPUT_POWER?HAL_NRF_L01
            CODE    0C59H     000CH     UNIT         ?PR?HAL_NRF_RX_FIFO_EMPTY?HAL_NRF_L01
            CODE    0C65H     000CH     UNIT         ?PR?HAL_NRF_TX_FIFO_FULL?HAL_NRF_L01
            CODE    0C71H     000BH     UNIT         ?PR?HAL_NRF_TX_FIFO_EMPTY?HAL_NRF_L01
            CODE    0C7CH     000AH     UNIT         ?PR?DELAY_10MS?SYSTEM
            CODE    0C86H     000AH     UNIT         ?PR?DELAY_100MS?SYSTEM
            CODE    0C90H     000AH     UNIT         ?PR?HAL_NRF_GET_ADDRESS_WIDTH?HAL_NRF_L01
            CODE    0C9AH     000AH     UNIT         ?PR?HAL_NRF_GET_OPERATION_MODE?HAL_NRF_L01
            CODE    0CA4H     000AH     UNIT         ?PR?HAL_NRF_RX_FIFO_FULL?HAL_NRF_L01
            CODE    0CAEH     000AH     UNIT         ?PR?HAL_NRF_GET_RX_FIFO_STATUS?HAL_NRF_L01
            CODE    0CB8H     000AH     UNIT         ?PR?HAL_NRF_GET_TRANSMIT_ATTEMPTS?HAL_NRF_L01
            CODE    0CC2H     000AH     UNIT         ?PR?HAL_NRF_GET_CARRIER_DETECT?HAL_NRF_L01
            CODE    0CCCH     000AH     UNIT         ?PR?HAL_NRF_GET_RX_DATA_SOURCE?HAL_NRF_L01
            CODE    0CD6H     000AH     UNIT         ?PR?HAL_NRF_GET_LNA_GAIN?HAL_NRF_L01
            CODE    0CE0H     000AH     UNIT         ?PR?_HAL_NRF_RW?HAL_NRF_HW
            CODE    0CEAH     0009H     UNIT         ?PR?SYSTEM
            CODE    0CF3H     0009H     UNIT         ?PR?_HAL_NRF_SET_ADDRESS_WIDTH?HAL_NRF_L01
            CODE    0CFCH     0009H     UNIT         ?PR?_HAL_NRF_SETUP_DYN_PL?HAL_NRF_L01
            CODE    0D05H     0009H     UNIT         ?PR?APPLICATION_PL
            CODE    0D0EH     0008H     UNIT         ?PR?_HAL_NRF_GET_RX_PLOAD_WIDTH?HAL_NRF_L01
            CODE    0D16H     0008H     UNIT         ?PR?HAL_NRF_NOP?HAL_NRF_L01
            CODE    0D1EH     0007H     UNIT         ?PR?_PORT_INIT?MCU
            CODE    0D25H     0007H     UNIT         ?PR?_HAL_NRF_SET_RX_PLOAD_WIDTH?HAL_NRF_L01
            CODE    0D2CH     0007H     UNIT         ?PR?_HAL_NRF_SET_RF_CHANNEL?HAL_NRF_L01
            CODE    0D33H     0007H     UNIT         ?PR?_HAL_NRF_WRITE_TX_PLOAD?HAL_NRF_L01
            CODE    0D3AH     0007H     UNIT         ?PR?HAL_NRF_REUSE_TX?HAL_NRF_L01
            CODE    0D41H     0007H     UNIT         ?PR?HAL_NRF_FLUSH_RX?HAL_NRF_L01
            CODE    0D48H     0007H     UNIT         ?PR?HAL_NRF_FLUSH_TX?HAL_NRF_L01
            CODE    0D4FH     0006H     UNIT         ?PR?NRF_SPI_INIT?MCU
            CODE    0D55H     0006H     UNIT         ?PR?HAL_NRF_GET_AUTO_RETR_STATUS?HAL_NRF_L01
            CODE    0D5BH     0006H     UNIT         ?PR?HAL_NRF_GET_RF_CHANNEL?HAL_NRF_L01
            CODE    0D61H     0006H     UNIT         ?PR?HAL_NRF_GET_FIFO_STATUS?HAL_NRF_L01
            CODE    0D67H     0006H     UNIT         ?PR?_HAL_NRF_READ_RX_PLOAD?HAL_NRF_L01
            CODE    0D6DH     0005H     UNIT         ?CO?MAIN
            CODE    0D72H     0003H     UNIT         ?PR?RADIO_GET_STATUS?RADIO
            CODE    0D75H     0003H     UNIT         ?PR?_RADIO_SET_STATUS?RADIO



OVERLAY MAP OF MODULE:   .\obj\nRF24LU1 (MAIN)


SEGMENT                                            DATA_GROUP 
  +--> CALLED SEGMENT                            START    LENGTH
----------------------------------------------------------------
?C_C51STARTUP                                    -----    -----
  +--> ?PR?MAIN?MAIN
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  +--> ?C_INITSEG

?PR?MAIN?MAIN                                    0050H    0001H
  +--> ?PR?SYSTEM_INIT?MCU
  +--> ?PR?DEVICE_BOOT_MSG?SYSTEM
  +--> ?PR?MAIN
  +--> ?PR?WAIT_FOR_BUTTON_RELEASE?MAIN
  +--> ?PR?_GET_NEXT_STATE?MAIN
  +--> ?PR?_SHOW_STATUS?MAIN
  +--> ?PR?_RADIO_SB_INIT?RADIO_SB
  +--> ?PR?DEVICE_PRX_MODE_SB?APPLICATION_SB
  +--> ?PR?_RADIO_ESB_INIT?RADIO_ESB
  +--> ?PR?DEVICE_PRX_MODE_ESB?APPLICATION_ESB
  +--> ?PR?_RADIO_PL_INIT?RADIO_PL
  +--> ?PR?DEVICE_PRX_MODE_PL?APPLICATION_PL
  +--> ?PR?DEVICE_PTX_MODE_SB?APPLICATION_SB
  +--> ?PR?DEVICE_PTX_MODE_ESB?APPLICATION_ESB
  +--> ?PR?DEVICE_PTX_MODE_PL?APPLICATION_PL

?PR?SYSTEM_INIT?MCU                              -----    -----
  +--> ?PR?_PORT_INIT?MCU
  +--> ?PR?DELAY_10MS?SYSTEM
  +--> ?PR?NRF_SPI_INIT?MCU

?PR?DELAY_10MS?SYSTEM                            -----    -----
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?WAIT_FOR_TIMER?SYSTEM

?PR?_START_TIMER?SYSTEM                          0055H    0002H
  +--> ?PR?_RUN_TIMER?SYSTEM

?PR?WAIT_FOR_TIMER?SYSTEM                        -----    -----
  +--> ?PR?_RUN_TIMER?SYSTEM

?PR?DEVICE_BOOT_MSG?SYSTEM                       0051H    0001H
  +--> ?PR?SYSTEM
  +--> ?PR?DELAY_10MS?SYSTEM

?PR?MAIN                                         -----    -----
  +--> ?CO?MAIN

?PR?WAIT_FOR_BUTTON_RELEASE?MAIN                 -----    -----
  +--> ?PR?DELAY_10MS?SYSTEM

?PR?_GET_NEXT_STATE?MAIN                         0051H    0001H
  +--> ?PR?DELAY_10MS?SYSTEM

?PR?_SHOW_STATUS?MAIN                            0051H    0001H
  +--> ?PR?MAIN
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?WAIT_FOR_TIMER?SYSTEM

?PR?_RADIO_SB_INIT?RADIO_SB                      0051H    0004H
  +--> ?PR?_HAL_NRF_CLOSE_PIPE?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_OPEN_PIPE?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_CRC_MODE?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_AUTO_RETR?HAL_NRF_L01
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  +--> ?PR?_HAL_NRF_SET_ADDRESS_WIDTH?HAL_NR...
  +--> ?PR?_HAL_NRF_SET_ADDRESS?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_OPERATION_MODE?HAL_N...
  +--> ?PR?_HAL_NRF_SET_RX_PLOAD_WIDTH?HAL_N...
  +--> ?PR?_HAL_NRF_SET_RF_CHANNEL?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_POWER_MODE?HAL_NRF_L01
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?WAIT_FOR_TIMER?SYSTEM
  +--> ?PR?_RADIO_SET_STATUS?RADIO

?PR?_HAL_NRF_CLOSE_PIPE?HAL_NRF_L01              0055H    0001H
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01

?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01               0059H    0003H
  +--> ?PR?_HAL_NRF_RW?HAL_NRF_HW

?PR?_HAL_NRF_READ_REG?HAL_NRF_L01                -----    -----
  +--> ?PR?_HAL_NRF_RW?HAL_NRF_HW

?PR?_HAL_NRF_OPEN_PIPE?HAL_NRF_L01               0055H    0002H
  +--> ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_SET_CRC_MODE?HAL_NRF_L01            0055H    0001H
  +--> ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_SET_AUTO_RETR?HAL_NRF_L01           -----    -----
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_SET_ADDRESS_WIDTH?HAL_NR...         -----    -----
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_SET_ADDRESS?HAL_NRF_L01             0055H    0004H
  +--> ?PR?_HAL_NRF_WRITE_MULTIBYTE_REG?HAL_...
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_WRITE_MULTIBYTE_REG?HAL_...         0059H    0005H
  +--> ?PR?HAL_NRF_GET_ADDRESS_WIDTH?HAL_NRF...
  +--> ?PR?_HAL_NRF_RW?HAL_NRF_HW

?PR?HAL_NRF_GET_ADDRESS_WIDTH?HAL_NRF...         -----    -----
  +--> ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01

?PR?_HAL_NRF_SET_OPERATION_MODE?HAL_N...         -----    -----
  +--> ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_SET_RX_PLOAD_WIDTH?HAL_N...         -----    -----
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_SET_RF_CHANNEL?HAL_NRF_L01          -----    -----
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_SET_POWER_MODE?HAL_NRF_L01          -----    -----
  +--> ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01
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  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?DEVICE_PRX_MODE_SB?APPLICATION_SB            -----    -----
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?RADIO_IRQ?RADIO
  +--> ?PR?RADIO_GET_STATUS?RADIO
  +--> ?PR?TIMER_DONE?SYSTEM
  +--> ?PR?_RADIO_GET_PLOAD_BYTE?RADIO
  +--> ?PR?_RADIO_SET_STATUS?RADIO

?PR?RADIO_IRQ?RADIO                              -----    -----
  +--> ?PR?HAL_NRF_GET_CLEAR_IRQ_FLAGS?HAL_N...
  +--> ?PR?HAL_NRF_FLUSH_TX?HAL_NRF_L01
  +--> ?PR?HAL_NRF_RX_FIFO_EMPTY?HAL_NRF_L01
  +--> ?PR?_RADIO_SET_STATUS?RADIO
  +--> ?PR?_HAL_NRF_READ_RX_PLOAD?HAL_NRF_L01

?PR?HAL_NRF_GET_CLEAR_IRQ_FLAGS?HAL_N...         -----    -----
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?HAL_NRF_FLUSH_TX?HAL_NRF_L01                 -----    -----
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?HAL_NRF_RX_FIFO_EMPTY?HAL_NRF_L01            -----    -----
  +--> ?PR?HAL_NRF_GET_RX_DATA_SOURCE?HAL_NR...

?PR?HAL_NRF_GET_RX_DATA_SOURCE?HAL_NR...         -----    -----
  +--> ?PR?HAL_NRF_NOP?HAL_NRF_L01

?PR?HAL_NRF_NOP?HAL_NRF_L01                      -----    -----
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_READ_RX_PLOAD?HAL_NRF_L01           -----    -----
  +--> ?PR?_HAL_NRF_READ_MULTIBYTE_REG?HAL_N...

?PR?_HAL_NRF_READ_MULTIBYTE_REG?HAL_N...         0051H    0006H
  +--> ?PR?HAL_NRF_GET_ADDRESS_WIDTH?HAL_NRF...
  +--> ?PR?HAL_NRF_GET_RX_DATA_SOURCE?HAL_NR...
  +--> ?PR?HAL_NRF_READ_RX_PL_W?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_RW?HAL_NRF_HW

?PR?HAL_NRF_READ_RX_PL_W?HAL_NRF_L01             -----    -----
  +--> ?PR?_HAL_NRF_RW?HAL_NRF_HW

?PR?TIMER_DONE?SYSTEM                            -----    -----
  +--> ?PR?_RUN_TIMER?SYSTEM

?PR?_RADIO_ESB_INIT?RADIO_ESB                    0051H    0004H
  +--> ?PR?_HAL_NRF_CLOSE_PIPE?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_OPEN_PIPE?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_CRC_MODE?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_AUTO_RETR?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_ADDRESS_WIDTH?HAL_NR...
  +--> ?PR?_HAL_NRF_SET_ADDRESS?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_OPERATION_MODE?HAL_N...
  +--> ?PR?_HAL_NRF_SET_RX_PLOAD_WIDTH?HAL_N...
  +--> ?PR?_HAL_NRF_SET_RF_CHANNEL?HAL_NRF_L01
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  +--> ?PR?_HAL_NRF_SET_POWER_MODE?HAL_NRF_L01
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?WAIT_FOR_TIMER?SYSTEM
  +--> ?PR?_RADIO_SET_STATUS?RADIO

?PR?DEVICE_PRX_MODE_ESB?APPLICATION_ESB          -----    -----
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?RADIO_IRQ?RADIO
  +--> ?PR?RADIO_GET_STATUS?RADIO
  +--> ?PR?TIMER_DONE?SYSTEM
  +--> ?PR?_RADIO_GET_PLOAD_BYTE?RADIO
  +--> ?PR?_RADIO_SET_STATUS?RADIO

?PR?_RADIO_PL_INIT?RADIO_PL                      0051H    0004H
  +--> ?PR?_HAL_NRF_CLOSE_PIPE?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_OPEN_PIPE?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_CRC_MODE?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_AUTO_RETR?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_ADDRESS_WIDTH?HAL_NR...
  +--> ?PR?_HAL_NRF_SET_ADDRESS?HAL_NRF_L01
  +--> ?PR?HAL_NRF_ENABLE_ACK_PL?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01
  +--> ?PR?HAL_NRF_LOCK_UNLOCK?HAL_NRF_L01
  +--> ?PR?HAL_NRF_ENABLE_DYNAMIC_PL?HAL_NRF...
  +--> ?PR?_HAL_NRF_SETUP_DYN_PL?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_OPERATION_MODE?HAL_N...
  +--> ?PR?_HAL_NRF_SET_RX_PLOAD_WIDTH?HAL_N...
  +--> ?PR?_HAL_NRF_SET_RF_CHANNEL?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_SET_POWER_MODE?HAL_NRF_L01
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?WAIT_FOR_TIMER?SYSTEM
  +--> ?PR?_RADIO_SET_STATUS?RADIO

?PR?HAL_NRF_ENABLE_ACK_PL?HAL_NRF_L01            -----    -----
  +--> ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?HAL_NRF_LOCK_UNLOCK?HAL_NRF_L01              -----    -----
  +--> ?PR?_HAL_NRF_RW?HAL_NRF_HW

?PR?HAL_NRF_ENABLE_DYNAMIC_PL?HAL_NRF...         -----    -----
  +--> ?PR?_HAL_NRF_READ_REG?HAL_NRF_L01
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?_HAL_NRF_SETUP_DYN_PL?HAL_NRF_L01            -----    -----
  +--> ?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01

?PR?DEVICE_PRX_MODE_PL?APPLICATION_PL            -----    -----
  +--> ?PR?_HAL_NRF_WRITE_ACK_PLOAD?HAL_NRF_L01
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?RADIO_IRQ?RADIO
  +--> ?PR?RADIO_GET_STATUS?RADIO
  +--> ?PR?TIMER_DONE?SYSTEM
  +--> ?PR?APPLICATION_PL
  +--> ?PR?_RADIO_GET_PLOAD_BYTE?RADIO
  +--> ?PR?_RADIO_SET_STATUS?RADIO
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?PR?_HAL_NRF_WRITE_ACK_PLOAD?HAL_NRF_L01         0051H    0005H
  +--> ?PR?_HAL_NRF_RW?HAL_NRF_HW

?PR?DEVICE_PTX_MODE_SB?APPLICATION_SB            -----    -----
  +--> ?PR?RADIO_IRQ?RADIO
  +--> ?PR?RADIO_GET_STATUS?RADIO
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?WAIT_FOR_TIMER?SYSTEM
  +--> ?PR?_RADIO_SEND_PACKET?RADIO

?PR?_RADIO_SEND_PACKET?RADIO                     0051H    0001H
  +--> ?PR?_HAL_NRF_WRITE_TX_PLOAD?HAL_NRF_L01
  +--> ?PR?_RADIO_SET_STATUS?RADIO

?PR?_HAL_NRF_WRITE_TX_PLOAD?HAL_NRF_L01          -----    -----
  +--> ?PR?_HAL_NRF_WRITE_MULTIBYTE_REG?HAL_...

?PR?DEVICE_PTX_MODE_ESB?APPLICATION_ESB          -----    -----
  +--> ?PR?RADIO_IRQ?RADIO
  +--> ?PR?RADIO_GET_STATUS?RADIO
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?WAIT_FOR_TIMER?SYSTEM
  +--> ?PR?_RADIO_SEND_PACKET?RADIO

?PR?DEVICE_PTX_MODE_PL?APPLICATION_PL            -----    -----
  +--> ?PR?RADIO_IRQ?RADIO
  +--> ?PR?RADIO_GET_STATUS?RADIO
  +--> ?PR?APPLICATION_PL
  +--> ?PR?_RADIO_GET_PLOAD_BYTE?RADIO
  +--> ?PR?DELAY_100MS?SYSTEM
  +--> ?PR?_RADIO_SEND_PACKET?RADIO

?PR?DELAY_100MS?SYSTEM                           -----    -----
  +--> ?PR?_START_TIMER?SYSTEM
  +--> ?PR?WAIT_FOR_TIMER?SYSTEM



SYMBOL TABLE OF MODULE:  .\obj\nRF24LU1 (MAIN)

  VALUE           TYPE          NAME
  ----------------------------------

  -------         MODULE        MAIN
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  B:00A8H.7       PUBLIC        EA
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  C:000EH         PUBLIC        main
  C:0C29H         SYMBOL        wait_for_button_release
  B:0080H.0       PUBLIC        P00
  B:0080H.1       PUBLIC        P01
  B:0080H.2       PUBLIC        P02
  B:0080H.3       PUBLIC        P03
  B:0080H.4       PUBLIC        P04
  B:0080H.5       PUBLIC        P05
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  D:0088H         PUBLIC        TCON
  D:0008H         SYMBOL        show_state
  C:0588H         SYMBOL        _show_status
  D:00A0H         PUBLIC        USBCON
  D:0035H         SYMBOL        state_machine
  D:0098H         PUBLIC        S0CON
  D:00C8H         PUBLIC        T2CON
  C:07EFH         SYMBOL        _get_next_state
  C:0D6DH         SYMBOL        address
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  C:0AFDH         SYMBOL        Com0055
  C:0AFDH         SYMBOL        L?0086
  C:0AFDH         SYMBOL        L?0087
  C:0B04H         SYMBOL        L?0088
  C:0B04H         SYMBOL        L?0089
  C:0B0BH         SYMBOL        L?0090
  C:0B0BH         SYMBOL        L?0091
  -------         PROC          COM0055
  -------         ENDPROC       COM0055
  -------         PROC          MAIN
  -------         DO            
  D:0050H         SYMBOL        current_state
  -------         ENDDO         
  C:000EH         LINE#         165
  C:000EH         LINE#         166
  C:000EH         LINE#         167
  C:0011H         LINE#         169
  C:0014H         LINE#         170
  C:0017H         LINE#         172
  C:0019H         LINE#         174
  C:001CH         LINE#         176
  C:001FH         LINE#         179
  C:001FH         LINE#         180
  C:001FH         LINE#         181
  C:0026H         LINE#         182
  C:0029H         LINE#         184
  C:002EH         LINE#         186
  C:0057H         LINE#         187
  C:0057H         LINE#         188
  C:0057H         LINE#         189
  C:0057H         LINE#         191
  C:0057H         LINE#         192
  C:0057H         LINE#         194
  C:0057H         LINE#         195
  C:0057H         LINE#         197
  C:0057H         LINE#         198
  C:005FH         LINE#         199
  C:0062H         LINE#         200
  C:0064H         LINE#         202
  C:0064H         LINE#         203
  C:006CH         LINE#         204
  C:006FH         LINE#         205
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  C:0071H         LINE#         207
  C:0071H         LINE#         208
  C:0079H         LINE#         209
  C:007CH         LINE#         210
  C:007EH         LINE#         212
  C:007EH         LINE#         213
  C:0086H         LINE#         214
  C:0089H         LINE#         215
  C:008BH         LINE#         217
  C:008BH         LINE#         218
  C:0093H         LINE#         219
  C:0096H         LINE#         220
  C:0099H         LINE#         222
  C:0099H         LINE#         223
  C:00A1H         LINE#         224
  C:00A4H         LINE#         225
  C:00A7H         LINE#         227
  C:00A7H         LINE#         228
  C:00AAH         LINE#         229
  -------         ENDPROC       MAIN
  -------         PROC          _GET_NEXT_STATE
  D:0007H         SYMBOL        current_state
  -------         DO            
  D:0051H         SYMBOL        next_state
  -------         ENDDO         
  C:07EFH         LINE#         234
  C:07EFH         LINE#         235
  C:07EFH         LINE#         236
  C:07F2H         LINE#         238
  C:07F5H         LINE#         239
  C:07F5H         LINE#         241
  C:07FCH         LINE#         242
  C:07FEH         LINE#         243
  C:0801H         LINE#         244
  C:0801H         LINE#         245
  C:0808H         LINE#         246
  C:080AH         LINE#         247
  C:080DH         LINE#         248
  C:080DH         LINE#         249
  C:0818H         LINE#         250
  C:0818H         LINE#         252
  C:081DH         LINE#         253
  C:081DH         LINE#         254
  C:081FH         LINE#         255
  C:0821H         LINE#         257
  C:0821H         LINE#         258
  C:0824H         LINE#         259
  C:0824H         LINE#         261
  C:0826H         LINE#         262
  -------         ENDPROC       _GET_NEXT_STATE
  -------         PROC          WAIT_FOR_BUTTON_RELEASE
  C:0C29H         LINE#         264
  C:0C29H         LINE#         265
  C:0C29H         LINE#         266
  C:0C32H         LINE#         268
  -------         ENDPROC       WAIT_FOR_BUTTON_RELEASE
  -------         PROC          _SHOW_STATUS
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  D:0051H         SYMBOL        operation
  -------         DO            
  D:0006H         SYMBOL        time
  -------         ENDDO         
  C:0588H         LINE#         271
  C:058AH         LINE#         272
  C:058AH         LINE#         274
  C:058DH         LINE#         276
  C:0599H         LINE#         277
  C:0599H         LINE#         278
  C:059BH         LINE#         279
  C:059BH         LINE#         280
  C:05A5H         LINE#         281
  C:05A5H         LINE#         282
  C:05A7H         LINE#         283
  C:05A7H         LINE#         284
  C:05B1H         LINE#         285
  C:05B1H         LINE#         286
  C:05B3H         LINE#         287
  C:05B3H         LINE#         291
  C:05C0H         LINE#         292
  C:05C0H         LINE#         293
  C:05C8H         LINE#         294
  C:05CBH         LINE#         295
  C:05CEH         LINE#         296
  C:05CEH         LINE#         300
  C:05D7H         LINE#         301
  C:05D7H         LINE#         302
  C:05DAH         LINE#         303
  C:05DAH         LINE#         304
  -------         ENDPROC       _SHOW_STATUS
  -------         ENDMOD        MAIN

  -------         MODULE        RADIO
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  X:8000H         SYMBOL        pload
  B:0090H.0       PUBLIC        RFCE
  D:0066H         SYMBOL        status
  D:0088H         PUBLIC        TCON
  C:0D72H         PUBLIC        radio_get_status
  C:0BDBH         PUBLIC        _radio_get_pload_byte
  C:0678H         PUBLIC        radio_irq
  C:0D75H         PUBLIC        _radio_set_status
  D:00A0H         PUBLIC        USBCON
  B:00C0H.1       PUBLIC        RFF
  D:0098H         PUBLIC        S0CON
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  C:0AD1H         PUBLIC        _radio_send_packet
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
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  -------         PROC          _RADIO_SEND_PACKET
  D:0001H         SYMBOL        packet
  D:0005H         SYMBOL        length
  -------         DO            
  D:0051H         SYMBOL        count
  -------         ENDDO         
  C:0AD1H         LINE#         37
  C:0AD1H         LINE#         38
  C:0AD1H         LINE#         39
  C:0AD4H         LINE#         41
  C:0AE2H         LINE#         43
  -------         ENDPROC       _RADIO_SEND_PACKET
  -------         PROC          RADIO_GET_STATUS
  C:0D72H         LINE#         46
  C:0D72H         LINE#         47
  C:0D72H         LINE#         48
  C:0D74H         LINE#         49
  -------         ENDPROC       RADIO_GET_STATUS
  -------         PROC          _RADIO_GET_PLOAD_BYTE
  D:0007H         SYMBOL        byte_index
  C:0BDBH         LINE#         51
  C:0BDBH         LINE#         52
  C:0BDBH         LINE#         53
  C:0BE7H         LINE#         54
  -------         ENDPROC       _RADIO_GET_PLOAD_BYTE
  -------         PROC          _RADIO_SET_STATUS
  D:0007H         SYMBOL        new_status
  C:0D75H         LINE#         56
  C:0D75H         LINE#         57
  C:0D75H         LINE#         58
  C:0D77H         LINE#         59
  -------         ENDPROC       _RADIO_SET_STATUS
  C:06BCH         SYMBOL        L?0031
  -------         PROC          RADIO_IRQ
  C:0678H         LINE#         61
  C:0678H         LINE#         62
  C:0678H         LINE#         63
  C:067BH         LINE#         64
  C:067BH         LINE#         65
  C:068FH         LINE#         66
  C:068FH         LINE#         67
  C:068FH         LINE#         68
  C:0692H         LINE#         69
  C:0694H         LINE#         70
  C:0696H         LINE#         72
  C:0696H         LINE#         73
  C:0698H         LINE#         74
  C:069AH         LINE#         76
  C:069AH         LINE#         77
  C:06A0H         LINE#         78
  C:06A0H         LINE#         79
  C:06A3H         LINE#         80
  C:06A5H         LINE#         81
  C:06A7H         LINE#         82
  C:06A9H         LINE#         84
  C:06A9H         LINE#         85
  C:06AFH         LINE#         86
�BL51 BANKED LINKER/LOCATER V6.15                                                      04/03/2009  08:18:48  PAGE 13


  C:06AFH         LINE#         87
  C:06B2H         LINE#         88
  C:06B4H         LINE#         89
  C:06B9H         LINE#         90
  C:06B9H         LINE#         92
  C:06B9H         LINE#         93
  C:06B9H         LINE#         94
  C:06B9H         LINE#         96
  C:06BBH         LINE#         97
  C:06BBH         LINE#         98
  -------         ENDPROC       RADIO_IRQ
  -------         ENDMOD        RADIO

  -------         MODULE        SYSTEM
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  B:00A8H.7       PUBLIC        EA
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  D:0062H         SYMBOL        timer_rounds
  D:0063H         PUBLIC        led_blink
  C:09D9H         PUBLIC        timer_done
  B:0080H.0       PUBLIC        P00
  B:0080H.1       PUBLIC        P01
  B:0080H.2       PUBLIC        P02
  C:0532H         PUBLIC        device_boot_msg
  C:0C7CH         PUBLIC        delay_10ms
  D:0089H         PUBLIC        TMOD
  D:0088H         PUBLIC        TCON
  C:05DBH         PUBLIC        _start_timer
  C:09B4H         PUBLIC        t0_ov_interrupt
  B:00A8H.1       PUBLIC        ET0
  B:00A8H.3       PUBLIC        ET1
  B:0088H.7       PUBLIC        TF1
  D:00A0H         PUBLIC        USBCON
  D:008CH         PUBLIC        TH0
  D:008DH         PUBLIC        TH1
  D:008AH         PUBLIC        TL0
  D:008BH         PUBLIC        TL1
  B:0088H.4       PUBLIC        TR0
  B:0088H.6       PUBLIC        TR1
  C:0B27H         SYMBOL        _run_timer
  D:0098H         PUBLIC        S0CON
  C:098DH         PUBLIC        wait_for_timer
  C:0C86H         PUBLIC        delay_100ms
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  C:0CEAH         SYMBOL        Com0065
  C:0CEAH         SYMBOL        L?0102
  C:0CECH         SYMBOL        L?0103
  -------         PROC          COM0065
  -------         ENDPROC       COM0065
�BL51 BANKED LINKER/LOCATER V6.15                                                      04/03/2009  08:18:48  PAGE 14


  C:057CH         SYMBOL        L?0100
  -------         PROC          DEVICE_BOOT_MSG
  -------         DO            
  D:0051H         SYMBOL        ctr
  -------         ENDDO         
  C:0532H         LINE#         41
  C:0532H         LINE#         42
  C:0532H         LINE#         45
  C:0535H         LINE#         46
  C:0535H         LINE#         47
  C:053BH         LINE#         48
  C:053FH         LINE#         50
  C:053FH         LINE#         52
  C:0545H         LINE#         53
  C:0549H         LINE#         55
  C:054CH         LINE#         57
  C:0554H         LINE#         58
  C:0558H         LINE#         60
  C:0558H         LINE#         62
  C:055EH         LINE#         63
  C:0562H         LINE#         65
  C:0565H         LINE#         67
  C:056BH         LINE#         68
  C:056FH         LINE#         70
  C:0572H         LINE#         72
  C:057BH         LINE#         73
  -------         ENDPROC       DEVICE_BOOT_MSG
  -------         PROC          DELAY_10MS
  C:0C7CH         LINE#         75
  C:0C7CH         LINE#         76
  C:0C7CH         LINE#         77
  C:0C83H         LINE#         78
  -------         ENDPROC       DELAY_10MS
  -------         PROC          DELAY_100MS
  C:0C86H         LINE#         81
  C:0C86H         LINE#         82
  C:0C86H         LINE#         83
  C:0C8DH         LINE#         84
  -------         ENDPROC       DELAY_100MS
  -------         PROC          T0_OV_INTERRUPT
  C:09B4H         LINE#         91
  C:09B6H         LINE#         93
  C:09B8H         LINE#         94
  C:09BBH         LINE#         95
  C:09BEH         LINE#         97
  C:09C3H         LINE#         98
  C:09C3H         LINE#         99
  C:09C5H         LINE#         100
  C:09C5H         LINE#         101
  C:09CAH         LINE#         102
  C:09CAH         LINE#         103
  C:09CCH         LINE#         104
  C:09CCH         LINE#         105
  C:09D1H         LINE#         106
  C:09D1H         LINE#         107
  C:09D3H         LINE#         108
  C:09D3H         LINE#         110
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  C:09D6H         LINE#         111
  -------         ENDPROC       T0_OV_INTERRUPT
  -------         PROC          _START_TIMER
  D:0002H         SYMBOL        time
  -------         DO            
  D:0055H         SYMBOL        setuptime
  D:0082H         SYMBOL        firstruntime
  -------         ENDDO         
  C:05DBH         LINE#         113
  C:05DFH         LINE#         114
  C:05DFH         LINE#         118
  C:05EAH         LINE#         120
  C:05FEH         LINE#         121
  C:0607H         LINE#         122
  C:0615H         LINE#         124
  C:061BH         LINE#         125
  C:061BH         LINE#         126
  C:0621H         LINE#         127
  C:0623H         LINE#         128
  C:0623H         LINE#         130
  -------         ENDPROC       _START_TIMER
  -------         PROC          _RUN_TIMER
  D:0006H         SYMBOL        time
  C:0B27H         LINE#         133
  C:0B27H         LINE#         134
  C:0B27H         LINE#         135
  C:0B2BH         LINE#         136
  C:0B2BH         LINE#         137
  C:0B2EH         LINE#         138
  C:0B30H         LINE#         139
  C:0B32H         LINE#         140
  C:0B3AH         LINE#         141
  C:0B3AH         LINE#         142
  -------         ENDPROC       _RUN_TIMER
  -------         PROC          WAIT_FOR_TIMER
  C:098DH         LINE#         144
  C:098DH         LINE#         145
  C:098DH         LINE#         146
  C:0994H         LINE#         147
  C:0994H         LINE#         148
  C:099DH         LINE#         151
  C:099FH         LINE#         153
  C:09A6H         LINE#         154
  C:09A6H         LINE#         155
  C:09ADH         LINE#         156
  C:09ADH         LINE#         157
  C:09AFH         LINE#         159
  C:09B3H         LINE#         160
  -------         ENDPROC       WAIT_FOR_TIMER
  -------         PROC          TIMER_DONE
  -------         DO            
  D:0005H         SYMBOL        retval
  -------         ENDDO         
  C:09D9H         LINE#         162
  C:09D9H         LINE#         163
  C:09D9H         LINE#         164
  C:09DBH         LINE#         166
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  C:09DEH         LINE#         167
  C:09DEH         LINE#         168
  C:09E0H         LINE#         170
  C:09E7H         LINE#         171
  C:09E7H         LINE#         172
  C:09EEH         LINE#         173
  C:09F0H         LINE#         175
  C:09F0H         LINE#         176
  C:09F2H         LINE#         177
  C:09F6H         LINE#         178
  C:09F6H         LINE#         179
  C:09F6H         LINE#         181
  C:09F8H         LINE#         182
  -------         ENDPROC       TIMER_DONE
  -------         ENDMOD        SYSTEM

  -------         MODULE        MCU
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  B:00A8H.7       PUBLIC        EA
  C:0D4FH         PUBLIC        nrf_spi_init
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  B:00B8H.5       PUBLIC        WUIRQ
  D:0088H         PUBLIC        TCON
  B:0090H.2       PUBLIC        RFCKEN
  C:0B12H         PUBLIC        system_init
  D:00A0H         PUBLIC        USBCON
  D:00D9H         PUBLIC        USBSLP
  C:0D1EH         PUBLIC        _port_init
  D:0094H         PUBLIC        P0DIR
  D:0095H         PUBLIC        P0ALT
  D:0098H         PUBLIC        S0CON
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00E6H         PUBLIC        RFCTL
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  -------         PROC          SYSTEM_INIT
  C:0B12H         LINE#         32
  C:0B12H         LINE#         33
  C:0B12H         LINE#         34
  C:0B1AH         LINE#         36
  C:0B1DH         LINE#         38
  C:0B20H         LINE#         39
  C:0B22H         LINE#         40
  C:0B24H         LINE#         41
  -------         ENDPROC       SYSTEM_INIT
  -------         PROC          _PORT_INIT
  D:0007H         SYMBOL        alt
  D:0005H         SYMBOL        dir
  D:0003H         SYMBOL        value
  C:0D1EH         LINE#         44
  C:0D1EH         LINE#         45
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  C:0D1EH         LINE#         46
  C:0D20H         LINE#         47
  C:0D22H         LINE#         48
  C:0D24H         LINE#         49
  -------         ENDPROC       _PORT_INIT
  -------         PROC          NRF_SPI_INIT
  C:0D4FH         LINE#         51
  C:0D4FH         LINE#         52
  C:0D4FH         LINE#         53
  C:0D51H         LINE#         54
  C:0D54H         LINE#         55
  -------         ENDPROC       NRF_SPI_INIT
  -------         ENDMOD        MCU

  -------         MODULE        HAL_NRF_L01
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  C:0D2CH         PUBLIC        _hal_nrf_set_rf_channel
  C:03ABH         PUBLIC        _hal_nrf_open_pipe
  C:0BBFH         PUBLIC        hal_nrf_enable_dynamic_ack
  C:0C35H         PUBLIC        hal_nrf_get_clear_irq_flags
  D:00A8H         PUBLIC        IEN0
  C:0481H         PUBLIC        _hal_nrf_write_reg
  C:0D16H         PUBLIC        hal_nrf_nop
  D:00B8H         PUBLIC        IEN1
  C:0D61H         PUBLIC        hal_nrf_get_fifo_status
  C:0C41H         PUBLIC        hal_nrf_get_power_mode
  C:07A6H         PUBLIC        _hal_nrf_get_pipe_status
  C:0D67H         PUBLIC        _hal_nrf_read_rx_pload
  C:0CD6H         PUBLIC        hal_nrf_get_lna_gain
  C:0003H         PUBLIC        hal_nrf_get_irq_flags
  C:0B95H         PUBLIC        hal_nrf_disable_dynamic_pl
  C:0B79H         PUBLIC        hal_nrf_get_crc_mode
  C:0A32H         PUBLIC        _hal_nrf_set_power_mode
  C:0C4DH         PUBLIC        hal_nrf_get_output_power
  C:0A6AH         PUBLIC        _hal_nrf_set_lna_gain
  C:0CC2H         PUBLIC        hal_nrf_get_carrier_detect
  C:0B4CH         PUBLIC        hal_nrf_get_datarate
  C:0BE8H         PUBLIC        hal_nrf_get_packet_lost_ctr
  C:0D33H         PUBLIC        _hal_nrf_write_tx_pload
  C:0AB9H         PUBLIC        _hal_nrf_set_crc_mode
  C:0D41H         PUBLIC        hal_nrf_flush_rx
  C:0D48H         PUBLIC        hal_nrf_flush_tx
  C:0CB8H         PUBLIC        hal_nrf_get_transmit_attempts
  C:0B87H         PUBLIC        hal_nrf_enable_dynamic_pl
  C:0C0FH         PUBLIC        hal_nrf_get_pll_mode
  C:0D3AH         PUBLIC        hal_nrf_reuse_tx
  C:0AE7H         PUBLIC        _hal_nrf_set_output_power
  D:0088H         PUBLIC        TCON
  C:09F9H         PUBLIC        _hal_nrf_get_irq_mode
  C:0A86H         PUBLIC        _hal_nrf_set_datarate
  C:0B5BH         PUBLIC        hal_nrf_read_rx_pl_w
  C:0A4EH         PUBLIC        _hal_nrf_set_pll_mode
  C:0CCCH         PUBLIC        hal_nrf_get_rx_data_source
  C:0C9AH         PUBLIC        hal_nrf_get_operation_mode
  C:0903H         PUBLIC        _hal_nrf_set_irq_mode
  C:02CDH         PUBLIC        _hal_nrf_read_multibyte_reg
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  C:0C59H         PUBLIC        hal_nrf_rx_fifo_empty
  C:0D0EH         PUBLIC        _hal_nrf_get_rx_pload_width
  C:0C71H         PUBLIC        hal_nrf_tx_fifo_empty
  C:0D55H         PUBLIC        hal_nrf_get_auto_retr_status
  C:0CA4H         PUBLIC        hal_nrf_rx_fifo_full
  C:0C65H         PUBLIC        hal_nrf_tx_fifo_full
  C:0AA0H         PUBLIC        _hal_nrf_set_auto_retr
  C:08CDH         PUBLIC        _hal_nrf_get_address
  D:00A0H         PUBLIC        USBCON
  C:0A16H         PUBLIC        _hal_nrf_set_operation_mode
  C:0C90H         PUBLIC        hal_nrf_get_address_width
  C:0D25H         PUBLIC        _hal_nrf_set_rx_pload_width
  C:06C6H         PUBLIC        _hal_nrf_write_multibyte_reg
  C:0827H         PUBLIC        _hal_nrf_set_address
  C:0B6AH         PUBLIC        hal_nrf_lock_unlock
  C:0CAEH         PUBLIC        hal_nrf_get_rx_fifo_status
  C:0CF3H         PUBLIC        _hal_nrf_set_address_width
  C:0BF5H         PUBLIC        hal_nrf_get_tx_fifo_status
  C:0CFCH         PUBLIC        _hal_nrf_setup_dyn_pl
  C:0C02H         PUBLIC        hal_nrf_get_reuse_tx_status
  D:0098H         PUBLIC        S0CON
  C:0BB1H         PUBLIC        hal_nrf_disable_ack_pl
  D:00C8H         PUBLIC        T2CON
  C:0712H         PUBLIC        _hal_nrf_close_pipe
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  C:0933H         PUBLIC        _hal_nrf_write_ack_pload
  C:0BCDH         PUBLIC        hal_nrf_disable_dynamic_ack
  C:0B3BH         PUBLIC        _hal_nrf_clear_irq_flag
  C:0D5BH         PUBLIC        hal_nrf_get_rf_channel
  C:0BA3H         PUBLIC        hal_nrf_enable_ack_pl
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  C:0C1CH         PUBLIC        _hal_nrf_read_reg
  B:0090H.1       PUBLIC        RFCSN
  C:0926H         SYMBOL        L?0243
  -------         PROC          _HAL_NRF_SET_IRQ_MODE
  D:0067H         SYMBOL        int_source
  D:0005H         SYMBOL        irq_state
  C:0903H         LINE#         29
  C:0905H         LINE#         30
  C:0905H         LINE#         31
  C:0908H         LINE#         32
  C:0908H         LINE#         33
  C:0913H         LINE#         34
  C:0915H         LINE#         36
  C:0915H         LINE#         37
  C:0925H         LINE#         38
  C:0925H         LINE#         39
  -------         ENDPROC       _HAL_NRF_SET_IRQ_MODE
  -------         PROC          HAL_NRF_GET_CLEAR_IRQ_FLAGS
  C:0C35H         LINE#         41
  C:0C35H         LINE#         42
  C:0C35H         LINE#         43
  C:0C40H         LINE#         44
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  -------         ENDPROC       HAL_NRF_GET_CLEAR_IRQ_FLAGS
  -------         PROC          _HAL_NRF_CLEAR_IRQ_FLAG
  D:0007H         SYMBOL        int_source
  C:0B3BH         LINE#         46
  C:0B3BH         LINE#         47
  C:0B3BH         LINE#         48
  -------         ENDPROC       _HAL_NRF_CLEAR_IRQ_FLAG
  -------         PROC          _HAL_NRF_GET_IRQ_MODE
  D:0068H         SYMBOL        int_type
  C:09F9H         LINE#         51
  C:09FBH         LINE#         52
  C:09FBH         LINE#         53
  C:0A10H         LINE#         54
  C:0A13H         LINE#         56
  C:0A15H         LINE#         57
  -------         ENDPROC       _HAL_NRF_GET_IRQ_MODE
  -------         PROC          HAL_NRF_GET_IRQ_FLAGS
  C:0003H         LINE#         59
  C:0003H         LINE#         60
  C:0003H         LINE#         61
  C:000AH         LINE#         62
  -------         ENDPROC       HAL_NRF_GET_IRQ_FLAGS
  -------         PROC          _HAL_NRF_SET_CRC_MODE
  D:0055H         SYMBOL        crc_mode
  C:0AB9H         LINE#         64
  C:0ABBH         LINE#         65
  C:0ABBH         LINE#         66
  -------         ENDPROC       _HAL_NRF_SET_CRC_MODE
  C:0409H         SYMBOL        L?0242
  -------         PROC          _HAL_NRF_OPEN_PIPE
  D:0055H         SYMBOL        pipe_num
  D:0056H         SYMBOL        auto_ack
  C:03ABH         LINE#         69
  C:03AFH         LINE#         70
  C:03AFH         LINE#         71
  C:03BBH         LINE#         72
  C:03BBH         LINE#         73
  C:03BBH         LINE#         74
  C:03BBH         LINE#         75
  C:03BBH         LINE#         76
  C:03BBH         LINE#         77
  C:03BBH         LINE#         78
  C:03BBH         LINE#         79
  C:03D4H         LINE#         81
  C:03D8H         LINE#         82
  C:03E4H         LINE#         84
  C:03F0H         LINE#         85
  C:03F2H         LINE#         87
  C:03F2H         LINE#         88
  C:03F9H         LINE#         90
  C:03FDH         LINE#         91
  C:0401H         LINE#         93
  C:0408H         LINE#         94
  C:0408H         LINE#         96
  C:0408H         LINE#         97
  C:0408H         LINE#         98
  C:0408H         LINE#         99
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  -------         ENDPROC       _HAL_NRF_OPEN_PIPE
  C:0751H         SYMBOL        L?0244
  -------         PROC          _HAL_NRF_CLOSE_PIPE
  D:0055H         SYMBOL        pipe_num
  C:0712H         LINE#         101
  C:0714H         LINE#         102
  C:0714H         LINE#         103
  C:0720H         LINE#         104
  C:0720H         LINE#         105
  C:0720H         LINE#         106
  C:0720H         LINE#         107
  C:0720H         LINE#         108
  C:0720H         LINE#         109
  C:0720H         LINE#         110
  C:0720H         LINE#         111
  C:0733H         LINE#         112
  C:0740H         LINE#         113
  C:0742H         LINE#         115
  C:0742H         LINE#         116
  C:0749H         LINE#         117
  C:0750H         LINE#         118
  C:0750H         LINE#         120
  C:0750H         LINE#         121
  C:0750H         LINE#         122
  C:0750H         LINE#         123
  -------         ENDPROC       _HAL_NRF_CLOSE_PIPE
  -------         PROC          _HAL_NRF_SET_ADDRESS
  D:0055H         SYMBOL        address
  D:0056H         SYMBOL        addr
  C:0827H         LINE#         125
  C:082FH         LINE#         126
  C:082FH         LINE#         127
  C:083EH         LINE#         128
  C:083EH         LINE#         129
  C:083EH         LINE#         130
  C:083EH         LINE#         131
  C:083EH         LINE#         132
  C:084CH         LINE#         133
  C:084CH         LINE#         135
  C:084CH         LINE#         136
  C:084CH         LINE#         137
  C:084CH         LINE#         138
  C:084CH         LINE#         139
  C:085EH         LINE#         140
  C:085EH         LINE#         142
  C:085EH         LINE#         143
  C:085EH         LINE#         144
  C:085EH         LINE#         145
  -------         ENDPROC       _HAL_NRF_SET_ADDRESS
  -------         PROC          _HAL_NRF_SET_AUTO_RETR
  D:0003H         SYMBOL        retr
  D:0004H         SYMBOL        delay
  C:0AA0H         LINE#         147
  C:0AA2H         LINE#         148
  C:0AA2H         LINE#         149
  -------         ENDPROC       _HAL_NRF_SET_AUTO_RETR
  -------         PROC          _HAL_NRF_SET_ADDRESS_WIDTH
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  D:0007H         SYMBOL        address_width
  C:0CF3H         LINE#         152
  C:0CF3H         LINE#         153
  C:0CF3H         LINE#         154
  -------         ENDPROC       _HAL_NRF_SET_ADDRESS_WIDTH
  -------         PROC          _HAL_NRF_SET_RX_PLOAD_WIDTH
  D:0007H         SYMBOL        pipe_num
  D:0005H         SYMBOL        pload_width
  C:0D25H         LINE#         157
  C:0D25H         LINE#         158
  C:0D25H         LINE#         159
  -------         ENDPROC       _HAL_NRF_SET_RX_PLOAD_WIDTH
  -------         PROC          HAL_NRF_GET_CRC_MODE
  C:0B79H         LINE#         162
  C:0B79H         LINE#         163
  C:0B79H         LINE#         164
  C:0B86H         LINE#         165
  -------         ENDPROC       HAL_NRF_GET_CRC_MODE
  C:07E4H         SYMBOL        L?0245
  -------         PROC          _HAL_NRF_GET_PIPE_STATUS
  D:0064H         SYMBOL        pipe_num
  -------         DO            
  D:0065H         SYMBOL        en_rx
  D:0007H         SYMBOL        en_aa
  -------         ENDDO         
  C:07A6H         LINE#         167
  C:07A8H         LINE#         168
  C:07A8H         LINE#         171
  C:07B6H         LINE#         172
  C:07C3H         LINE#         174
  C:07D2H         LINE#         175
  C:07DEH         LINE#         177
  C:07E3H         LINE#         178
  -------         ENDPROC       _HAL_NRF_GET_PIPE_STATUS
  -------         PROC          _HAL_NRF_GET_ADDRESS
  D:005EH         SYMBOL        address
  D:005FH         SYMBOL        addr
  C:08CDH         LINE#         180
  C:08D5H         LINE#         181
  C:08D5H         LINE#         182
  C:08E2H         LINE#         183
  C:08E2H         LINE#         184
  C:08E2H         LINE#         185
  C:08E2H         LINE#         186
  C:08E2H         LINE#         187
  C:08EDH         LINE#         189
  C:08EDH         LINE#         190
  C:08FFH         LINE#         191
  C:0902H         LINE#         192
  C:0902H         LINE#         193
  -------         ENDPROC       _HAL_NRF_GET_ADDRESS
  -------         PROC          HAL_NRF_GET_AUTO_RETR_STATUS
  C:0D55H         LINE#         195
  C:0D55H         LINE#         196
  C:0D55H         LINE#         197
  C:0D5AH         LINE#         198
  -------         ENDPROC       HAL_NRF_GET_AUTO_RETR_STATUS
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  -------         PROC          HAL_NRF_GET_PACKET_LOST_CTR
  C:0BE8H         LINE#         200
  C:0BE8H         LINE#         201
  C:0BE8H         LINE#         202
  C:0BF4H         LINE#         203
  -------         ENDPROC       HAL_NRF_GET_PACKET_LOST_CTR
  -------         PROC          HAL_NRF_GET_ADDRESS_WIDTH
  C:0C90H         LINE#         205
  C:0C90H         LINE#         206
  C:0C90H         LINE#         207
  C:0C99H         LINE#         208
  -------         ENDPROC       HAL_NRF_GET_ADDRESS_WIDTH
  -------         PROC          _HAL_NRF_GET_RX_PLOAD_WIDTH
  D:0007H         SYMBOL        pipe_num
  C:0D0EH         LINE#         210
  C:0D0EH         LINE#         211
  C:0D0EH         LINE#         212
  C:0D15H         LINE#         213
  -------         ENDPROC       _HAL_NRF_GET_RX_PLOAD_WIDTH
  -------         PROC          _HAL_NRF_SET_OPERATION_MODE
  D:0007H         SYMBOL        op_mode
  C:0A16H         LINE#         215
  C:0A16H         LINE#         216
  C:0A16H         LINE#         217
  C:0A19H         LINE#         218
  C:0A19H         LINE#         219
  C:0A21H         LINE#         220
  C:0A23H         LINE#         222
  C:0A23H         LINE#         223
  C:0A31H         LINE#         224
  C:0A31H         LINE#         225
  -------         ENDPROC       _HAL_NRF_SET_OPERATION_MODE
  -------         PROC          _HAL_NRF_SET_POWER_MODE
  D:0007H         SYMBOL        pwr_mode
  C:0A32H         LINE#         227
  C:0A32H         LINE#         228
  C:0A32H         LINE#         229
  C:0A35H         LINE#         230
  C:0A35H         LINE#         231
  C:0A3DH         LINE#         232
  C:0A3FH         LINE#         234
  C:0A3FH         LINE#         235
  C:0A4DH         LINE#         236
  C:0A4DH         LINE#         237
  -------         ENDPROC       _HAL_NRF_SET_POWER_MODE
  -------         PROC          _HAL_NRF_SET_RF_CHANNEL
  D:0005H         SYMBOL        channel
  C:0D2CH         LINE#         239
  C:0D2EH         LINE#         240
  C:0D2EH         LINE#         241
  -------         ENDPROC       _HAL_NRF_SET_RF_CHANNEL
  -------         PROC          _HAL_NRF_SET_OUTPUT_POWER
  D:0069H         SYMBOL        power
  C:0AE7H         LINE#         244
  C:0AE9H         LINE#         245
  C:0AE9H         LINE#         246
  -------         ENDPROC       _HAL_NRF_SET_OUTPUT_POWER
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  -------         PROC          _HAL_NRF_SET_DATARATE
  D:0007H         SYMBOL        datarate
  C:0A86H         LINE#         249
  C:0A86H         LINE#         250
  C:0A86H         LINE#         251
  C:0A8BH         LINE#         252
  C:0A8BH         LINE#         253
  C:0A91H         LINE#         254
  C:0A93H         LINE#         256
  C:0A93H         LINE#         257
  C:0A9FH         LINE#         258
  C:0A9FH         LINE#         259
  -------         ENDPROC       _HAL_NRF_SET_DATARATE
  -------         PROC          HAL_NRF_GET_OPERATION_MODE
  C:0C9AH         LINE#         261
  C:0C9AH         LINE#         262
  C:0C9AH         LINE#         263
  C:0CA3H         LINE#         264
  -------         ENDPROC       HAL_NRF_GET_OPERATION_MODE
  -------         PROC          HAL_NRF_GET_POWER_MODE
  C:0C41H         LINE#         266
  C:0C41H         LINE#         267
  C:0C41H         LINE#         268
  C:0C4CH         LINE#         269
  -------         ENDPROC       HAL_NRF_GET_POWER_MODE
  -------         PROC          HAL_NRF_GET_RF_CHANNEL
  C:0D5BH         LINE#         271
  C:0D5BH         LINE#         272
  C:0D5BH         LINE#         273
  C:0D60H         LINE#         274
  -------         ENDPROC       HAL_NRF_GET_RF_CHANNEL
  -------         PROC          HAL_NRF_GET_OUTPUT_POWER
  C:0C4DH         LINE#         276
  C:0C4DH         LINE#         277
  C:0C4DH         LINE#         278
  C:0C58H         LINE#         279
  -------         ENDPROC       HAL_NRF_GET_OUTPUT_POWER
  -------         PROC          HAL_NRF_GET_DATARATE
  C:0B4CH         LINE#         281
  C:0B4CH         LINE#         282
  C:0B4CH         LINE#         283
  C:0B5AH         LINE#         284
  -------         ENDPROC       HAL_NRF_GET_DATARATE
  -------         PROC          HAL_NRF_RX_FIFO_EMPTY
  C:0C59H         LINE#         286
  C:0C59H         LINE#         287
  C:0C59H         LINE#         288
  C:0C5FH         LINE#         289
  C:0C5FH         LINE#         290
  C:0C62H         LINE#         291
  C:0C62H         LINE#         293
  C:0C62H         LINE#         294
  C:0C64H         LINE#         295
  C:0C64H         LINE#         296
  -------         ENDPROC       HAL_NRF_RX_FIFO_EMPTY
  -------         PROC          HAL_NRF_RX_FIFO_FULL
  C:0CA4H         LINE#         298
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  C:0CA4H         LINE#         299
  C:0CA4H         LINE#         300
  C:0CADH         LINE#         301
  -------         ENDPROC       HAL_NRF_RX_FIFO_FULL
  -------         PROC          HAL_NRF_TX_FIFO_EMPTY
  C:0C71H         LINE#         303
  C:0C71H         LINE#         304
  C:0C71H         LINE#         305
  C:0C7BH         LINE#         306
  -------         ENDPROC       HAL_NRF_TX_FIFO_EMPTY
  -------         PROC          HAL_NRF_TX_FIFO_FULL
  C:0C65H         LINE#         308
  C:0C65H         LINE#         309
  C:0C65H         LINE#         310
  C:0C70H         LINE#         311
  -------         ENDPROC       HAL_NRF_TX_FIFO_FULL
  -------         PROC          HAL_NRF_GET_TX_FIFO_STATUS
  C:0BF5H         LINE#         313
  C:0BF5H         LINE#         314
  C:0BF5H         LINE#         315
  C:0C01H         LINE#         316
  -------         ENDPROC       HAL_NRF_GET_TX_FIFO_STATUS
  -------         PROC          HAL_NRF_GET_RX_FIFO_STATUS
  C:0CAEH         LINE#         318
  C:0CAEH         LINE#         319
  C:0CAEH         LINE#         320
  C:0CB7H         LINE#         321
  -------         ENDPROC       HAL_NRF_GET_RX_FIFO_STATUS
  -------         PROC          HAL_NRF_GET_FIFO_STATUS
  C:0D61H         LINE#         323
  C:0D61H         LINE#         324
  C:0D61H         LINE#         325
  C:0D66H         LINE#         326
  -------         ENDPROC       HAL_NRF_GET_FIFO_STATUS
  -------         PROC          HAL_NRF_GET_TRANSMIT_ATTEMPTS
  C:0CB8H         LINE#         328
  C:0CB8H         LINE#         329
  C:0CB8H         LINE#         330
  C:0CC1H         LINE#         331
  -------         ENDPROC       HAL_NRF_GET_TRANSMIT_ATTEMPTS
  -------         PROC          HAL_NRF_GET_CARRIER_DETECT
  C:0CC2H         LINE#         333
  C:0CC2H         LINE#         334
  C:0CC2H         LINE#         335
  C:0CCBH         LINE#         336
  -------         ENDPROC       HAL_NRF_GET_CARRIER_DETECT
  -------         PROC          _HAL_NRF_WRITE_TX_PLOAD
  D:0001H         SYMBOL        tx_pload
  D:0005H         SYMBOL        length
  C:0D33H         LINE#         338
  C:0D33H         LINE#         339
  C:0D33H         LINE#         340
  -------         ENDPROC       _HAL_NRF_WRITE_TX_PLOAD
  -------         PROC          _HAL_NRF_SETUP_DYN_PL
  D:0007H         SYMBOL        setup
  C:0CFCH         LINE#         343
  C:0CFCH         LINE#         344
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  C:0CFCH         LINE#         345
  -------         ENDPROC       _HAL_NRF_SETUP_DYN_PL
  -------         PROC          HAL_NRF_ENABLE_DYNAMIC_PL
  C:0B87H         LINE#         348
  C:0B87H         LINE#         349
  C:0B87H         LINE#         350
  -------         ENDPROC       HAL_NRF_ENABLE_DYNAMIC_PL
  -------         PROC          HAL_NRF_DISABLE_DYNAMIC_PL
  C:0B95H         LINE#         353
  C:0B95H         LINE#         354
  C:0B95H         LINE#         355
  -------         ENDPROC       HAL_NRF_DISABLE_DYNAMIC_PL
  -------         PROC          HAL_NRF_ENABLE_ACK_PL
  C:0BA3H         LINE#         358
  C:0BA3H         LINE#         359
  C:0BA3H         LINE#         360
  -------         ENDPROC       HAL_NRF_ENABLE_ACK_PL
  -------         PROC          HAL_NRF_DISABLE_ACK_PL
  C:0BB1H         LINE#         363
  C:0BB1H         LINE#         364
  C:0BB1H         LINE#         365
  -------         ENDPROC       HAL_NRF_DISABLE_ACK_PL
  -------         PROC          HAL_NRF_ENABLE_DYNAMIC_ACK
  C:0BBFH         LINE#         368
  C:0BBFH         LINE#         369
  C:0BBFH         LINE#         370
  -------         ENDPROC       HAL_NRF_ENABLE_DYNAMIC_ACK
  -------         PROC          HAL_NRF_DISABLE_DYNAMIC_ACK
  C:0BCDH         LINE#         373
  C:0BCDH         LINE#         374
  C:0BCDH         LINE#         375
  -------         ENDPROC       HAL_NRF_DISABLE_DYNAMIC_ACK
  -------         PROC          _HAL_NRF_WRITE_ACK_PLOAD
  D:0007H         SYMBOL        pipe
  D:0052H         SYMBOL        tx_pload
  D:0055H         SYMBOL        length
  C:0933H         LINE#         378
  C:0939H         LINE#         379
  C:0939H         LINE#         380
  C:093BH         LINE#         382
  C:0940H         LINE#         383
  C:0947H         LINE#         384
  C:0947H         LINE#         385
  C:095CH         LINE#         386
  C:095EH         LINE#         388
  C:0960H         LINE#         389
  -------         ENDPROC       _HAL_NRF_WRITE_ACK_PLOAD
  -------         PROC          HAL_NRF_READ_RX_PL_W
  -------         DO            
  D:0007H         SYMBOL        temp
  -------         ENDDO         
  C:0B5BH         LINE#         391
  C:0B5BH         LINE#         392
  C:0B5BH         LINE#         395
  C:0B5DH         LINE#         397
  C:0B62H         LINE#         398
  C:0B67H         LINE#         399
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  C:0B69H         LINE#         401
  C:0B69H         LINE#         402
  -------         ENDPROC       HAL_NRF_READ_RX_PL_W
  -------         PROC          HAL_NRF_LOCK_UNLOCK
  C:0B6AH         LINE#         404
  C:0B6AH         LINE#         405
  C:0B6AH         LINE#         406
  C:0B6CH         LINE#         408
  C:0B71H         LINE#         409
  C:0B76H         LINE#         411
  C:0B78H         LINE#         412
  -------         ENDPROC       HAL_NRF_LOCK_UNLOCK
  -------         PROC          HAL_NRF_GET_RX_DATA_SOURCE
  C:0CCCH         LINE#         414
  C:0CCCH         LINE#         415
  C:0CCCH         LINE#         416
  C:0CD5H         LINE#         417
  -------         ENDPROC       HAL_NRF_GET_RX_DATA_SOURCE
  -------         PROC          _HAL_NRF_READ_RX_PLOAD
  D:0001H         SYMBOL        rx_pload
  C:0D67H         LINE#         421
  C:0D67H         LINE#         422
  C:0D67H         LINE#         423
  C:0D6CH         LINE#         424
  -------         ENDPROC       _HAL_NRF_READ_RX_PLOAD
  -------         PROC          HAL_NRF_REUSE_TX
  C:0D3AH         LINE#         426
  C:0D3AH         LINE#         427
  C:0D3AH         LINE#         428
  -------         ENDPROC       HAL_NRF_REUSE_TX
  -------         PROC          HAL_NRF_GET_REUSE_TX_STATUS
  C:0C02H         LINE#         431
  C:0C02H         LINE#         432
  C:0C02H         LINE#         433
  C:0C0EH         LINE#         434
  -------         ENDPROC       HAL_NRF_GET_REUSE_TX_STATUS
  -------         PROC          HAL_NRF_FLUSH_RX
  C:0D41H         LINE#         436
  C:0D41H         LINE#         437
  C:0D41H         LINE#         438
  -------         ENDPROC       HAL_NRF_FLUSH_RX
  -------         PROC          HAL_NRF_FLUSH_TX
  C:0D48H         LINE#         441
  C:0D48H         LINE#         442
  C:0D48H         LINE#         443
  -------         ENDPROC       HAL_NRF_FLUSH_TX
  -------         PROC          HAL_NRF_NOP
  C:0D16H         LINE#         446
  C:0D16H         LINE#         447
  C:0D16H         LINE#         448
  C:0D1DH         LINE#         449
  -------         ENDPROC       HAL_NRF_NOP
  -------         PROC          _HAL_NRF_SET_PLL_MODE
  D:0007H         SYMBOL        pll_mode
  C:0A4EH         LINE#         451
  C:0A4EH         LINE#         452
  C:0A4EH         LINE#         453
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  C:0A51H         LINE#         454
  C:0A51H         LINE#         455
  C:0A59H         LINE#         456
  C:0A5BH         LINE#         458
  C:0A5BH         LINE#         459
  C:0A69H         LINE#         460
  C:0A69H         LINE#         461
  -------         ENDPROC       _HAL_NRF_SET_PLL_MODE
  -------         PROC          HAL_NRF_GET_PLL_MODE
  C:0C0FH         LINE#         463
  C:0C0FH         LINE#         464
  C:0C0FH         LINE#         465
  C:0C1BH         LINE#         466
  -------         ENDPROC       HAL_NRF_GET_PLL_MODE
  -------         PROC          _HAL_NRF_SET_LNA_GAIN
  D:0007H         SYMBOL        lna_gain
  C:0A6AH         LINE#         468
  C:0A6AH         LINE#         469
  C:0A6AH         LINE#         470
  C:0A6DH         LINE#         471
  C:0A6DH         LINE#         472
  C:0A75H         LINE#         473
  C:0A77H         LINE#         475
  C:0A77H         LINE#         476
  C:0A85H         LINE#         477
  C:0A85H         LINE#         478
  -------         ENDPROC       _HAL_NRF_SET_LNA_GAIN
  -------         PROC          HAL_NRF_GET_LNA_GAIN
  C:0CD6H         LINE#         480
  C:0CD6H         LINE#         481
  C:0CD6H         LINE#         482
  C:0CDFH         LINE#         483
  -------         ENDPROC       HAL_NRF_GET_LNA_GAIN
  -------         PROC          _HAL_NRF_READ_REG
  D:0007H         SYMBOL        reg
  -------         DO            
  D:0007H         SYMBOL        temp
  -------         ENDDO         
  C:0C1CH         LINE#         485
  C:0C1CH         LINE#         486
  C:0C1CH         LINE#         488
  C:0C1EH         LINE#         489
  C:0C21H         LINE#         490
  C:0C26H         LINE#         491
  C:0C28H         LINE#         493
  C:0C28H         LINE#         494
  -------         ENDPROC       _HAL_NRF_READ_REG
  -------         PROC          _HAL_NRF_WRITE_REG
  D:0059H         SYMBOL        reg
  D:005AH         SYMBOL        value
  -------         DO            
  D:005BH         SYMBOL        retval
  -------         ENDDO         
  C:0481H         LINE#         496
  C:0485H         LINE#         497
  C:0485H         LINE#         499
  C:0487H         LINE#         500
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  C:048EH         LINE#         501
  C:048EH         LINE#         502
  C:0493H         LINE#         503
  C:0493H         LINE#         504
  C:0495H         LINE#         506
  C:0495H         LINE#         507
  C:04C1H         LINE#         508
  C:04C1H         LINE#         509
  C:04C8H         LINE#         510
  C:04CDH         LINE#         511
  C:04CFH         LINE#         513
  C:04CFH         LINE#         514
  C:04D6H         LINE#         515
  C:04D6H         LINE#         516
  C:04D6H         LINE#         517
  C:04D8H         LINE#         519
  C:04DAH         LINE#         520
  -------         ENDPROC       _HAL_NRF_WRITE_REG
  -------         PROC          _HAL_NRF_READ_MULTIBYTE_REG
  D:0051H         SYMBOL        reg
  D:0052H         SYMBOL        pbuf
  -------         DO            
  D:0055H         SYMBOL        ctr
  D:0056H         SYMBOL        length
  -------         ENDDO         
  C:02CDH         LINE#         522
  C:02D5H         LINE#         523
  C:02D5H         LINE#         525
  C:02E6H         LINE#         526
  C:02E6H         LINE#         527
  C:02E6H         LINE#         528
  C:02E6H         LINE#         529
  C:02E6H         LINE#         530
  C:02EDH         LINE#         531
  C:02EFH         LINE#         532
  C:02F4H         LINE#         533
  C:02F6H         LINE#         535
  C:02F6H         LINE#         536
  C:0301H         LINE#         537
  C:0301H         LINE#         538
  C:0308H         LINE#         540
  C:030AH         LINE#         541
  C:030FH         LINE#         542
  C:0311H         LINE#         549
  C:0311H         LINE#         550
  C:0316H         LINE#         551
  C:0316H         LINE#         552
  C:0316H         LINE#         554
  C:031DH         LINE#         555
  C:031DH         LINE#         556
  C:0334H         LINE#         557
  C:0336H         LINE#         559
  C:0338H         LINE#         561
  C:033EH         LINE#         562
  -------         ENDPROC       _HAL_NRF_READ_MULTIBYTE_REG
  -------         PROC          _HAL_NRF_WRITE_MULTIBYTE_REG
  D:0059H         SYMBOL        reg
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  D:005AH         SYMBOL        pbuf
  D:005DH         SYMBOL        length
  C:06C6H         LINE#         564
  C:06CEH         LINE#         565
  C:06CEH         LINE#         566
  C:06DEH         LINE#         567
  C:06DEH         LINE#         568
  C:06DEH         LINE#         569
  C:06DEH         LINE#         570
  C:06DEH         LINE#         571
  C:06E3H         LINE#         572
  C:06E5H         LINE#         573
  C:06E9H         LINE#         574
  C:06EBH         LINE#         576
  C:06EBH         LINE#         577
  C:06EDH         LINE#         578
  C:06EFH         LINE#         579
  C:06EFH         LINE#         580
  C:06EFH         LINE#         581
  C:06EFH         LINE#         582
  C:06F1H         LINE#         584
  C:06F8H         LINE#         585
  C:06F8H         LINE#         586
  C:070DH         LINE#         587
  C:070FH         LINE#         589
  C:0711H         LINE#         590
  -------         ENDPROC       _HAL_NRF_WRITE_MULTIBYTE_REG
  -------         ENDMOD        HAL_NRF_L01

  -------         MODULE        HAL_NRF_HW
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  C:0CE0H         PUBLIC        _hal_nrf_rw
  D:0088H         PUBLIC        TCON
  B:00C0H.0       PUBLIC        RFSPIF
  D:00A0H         PUBLIC        USBCON
  D:0098H         PUBLIC        S0CON
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  D:00E5H         PUBLIC        RFDAT
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  -------         PROC          _HAL_NRF_RW
  D:0007H         SYMBOL        value
  C:0CE0H         LINE#         19
  C:0CE0H         LINE#         20
  C:0CE0H         LINE#         21
  C:0CE2H         LINE#         22
  C:0CE4H         LINE#         24
  C:0CE7H         LINE#         26
  C:0CE9H         LINE#         27
  -------         ENDPROC       _HAL_NRF_RW
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  -------         ENDMOD        HAL_NRF_HW

  -------         MODULE        RADIO_SB
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  D:0088H         PUBLIC        TCON
  D:00A0H         PUBLIC        USBCON
  C:0416H         PUBLIC        _radio_sb_init
  D:0098H         PUBLIC        S0CON
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  -------         PROC          _RADIO_SB_INIT
  D:0051H         SYMBOL        address
  D:0054H         SYMBOL        operational_mode
  C:0416H         LINE#         27
  C:041EH         LINE#         28
  C:041EH         LINE#         29
  C:0423H         LINE#         31
  C:0429H         LINE#         33
  C:042EH         LINE#         34
  C:0437H         LINE#         36
  C:043CH         LINE#         37
  C:0447H         LINE#         38
  C:0452H         LINE#         41
  C:0456H         LINE#         42
  C:0456H         LINE#         43
  C:045AH         LINE#         44
  C:045CH         LINE#         46
  C:045CH         LINE#         47
  C:0461H         LINE#         48
  C:0468H         LINE#         52
  C:0468H         LINE#         54
  C:046DH         LINE#         58
  C:0472H         LINE#         64
  C:0479H         LINE#         65
  C:047CH         LINE#         67
  -------         ENDPROC       _RADIO_SB_INIT
  -------         ENDMOD        RADIO_SB

  -------         MODULE        APPLICATION_SB
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  B:0090H.0       PUBLIC        RFCE
  B:0080H.0       PUBLIC        P00
  B:0080H.5       PUBLIC        P05
  D:0088H         PUBLIC        TCON
  X:800AH         SYMBOL        pload_sb
  D:00A0H         PUBLIC        USBCON
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  D:0098H         PUBLIC        S0CON
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  C:085FH         PUBLIC        device_prx_mode_sb
  C:0961H         PUBLIC        device_ptx_mode_sb
  D:00E8H         PUBLIC        AESCS
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  -------         PROC          DEVICE_PTX_MODE_SB
  C:0961H         LINE#         43
  C:0961H         LINE#         44
  C:0961H         LINE#         45
  C:0961H         LINE#         46
  C:0961H         LINE#         48
  C:0961H         LINE#         49
  C:0964H         LINE#         50
  C:096CH         LINE#         53
  C:0973H         LINE#         54
  C:0976H         LINE#         57
  C:097BH         LINE#         59
  C:097EH         LINE#         60
  C:097EH         LINE#         61
  C:0980H         LINE#         62
  C:0980H         LINE#         65
  C:098BH         LINE#         66
  -------         ENDPROC       DEVICE_PTX_MODE_SB
  -------         PROC          DEVICE_PRX_MODE_SB
  C:085FH         LINE#         69
  C:085FH         LINE#         70
  C:085FH         LINE#         71
  C:0861H         LINE#         73
  C:0861H         LINE#         74
  C:0861H         LINE#         75
  C:0868H         LINE#         80
  C:0868H         LINE#         81
  C:086BH         LINE#         82
  C:0877H         LINE#         84
  C:087DH         LINE#         85
  C:087DH         LINE#         87
  C:0885H         LINE#         88
  C:0885H         LINE#         89
  C:0887H         LINE#         90
  C:0889H         LINE#         92
  C:0889H         LINE#         93
  C:088BH         LINE#         94
  C:088BH         LINE#         95
  C:088DH         LINE#         97
  C:088DH         LINE#         98
  C:088FH         LINE#         99
  C:088FH         LINE#         102
  C:0894H         LINE#         103
  -------         ENDPROC       DEVICE_PRX_MODE_SB
  -------         ENDMOD        APPLICATION_SB

  -------         MODULE        RADIO_ESB
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  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  D:0088H         PUBLIC        TCON
  C:033FH         PUBLIC        _radio_esb_init
  D:00A0H         PUBLIC        USBCON
  D:0098H         PUBLIC        S0CON
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  -------         PROC          _RADIO_ESB_INIT
  D:0051H         SYMBOL        address
  D:0054H         SYMBOL        operational_mode
  C:033FH         LINE#         27
  C:0347H         LINE#         28
  C:0347H         LINE#         29
  C:034CH         LINE#         31
  C:0353H         LINE#         34
  C:0358H         LINE#         35
  C:0361H         LINE#         40
  C:0366H         LINE#         41
  C:0371H         LINE#         42
  C:037CH         LINE#         45
  C:0380H         LINE#         46
  C:0380H         LINE#         47
  C:0384H         LINE#         48
  C:0386H         LINE#         50
  C:0386H         LINE#         51
  C:038BH         LINE#         52
  C:0392H         LINE#         56
  C:0392H         LINE#         58
  C:0397H         LINE#         62
  C:039CH         LINE#         64
  C:03A3H         LINE#         65
  C:03A6H         LINE#         67
  -------         ENDPROC       _RADIO_ESB_INIT
  -------         ENDMOD        RADIO_ESB

  -------         MODULE        APPLICATION_ESB
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  B:00A8H.7       PUBLIC        EA
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  B:0090H.0       PUBLIC        RFCE
  X:8014H         SYMBOL        pload_esb
  B:0080H.0       PUBLIC        P00
  B:0080H.1       PUBLIC        P01
  B:0080H.2       PUBLIC        P02
  B:0080H.5       PUBLIC        P05
  D:0088H         PUBLIC        TCON
  B:00A8H.1       PUBLIC        ET0
�BL51 BANKED LINKER/LOCATER V6.15                                                      04/03/2009  08:18:48  PAGE 33


  D:00A0H         PUBLIC        USBCON
  C:0896H         PUBLIC        device_prx_mode_esb
  C:075CH         PUBLIC        device_ptx_mode_esb
  B:0088H.4       PUBLIC        TR0
  D:0098H         PUBLIC        S0CON
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  -------         PROC          DEVICE_PTX_MODE_ESB
  C:075CH         LINE#         46
  C:075CH         LINE#         47
  C:075CH         LINE#         48
  C:075CH         LINE#         49
  C:075CH         LINE#         51
  C:075CH         LINE#         52
  C:075FH         LINE#         53
  C:0767H         LINE#         56
  C:076DH         LINE#         57
  C:076DH         LINE#         58
  C:0778H         LINE#         59
  C:077AH         LINE#         61
  C:077AH         LINE#         62
  C:0785H         LINE#         63
  C:0785H         LINE#         66
  C:078CH         LINE#         67
  C:078FH         LINE#         70
  C:0794H         LINE#         72
  C:0797H         LINE#         73
  C:0797H         LINE#         74
  C:0799H         LINE#         75
  C:0799H         LINE#         78
  C:07A4H         LINE#         79
  -------         ENDPROC       DEVICE_PTX_MODE_ESB
  -------         PROC          DEVICE_PRX_MODE_ESB
  C:0896H         LINE#         82
  C:0896H         LINE#         83
  C:0896H         LINE#         84
  C:0898H         LINE#         86
  C:0898H         LINE#         87
  C:0898H         LINE#         88
  C:089FH         LINE#         93
  C:089FH         LINE#         94
  C:08A2H         LINE#         95
  C:08AEH         LINE#         97
  C:08B4H         LINE#         98
  C:08B4H         LINE#         100
  C:08BCH         LINE#         101
  C:08BCH         LINE#         102
  C:08BEH         LINE#         103
  C:08C0H         LINE#         105
  C:08C0H         LINE#         106
  C:08C2H         LINE#         107
  C:08C2H         LINE#         108
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  C:08C4H         LINE#         110
  C:08C4H         LINE#         111
  C:08C6H         LINE#         112
  C:08C6H         LINE#         115
  C:08CBH         LINE#         116
  -------         ENDPROC       DEVICE_PRX_MODE_ESB
  -------         ENDMOD        APPLICATION_ESB

  -------         MODULE        RADIO_PL
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  D:0088H         PUBLIC        TCON
  D:00A0H         PUBLIC        USBCON
  D:0098H         PUBLIC        S0CON
  C:013FH         PUBLIC        _radio_pl_init
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  -------         PROC          _RADIO_PL_INIT
  D:0051H         SYMBOL        address
  D:0054H         SYMBOL        operational_mode
  C:013FH         LINE#         30
  C:0147H         LINE#         31
  C:0147H         LINE#         32
  C:014CH         LINE#         34
  C:0153H         LINE#         36
  C:0158H         LINE#         37
  C:0161H         LINE#         41
  C:0166H         LINE#         42
  C:0171H         LINE#         43
  C:017CH         LINE#         53
  C:017FH         LINE#         58
  C:018FH         LINE#         59
  C:018FH         LINE#         60
  C:0192H         LINE#         61
  C:0195H         LINE#         62
  C:0195H         LINE#         64
  C:0198H         LINE#         65
  C:019DH         LINE#         71
  C:01A1H         LINE#         72
  C:01A1H         LINE#         73
  C:01A5H         LINE#         74
  C:01A7H         LINE#         76
  C:01A7H         LINE#         77
  C:01ACH         LINE#         78
  C:01B3H         LINE#         82
  C:01B3H         LINE#         84
  C:01B8H         LINE#         88
  C:01BDH         LINE#         90
  C:01C4H         LINE#         91
  C:01C7H         LINE#         93
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  -------         ENDPROC       _RADIO_PL_INIT
  -------         ENDMOD        RADIO_PL

  -------         MODULE        APPLICATION_PL
  C:0000H         SYMBOL        _ICE_DUMMY_
  D:0080H         PUBLIC        P0
  B:00A8H.7       PUBLIC        EA
  D:00A8H         PUBLIC        IEN0
  D:00B8H         PUBLIC        IEN1
  B:0090H.0       PUBLIC        RFCE
  B:0080H.0       PUBLIC        P00
  B:0080H.1       PUBLIC        P01
  B:0080H.2       PUBLIC        P02
  B:0080H.5       PUBLIC        P05
  D:0088H         PUBLIC        TCON
  B:00A8H.1       PUBLIC        ET0
  D:00A0H         PUBLIC        USBCON
  B:00A8H.0       PUBLIC        EX0
  X:801EH         SYMBOL        pload_pl
  B:0088H.4       PUBLIC        TR0
  D:0098H         PUBLIC        S0CON
  D:00C8H         PUBLIC        T2CON
  D:00F8H         PUBLIC        FSR
  D:00E8H         PUBLIC        AESCS
  C:0258H         PUBLIC        device_prx_mode_pl
  C:04DBH         PUBLIC        device_ptx_mode_pl
  D:0090H         PUBLIC        RFCON
  D:00D0H         PUBLIC        PSW
  D:00D8H         PUBLIC        WDCON
  D:00C0H         PUBLIC        IRCON
  C:0D05H         SYMBOL        Com0054
  C:0D05H         SYMBOL        L?0085
  C:0D07H         SYMBOL        L?0086
  -------         PROC          COM0054
  -------         ENDPROC       COM0054
  -------         PROC          DEVICE_PTX_MODE_PL
  C:04DBH         LINE#         54
  C:04DBH         LINE#         55
  C:04DBH         LINE#         56
  C:04DBH         LINE#         57
  C:04DBH         LINE#         59
  C:04DBH         LINE#         60
  C:04DEH         LINE#         61
  C:04E6H         LINE#         64
  C:04F4H         LINE#         66
  C:04F4H         LINE#         67
  C:04FAH         LINE#         68
  C:04FCH         LINE#         70
  C:04FCH         LINE#         71
  C:0504H         LINE#         72
  C:0504H         LINE#         75
  C:050AH         LINE#         76
  C:050AH         LINE#         78
  C:0512H         LINE#         79
  C:0512H         LINE#         80
  C:0514H         LINE#         81
  C:0516H         LINE#         83
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  C:0516H         LINE#         84
  C:0518H         LINE#         85
  C:0518H         LINE#         86
  C:0518H         LINE#         89
  C:051BH         LINE#         92
  C:0520H         LINE#         94
  C:0523H         LINE#         95
  C:0523H         LINE#         96
  C:0525H         LINE#         97
  C:0525H         LINE#         100
  C:0530H         LINE#         101
  -------         ENDPROC       DEVICE_PTX_MODE_PL
  -------         PROC          DEVICE_PRX_MODE_PL
  C:0258H         LINE#         104
  C:0258H         LINE#         105
  C:0258H         LINE#         106
  C:025AH         LINE#         108
  C:025AH         LINE#         109
  C:025AH         LINE#         111
  C:025FH         LINE#         113
  C:0262H         LINE#         114
  C:0262H         LINE#         115
  C:0264H         LINE#         116
  C:0264H         LINE#         118
  C:0272H         LINE#         120
  C:0279H         LINE#         125
  C:0279H         LINE#         126
  C:027CH         LINE#         127
  C:0288H         LINE#         130
  C:0296H         LINE#         132
  C:0296H         LINE#         133
  C:029CH         LINE#         134
  C:029EH         LINE#         136
  C:029EH         LINE#         137
  C:02A6H         LINE#         138
  C:02A6H         LINE#         140
  C:02B4H         LINE#         142
  C:02B4H         LINE#         144
  C:02BCH         LINE#         145
  C:02BCH         LINE#         146
  C:02BEH         LINE#         147
  C:02C0H         LINE#         149
  C:02C0H         LINE#         150
  C:02C2H         LINE#         151
  C:02C2H         LINE#         152
  C:02C4H         LINE#         154
  C:02C4H         LINE#         155
  C:02C6H         LINE#         156
  C:02C6H         LINE#         159
  C:02CBH         LINE#         160
  -------         ENDPROC       DEVICE_PRX_MODE_PL
  -------         ENDMOD        APPLICATION_PL

  -------         MODULE        ?C?CLDPTR
  C:00ADH         PUBLIC        ?C?CLDPTR
  -------         ENDMOD        ?C?CLDPTR
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  -------         MODULE        ?C?CSTPTR
  C:00C6H         PUBLIC        ?C?CSTPTR
  -------         ENDMOD        ?C?CSTPTR

  -------         MODULE        ?C?IMUL
  C:00D8H         PUBLIC        ?C?IMUL
  -------         ENDMOD        ?C?IMUL

  -------         MODULE        ?C?UIDIV
  C:00EAH         PUBLIC        ?C?UIDIV
  -------         ENDMOD        ?C?UIDIV

Program Size: data=107.0 xdata=40 code=3448
LINK/LOCATE RUN COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/radio.lst
C51 COMPILER V8.16   RADIO                                                                 04/03/2009 08:18:46 PAGE 1   


C51 COMPILER V8.16, COMPILATION OF MODULE RADIO
OBJECT MODULE PLACED IN .\obj\radio.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE radio.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\arch\hal\include
                    -;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\radio.lst) OBJECT(
                    -.\obj\radio.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2310 $
  12           */ 
  13          
  14           /** @file
  15           * @ingroup Main
  16           * Radio functions.
  17           *
  18           * This file handles all radio communication for the example application, i.e. 
  19           * radio_init, radio_send_packet and radio_interrupt function.
  20           *
  21           * @author Per Kristian Schanke
  22           */
  23          
  24          #include "hal_nrf.h"
  25          #include "system.h"
  26          #include "radio.h"
  27          #include "target_includes.h"
  28          
  29          /** The payload sent over the radio. Also contains the recieved data. 
  30           * Should be read with radio_get_pload_byte(). */
  31          static xdata uint8_t pload[RF_PAYLOAD_LENGTH];
  32          /** The current status of the radio. Should be set with radio_set_status(), 
  33           * and read with radio_get_status().
  34           */
  35          static radio_status_t status;
  36          
  37          void radio_send_packet(uint8_t *packet, uint8_t length)
  38          {
  39   1        hal_nrf_write_tx_pload(packet, length);      // load message into radio
  40   1        
  41   1        CE_PULSE();                                 // send packet
  42   1      
  43   1        radio_set_status (RF_BUSY);                 // trans. in progress; RF_BUSY
  44   1      }
  45          
  46          radio_status_t radio_get_status (void)
  47          {
  48   1        return status;
  49   1      }
  50          
  51          uint8_t radio_get_pload_byte (uint8_t byte_index)
  52          {
  53   1        return pload[byte_index];
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  54   1      }
  55          
  56          void radio_set_status (radio_status_t new_status)
  57          {
  58   1        status = new_status;
  59   1      }
  60          
  61          void radio_irq(void) 
  62          {
  63   1        if (RADIO_ACTIVITY())                         // Check if an interupt is
  64   1        {                                             // triggered
  65   2          switch(hal_nrf_get_clear_irq_flags ())
  66   2          {
  67   3            case (1<<HAL_NRF_MAX_RT):                 // Max retries reached
  68   3              hal_nrf_flush_tx();                     // flush tx fifo, avoid fifo jam
  69   3              radio_set_status (RF_MAX_RT);
  70   3              break;
  71   3            
  72   3            case (1<<HAL_NRF_TX_DS):                  // Packet sent
  73   3              radio_set_status (RF_TX_DS);
  74   3              break;
  75   3            
  76   3            case (1<<HAL_NRF_RX_DR):                  // Packet received
  77   3              while (!hal_nrf_rx_fifo_empty ())
  78   3              {
  79   4                hal_nrf_read_rx_pload(pload);
  80   4              }
  81   3              radio_set_status (RF_RX_DR);
  82   3              break;
  83   3        
  84   3            case ((1<<HAL_NRF_RX_DR)|(1<<HAL_NRF_TX_DS)): // Ack payload recieved
  85   3              while (!hal_nrf_rx_fifo_empty ())
  86   3              {
  87   4                hal_nrf_read_rx_pload(pload);
  88   4              }
  89   3              radio_set_status (RF_TX_AP);
  90   3              break;
  91   3        
  92   3            default:
  93   3              break;    
  94   3          }
  95   2      
  96   2          RESET_RADIO_ACTIVITY();
  97   2        }
  98   1      }


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =    119    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =     10    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =      1       1
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/radio_esb.lst
C51 COMPILER V8.16   RADIO_ESB                                                             04/03/2009 08:18:47 PAGE 1   


C51 COMPILER V8.16, COMPILATION OF MODULE RADIO_ESB
OBJECT MODULE PLACED IN .\obj\radio_esb.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE esb\radio_esb.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\arch\hal
                    -\include;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\radio_esb.
                    -lst) OBJECT(.\obj\radio_esb.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2185 $
  12           */ 
  13          
  14          /** @ingroup ESB 
  15           * @file
  16           * Initialise the radio in Enhanced ShockBurst mode. This is done by opening 
  17           * @b pipe0 with auto ACK and with auto retransmits.
  18           *
  19           * @author Per Kristian Schanke
  20           */
  21          
  22          #include "hal_nrf.h"
  23          #include "radio_esb.h"
  24          #include "system.h"
  25          #include "radio.h"
  26          
  27          void radio_esb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
  28          {
  29   1        hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
  30   1                                                       // Pipe 0 and 1 open by default
  31   1        hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack
  32   1                                                       // Changed from sb/radio_sb.c
  33   1      
  34   1        hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
  35   1        hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);                 
  36   1                                                       // Enables auto retransmit.
  37   1                                                       // 3 retrans with 250ms delay
  38   1                                                       // Changed from sb/radio_sb.c
  39   1      
  40   1        hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
  41   1        hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
  42   1        hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
  43   1                                                       // pipe0
  44   1        
  45   1        if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
  46   1        {
  47   2          hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
  48   2        }
  49   1        else
  50   1        {
  51   2          hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
  52   2          hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
  53   2                                                       // Pipe0 expect 
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  54   2                                                       // PAYLOAD_LENGTH byte payload
  55   2                                                       // PAYLOAD_LENGTH in radio.h
  56   2        }
  57   1      
  58   1        hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
  59   1                                                       // Defined in radio.h.
  60   1                                                       // Frequenzy = 
  61   1                                                       //        2400 + RF_CHANNEL
  62   1        hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
  63   1      
  64   1        start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
  65   1        wait_for_timer();                              // power up
  66   1        
  67   1        radio_set_status (RF_IDLE);                     // Radio now ready
  68   1      }  


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =    108    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =   ----    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =   ----       4
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/radio_pl.lst
C51 COMPILER V8.16   RADIO_PL                                                              04/03/2009 08:18:48 PAGE 1   


C51 COMPILER V8.16, COMPILATION OF MODULE RADIO_PL
OBJECT MODULE PLACED IN .\obj\radio_pl.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE pl\radio_pl.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\arch\hal\i
                    -nclude;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\radio_pl.lst
                    -) OBJECT(.\obj\radio_pl.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2185 $
  12           */ 
  13          
  14          /** @ingroup PL 
  15           * @file
  16           * Initialise the radio in Enhanced ShockBurst mode with Bidirectional data. 
  17           * This is done by opening @b pipe0 with auto ACK and with auto retransmits. 
  18           * It also opens for the use of ACK payload (@b hal_nrf_enable_ack_pl()) and 
  19           * dynamic payload width (@b hal_nrf_enable_dynamic_pl() for general enabeling 
  20           * and @b hal_nrf_setup_dyn_pl() to enable on specific pipes).
  21           *
  22           * @author Per Kristian Schanke
  23           */
  24          
  25          #include "hal_nrf.h"
  26          #include "radio_pl.h"
  27          #include "system.h"
  28          #include "radio.h"
  29          
  30          void radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
  31          {
  32   1        hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
  33   1                                                       // Pipe 0 and 1 open by default
  34   1        hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack 
  35   1      
  36   1        hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
  37   1        hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);
  38   1                                                       // Enables auto retransmit.
  39   1                                                       // 3 retrans with 250ms delay
  40   1      
  41   1        hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
  42   1        hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
  43   1        hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
  44   1                                                       // pipe0
  45   1      
  46   1      /*****************************************************************************
  47   1       * Changed from esb/radio_esb.c                                              *
  48   1       * Enables:                                                                  *
  49   1       *  - ACK payload                                                            *
  50   1       *  - Dynamic payload width                                                  *
  51   1       *  - Dynamic ACK                                                            *
  52   1       *****************************************************************************/
  53   1        hal_nrf_enable_ack_pl();                       // Try to enable ack payload
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  54   1      
  55   1        // When the features are locked, the FEATURE and DYNPD are read out 0x00
  56   1        // even after we have tried to enable ack payload. This mean that we need to
  57   1        // activate the features.
  58   1        if(hal_nrf_read_reg(FEATURE) == 0x00 && (hal_nrf_read_reg(DYNPD) == 0x00))
  59   1        {
  60   2          hal_nrf_lock_unlock ();                      // Activate features
  61   2          hal_nrf_enable_ack_pl();                     // Enables payload in ack
  62   2        }
  63   1      
  64   1        hal_nrf_enable_dynamic_pl();                   // Enables dynamic payload
  65   1        hal_nrf_setup_dyn_pl(ALL_PIPES);               // Sets up dynamic payload on
  66   1                                                       // all data pipes.
  67   1      /*****************************************************************************
  68   1       * End changes from esb/radio_esb.c                                          *
  69   1       *****************************************************************************/
  70   1         
  71   1        if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
  72   1        {
  73   2          hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
  74   2        }
  75   1        else
  76   1        {
  77   2          hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
  78   2          hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
  79   2                                                       // Pipe0 expect 
  80   2                                                       // PAYLOAD_LENGTH byte payload
  81   2                                                       // PAYLOAD_LENGTH in radio.h
  82   2        }
  83   1      
  84   1        hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel
  85   1                                                       // Defined in radio.h. 
  86   1                                                       // Frequenzy = 
  87   1                                                       //        2400 + RF_CHANNEL
  88   1        hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
  89   1        
  90   1        start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
  91   1        wait_for_timer();                              // power up
  92   1        
  93   1        radio_set_status (RF_IDLE);                    // Radio now ready
  94   1      }    


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =    141    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =   ----    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =   ----       4
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/radio_sb.lst
C51 COMPILER V8.16   RADIO_SB                                                              04/03/2009 08:18:47 PAGE 1   


C51 COMPILER V8.16, COMPILATION OF MODULE RADIO_SB
OBJECT MODULE PLACED IN .\obj\radio_sb.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE sb\radio_sb.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\arch\hal\i
                    -nclude;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\radio_sb.lst
                    -) OBJECT(.\obj\radio_sb.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2310 $
  12           */ 
  13          
  14          /** @ingroup SB 
  15           * @file
  16           * Initialise the radio in ShockBurst mode. This is done by opening @b pipe0 
  17           * without auto ACK and disabeling auto retransmits.
  18           *
  19           * @author Per Kristian Schanke
  20           */
  21          
  22          #include "hal_nrf.h"
  23          #include "radio_sb.h"
  24          #include "system.h"
  25          #include "radio.h"
  26          
  27          void radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
  28          {
  29   1        hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
  30   1                                                       // Pipe 0 and 1 open by default
  31   1        hal_nrf_open_pipe(HAL_NRF_PIPE0, false);       // Open pipe0, without/autoack
  32   1      
  33   1        hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
  34   1        hal_nrf_set_auto_retr(0, RF_RETRANS_DELAY);    // Disables auto retransmit
  35   1      
  36   1        hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
  37   1        hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
  38   1        hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
  39   1                                                       // pipe0  
  40   1        
  41   1        if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
  42   1        {
  43   2          hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
  44   2        }
  45   1        else
  46   1        {
  47   2          hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
  48   2          hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
  49   2                                                       // Pipe0 expect 
  50   2                                                       // PAYLOAD_LENGTH byte payload
  51   2                                                       // PAYLOAD_LENGTH in radio.h
  52   2        }
  53   1      
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  54   1        hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
  55   1                                                       // Defined in radio.h. 
  56   1                                                       // Frequenzy = 
  57   1                                                       //        2400 + RF_CHANNEL
  58   1        hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
  59   1      
  60   1      //hal_nrf_set_datarate(HAL_NRF_1MBPS);           // Uncomment this line for 
  61   1                                                       // compatibility with nRF2401 
  62   1                                                       // and nRF24E1
  63   1      
  64   1        start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
  65   1        wait_for_timer();                              // power up
  66   1      
  67   1        radio_set_status (RF_IDLE);                    // Radio now ready
  68   1      }                                                


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =    107    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =   ----    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =   ----       4
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lst/system.lst
C51 COMPILER V8.16   SYSTEM                                                                04/03/2009 08:18:46 PAGE 1   


C51 COMPILER V8.16, COMPILATION OF MODULE SYSTEM
OBJECT MODULE PLACED IN .\obj\system.obj
COMPILER INVOKED BY: C:\Keil\C51\BIN\C51.EXE system.c OPTIMIZE(9,SPEED) BROWSE INCDIR(.\lu1_bfb;..\..\..\arch\hal\includ
                    -e;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1) DEFINE(nRF24LU1__) DEBUG OBJECTEXTEND PRINT(.\lst\system.lst) OBJEC
                    -T(.\obj\system.obj)

line level    source

   1          /* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
   2           *
   3           * The information contained herein is property of Nordic Semiconductor ASA.
   4           * Terms and conditions of usage are described in detail in NORDIC
   5           * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
   6           *
   7           * Licensees are granted free, non-transferable use of the information. NO
   8           * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
   9           * the file.
  10           *
  11           * $LastChangedRevision: 2310 $
  12           */ 
  13          
  14           /** @file
  15           * @ingroup Main
  16           * @ingroup hwdep
  17           * System level functions: Timers, port setup, interrupt handlers, and other 
  18           * system functions.
  19           * 
  20           * @author Per Kristian Schanke
  21           */
  22          
  23          #include "hal_nrf.h"
  24          #include "radio.h"
  25          #include "system.h"
  26          #include "target_includes.h"
  27          
  28          /** Indicates which LED is set to blink. */
  29          volatile uint8_t led_blink;
  30          /** How many times timer 1 should be restarted to be able to run for the
  31           * wanted amount of time.
  32           */
  33          static uint8_t timer_rounds;
  34          
  35          /** Starts timer 1.
  36           * 
  37           * @param time The runtime in timer cycles
  38           */
  39          static void run_timer (uint16_t time);
  40          
  41          void device_boot_msg(void)
  42          {
  43   1        uint8_t ctr;
  44   1      
  45   1        for(ctr=0;ctr<3;ctr++)
  46   1        {
  47   2          LED1_BLINK();
  48   2          while(led_blink)               // wait until LED released...
  49   2            ;
  50   2          delay_10ms();
  51   2      
  52   2          LED2_BLINK();
  53   2          while(led_blink)               // wait until LED released...
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  54   2            ;
  55   2          delay_10ms();
  56   2      
  57   2          LED3_BLINK();
  58   2          while(led_blink)               // wait until LED released...
  59   2            ;
  60   2          delay_10ms();
  61   2      
  62   2          LED2_BLINK();
  63   2          while(led_blink)               // wait until LED released...
  64   2            ;
  65   2          delay_10ms();
  66   2      
  67   2          LED1_BLINK();
  68   2          while(led_blink)               // wait until LED released...
  69   2            ;
  70   2          delay_10ms();
  71   2      
  72   2        }
  73   1      }
  74          
  75          void delay_10ms(void)
  76          {
  77   1        start_timer(10);
  78   1        wait_for_timer();
  79   1      }
  80          
  81          void delay_100ms(void)
  82          {
  83   1        start_timer(100);
  84   1        wait_for_timer();
  85   1      }
  86          
  87          /** Interrupt handler for timer0.
  88           * Turns off all blinking LED's. Hardware dependant in setting up
  89           * timers and interrupt vector.
  90           */
  91          void t0_ov_interrupt(void) interrupt INTERRUPT_T0
  92          {
  93   1        TR0 = 0;                          // stop timer0
  94   1        TL0 = 0xE9;                       // reload timer..
  95   1        TH0 = 0xCB;
  96   1      
  97   1        if (led_blink & (1<<LED1_INDEX))
  98   1        {
  99   2          LED1_OFF();
 100   2        }
 101   1        if (led_blink & (1<<LED2_INDEX))
 102   1        {
 103   2          LED2_OFF();
 104   2        }
 105   1        if (led_blink & (1<<LED3_INDEX))
 106   1        {
 107   2          LED3_OFF();
 108   2        }
 109   1      
 110   1        led_blink = 0;
 111   1      }
 112          
 113          void start_timer (uint16_t time)
 114          {
 115   1        uint16_t setuptime;
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 116   1        uint16_t firstruntime;
 117   1      
 118   1        firstruntime = (uint16_t)(time % MAX_RUNTIME);
 119   1      
 120   1        setuptime = 0 - (firstruntime * CYCLES_PR_MS);
 121   1        time -= firstruntime;
 122   1        timer_rounds = (uint8_t)(time / MAX_RUNTIME) + 1;
 123   1      
 124   1        if (setuptime == 0)
 125   1        {
 126   2          setuptime = MAX_TIME;
 127   2          timer_rounds--;
 128   2        }
 129   1      
 130   1        run_timer (setuptime);
 131   1      }
 132          
 133          static void run_timer (uint16_t time)
 134          {
 135   1        if (time != 0)
 136   1        {
 137   2          T1_MODE1(); // Setting up mode 1 on timer 1 (16-bit timer) 
 138   2          T1_SET_LB((uint8_t)time);
 139   2          T1_SET_HB((uint8_t)(time >> 8));
 140   2          T1_START();
 141   2        }
 142   1      }
 143          
 144          void wait_for_timer (void)
 145          {
 146   1        while (timer_rounds > 0)
 147   1        {
 148   2          while (!TIMER1_OVERFLOW())
 149   2            ;
 150   2      
 151   2          timer_rounds--;
 152   2      
 153   2          if (timer_rounds > 0)
 154   2          {
 155   3            run_timer (MAX_TIME);
 156   3          }
 157   2        }
 158   1      
 159   1        T1_STOP();
 160   1      }
 161          
 162          bool timer_done (void)
 163          {
 164   1        bool retval = false;
 165   1      
 166   1        if (TIMER1_OVERFLOW())
 167   1        {
 168   2          timer_rounds--;
 169   2      
 170   2          if (timer_rounds > 0)
 171   2          {
 172   3            run_timer (MAX_TIME);
 173   3          }
 174   2          else
 175   2          {
 176   3            retval = true;
 177   3            T1_STOP();
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 178   3          }
 179   2        }
 180   1      
 181   1        return retval;
 182   1      }


MODULE INFORMATION:   STATIC OVERLAYABLE
   CODE SIZE        =    322    ----
   CONSTANT SIZE    =   ----    ----
   XDATA SIZE       =   ----    ----
   PDATA SIZE       =   ----    ----
   DATA SIZE        =      2       3
   IDATA SIZE       =   ----    ----
   BIT SIZE         =   ----    ----
END OF MODULE INFORMATION.


C51 COMPILATION COMPLETE.  0 WARNING(S),  0 ERROR(S)




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lu1_bfb/mcu.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2093 $
 */ 

 /** @file
 * @ingroup LU1
 * Implementation of nRF24LU1 hardware functions. This file implements the
 * system_init() function, that sets up hardware such as internal clocks,
 * timers, and IO ports.
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio.h"
#include "system.h"

void port_init(uint8_t alt, uint8_t dir, uint8_t value);

/** Function that initialises the spi bus to the radio. */
void nrf_spi_init(void);

void system_init(void)
{
  port_init(0x00, 0x38, 0x00);      // P0[2..0] outputs LED1,2,3

  USBSLP = 0x01;                    // shut down USB part...save pwr

  delay_10ms();
  WUIRQ = 1;                        // wakeup int enabled
  EA = 1;                           // global interrupt enable
  nrf_spi_init();
}

void port_init(uint8_t alt, uint8_t dir, uint8_t value)
{
  P0ALT = alt;
  P0DIR = dir;
  P0    = value;  
}

void nrf_spi_init(void)
{
  RFCKEN = 1;        // enable L01 clock
  RFCTL = 0x10;      // L01 SPI speed = max (CK/2) & SPI enable
}



nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/lu1_bfb/target_includes.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2477 $
 */ 
 
/** @file
 * @ingroup LU1
 * Target specific include directives. The file name is standardised, but the
 * contents will vary according to the target. Separate the files by locating 
 * them in different folders. The goal is to avoid the use \#ifdef for
 * conditional compilation, which is difficult to maintain and prone to errors.
 *
 * This target include contains the files for nRF24LU1.
 *
 * @author Per Kristian Schanke
 */
 
#ifndef TARGET_INCLUDES_H__
#define TARGET_INCLUDES_H__

#include <Nordic\reg24lu1.h>

#define LED_ON 1     /**< The value on the line that turn the LED on */
#define LED_OFF 0    /**< The value on the line that turn the LED off */

#define B1 P05       /**< Button 1 on BFB */
#define B2 P04       /**< Button 2 on BFB */
#define B3 P03       /**< Button 3 on BFB */

#define LED1 P00     /**< LED1 on BFB */
#define LED2 P01     /**< LED2 on BFB */
#define LED3 P02     /**< LED3 on BFB */

#define B_PRESSED 0  /**< The value on the line when a button is pressed */

#define RADIO_ACTIVITY() (RFF == 1) /**< The register on the radio indicating 
                                     * activity on the radio */

#define RESET_RADIO_ACTIVITY() (RFF = 0) /**< How to reset the activity 
                                          * register */

#define TIMER1_OVERFLOW() (TF1 == 1) /**< Checks for overflow on timer1 */

/** This is a constant showing how many clock cycles that is counted
 * by a timer to make up 1ms.
 *
 * Calculation of this constant:@code
      Ocilatorspeed / Clock divider / 1000ms/sec
      16MHz         / 12            / 1000ms/sec = 1333
 @endcode
 */
#define CYCLES_PR_MS 1333

/** The maximum runtime in ms that a timer might run. Calculated by 
 * taking the maximum number your timer might take and divide that by
 * @b CYCLES_PR_MS. On the nRF24LU1 this is 0xFFFF / 1333 = 49 (aprox).
 */
#define MAX_RUNTIME 40

/** This constant defines the value the timer should be set to for running for
 * the maximum time.
 */
#define MAX_TIME (0 - MAX_RUNTIME * CYCLES_PR_MS)

#define GLOBAL_INT_ENABLE() do{EA = 1;}while(0) /**< Enable all interrupts */
#define GLOBAL_INT_DISABLE() do{EA = 0;}while(0)/**< Disable all interrupts */


/** Start timer0. */
#define T0_START() do{  TR0 = 1; \
                        ET0 = 1; \
                        EA  = 1; \
                        }while(0)
/** Stop timer0. */
#define T0_STOP() do{ TR0 = 0; \
                      ET0 = 0; \
                      IE0 = 0; \
                      }while(0)
/** Start timer1. */
#define T1_START() do{  TR1 = 1; \
                        ET1 = 0; \
                        TF1 = 0; \
                        EA  = 1; \
                        }while(0)
/** Stop timer1. */
#define T1_STOP() do{ TR1 = 0; \
                      ET1 = 0; \
                      }while(0)

/** Initialise Timer 1 in mode 1 (16-bit timer) */
#define T1_MODE1() (TMOD |= 0x10)
/** Sets the low bit of timer 1 */
#define T1_SET_LB(x) (TL1 = x)
/** Sets the high bit of timer 1 */
#define T1_SET_HB(x) (TH1 = x)

#endif // TARGET_INCLUDES_H__




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/main.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2477 $
 */ 

/**
 * @file
 * @ingroup Main
 * This file contain the main initialisation and allows users to make their 
 * choices of operational mode. Implements a state machine through the enum 
 * @c state, the @c state_machine array, and the get_next_state() function.
 *
 * To choose between the differnt modes, after startup press:
 * - B1 for PTX mode
 *   - B1 for ShockBurst in PTX mode. Indicate with @b LED1 on
 *   - B2 for Enhanced ShockBurst in PTX mode. Indicate with @b LED2 on
 *   - B3 for Enhanced ShockBurst with Bidirectional data in PTX mode. Indicate with @b LED1 and @b LED2 on
 * - B2 for PRX mode
 *   - B1 for ShockBurst in PRX mode. Indicate with @b LED1 and @b LED3 on
 *   - B2 for Enhanced ShockBurst in PRX mode. Indicate with @b LED2 and @b LED3 on
 *   - B3 for Enhanced ShockBurst with Bidirectional data in PRX mode. Indicate with @b LED1, @b LED2 and @b LED3 on
 *
 * @author Per Kristian Schanke 
 */

#include <stdint.h>
#include <stdbool.h>

#include "hal_nrf.h"
#include "target_includes.h"

/** Contain the common radio functions, implemented in radio.c */
#include "radio.h"                
/** Contain the specific radio functions for a radio in ShockBurst, 
 * implemented in sb/radio_sb.c */
#include "sb/radio_sb.h"          
/** Contain the specific radio functions for a radio in Enhanced ShockBurst, 
 * implemented in esb/radio_esb.c */
#include "esb/radio_esb.h"        
/** Contain the specific radio functions for a radio in Enhanced ShockBurst 
 * with Bidirectional data, implemented in pl/radio_pl.c */
#include "pl/radio_pl.h"          
/** Contain the application functions for a radio in ShockBurst, 
 * implemented in sb/application_sb.c */
#include "sb/application_sb.h"    
/** Contain the application functions for a radio in Enhanced ShockBurst, 
 * implemented in esb/application_esb.c */
#include "esb/application_esb.h"  
/** Contain the application functions for a radio in Enhanced ShockBurst 
 * with Bidirectional data, implemented in pl/application_pl.c */
#include "pl/application_pl.h"    
/** Contain the functions for delays, system functions and some timers, 
 * implemented in system.c */
#include "system.h"               

/**
 * The possible states of the system.
 */
typedef enum {
  DEVICE_IDLE = 0, /**< The device is idle */
  DEVICE_PRX_IDLE, /**< The device will operate in @b PRX mode */
  DEVICE_PTX_IDLE, /**< The device will operate in @b PTX mode */
  DEVICE_PRX_SB,   /**< The device will operate in @b PRX mode with ShockBurst functionailty */
  DEVICE_PRX_ESB,  /**< The device will operate in @b PRX mode with Enhanced ShockBurst functionailty */
  DEVICE_PRX_PL,   /**< The device will operate in @b PRX mode with Enhanced ShockBurst functionailty with Bidirectional data */
  DEVICE_PTX_SB,   /**< The device will operate in @b PTX mode with ShockBurst functionailty */
  DEVICE_PTX_ESB,  /**< The device will operate in @b PTX mode with Enhanced ShockBurst functionailty */
  DEVICE_PTX_PL,   /**< The device will operate in @b PTX mode with Enhanced ShockBurst functionailty with Bidirectional data */
  NO_CHANGE        /**< No state change */
} state_t;

/**
 * The state transistion table. Indicates which state the statemachine
 * should jump to as next state. 
 *
 * Example on use:@code
  next_state = state_machine[current_state][button_pressed];
  if (next_state == NO_CHANGE)
     next_state = current_state;
 @endcode
 */
static const state_t state_machine[][3] = 
// B1               B2               B3                 CURRENT STATE
{ {DEVICE_PTX_IDLE, DEVICE_PRX_IDLE, NO_CHANGE},      /**< DEVICE_IDLE */
  {DEVICE_PRX_SB,   DEVICE_PRX_ESB,  DEVICE_PRX_PL},  /**< DEVICE_PRX_IDLE */
  {DEVICE_PTX_SB,   DEVICE_PTX_ESB,  DEVICE_PTX_PL},  /**< DEVICE_PTX_IDLE */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PRX_SB */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PRX_ESB */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PRX_PL */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PTX_SB */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE},      /**< DEVICE_PTX_ESB */
  {NO_CHANGE,       NO_CHANGE,       NO_CHANGE}       /**< DEVICE_PTX_PL */
};

/** LED should be on */
#define ON  1
/** LED should be off */
#define OFF 0
/** Function should loop for 0 seconds */
#define SEK_0  0
/** Function should loop for aprox 1 seconds */
#define SEK_1 10
/** Function should loop for aprox 2 seconds */
#define SEK_2 20
/** Function should loop for aprox 3 seconds */
#define SEK_3 30

/** Defines the leds that should be turned on by the show_status() function
 * and how long the light should be on. Column 1 is LED1 ON/OFF, column 2
 * is LED2 ON/OFF, column 3 is LED3 ON/OFF, 
 * column 4 indicates wheter all light should be turned off (OFF) or if the
 * pattern already lit up should stay on (ON), column 5 is the time the lights
 * should stay in a locking loop (rounds of 100ms). 
 */ 
static const uint8_t show_state[][5] = 
//LED1, LED2, LED3, ALL off after?, Time, 
{{ON ,  ON ,  ON ,  ON,             SEK_0},  /**< DEVICE_IDLE */
 {OFF,  OFF,  ON ,  ON,             SEK_0},  /**< DEVICE_PRX_IDLE */
 {OFF,  OFF,  OFF,  ON,             SEK_0},  /**< DEVICE_PTX_IDLE */
 {ON ,  OFF,  ON ,  OFF,            SEK_3},  /**< DEVICE_PRX_SB */
 {OFF,  ON ,  ON ,  OFF,            SEK_3},  /**< DEVICE_PRX_ESB */
 {ON ,  ON ,  ON ,  OFF,            SEK_3},  /**< DEVICE_PRX_PL */
 {ON ,  OFF,  OFF,  OFF,            SEK_3},  /**< DEVICE_PTX_SB */
 {OFF,  ON ,  OFF,  OFF,            SEK_3},  /**< DEVICE_PTX_ESB */
 {ON ,  ON ,  OFF,  OFF,            SEK_3},  /**< DEVICE_PTX_PL */
};

/** The address of the radio. Parameter to the radio init */
static code const uint8_t address[HAL_NRF_AW_5BYTES] = {0x22,0x33,0x44,0x55,0x01};

/** Implementation of the state transition. Changes state based on the
 * current state and the value of a pressed button. Waits til button is released
 * before it returns.
 *
 * @param current_state The current state of the statemachine
 * @return The next state. Returns @b current_state if state_machine 
 * indicated @c NO_CHANGE
 */
static state_t get_next_state(state_t current_state);

/** Function that runs in a loop until all buttons are released.
 */
static void wait_for_button_release(void);

/** Shows the state the state_machine is in.
 */
static void show_status(state_t operation);

/** Function that initialises everything. Calls @b system_init () which is
 * hardware dependant, and @b device_boot_msg () from @b system.c.
 * It implementes a simple statemachine to handle the input from the user on 
 * the evaluation board. With two clicks, the user can choose between 
 * primary transmitter mode (PTX) and primary reciever mode (PRX), and between
 * the functionality levels ShockBurst (sb), Enchanced ShockBurst, 
 * and Enhanced ShockBurst with Bidirectional data (pl).
 */  
void main(void) 
{
  state_t current_state = DEVICE_IDLE;

  system_init();                  //Hardware dependant system initialisation
  device_boot_msg();              //Flashes LED's in a simple pattern

  GLOBAL_INT_ENABLE();            //Ensure that all interupts are turned on

  LED_ALL_OFF();                  //Turn off all lights
 
  wait_for_button_release ();     //Ensure that all buttons are released

  //Implemenation of a simple state machine. 
  while (true)
  {
    current_state = get_next_state (current_state);// Go to next state 
    wait_for_button_release ();                    // Ensure that all 
                                                   // buttons are released
    show_status (current_state);
    
    switch (current_state)
    {
      case DEVICE_IDLE:                       // No operation chosen yet
        break;

      case DEVICE_PRX_IDLE:                   // In PRX mode, but still lack 
        break;                                // functionality

      case DEVICE_PTX_IDLE:                   // In PTX mode, but still lack 
        break;                                // functionality

      case DEVICE_PRX_SB:                     // Start as PRX in ShockBurst 
        radio_sb_init (address, HAL_NRF_PRX);
        device_prx_mode_sb ();
        break;

      case DEVICE_PRX_ESB:                    // Start as PRX in Enhanced 
        radio_esb_init (address, HAL_NRF_PRX);// ShockBurst
        device_prx_mode_esb ();
        break;

      case DEVICE_PRX_PL:                     //Start as PRX in Enhanced 
        radio_pl_init (address, HAL_NRF_PRX); //ShockBurst with ACK payload
        device_prx_mode_pl ();
        break;

      case DEVICE_PTX_SB:                     //Start as PTX in ShockBurst
        radio_sb_init (address, HAL_NRF_PTX);
        device_ptx_mode_sb ();
        break;

      case DEVICE_PTX_ESB:                    //Start as PTX in Enhanced 
        radio_esb_init (address, HAL_NRF_PTX);//ShockBurst
        device_ptx_mode_esb ();
        break;

      case DEVICE_PTX_PL:                     // Start as PTX in Enhanced 
        radio_pl_init (address, HAL_NRF_PTX); // ShockBurst with ACK payload
        device_ptx_mode_pl ();
        break;

      default:                                // If in an illegal state, set to
        current_state = DEVICE_IDLE;       // default state (DEVICE_IDLE)
        break;
    }
  }
}

static state_t get_next_state (state_t current_state)
{
  state_t next_state = NO_CHANGE;

  if (B1_PRESSED())                  // Swap state according to state_machine 
  {                                  // array with button input and 
                                     // current_state as input
     next_state = state_machine[current_state][0];
  }
  else if (B2_PRESSED())
  {
     next_state = state_machine[current_state][1];
  }
  else if (B3_PRESSED())
  {
     next_state = state_machine[current_state][2];
  }

  if (next_state == NO_CHANGE)      // If no statechange should occur, return 
  {                                 // previous state
    next_state = current_state;
  }
  else                              // As it takes some time for the button to
  {                                 // stabalise as pressed, give it a short 
    delay_10ms();                   // delay to stabalise
  }

  return next_state;
}

static void wait_for_button_release (void)
{
  while (B1_PRESSED() || B2_PRESSED() || B3_PRESSED())  // Wait until all 
    ;                                                   // buttons are released
  delay_10ms();                                         // Delay to stabalise
}

static void show_status (state_t operation)
{
  uint16_t time;
  LED_ALL_OFF();

  if (show_state[operation][0] == ON)
  {
    LED1_ON();
  }
  if (show_state[operation][1] == ON)
  {
    LED2_ON();
  } 
  if (show_state[operation][2] == ON)
  {
    LED3_ON();
  } 

  // If there is to be a delay where LED's are shown, but no input is
  // accepted, delay for the period indicated in show_state[operation][4]
  if (show_state[operation][4] > 0)
  {
    time = (uint16_t)(show_state[operation][4] * 100);
    start_timer(time);
    wait_for_timer();
  }

  // If the radio goes into an operational mode, all LED's should be turned off
  // before entering that mode
  if (show_state[operation][3] == OFF)
  {
    LED_ALL_OFF();
  } 
}




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/nRF24L01.Opt
### uVision2 Project, (C) Keil Software
### Do not modify !

 cExt (*.c)
 aExt (*.s*; *.src; *.a*)
 oExt (*.obj)
 lExt (*.lib)
 tExt (*.txt; *.h; *.inc)
 pExt (*.plm)
 CppX (*.cpp)
 DaveTm { 0,0,0,0,0,0,0,0 }

Target (nRF24L01), 0x0000 // Tools: 'MCS-51'
GRPOPT 1,(App),1,0,0
GRPOPT 2,(HAL),1,0,0
GRPOPT 3,(ShockBurst),1,0,0
GRPOPT 4,(Enhanced ShockBurst),1,0,0
GRPOPT 5,(Enhanced ShockBurst w/Bidirectional data),1,0,0

OPTFFF 1,1,1,0,0,0,0,0,<.\main.c><main.c> 
OPTFFF 1,2,1,0,0,1,1,0,<.\radio.c><radio.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,22,0,0,0,22,0,0,0,120,3,0,0,246,1,0,0 }
OPTFFF 1,3,1,0,0,121,121,0,<.\system.c><system.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,0,0,0,0,0,0,0,0,98,3,0,0,224,1,0,0 }
OPTFFF 1,4,1,0,0,1,1,0,<.\l01_bfb\mcu.c><mcu.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,220,0,0,0,220,0,0,0,62,4,0,0,188,2,0,0 }
OPTFFF 2,5,1,402653184,0,459,485,0,<..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c><hal_nrf_l01.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,44,0,0,0,44,0,0,0,142,3,0,0,12,2,0,0 }
OPTFFF 2,6,1,687865856,0,1,24,0,<.\l01_bfb\hal_nrf_f32x_hw.c><hal_nrf_f32x_hw.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,66,0,0,0,66,0,0,0,164,3,0,0,34,2,0,0 }
OPTFFF 3,7,1,0,0,18,18,0,<.\sb\radio_sb.c><radio_sb.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,88,0,0,0,88,0,0,0,186,3,0,0,56,2,0,0 }
OPTFFF 3,8,1,0,0,54,54,0,<.\sb\application_sb.c><application_sb.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,110,0,0,0,110,0,0,0,208,3,0,0,78,2,0,0 }
OPTFFF 4,9,1,0,0,18,18,0,<.\esb\radio_esb.c><radio_esb.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,132,0,0,0,132,0,0,0,230,3,0,0,100,2,0,0 }
OPTFFF 4,10,1,0,0,67,67,0,<.\esb\application_esb.c><application_esb.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,154,0,0,0,154,0,0,0,252,3,0,0,122,2,0,0 }
OPTFFF 5,11,1,1073741824,0,43,43,0,<.\pl\radio_pl.c><radio_pl.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,176,0,0,0,176,0,0,0,18,4,0,0,144,2,0,0 }
OPTFFF 5,12,1,0,0,113,113,0,<.\pl\application_pl.c><application_pl.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,198,0,0,0,198,0,0,0,40,4,0,0,166,2,0,0 }

ExtF <..\..\..\ARCH\HAL\INCLUDE\HAL_NRF.H> 576,594,0,{ 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,0,0,0,0,0,0,0,0,138,2,0,0,42,1,0,0 }

TARGOPT 1, (nRF24L01)
 CLK51=25000000
  OPTTT 0,1,1,0
  OPTHX 0,65535,0,0,0
  OPTLX 120,65,8,<.\lst\>
  OPTOX 16
  OPTLT 1,1,1,0,1,1,0,1,0,0,0,0
  OPTXL 1,1,1,1,1,1,1,0,0
  OPTFL 1,0,1
  OPTDL (S8051.DLL)()(DCYG.DLL)(-pCYGF320)(S8051.DLL)()(TCYG.DLL)(-pCYGF320)
  OPTDBG 49150,8,()()()()()()()()()() (BIN\SiC8051F.dll)()()()
  OPTDF 0x0
  OPTLE <>
  OPTLC <>
EndOpt





nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/nRF24L01.Uv2
### uVision2 Project, (C) Keil Software
### Do not modify !

Target (nRF24L01), 0x0000 // Tools: 'MCS-51'

Group (App)
Group (HAL)
Group (ShockBurst)
Group (Enhanced ShockBurst)
Group (Enhanced ShockBurst w/Bidirectional data)

File 1,1,<.\main.c><main.c> 0x0 
File 1,1,<.\radio.c><radio.c> 0x0 
File 1,1,<.\system.c><system.c> 0x0 
File 1,1,<.\l01_bfb\mcu.c><mcu.c> 0x0 
File 2,1,<..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c><hal_nrf_l01.c> 0x0 
File 2,1,<.\l01_bfb\hal_nrf_f32x_hw.c><hal_nrf_f32x_hw.c> 0x0 
File 3,1,<.\sb\radio_sb.c><radio_sb.c> 0x0 
File 3,1,<.\sb\application_sb.c><application_sb.c> 0x0 
File 4,1,<.\esb\radio_esb.c><radio_esb.c> 0x0 
File 4,1,<.\esb\application_esb.c><application_esb.c> 0x0 
File 5,1,<.\pl\radio_pl.c><radio_pl.c> 0x0 
File 5,1,<.\pl\application_pl.c><application_pl.c> 0x0 


Options 1,0,0  // Target 'nRF24L01'
 Device (C8051F320)
 Vendor (Silicon Laboratories, Inc.)
 Cpu (IRAM(0-0xFF) XRAM(0-0x7FF) IROM(0-0x3FFF) CLOCK(25000000))
 FlashUt ()
 StupF ("LIB\STARTUP.A51" ("Standard 8051 Startup Code"))
 FlashDR ()
 Rgf (C8051F320.H)
 Mem ()
 C ()
 A ()
 RL ()
 OH ()
 DBC_IFX ()
 DBC_CMS ()
 DBC_AMS ()
 DBC_LMS ()
 UseEnv=0
 EnvBin ()
 EnvInc ()
 EnvLib ()
 EnvReg ()
 OrgReg (ÿCygnal\)
 TgStat=25
 OutDir (.\obj\)
 OutName (nRF24L01)
 GenApp=1
 GenLib=0
 GenHex=1
 Debug=1
 Browse=1
 LstDir (.\lst\)
 HexSel=0
 MG32K=0
 TGMORE=0
 RunUsr 0 0 <>
 RunUsr 1 0 <>
 BrunUsr 0 0 <>
 BrunUsr 1 0 <>
 SVCSID <>
 MODEL5=2
 RTOS5=0
 ROMSZ5=2
 DHOLD5=0
 XHOLD5=0
 T51FL=98416
 XT51FL=0
 CBANKS5=0
 XBANKS5=0
 RCB51 { 0,0,0,0,0,255,255,0,0 }
 RXB51 { 0,0,0,0,0,0,0,0,0 }
 OCM51 { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 OCR51 { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IRO51 { 1,0,0,0,0,0,64,0,0 }
 IRA51 { 0,0,0,0,0,0,1,0,0 }
 XRA51 { 0,0,0,0,0,0,8,0,0 }
 XRA512 { 0,0,0,0,0,0,0,0,0 }
 IROM512 { 0,0,0,0,0,0,0,0,0 }
 C51FL=21646608
 C51VA=0
 C51MSC ()
 C51DEF (nRF24L01__)
 C51UDF ()
 INCC5 (l01_bfb;..\..\..\arch\hal\include)
 AX51FL=4
 AX51MSC ()
 AX51SET ()
 AX51RST ()
 INCA5 ()
 PropFld { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IncBld=1
 AlwaysBuild=0
 GenAsm=0
 AsmAsm=0
 PublicsOnly=0
 StopCode=3
 CustArgs ()
 LibMods ()
 BankNo=65535
 LX51FL=292
 LX51OVL (?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01 !*,\~?PR?_HAL_NRF_READ_MULTIBYTE_REG?HAL_NRF_L01 !*)
 LX51MSC (REMOVEUNUSED)
 LX51DWN (15)
 LX51LFI ()
 LX51ASN ()
 LX51RES ()
 LX51CCL ()
 LX51UCL ()
 LX51CSC ()
 LX51UCS ()
 LX51COB ()
 LX51XDB ()
 LX51PDB ()
 LX51BIB ()
 LX51DAB ()
 LX51IDB ()
 LX51PRC ()
 LX51STK ()
 LX51COS ()
 LX51XDS ()
 LX51BIS ()
 LX51DAS ()
 LX51IDS ()
  OPTDL (S8051.DLL)()(DCYG.DLL)(-pCYGF320)(S8051.DLL)()(TCYG.DLL)(-pCYGF320)
  OPTDBG 49150,8,()()()()()()()()()() (BIN\SiC8051F.dll)()()()
 FLASH1 { 1,0,0,0,1,0,0,0,4,0,0,0,0,0,0,0,0,0,0,0 }
 FLASH2 (BIN\SiC8051F.dll)
 FLASH3 ("" ())
 FLASH4 ()
EndOpt





nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/nRF24L01_Opt.Bak
### uVision2 Project, (C) Keil Software
### Do not modify !

 cExt (*.c)
 aExt (*.s*; *.src; *.a*)
 oExt (*.obj)
 lExt (*.lib)
 tExt (*.txt; *.h; *.inc)
 pExt (*.plm)
 CppX (*.cpp)
 DaveTm { 0,0,0,0,0,0,0,0 }

Target (nRF24L01), 0x0000 // Tools: 'MCS-51'
GRPOPT 1,(App),1,0,0
GRPOPT 2,(HAL),1,0,0
GRPOPT 3,(ShockBurst),1,0,0
GRPOPT 4,(Enhanced ShockBurst),1,0,0
GRPOPT 5,(Enhanced ShockBurst w/Bidirectional data),1,0,0

OPTFFF 1,1,1,0,0,0,0,0,<.\main.c><main.c> 
OPTFFF 1,2,1,0,0,1,1,0,<.\radio.c><radio.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,22,0,0,0,22,0,0,0,120,3,0,0,246,1,0,0 }
OPTFFF 1,3,1,0,0,121,121,0,<.\system.c><system.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,0,0,0,0,0,0,0,0,98,3,0,0,224,1,0,0 }
OPTFFF 1,4,1,0,0,1,1,0,<.\l01_bfb\mcu.c><mcu.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,220,0,0,0,220,0,0,0,62,4,0,0,188,2,0,0 }
OPTFFF 2,5,1,402653186,0,459,485,0,<..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c><hal_nrf_l01.c> { 44,0,0,0,2,0,0,0,3,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,44,0,0,0,44,0,0,0,142,3,0,0,12,2,0,0 }
OPTFFF 2,6,1,687865856,0,1,24,0,<.\l01_bfb\hal_nrf_f32x_hw.c><hal_nrf_f32x_hw.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,66,0,0,0,66,0,0,0,164,3,0,0,34,2,0,0 }
OPTFFF 3,7,1,0,0,18,18,0,<.\sb\radio_sb.c><radio_sb.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,88,0,0,0,88,0,0,0,186,3,0,0,56,2,0,0 }
OPTFFF 3,8,1,0,0,54,54,0,<.\sb\application_sb.c><application_sb.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,110,0,0,0,110,0,0,0,208,3,0,0,78,2,0,0 }
OPTFFF 4,9,1,0,0,18,18,0,<.\esb\radio_esb.c><radio_esb.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,132,0,0,0,132,0,0,0,230,3,0,0,100,2,0,0 }
OPTFFF 4,10,1,0,0,67,67,0,<.\esb\application_esb.c><application_esb.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,154,0,0,0,154,0,0,0,252,3,0,0,122,2,0,0 }
OPTFFF 5,11,1,1073741824,0,43,43,0,<.\pl\radio_pl.c><radio_pl.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,176,0,0,0,176,0,0,0,18,4,0,0,144,2,0,0 }
OPTFFF 5,12,1,0,0,113,113,0,<.\pl\application_pl.c><application_pl.c> { 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,198,0,0,0,198,0,0,0,40,4,0,0,166,2,0,0 }

ExtF <..\..\..\ARCH\HAL\INCLUDE\HAL_NRF.H> 576,594,0,{ 44,0,0,0,0,0,0,0,1,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,0,0,0,0,0,0,0,0,138,2,0,0,42,1,0,0 }

TARGOPT 1, (nRF24L01)
 CLK51=25000000
  OPTTT 0,1,1,0
  OPTHX 0,65535,0,0,0
  OPTLX 120,65,8,<.\lst\>
  OPTOX 16
  OPTLT 1,1,1,0,1,1,0,1,0,0,0,0
  OPTXL 1,1,1,1,1,1,1,0,0
  OPTFL 1,0,1
  OPTDL (S8051.DLL)()(DCYG.DLL)(-pCYGF320)(S8051.DLL)()(TCYG.DLL)(-pCYGF320)
  OPTDBG 49150,8,()()()()()()()()()() (BIN\SiC8051F.dll)()()()
  OPTDF 0x0
  OPTLE <>
  OPTLC <>
EndOpt





nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/nRF24L01_Uv2.Bak
### uVision2 Project, (C) Keil Software
### Do not modify !

Target (nRF24L01), 0x0000 // Tools: 'MCS-51'

Group (App)
Group (HAL)
Group (ShockBurst)
Group (Enhanced ShockBurst)
Group (Enhanced ShockBurst w/Bidirectional data)

File 1,1,<.\main.c><main.c> 0x0 
File 1,1,<.\radio.c><radio.c> 0x0 
File 1,1,<.\system.c><system.c> 0x0 
File 1,1,<.\l01_bfb\mcu.c><mcu.c> 0x0 
File 2,1,<..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c><hal_nrf_l01.c> 0x0 
File 2,1,<.\l01_bfb\hal_nrf_f32x_hw.c><hal_nrf_f32x_hw.c> 0x0 
File 3,1,<.\sb\radio_sb.c><radio_sb.c> 0x0 
File 3,1,<.\sb\application_sb.c><application_sb.c> 0x0 
File 4,1,<.\esb\radio_esb.c><radio_esb.c> 0x0 
File 4,1,<.\esb\application_esb.c><application_esb.c> 0x0 
File 5,1,<.\pl\radio_pl.c><radio_pl.c> 0x0 
File 5,1,<.\pl\application_pl.c><application_pl.c> 0x0 


Options 1,0,0  // Target 'nRF24L01'
 Device (C8051F320)
 Vendor (Silicon Laboratories, Inc.)
 Cpu (IRAM(0-0xFF) XRAM(0-0x7FF) IROM(0-0x3FFF) CLOCK(25000000))
 FlashUt ()
 StupF ("LIB\STARTUP.A51" ("Standard 8051 Startup Code"))
 FlashDR ()
 DevID (3574)
 Rgf (C8051F320.H)
 Mem ()
 C ()
 A ()
 RL ()
 OH ()
 DBC_IFX ()
 DBC_CMS ()
 DBC_AMS ()
 DBC_LMS ()
 UseEnv=0
 EnvBin ()
 EnvInc ()
 EnvLib ()
 EnvReg ()
 OrgReg (ÿCygnal\)
 TgStat=29
 OutDir (.\obj\)
 OutName (nRF24L01)
 GenApp=1
 GenLib=0
 GenHex=1
 Debug=1
 Browse=1
 LstDir (.\lst\)
 HexSel=0
 MG32K=0
 TGMORE=0
 RunUsr 0 0 <>
 RunUsr 1 0 <>
 BrunUsr 0 0 <>
 BrunUsr 1 0 <>
 SVCSID <>
 MODEL5=2
 RTOS5=0
 ROMSZ5=2
 DHOLD5=0
 XHOLD5=0
 T51FL=98416
 XT51FL=0
 CBANKS5=0
 XBANKS5=0
 RCB51 { 0,0,0,0,0,255,255,0,0 }
 RXB51 { 0,0,0,0,0,0,0,0,0 }
 OCM51 { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 OCR51 { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IRO51 { 1,0,0,0,0,0,64,0,0 }
 IRA51 { 0,0,0,0,0,0,1,0,0 }
 XRA51 { 0,0,0,0,0,0,8,0,0 }
 XRA512 { 0,0,0,0,0,0,0,0,0 }
 IROM512 { 0,0,0,0,0,0,0,0,0 }
 C51FL=21646608
 C51VA=0
 C51MSC ()
 C51DEF (nRF24L01__)
 C51UDF ()
 INCC5 (l01_bfb;..\..\..\arch\hal\include)
 AX51FL=4
 AX51MSC ()
 AX51SET ()
 AX51RST ()
 INCA5 ()
 PropFld { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IncBld=1
 AlwaysBuild=0
 GenAsm=0
 AsmAsm=0
 PublicsOnly=0
 StopCode=3
 CustArgs ()
 LibMods ()
 BankNo=65535
 LX51FL=292
 LX51OVL (?PR?_HAL_NRF_WRITE_REG?HAL_NRF_L01 !*,\~?PR?_HAL_NRF_READ_MULTIBYTE_REG?HAL_NRF_L01 !*)
 LX51MSC (REMOVEUNUSED)
 LX51DWN (15)
 LX51LFI ()
 LX51ASN ()
 LX51RES ()
 LX51CCL ()
 LX51UCL ()
 LX51CSC ()
 LX51UCS ()
 LX51COB ()
 LX51XDB ()
 LX51PDB ()
 LX51BIB ()
 LX51DAB ()
 LX51IDB ()
 LX51PRC ()
 LX51STK ()
 LX51COS ()
 LX51XDS ()
 LX51BIS ()
 LX51DAS ()
 LX51IDS ()
  OPTDL (S8051.DLL)()(DCYG.DLL)(-pCYGF320)(S8051.DLL)()(TCYG.DLL)(-pCYGF320)
  OPTDBG 49150,8,()()()()()()()()()() (BIN\SiC8051F.dll)()()()
 FLASH1 { 1,0,0,0,1,0,0,0,4,0,0,0,0,0,0,0,0,0,0,0 }
 FLASH2 (BIN\SiC8051F.dll)
 FLASH3 ("" ())
 FLASH4 ()
EndOpt





nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/nRF24LU1.Opt
### uVision2 Project, (C) Keil Software
### Do not modify !

 cExt (*.c)
 aExt (*.s*; *.src; *.a*)
 oExt (*.obj)
 lExt (*.lib)
 tExt (*.txt; *.h; *.inc)
 pExt (*.plm)
 CppX (*.cpp)
 DaveTm { 0,0,0,0,0,0,0,0 }

Target (nRF24LU1), 0x0000 // Tools: 'MCS-51'
GRPOPT 1,(App),1,0,0
GRPOPT 2,(HAL),1,0,0
GRPOPT 3,(ShockBurst),0,0,0
GRPOPT 4,(Enhanced ShockBurst),0,0,0
GRPOPT 5,(Enhanced ShockBurst w/Bidirectional data),0,0,0

OPTFFF 1,1,1,0,0,0,0,0,<.\main.c><main.c> 
OPTFFF 1,2,1,0,0,0,0,0,<.\radio.c><radio.c> 
OPTFFF 1,3,1,0,0,0,0,0,<.\system.c><system.c> 
OPTFFF 1,4,1,0,0,0,0,0,<.\lu1_bfb\mcu.c><mcu.c> 
OPTFFF 2,5,1,503316482,0,436,436,0,<..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c><hal_nrf_l01.c> { 44,0,0,0,2,0,0,0,3,0,0,0,255,255,255,255,255,255,255,255,252,255,255,255,233,255,255,255,0,0,0,0,0,0,0,0,34,3,0,0,165,1,0,0 }
OPTFFF 2,6,1,0,0,0,0,0,<..\..\..\arch\hal\nrf24lu1\hal_nrf_hw.c><hal_nrf_hw.c> 
OPTFFF 3,7,1,0,0,0,0,0,<.\sb\radio_sb.c><radio_sb.c> 
OPTFFF 3,8,1,0,0,0,0,0,<.\sb\application_sb.c><application_sb.c> 
OPTFFF 4,9,1,0,0,0,0,0,<.\esb\radio_esb.c><radio_esb.c> 
OPTFFF 4,10,1,0,0,0,0,0,<.\esb\application_esb.c><application_esb.c> 
OPTFFF 5,11,1,0,0,0,0,0,<.\pl\radio_pl.c><radio_pl.c> 
OPTFFF 5,12,1,0,0,0,0,0,<.\pl\application_pl.c><application_pl.c> 


TARGOPT 1, (nRF24LU1)
 CLK51=24000000
  OPTTT 0,1,1,0
  OPTHX 0,65535,0,0,0
  OPTLX 120,65,8,<.\lst\>
  OPTOX 16
  OPTLT 1,1,1,0,1,1,0,1,0,0,0,0
  OPTXL 1,1,1,1,1,1,1,0,0
  OPTFL 1,0,1
  OPTAX 0
  OPTDL (S8051.DLL)()(DCore51.DLL)(-pR80515)(S8051.DLL)()(T500.DLL)(-p515)
  OPTDBG 49150,-1,()()()()()()()()()() (C:\PROGRA~1\Fs2\Cast51\Bin\fs2keil515.dll)()()()
  OPTDF 0x0
  OPTLE <>
  OPTLC <>
EndOpt





nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/nRF24LU1.Uv2
### uVision2 Project, (C) Keil Software
### Do not modify !

Target (nRF24LU1), 0x0000 // Tools: 'MCS-51'

Group (App)
Group (HAL)
Group (ShockBurst)
Group (Enhanced ShockBurst)
Group (Enhanced ShockBurst w/Bidirectional data)

File 1,1,<.\main.c><main.c>
File 1,1,<.\radio.c><radio.c>
File 1,1,<.\system.c><system.c>
File 1,1,<.\lu1_bfb\mcu.c><mcu.c>
File 2,1,<..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c><hal_nrf_l01.c>
File 2,1,<..\..\..\arch\hal\nrf24lu1\hal_nrf_hw.c><hal_nrf_hw.c>
File 3,1,<.\sb\radio_sb.c><radio_sb.c>
File 3,1,<.\sb\application_sb.c><application_sb.c>
File 4,1,<.\esb\radio_esb.c><radio_esb.c>
File 4,1,<.\esb\application_esb.c><application_esb.c>
File 5,1,<.\pl\radio_pl.c><radio_pl.c>
File 5,1,<.\pl\application_pl.c><application_pl.c>


Options 1,0,0  // Target 'nRF24LU1'
 Device (R80515 Core)
 Vendor (Cast, Inc.)
 Cpu (IRAM(0-0xFF) CLOCK(24000000) MODC2 MDU_R515)
 FlashUt ()
 StupF ("LIB\STARTUP.A51" ("Standard 8051 Startup Code"))
 FlashDR ()
 DevID (3622)
 Rgf (REG515.H)
 Mem ()
 C ()
 A ()
 RL ()
 OH ()
 DBC_IFX ()
 DBC_CMS ()
 DBC_AMS ()
 DBC_LMS ()
 UseEnv=0
 EnvBin (C:\Keil\C51\BIN\)
 EnvInc ()
 EnvLib ()
 EnvReg ()
 OrgReg (ÿCast\)
 TgStat=16
 OutDir (.\obj\)
 OutName (nRF24LU1)
 GenApp=1
 GenLib=0
 GenHex=1
 Debug=1
 Browse=1
 LstDir (.\lst\)
 HexSel=0
 MG32K=0
 TGMORE=0
 RunUsr 0 0 <>
 RunUsr 1 0 <>
 BrunUsr 0 0 <>
 BrunUsr 1 0 <>
 CrunUsr 0 0 <>
 CrunUsr 1 0 <>
 SVCSID <>
 MODEL5=0
 RTOS5=0
 ROMSZ5=2
 DHOLD5=0
 XHOLD5=0
 T51FL=671088656
 XT51FL=0
 CBANKS5=0
 XBANKS5=0
 RCB51 { 0,0,0,0,0,255,255,0,0 }
 RXB51 { 0,0,0,0,0,0,0,0,0 }
 OCM51 { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 OCR51 { 0,0,128,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IRO51 { 1,0,0,0,0,0,0,0,0 }
 IRA51 { 0,0,0,0,0,0,1,0,0 }
 XRA51 { 0,0,0,0,0,0,0,0,0 }
 XRA512 { 0,0,0,0,0,0,0,0,0 }
 IROM512 { 0,0,0,0,0,0,0,0,0 }
 C51FL=21646608
 C51VA=0
 C51MSC ()
 C51DEF (nRF24LU1__)
 C51UDF ()
 INCC5 (.\lu1_bfb;..\..\..\arch\hal\include;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1)
 AX51FL=4
 AX51MSC ()
 AX51SET ()
 AX51RST ()
 INCA5 ()
 PropFld { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IncBld=1
 AlwaysBuild=0
 GenAsm=0
 AsmAsm=0
 PublicsOnly=0
 StopCode=3
 CustArgs ()
 LibMods ()
 BankNo=65535
 LX51FL=292
 LX51OVL ()
 LX51MSC ()
 LX51DWN (15,16)
 LX51LFI ()
 LX51ASN ()
 LX51RES ()
 LX51CCL ()
 LX51UCL ()
 LX51CSC ()
 LX51UCS ()
 LX51COB ()
 LX51XDB (0X8000-0X87FF)
 LX51PDB ()
 LX51BIB ()
 LX51DAB ()
 LX51IDB ()
 LX51PRC ()
 LX51STK ()
 LX51COS ()
 LX51XDS ()
 LX51BIS ()
 LX51DAS ()
 LX51IDS ()
  OPTDL (S8051.DLL)()(DCore51.DLL)(-pR80515)(S8051.DLL)()(T500.DLL)(-p515)
  OPTDBG 49150,-1,()()()()()()()()()() (C:\PROGRA~1\Fs2\Cast51\Bin\fs2keil515.dll)()()()
 FLASH1 { 1,0,0,0,1,0,0,0,4,0,0,0,0,0,0,0,0,0,0,0 }
 FLASH2 (BIN\SiC8051F.dll)
 FLASH3 ("" ())
 FLASH4 ()
EndOpt





nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/nRF24LU1_Uv2.Bak
### uVision2 Project, (C) Keil Software
### Do not modify !

Target (nRF24LU1), 0x0000 // Tools: 'MCS-51'

Group (App)
Group (HAL)
Group (ShockBurst)
Group (Enhanced ShockBurst)
Group (Enhanced ShockBurst w/Bidirectional data)

File 1,1,<.\main.c><main.c>
File 1,1,<.\radio.c><radio.c>
File 1,1,<.\system.c><system.c>
File 1,1,<.\lu1_bfb\mcu.c><mcu.c>
File 2,1,<..\..\..\arch\hal\nrf24l01\hal_nrf_l01.c><hal_nrf_l01.c>
File 2,1,<..\..\..\arch\hal\nrf24lu1\hal_nrf_hw.c><hal_nrf_hw.c>
File 3,1,<.\sb\radio_sb.c><radio_sb.c>
File 3,1,<.\sb\application_sb.c><application_sb.c>
File 4,1,<.\esb\radio_esb.c><radio_esb.c>
File 4,1,<.\esb\application_esb.c><application_esb.c>
File 5,1,<.\pl\radio_pl.c><radio_pl.c>
File 5,1,<.\pl\application_pl.c><application_pl.c>


Options 1,0,0  // Target 'nRF24LU1'
 Device (R80515 Core)
 Vendor (Cast, Inc.)
 Cpu (IRAM(0-0xFF) CLOCK(24000000) MODC2 MDU_R515)
 FlashUt ()
 StupF ("LIB\STARTUP.A51" ("Standard 8051 Startup Code"))
 FlashDR ()
 DevID (3622)
 Rgf (REG515.H)
 Mem ()
 C ()
 A ()
 RL ()
 OH ()
 DBC_IFX ()
 DBC_CMS ()
 DBC_AMS ()
 DBC_LMS ()
 UseEnv=0
 EnvBin (C:\Keil\C51\BIN\)
 EnvInc ()
 EnvLib ()
 EnvReg ()
 OrgReg (ÿCast\)
 TgStat=16
 OutDir (.\obj\)
 OutName (nRF24LU1)
 GenApp=1
 GenLib=0
 GenHex=1
 Debug=1
 Browse=1
 LstDir (.\lst\)
 HexSel=0
 MG32K=0
 TGMORE=0
 RunUsr 0 0 <>
 RunUsr 1 0 <>
 BrunUsr 0 0 <>
 BrunUsr 1 0 <>
 CrunUsr 0 0 <>
 CrunUsr 1 0 <>
 SVCSID <>
 MODEL5=0
 RTOS5=0
 ROMSZ5=2
 DHOLD5=0
 XHOLD5=0
 T51FL=671088656
 XT51FL=0
 CBANKS5=0
 XBANKS5=0
 RCB51 { 0,0,0,0,0,255,255,0,0 }
 RXB51 { 0,0,0,0,0,0,0,0,0 }
 OCM51 { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 OCR51 { 0,0,128,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IRO51 { 1,0,0,0,0,0,0,0,0 }
 IRA51 { 0,0,0,0,0,0,1,0,0 }
 XRA51 { 0,0,0,0,0,0,0,0,0 }
 XRA512 { 0,0,0,0,0,0,0,0,0 }
 IROM512 { 0,0,0,0,0,0,0,0,0 }
 C51FL=21646608
 C51VA=0
 C51MSC ()
 C51DEF (nRF24LU1__)
 C51UDF ()
 INCC5 (.\lu1_bfb;..\..\..\arch\hal\include;..\..\..\arch\nrf24lu1;..\..\..\arch\hal\nrf24lu1)
 AX51FL=4
 AX51MSC ()
 AX51SET ()
 AX51RST ()
 INCA5 ()
 PropFld { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }
 IncBld=1
 AlwaysBuild=0
 GenAsm=0
 AsmAsm=0
 PublicsOnly=0
 StopCode=3
 CustArgs ()
 LibMods ()
 BankNo=65535
 LX51FL=292
 LX51OVL ()
 LX51MSC ()
 LX51DWN (15,16)
 LX51LFI ()
 LX51ASN ()
 LX51RES ()
 LX51CCL ()
 LX51UCL ()
 LX51CSC ()
 LX51UCS ()
 LX51COB ()
 LX51XDB (0X8000-0X87FF)
 LX51PDB ()
 LX51BIB ()
 LX51DAB ()
 LX51IDB ()
 LX51PRC ()
 LX51STK ()
 LX51COS ()
 LX51XDS ()
 LX51BIS ()
 LX51DAS ()
 LX51IDS ()
  OPTDL (S8051.DLL)()(DCore51.DLL)(-pR80515)(S8051.DLL)()(T500.DLL)(-p515)
  OPTDBG 49150,9,()()()()()()()()()() (C:\PROGRA~1\Fs2\Cast51\Bin\fs2keil515.dll)()()()
 FLASH1 { 1,0,0,0,1,0,0,0,4,0,0,0,0,0,0,0,0,0,0,0 }
 FLASH2 (BIN\SiC8051F.dll)
 FLASH3 ("" ())
 FLASH4 ()
EndOpt





nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/application_esb.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/application_pl.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/application_sb.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/hal_nrf_hw.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/hal_nrf_l01.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/main.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/mcu.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/nRF24L01.plg




礦ision3 Build Log


Project:


Z:\Project\09 project\开发自行销售产品列表(09)\DK-24L01P\光盘资料\NORIDIC官方资料\nAN24-12SW\nAN24-12\src\firmware\prod\appnote\nan24-12\nRF24L01.uv2
Project File Date:  02/04/2009

Output:




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/nRF24LU1


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/nRF24LU1.hex
:050D6D00223344550192
:10062A001B35020109030405060708090909090916
:10063A0009090909090909090909090909202D08E6
:10064A000101010100000001010000000001000198
:10065A000001001E000101001E010101001E01002F
:0D066A0000001E000100001E010100001E26
:100AFD007BFF7A0D796D22E55175F005A422C28038
:050B0D00C281C282223A
:10000E00E4F550120B12120532D2AF120B0B120C7A
:10001E0029AF501207EF8F50120C29AF50120588DE
:10002E00E550B40900507290003CF8282873020085
:10003E001F02001F02001F0200570200640200711F
:10004E0002007E02008B020099120AFD7D0112044D
:10005E001612085F80BB120AFD7D0112033F1208C3
:10006E009680AE120AFD7D0112013F12025880A148
:10007E00120AFDE4FD1204161209618094120AFDA3
:10008E00E4FD12033F12075C02001F120AFDE4FD9D
:0F009E0012013F1204DB02001FE4F55002001FA5
:1007EF00755109208509EF75F003A4243580162073
:1007FF008409EF75F003A42436800A20830BEF756C
:10080F00F003A42437F8E6F551E551B409048F51EC
:07081F008003120C7CAF51B5
:0108260022AF
:0C0C29003085FD3084FA3083F7020C7C2B
:020588008F5191
:10058A00120B0BEF75F005A42408F8E6B40102D2A9
:10059A0080120B042409F8E6B40102D281120B047A
:1005AA00240AF8E6B40102D282120B04240CF8E6FB
:1005BA00FFD39400400EEF75F064A4FFAEF012056D
:1005CA00DB12098D120B04240BF8E67003120B0BD5
:0105DA0022FE
:030AD100120D33D0
:0E0AD400755114D290AF511551EF70F9C290C8
:050AE2007F05020D7507
:030D7200AF662247
:0D0BDB0074002FF582E43480F583E0FF22E2
:030D75008F662264
:1006780030C140120C35EF24E0601324E0601324ED
:10068800E0601E2450702A120D487F0180207F02EE
:10069800801C120C59EF70051206BC80F57F038090
:1006A8000D120C59EF70051206BC80F57F04120D6F
:0E06B80075C2C1227B017A807900120D672283
:090CEA00D280D28CD2A9D2AF2233
:10053200E4F551120CEA436301E56370FC12057C99
:10054200436302E56370FC120C7CD282120CEC4312
:100552006304E56370FC12057C436302E56370FC8F
:10056200120C7C120CEA436301E56370FC120C7CF2
:090572000551E551C3940340BAA0
:0D057B0022120C7CD281D28CD2A9D2AF22E8
:0A0C7C007F0A7E001205DB02098DDD
:0A0C86007F647E001205DB02098D79
:03000B000209B433
:1009B400C0E0C28C758AE9758CCBE56330E002C275
:1009C40080E56330E102C281E56330E202C28275F0
:0509D4006300D0E032D9
:0405DB00AB07AA06BA
:1005DF007C007D281200EA8D828C837C057D35AFEF
:1005EF0082AE831200D8C3E49FF556E49EF555C33F
:1005FF00EB9582FBEA9583FAFEAF037C007D281210
:10060F0000EAEF04F562E5564555700875552F75EC
:0B061F0056B81562AF56AE55020B270F
:100B2700EF4E600F4389108F8B8E8DD28EC2ABC272
:040B37008FD2AF2288
:10098D00E562D39400401BA28F50028001C350F743
:10099D001562E562D3940040E77FB87E2F120B27D6
:0709AD0080DEC28EC2AB2206
:1009D900E4FD308F181562E562D3940040097FB8B1
:0F09E9007E2F120B2780067D01C28EC2ABAF0599
:0109F80022DC
:100B1200E4FB7D38FF120D1E75D901120C7CD2BD8B
:050B2200D2AF020D4FEF
:070D1E008F958D948B80225C
:060D4F00D29275E61022AD
:100903008F67ED600D1209268002C333D8FCF45FB4
:10091300800A1209268002C333D8FC4FFDE4FF127C
:10092300048122E4FF120C1CAE677401A80608229E
:0C0C35007D707F07120481EF5470FF22D5
:100B3B007401A807088002C333D8FCFD7F070204A9
:010B4B008128
:1009F9008F68E4FF120C1CAE687401A80608800217
:0D0A0900C333D8FC5F60037F00227F012211
:08000300120D16EF5470FF22EC
:100AB9008F55E4FF120C1CEF54F3FFE55525E02593
:080AC900E04FFDE4FF0204818F
:1003AB008F558D56E55524FA500624076039804D3C
:1003BB007F02120C1CAE557401A806088002C333D1
:1003CB00D8FC4FFD7F02120481E556600C12040924
:1003DB008002C333D8FC4F800B1204098002C33355
:1003EB00D8FCF45FFD80117D3F7F02120481E5563E
:1003FB0060047D3F8002E4FD7F01120481227F01B6
:0B040B00120C1CAE557401A80608225C
:100712008F55E55524FA50062407602480307F0265
:100722001207518002C333D8FCF45FFD7F0212042A
:10073200817F011207518002C333D8FCF45F800825
:10074200E4FD7F02120481E4FD7F01120481221282
:0A0752000C1CAE557401A806082225
:100827008F558B568A578958E55514600A24FB5013
:1008370014600424067020AB56AA57A958E4F55D46
:10084700AF550206C6E555240AFFAB56AA57A95865
:080857001200ADFD1204812224
:100AA000AB07AE04AF057C007DFA1200EAEF14C478
:090AB00054F04BFD7F04020481A7
:090CF300EF24FEFD7F03020481E1
:070D2500EF2411FF0204811D
:0E0B7900E4FF120C1CEF540C1313543FFF2228
:0207A6008F645E
:1007A8007F021207E48002C333D8FC5FF5657F013E
:1007B8001207E48002C333D8FC5FFFAE64E565A886
:1007C80006088002C313D8FCF565AE64EFA80608D6
:0B07D8008002C313D8FC25E02565FF5C
:0C07E30022120C1CAE647401A80608224F
:1008CD008F5E8B5F8A608961E55E14600824FB6032
:1008DD00042406700BAB5FAA60A961AF5E0202CD66
:1008ED00E55E240AFF120C1CAB5FAA60A961EF1232
:0608FD0000C6120C90225F
:060D55007F08120C1C22B5
:0D0BE8007F08120C1CEF54F0C4540FFF22C4
:0A0C90007F03120C1CEF2402FF2268
:080D0E00EF2411FF120C1C225E
:100A1600BF010AE4FF120C1CEF44018008E4FF1238
:0C0A26000C1CEF54FEFDE4FF12048122C2
:100A3200BF010AE4FF120C1CEF44028008E4FF121B
:0C0A42000C1CEF54FDFDE4FF12048122A7
:070D2C00AD077F0502048101
:100AE7008F697F06120C1CEF54F9FFE56925E04F6B
:060AF700FD7F06020481F0
:100A8600EF7F067008120C1CEF54F78006120C1C40
:0A0A9600EF4408FD7F0612048122E0
:0A0C9A00E4FF120C1CEF5401FF22CE
:0C0C4100E4FF120C1CEF5402C313FF224E
:060D5B007F05120C1C22B2
:0C0C4D007F06120C1CEF5406C313FF229C
:0F0B4C007F06120C1CEF5408131313541FFF22C3
:0C0C5900120CCCBF07037F01227F002299
:0A0CA4007F17120C1CEF5401FF2211
:0B0C71007F17120C1CEFC45401FF227F
:0C0C65007F17120C1CEFC4135401FF2277
:0D0BF5007F17120C1CEF5430C4540FFF2268
:0A0CAE007F17120C1CEF5403FF2205
:060D61007F17120C1C229A
:0A0CB8007F08120C1CEF540FFF22FE
:0A0CC2007F09120C1CEF5401FF2201
:070D33008D5D7F070206C67B
:090CFC00EF543FFD7F1C0204814E
:0E0B87007F1D120C1CEF4404FD7F1D02048133
:0E0B95007F1D120C1CEF54FBFD7F1D0204811E
:0E0BA3007F1D120C1CEF4402FD7F1D02048119
:0E0BB1007F1D120C1CEF54FDFD7F1D02048100
:0E0BBF007F1D120C1CEF4401FD7F1D020481FE
:0E0BCD007F1D120C1CEF54FEFD7F1D020481E3
:100933008B528A538954C291EF44A88018AF55153E
:1009430055EF6017AB520554E554AA537002055393
:0E09530014F91200ADFF120CE080E2D29122E6
:0E0B5B00C2917F60120CE0E4FF120CE0D29118
:010B69002269
:0F0B6A00C2917F50120CE07F73120CE0D29122E7
:0A0CCC00120D16EF540EC313FF22A1
:060D67007F081202CD22FC
:070D3A00E4FD7FE3020481E8
:0D0C0200120D61EF5440C413135403FF2280
:070D4100E4FD7FE2020481E2
:070D4800E4FD7FE1020481DC
:080D1600E4FD7FFF12048122BD
:100A4E00BF010A7F06120C1CEF441080087F0612AD
:0C0A5E000C1CEF54EFFD7F0612048122F7
:0D0C0F007F06120C1CEF5410C4540FFF227E
:100A6A00BF010A7F06120C1CEF440180087F0612A0
:0C0A7A000C1CEF54FEFD7F0612048122CC
:0A0CD6007F06120C1CEF5401FF22F0
:0C0C1C00C291120CE0E4FF120CE0D29137
:010C280022A9
:040481008F598D5AA8
:10048500C291E559C394205007E5592420FF802ED9
:10049500E559B4E103D38001C3402FE559B4E20324
:1004A500D38001C34024E559B4E303D38001C3409D
:1004B50019E559B4FF03D38001C3400EAF59120C9F
:1004C500E08F5BAF5A120CE08007AF59120CE08F3A
:0504D5005BD291AF5B5A
:0104DA0022FF
:0802CD008F518B528A538954B2
:1002D500E55114600C24FB600824FE6014240870AA
:1002E5002B120C908F558F56C291E551240AFF8031
:1002F50016120CCC8F51EFC394075010120B5B8F65
:10030500558F56C2917F61120CE08005E4F556F5D4
:1003150055AF551555EF6019E4FF120CE0AB5205CA
:1003250054E554AA537002055314F9EF1200C68020
:09033500E0D291E551FEE556FF0E
:01033E00229C
:1006C6008F598B5A8A5B895CE55914600B24FB6051
:1006D6000714601124077013120C908F5DC291E508
:1006E60059242A801EC2917FA08019AF5D155DEF47
:1006F6006017AB5A055CE55CAA5B7002055B14F9F2
:0C0706001200ADFF120CE080E2D2912244
:0A0CE0008FE5C2C030C0FDAFE52271
:100416008B518A5289538D547FFF120712E4FDFFD8
:100426001203AB7F03120AB97DFA7C00E4FF120ABD
:10043600A07F05120CF3AB51AA52A9537F061208EE
:1004460027AB51AA52A953E4FF120827E5547006B8
:10045600FF120A16800C7F01120A167D0AE4FF12AB
:100466000D257F28120D2C7F01120A327F027E0095
:0B0476001205DB12098DE4FF020D757A
:10096100120678120D72EF640560F57F647E001245
:1009710005DB12098DE490800AF020850204F07BEA
:0C098100017A80790A7D0A120AD180D424
:10085F00D2907F6E7E001205DB120678120D72EFBA
:10086F0070061209D9EF60F1120D72BF0310E4FF89
:10087F00120BDBBF0104D2808006C2808002C280CF
:07088F00E4FF120D7580CBA0
:10033F008B518A5289538D547FFF1207127D01E42E
:10034F00FF1203AB7F03120AB97DFA7C007F0F12F5
:10035F000AA07F05120CF3AB51AA52A9537F0612C4
:10036F000827AB51AA52A953E4FF120827E554708E
:10037F0006FF120A16800C7F01120A167D0AE4FF8F
:10038F00120D257F28120D2C7F01120A327F027E5B
:0C039F00001205DB12098DE4FF020D7551
:10075C00120678120D72EF640560F5120D72BF026D
:10076C000DD281D28CD2A9D2AF436302800BD2823C
:10077C00D28CD2A9D2AF4363047F647E001205DB16
:10078C0012098DE4908014F020850204F07B017A2C
:0A079C008079147D0A120AD180B69C
:10089600D2907F6E7E001205DB120678120D72EF83
:1008A60070061209D9EF60F1120D72BF0310E4FF52
:1008B600120BDBBF0104D2808006C2808002C28098
:0708C600E4FF120D7580CB69
:10013F008B518A5289538D547FFF1207127D01E430
:10014F00FF1203AB7F03120AB97DFA7C007F0F12F7
:10015F000AA07F05120CF3AB51AA52A9537F0612C6
:10016F000827AB51AA52A953E4FF120827120BA379
:10017F007F1D120C1CEF700E7F1C120C1CEF7006F3
:10018F00120B6A120BA3120B877F3F120CFCE55464
:10019F007006FF120A16800C7F01120A167D0AE400
:1001AF00FF120D257F28120D2C7F01120A327F02BC
:0D01BF007E001205DB12098DE4FF020D75B4
:090D0500D281D28CD2A9D2AF2216
:1004DB00120678120D72EF640560F5120D72EF645F
:1004EB00026006120D72BF0408120D0543630280F1
:1004FB0008D282120D07436304120D72BF040EE47F
:10050B00FF120BDBBF0104D2808002C280120C866B
:10051B00E490801EF020850204F07B017A80791E26
:07052B007D0A120AD180A92C
:10025800D290E490801EF020850204F07B017A8021
:10026800791E75550AE4FF1209337F6E7E00120568
:10027800DB120678120D72EF70061209D9EF60F1E1
:10028800120D72EF64026006120D72BF0408120D9F
:10029800054363028008D282120D07436304120DDE
:1002A80072EF64036006120D72BF0410E4FF120BB4
:1002B800DBBF0104D2808006C2808002C280E4FFD6
:0502C800120D75808D90
:030000000201CC2E
:0C01CC00787FE4F6D8FD7581690202130B
:1000AD00BB010689828A83E0225002E722BBFE0251
:0900BD00E32289828A83E4932284
:1000C600BB010689828A83F0225002F722BBFE0119
:0200D600F32213
:1000D800EF8DF0A4A8F0CF8CF0A428CE8DF0A42E3C
:0200E800FE22F6
:1000EA00BC000BBE0029EF8DF084FFADF022E4CCFA
:1000FA00F875F008EF2FFFEE33FEEC33FCEE9DECC3
:10010A00984005FCEE9DFE0FD5F0E9E4CEFD22ED08
:10011A00F8F5F0EE8420D21CFEADF075F008EF2F52
:10012A00FFED33FD4007985006D5F0F222C398FD43
:05013A000FD5F0EA22E0
:1001D80002000EE493A3F8E493A34003F68001F22F
:1001E80008DFF48029E493A3F85407240CC8C33328
:1001F800C4540F4420C8834004F456800146F6DFF7
:10020800E4800B010204081020408090062AE47E56
:10021800019360BCA3FF543F30E509541FFEE493EB
:10022800A360010ECF54C025E060A840B8E493A3B2
:10023800FAE493A3F8E493A3C8C582C8CAC583CADD
:10024800F0A3C8C582C8CAC583CADFE9DEE780BE95
:010677000082
:00000001FF




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/nRF24LU1.lnp
".\obj\main.obj",
".\obj\radio.obj",
".\obj\system.obj",
".\obj\mcu.obj",
".\obj\hal_nrf_l01.obj",
".\obj\hal_nrf_hw.obj",
".\obj\radio_sb.obj",
".\obj\application_sb.obj",
".\obj\radio_esb.obj",
".\obj\application_esb.obj",
".\obj\radio_pl.obj",
".\obj\application_pl.obj" 
TO ".\obj\nRF24LU1" 
PRINT(".\lst\nRF24LU1.m51") RAMSIZE(256) 
DISABLEWARNING (15,16) 
XDATA( 0X8000-0X87FF )




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/nRF24LU1.plg




µVision3 Build Log


Project:


E:\MyProject\AVR\My own\NRF24L01\Debug\reference\nAN24-12SW\nAN24-12\src\firmware\prod\appnote\nan24-12\nRF24LU1.uv2
Project File Date:  02/04/2008

Output:


Build target 'nRF24LU1'
compiling main.c...
compiling radio.c...
compiling system.c...
compiling mcu.c...
compiling hal_nrf_l01.c...
compiling hal_nrf_hw.c...
compiling radio_sb.c...
compiling application_sb.c...
compiling radio_esb.c...
compiling application_esb.c...
compiling radio_pl.c...
compiling application_pl.c...
linking...
Program Size: data=107.0 xdata=40 code=3448
creating hex file from ".\obj\nRF24LU1"...
".\obj\nRF24LU1" - 0 Error(s), 0 Warning(s).


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/radio.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/radio_esb.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/radio_pl.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/radio_sb.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/obj/system.obj


nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/pl/application_pl.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2311 $
 */ 

/** @ingroup PL 
 * @file
 * Application to show the functionality of the Enhanced ShockBurst mode with 
 * Bidirectional data. 
 *
 * @b PTX @b mode: 
 * - Sends a packet aprox every 100ms
 * - Accepts user interaction at Button 1
 *   - Not pressed: Send @c 00
 *   - Pressed: Send @c 10
 * - If a ACK was recieved, blink LED2
 * - If a ACK was not recieved, blink LED3
 * - If a ACK payload is recieved, turn on lights according to packet content:
 *    - 0: LED1 off
 *    - 1: LED1 on
 *
 * @b PRX @b mode:
 * - Constantly checks for data
 * - If no packet recieved in aprox 100ms, turn off all leds
 * - If a packet is recieved, turn on lights according to packet content:
 *    - 0: LED1 off
 *    - 1: LED1 on
 * - Accepts user interaction at Button 1
 *   - Not pressed: Put @c 00 in ACK payload
 *   - Pressed: Put @c 10 in ACK payload
 * - If a ACK payload was sent, blink LED2
 * - If a ACK payload was not sent, blink LED3
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "system.h"
#include "radio.h"
#include "application_pl.h"
#include "target_includes.h"

/** The data to send in ShockBurst with Bidirectional data mode */
static xdata uint8_t pload_pl[RF_PAYLOAD_LENGTH];

void device_ptx_mode_pl(void)
{
  while(true)
  {
    // Wait til the packet is sent
    do {
      radio_irq ();
    } while((radio_get_status ()) == RF_BUSY);

    // Blink LED2 if ACK is recieved, LED3 if not
    if (((radio_get_status ()) == RF_TX_DS) 
        || ((radio_get_status ()) == RF_TX_AP))
    {
      LED2_BLINK();
    }
    else
    {
      LED3_BLINK();
    }

    // If ACK payload was recieved, get the payload
    if (radio_get_status () == RF_TX_AP)
    {
      // Get the payload from the PRX and set LED1 accordingly
      if (radio_get_pload_byte (0) == 1)
      {
        LED1_ON();
      }
      else
      {
        LED1_OFF();
      }
    }

    // Sleep 100ms
    delay_100ms();

    // Set up the payload according to the input button 1
    pload_pl[0] = 0;

    if(B1_PRESSED())
    {
      pload_pl[0] = 1;
    }

    //Send the packet
    radio_send_packet(pload_pl, RF_PAYLOAD_LENGTH);           
  }
}

void device_prx_mode_pl(void)
{
  CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever

  while(true)
  { 
    // Setup and put the ACK payload on the FIFO
    pload_pl[0] = 0;

    if(B1_PRESSED())
    {
      pload_pl[0] = 1;
    }

    hal_nrf_write_ack_pload (0, pload_pl, RF_PAYLOAD_LENGTH);

    start_timer(110);
    
    // Run until either 110ms has lapsed 
    // OR there is data on the radio
    do
    {
      radio_irq ();
    } while ((radio_get_status () == RF_IDLE) && !timer_done());

    // Blink LED2 if ACK payload was sent, LED3 if not
    if ((radio_get_status ()) == RF_TX_DS
       || (radio_get_status ()) == RF_TX_AP)
    {
      LED2_BLINK();
    }
    else
    {
      LED3_BLINK();
    }

    if ((radio_get_status ()) == RF_RX_DR
       || (radio_get_status ()) == RF_TX_AP)
    {
      // Get the payload from the PTX and set LED1 accordingly
      if (radio_get_pload_byte (0) == 1)
      {
        LED1_ON();
      }
      else
      {
        LED1_OFF();
      }
    }
    else
    {
      LED1_OFF();
    }

    // Set radio status to idle
    radio_set_status (RF_IDLE);
  }

  EX0 = 1;
}




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/pl/application_pl.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2088 $
 */ 

#ifndef APPLICATION_PL_H__
#define APPLICATION_PL_H__

/** This function is called if the application is entering the PTX mode.
 * This is an endless loop, TX mode (PTX) function.
*/
void device_ptx_mode_pl(void);

/** This function is called if the application is entering the PRX mode.
 * This is an endless loop, RX mode (PRX) function.
*/
void device_prx_mode_pl(void);

#endif




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/pl/radio_pl.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2185 $
 */ 

/** @ingroup PL 
 * @file
 * Initialise the radio in Enhanced ShockBurst mode with Bidirectional data. 
 * This is done by opening @b pipe0 with auto ACK and with auto retransmits. 
 * It also opens for the use of ACK payload (@b hal_nrf_enable_ack_pl()) and 
 * dynamic payload width (@b hal_nrf_enable_dynamic_pl() for general enabeling 
 * and @b hal_nrf_setup_dyn_pl() to enable on specific pipes).
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio_pl.h"
#include "system.h"
#include "radio.h"

void radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
{
  hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
                                                 // Pipe 0 and 1 open by default
  hal_nrf_open_pipe(HAL_NRF_PIPE0, true);        // Then open pipe0, w/autoack 

  hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
  hal_nrf_set_auto_retr(RF_RETRANSMITS, RF_RETRANS_DELAY);
                                                 // Enables auto retransmit.
                                                 // 3 retrans with 250ms delay

  hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
  hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
  hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
                                                 // pipe0

/*****************************************************************************
 * Changed from esb/radio_esb.c                                              *
 * Enables:                                                                  *
 *  - ACK payload                                                            *
 *  - Dynamic payload width                                                  *
 *  - Dynamic ACK                                                            *
 *****************************************************************************/
  hal_nrf_enable_ack_pl();                       // Try to enable ack payload

  // When the features are locked, the FEATURE and DYNPD are read out 0x00
  // even after we have tried to enable ack payload. This mean that we need to
  // activate the features.
  if(hal_nrf_read_reg(FEATURE) == 0x00 && (hal_nrf_read_reg(DYNPD) == 0x00))
  {
    hal_nrf_lock_unlock ();                      // Activate features
    hal_nrf_enable_ack_pl();                     // Enables payload in ack
  }

  hal_nrf_enable_dynamic_pl();                   // Enables dynamic payload
  hal_nrf_setup_dyn_pl(ALL_PIPES);               // Sets up dynamic payload on
                                                 // all data pipes.
/*****************************************************************************
 * End changes from esb/radio_esb.c                                          *
 *****************************************************************************/
   
  if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
  {
    hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
  }
  else
  {
    hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
    hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
                                                 // Pipe0 expect 
                                                 // PAYLOAD_LENGTH byte payload
                                                 // PAYLOAD_LENGTH in radio.h
  }

  hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel
                                                 // Defined in radio.h. 
                                                 // Frequenzy = 
                                                 //        2400 + RF_CHANNEL
  hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device
  
  start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
  wait_for_timer();                              // power up
  
  radio_set_status (RF_IDLE);                    // Radio now ready
}    




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/pl/radio_pl.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2089 $
 */ 

#ifndef RADIO_PL_H__
#define RADIO_PL_H__

/** For turning on dynamic payload on all pipes. Sets bits 0-6 */
#define ALL_PIPES (0x3F)

/** Initializes the radio in Enhanced ShockBurst mode with ACK payload. This mean that we 
 * enable auto-retransmit and auto-acknowledgment as in Enhanced ShockBurst, and the 
 * features auto-ack payload and dynamic payload width.
 *
 * @param address The radios working address
 * @param operational_mode The operational mode, either @c HAL_NRF_PRX or @c HAL_NRF_PTX
 */
void radio_pl_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);

#endif




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/radio.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2310 $
 */ 

 /** @file
 * @ingroup Main
 * Radio functions.
 *
 * This file handles all radio communication for the example application, i.e. 
 * radio_init, radio_send_packet and radio_interrupt function.
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "system.h"
#include "radio.h"
#include "target_includes.h"

/** The payload sent over the radio. Also contains the recieved data. 
 * Should be read with radio_get_pload_byte(). */
static xdata uint8_t pload[RF_PAYLOAD_LENGTH];
/** The current status of the radio. Should be set with radio_set_status(), 
 * and read with radio_get_status().
 */
static radio_status_t status;

void radio_send_packet(uint8_t *packet, uint8_t length)
{
  hal_nrf_write_tx_pload(packet, length);      // load message into radio
  
  CE_PULSE();                                 // send packet

  radio_set_status (RF_BUSY);                 // trans. in progress; RF_BUSY
}

radio_status_t radio_get_status (void)
{
  return status;
}

uint8_t radio_get_pload_byte (uint8_t byte_index)
{
  return pload[byte_index];
}

void radio_set_status (radio_status_t new_status)
{
  status = new_status;
}

void radio_irq(void) 
{
  if (RADIO_ACTIVITY())                         // Check if an interupt is
  {                                             // triggered
    switch(hal_nrf_get_clear_irq_flags ())
    {
      case (1<<HAL_NRF_MAX_RT):                 // Max retries reached
        hal_nrf_flush_tx();                     // flush tx fifo, avoid fifo jam
        radio_set_status (RF_MAX_RT);
        break;
      
      case (1<<HAL_NRF_TX_DS):                  // Packet sent
        radio_set_status (RF_TX_DS);
        break;
      
      case (1<<HAL_NRF_RX_DR):                  // Packet received
        while (!hal_nrf_rx_fifo_empty ())
        {
          hal_nrf_read_rx_pload(pload);
        }
        radio_set_status (RF_RX_DR);
        break;
  
      case ((1<<HAL_NRF_RX_DR)|(1<<HAL_NRF_TX_DS)): // Ack payload recieved
        while (!hal_nrf_rx_fifo_empty ())
        {
          hal_nrf_read_rx_pload(pload);
        }
        radio_set_status (RF_TX_AP);
        break;
  
      default:
        break;    
    }

    RESET_RADIO_ACTIVITY();
  }
}




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/radio.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2310 $
 */ 

#ifndef RADIO_H__
#define RADIO_H__
 
 /** @file
 * @ingroup main
 * Radio header file for the nRF24LU1 example application
 * 
 * @author Per Kristian Schanke
 */

/** Defines the channel the radio should operate on*/
#define RF_CHANNEL 40

/** Defines the time it takes for the radio to come up to operational mode */
#define RF_POWER_UP_DELAY 2

/** Defines the payload length the radio should use */
#define RF_PAYLOAD_LENGTH 10                           

/** Defines how many retransmitts that should be performed */
#define RF_RETRANSMITS 15

/** Defines the retransmit delay. Should be a multiple of 250. If the 
 * RF_PAYLOAD_LENGTH is larger than 18, a higher retransmitt delay need to
 * be set. This is because both the original package and ACK payload will
 * be of this size. When the ACK payload exeedes 18 byte, it will not be able
 * to recieve the full ACK in the ordinary 250 mikroseconds, so the delay
 * will need to be increased. */
#if (RF_PAYLOAD_LENGTH <= 18)
#define RF_RETRANS_DELAY 250
#else
#define RF_RETRANS_DELAY 500
#endif

/** Enumerates the different states the radio may
 * be in.
 */
typedef enum {
  RF_IDLE,    /**< Radio is idle */
  RF_MAX_RT,  /**< Maximum number of retries have occured */
  RF_TX_DS,   /**< Data is sent */
  RF_RX_DR,   /**< Data recieved */
  RF_TX_AP,   /**< Ack payload recieved */
  RF_BUSY     /**< Radio is busy */
} radio_status_t;

/** Get the current status of the radio.
 *
 * @return Status of the radio. May be one of:
 * @retval RF_IDLE   Radio is idle
 * @retval RF_MAX_RT Maximum number of retries have occured
 * @retval RF_TX_DS  The data are sent
 * @retval RF_RX_DR  Data is recieved
 * @retval RF_TX_AP  Ack payload recieved
 * @retval RF_BUSY   Radio is busy
 */
radio_status_t radio_get_status (void);

/** Sets the status of the radio. Input parameter is
 * checked to see if it is allowed.
 *
 * @param new_status The new status of the radio
 */
void radio_set_status (radio_status_t new_status);

/** Gets the bit at position @a byte_index in @b pload. 
 *
 * @param byte_index The index of the bit
 * @return The value of @b pload[byte_index]
 */
uint8_t radio_get_pload_byte (uint8_t byte_index);

/** This function load the data to be sent into the radio, sends it, and waits for
 * the response.
 * @param packet The data to send. Maximum 2 byte
 * @param length The length of the data
*/
void radio_send_packet(uint8_t *packet, uint8_t length);

/** This function reads the interrupts. It does the work
 * of a interrupt handler by manually reading the interrupt
 * flags and act on them. Sets the status with \
 */
void radio_irq (void);

#endif




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/sb/application_sb.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2311 $
 */ 

/** @ingroup SB 
 * @file
 * Application to show the functionality of the ShockBurst mode. 
 *
 * @b PTX @b mode: 
 * - Sends a packet aprox every 100ms
 * - Accepts user interaction at Button 1:
 *   - Not pressed: Send @c 00
 *   - Pressed: Send @c 10
 *
 * @b PRX @b mode:
 * - Constantly checks for data
 * - If no packet recieved in aprox 100ms, turn off all leds
 * - If a packet is recieved, turn on lights according to packet content:
 *    - 0: LED1 off
 *    - 1: LED1 on
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "system.h"
#include "radio.h"
#include "application_sb.h"
#include "target_includes.h"

/** The data to send in ShockBurst mode */
static xdata uint8_t pload_sb[RF_PAYLOAD_LENGTH];

void device_ptx_mode_sb(void)
{
  while(true)
  {
    // Wait til the packet is sent
    do {
      radio_irq ();
    } while((radio_get_status ()) == RF_BUSY);

    // Sleep 100ms
    start_timer(100);
    wait_for_timer();

    // Set up the payload according to the input button 1
    pload_sb[0] = 0;

    if(B1_PRESSED())
    {
      pload_sb[0] = 1;
    }

    //Send the packet
    radio_send_packet(pload_sb, RF_PAYLOAD_LENGTH);           
  }
}

void device_prx_mode_sb(void)
{
  CE_HIGH();        // Set Chip Enable (CE) pin high to enable reciever

  while(true)
  { 
    start_timer(110);

    // Run until either 110ms has lapsed 
    // OR there is data on the radio
    do
    {
      radio_irq ();
    } while ((radio_get_status() == RF_IDLE) && !timer_done());

    if ((radio_get_status ()) == RF_RX_DR)
    {
      // Get the payload from the PTX and set LED1 accordingly
      if (radio_get_pload_byte(0) == 1)
      {
        LED1_ON();
      }
      else
      {
        LED1_OFF();
      }
    }
    else
    {
      LED1_OFF();
    }

    // Set radio status to idle
    radio_set_status(RF_IDLE);
  }
}




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/sb/application_sb.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2088 $
 */ 

#ifndef APPLICATION_SB_H__
#define APPLICATION_SB_H__

/** This function is called if the application is entering the PTX mode.
 * This is an endless loop, TX mode (PTX) function.
*/
void device_ptx_mode_sb(void);

/** This function is called if the application is entering the PRX mode.
 * This is an endless loop, RX mode (PRX) function.
*/
void device_prx_mode_sb(void);

#endif




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/sb/radio_sb.c
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2310 $
 */ 

/** @ingroup SB 
 * @file
 * Initialise the radio in ShockBurst mode. This is done by opening @b pipe0 
 * without auto ACK and disabeling auto retransmits.
 *
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio_sb.h"
#include "system.h"
#include "radio.h"

void radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode)
{
  hal_nrf_close_pipe(HAL_NRF_ALL);               // First close all radio pipes
                                                 // Pipe 0 and 1 open by default
  hal_nrf_open_pipe(HAL_NRF_PIPE0, false);       // Open pipe0, without/autoack

  hal_nrf_set_crc_mode(HAL_NRF_CRC_16BIT);       // Operates in 16bits CRC mode
  hal_nrf_set_auto_retr(0, RF_RETRANS_DELAY);    // Disables auto retransmit

  hal_nrf_set_address_width(HAL_NRF_AW_5BYTES);  // 5 bytes address width
  hal_nrf_set_address(HAL_NRF_TX, address);      // Set device's addresses
  hal_nrf_set_address(HAL_NRF_PIPE0, address);   // Sets recieving address on 
                                                 // pipe0  
  
  if(operational_mode == HAL_NRF_PTX)            // Mode depentant settings
  {
    hal_nrf_set_operation_mode(HAL_NRF_PTX);     // Enter TX mode
  }
  else
  {
    hal_nrf_set_operation_mode(HAL_NRF_PRX);     // Enter RX mode
    hal_nrf_set_rx_pload_width((uint8_t)HAL_NRF_PIPE0, RF_PAYLOAD_LENGTH);
                                                 // Pipe0 expect 
                                                 // PAYLOAD_LENGTH byte payload
                                                 // PAYLOAD_LENGTH in radio.h
  }

  hal_nrf_set_rf_channel(RF_CHANNEL);            // Operating on static channel 
                                                 // Defined in radio.h. 
                                                 // Frequenzy = 
                                                 //        2400 + RF_CHANNEL
  hal_nrf_set_power_mode(HAL_NRF_PWR_UP);        // Power up device

//hal_nrf_set_datarate(HAL_NRF_1MBPS);           // Uncomment this line for 
                                                 // compatibility with nRF2401 
                                                 // and nRF24E1

  start_timer(RF_POWER_UP_DELAY);                // Wait for the radio to 
  wait_for_timer();                              // power up

  radio_set_status (RF_IDLE);                    // Radio now ready
}                                                




nRF24L01P/nAN24-12SW/nAN24-12/src/firmware/prod/appnote/nan24-12/sb/radio_sb.h
/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2089 $
 */ 

#ifndef RADIO_SB_H__
#define RADIO_SB_H__

/** Initializes the radio in ShockBurst mode. This mean that there are no auto-retransmit
 * or auto-acknowledgment enabled.
 *
 * @param address The radios working address
 * @param operational_mode The operational mode, either @c HAL_NRF_PRX or @c HAL_NRF_PTX
 */
void radio_sb_init (const uint8_t *address, hal_nrf_operation_mode_t operational_mode);

#endif
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2310 $
 */ 

 /** @file
 * @ingroup Main
 * @ingroup hwdep
 * System level functions: Timers, port setup, interrupt handlers, and other 
 * system functions.
 * 
 * @author Per Kristian Schanke
 */

#include "hal_nrf.h"
#include "radio.h"
#include "system.h"
#include "target_includes.h"

/** Indicates which LED is set to blink. */
volatile uint8_t led_blink;
/** How many times timer 1 should be restarted to be able to run for the
 * wanted amount of time.
 */
static uint8_t timer_rounds;

/** Starts timer 1.
 * 
 * @param time The runtime in timer cycles
 */
static void run_timer (uint16_t time);

void device_boot_msg(void)
{
  uint8_t ctr;

  for(ctr=0;ctr<3;ctr++)
  {
    LED1_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

    LED2_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

    LED3_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

    LED2_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

    LED1_BLINK();
    while(led_blink)               // wait until LED released...
      ;
    delay_10ms();

  }
}

void delay_10ms(void)
{
  start_timer(10);
  wait_for_timer();
}

void delay_100ms(void)
{
  start_timer(100);
  wait_for_timer();
}

/** Interrupt handler for timer0.
 * Turns off all blinking LED's. Hardware dependant in setting up
 * timers and interrupt vector.
 */
void t0_ov_interrupt(void) interrupt INTERRUPT_T0
{
  TR0 = 0;                          // stop timer0
  TL0 = 0xE9;                       // reload timer..
  TH0 = 0xCB;

  if (led_blink & (1<<LED1_INDEX))
  {
    LED1_OFF();
  }
  if (led_blink & (1<<LED2_INDEX))
  {
    LED2_OFF();
  }
  if (led_blink & (1<<LED3_INDEX))
  {
    LED3_OFF();
  }

  led_blink = 0;
}

void start_timer (uint16_t time)
{
  uint16_t setuptime;
  uint16_t firstruntime;

  firstruntime = (uint16_t)(time % MAX_RUNTIME);

  setuptime = 0 - (firstruntime * CYCLES_PR_MS);
  time -= firstruntime;
  timer_rounds = (uint8_t)(time / MAX_RUNTIME) + 1;

  if (setuptime == 0)
  {
    setuptime = MAX_TIME;
    timer_rounds--;
  }

  run_timer (setuptime);
}

static void run_timer (uint16_t time)
{
  if (time != 0)
  {
    T1_MODE1(); // Setting up mode 1 on timer 1 (16-bit timer) 
    T1_SET_LB((uint8_t)time);
    T1_SET_HB((uint8_t)(time >> 8));
    T1_START();
  }
}

void wait_for_timer (void)
{
  while (timer_rounds > 0)
  {
    while (!TIMER1_OVERFLOW())
      ;

    timer_rounds--;

    if (timer_rounds > 0)
    {
      run_timer (MAX_TIME);
    }
  }

  T1_STOP();
}

bool timer_done (void)
{
  bool retval = false;

  if (TIMER1_OVERFLOW())
  {
    timer_rounds--;

    if (timer_rounds > 0)
    {
      run_timer (MAX_TIME);
    }
    else
    {
      retval = true;
      T1_STOP();
    }
  }

  return retval;
}
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/* Copyright (c) 2007 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is property of Nordic Semiconductor ASA.
 * Terms and conditions of usage are described in detail in NORDIC
 * SEMICONDUCTOR STANDARD SOFTWARE LICENSE AGREEMENT. 
 *
 * Licensees are granted free, non-transferable use of the information. NO
 * WARRENTY of ANY KIND is provided. This heading must NOT be removed from
 * the file.
 *
 * $LastChangedRevision: 2129 $
 */ 
 
 /** @file
 */
#ifndef SYSTEM_H__
#define SYSTEM_H__

extern volatile uint8_t led_blink;

/** Enumeration of the LED's to be used to 
 * indicate which bit in @b led_blink that 
 * indicate which LED. */
enum {
 LED1_INDEX,
 LED2_INDEX,
 LED3_INDEX
};

//lint -e717
#define LED1_ON() do{LED1 = LED_ON;}while(0) /**< Turn on LED1 */
#define LED2_ON() do{LED2 = LED_ON;}while(0) /**< Turn on LED2 */
#define LED3_ON() do{LED3 = LED_ON;}while(0) /**< Turn on LED3 */

#define LED1_OFF() do{LED1 = LED_OFF;}while(0) /**< Turn off LED1 */
#define LED2_OFF() do{LED2 = LED_OFF;}while(0) /**< Turn off LED2 */
#define LED3_OFF() do{LED3 = LED_OFF;}while(0) /**< Turn off LED3 */

/** Turn off all LED's */
#define LED_ALL_OFF() do{ LED1_OFF(); \
                          LED2_OFF(); \
                          LED3_OFF(); \
                         }while(0)

/** Initialize LED1 blinking. Enables timer0 interrupts to stop the blinking. */
#define LED1_BLINK() do{  LED1_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED1_INDEX); \
                          }while(0)
/** Initialize LED2 blinking. Enables timer0 interrupts to stop the blinking. */
#define LED2_BLINK() do{  LED2_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED2_INDEX); \
                          }while(0)
/** Initialize LED3 blinking. Enables timer0 interrupts to stop the blinking. */
#define LED3_BLINK() do{  LED3_ON();        \
                          T0_START();       \
                          led_blink |= (1<<LED3_INDEX); \
                          }while(0)

/** Checks whether B1 is pressed or not */
#define B1_PRESSED() (B1 == B_PRESSED)
/** Checks whether B2 is pressed or not */
#define B2_PRESSED() (B2 == B_PRESSED)
/** Checks whether B3 is pressed or not */
#define B3_PRESSED() (B3 == B_PRESSED)

void system_init(void);       /**< Initialise the timers, ports, interupts, etc */
void device_boot_msg(void);   /**< Runs a LED pattern to indicate startup */
void delay_10ms(void);        /**< Delay of aprox 10ms */
void delay_100ms(void);       /**< Delay of aprox 100ms */

/** Starts a timer that runs @a time ms. As it is only possible to run for aprox
 * 50ms using the internal timers, anything above 50ms is done by restarting the
 * counter. To restart the counter, either wait_for_timer() or timer_done() should
 * be called. These check the timer and restart it if needed.
 *
 * @param time How many ms you want the timer to run 
 */
void start_timer(uint16_t time); 

/** Runs a loop that waits for the timer to be done. 
 * Restarts the timer if needed */
void wait_for_timer(void); 

/** Checks the timer flags and return the status. Restarts the timer if needed.
 * 
 * @return If the clock is done or not
 * @retval true clock is done
 * @retval false clock is not done
 */
bool timer_done (void);    

#endif // SYSTEM_H__
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                         Application Note

1       Introduction


This document uses software examples to describe how to use ShockBurst™ (SB), Enhanced Shock-
Burst™ (ESB) and Enhanced ShockBurst™ with Bidirectional data (PL), to transfer button status from one 
device to another. Also described in this document is how to port code to other hardware platforms. 


The nAN24-12SW package contains source code that helps you set up the nRF24L01 and nRF24LU1 in 
the ShockBurst™ modes. The source code is written in C and contains all the files necessary for setting up 
the devices using only the Hardware Abstraction Layer (HAL). The source code can also be used as a ref-
erence when you are developing your own application.


You will need two Basic Feature Boards (BFB), which are included in the nRF24L01 and nRF24LU1 devel-
opment kits, programmed with the nAN24-12 firmware to run the application. 


nRF24L01 and nRF24LU1 use the following hex files for demonstration when plugged into the BFB:


• Basic Feature Board with C8051F320 + nRF24L01: nRF24L01.hex
• Basic Feature Board with nRF24LU1: nRF24LU1.hex


The BFB must be powered on, but does not need to be connected to any peripherals to run the application 
example. The buttons and LEDs on the BFB are used for user input and output.


1.1        Prerequisites


In order to fully understand the application note, a good knowledge of electronic and software engineering 
is required.


1.2        Writing conventions


This application note follows a set of typographic rules that makes the document consistent and easy to 
read. The following writing conventions are used:


• Commands and code are written in Courier.


• File names are written in bold.


• Cross references are underlined and highlighted in blue.
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2       nAN24-12 contents and requirements


This chapter describes the contents of the nAN24-12SW package and the hardware that is required for 
demonstrating the different operational modes. Refer to chapter 6 for information on porting the source 
code to other hardware architectures.


2.1        Contents


The software package contains the following files:


• Documentation (/doc)
nAN24-12 Application Note
Windows help file (help.chm)


• Source code (/src)
The Keil project files for both nRF24L01 and nRF24LU1
Complete source code for the application
Complete source code for the necessary HAL libraries


• Firmware files (/hex)
The pre-compiled hex files for nRF24L01 and nRF24LU1


2.2        Required software


The application has been tested and compiled on KEIL µVision3 3.53.


2.2.1        nRF24L01 specific software


To program the SiLabs C8051F320 MCU, which is part of the nRF24L01 development kit, you can use 
either the built in functionality in the Keil software package or you can download the Flash Programming 
Utilities from SiLabs: http://www.silabs.com


2.2.2        nRF24LU1 specific software


Refer to the documentation for the nRF24LU1 Development Kit on how to program the nRF24LU1.


2.3        Required hardware


To work out of the box, this application needs either the development kit for nRF24L01 or nRF24LU1. 


2.3.1        nRF24L01 specific hardware


To program the nRF24L01 development kit you need a programmer that supports the SiLabs C8051F320 
MCU. The low cost USB debug adapter from SiLabs has been used during the development: http://
www.silabs.com


You need to solder the four pin programming/debug interface on the dongle to a simple interface to support 
the 10 pin connector on the USB debug adapter. See Figure 1. for the schematic.
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 Figure 1. SiLabs modification


2.3.2        nRF24LU1 specific hardware


All the necessary hardware for the nRF24LU1 is included in the nRF24LU1 Development Kit.
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3       SW architecture


The software (SW) architecture is shown in Figure 2. A source and header file represent each block. See 
the help documentation for more information on the prototypes and macros.


 Figure 2. SW Architecture


3.1        Main


The main application is a state machine controlling your choices of operational modes and initialization. It 
starts up, initializes the microcontroller, and waits for you to select the application mode before initializing 
the radio and starting the application. After starting the application, the main application releases all con-
trol.


The main application defines the following prototypes and typedefs:


Prototypes:


state_t get_next_state (state_t current_state);
void wait_for_button_release (void);
void show_status (state_t operation);
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Typedef:


enum {
  DEVICE_IDLE = 0,
  DEVICE_PRX_IDLE,
  DEVICE_PTX_IDLE,
  DEVICE_PRX_SB,  
  DEVICE_PRX_ESB, 
  DEVICE_PRX_PL,  
  DEVICE_PTX_SB,  
  DEVICE_PTX_ESB, 
  DEVICE_PTX_PL,  
  NO_CHANGE
} state_t;


3.2        Application


The application handles the logic of the program. It contains the logic for both the Primary Transceiver 
(PTX) and the Primary Receiver (PRX) in separate functions. There is one implementation for each of the 
operational modes.


The application defines the following external prototypes:


Prototypes (ShockBurst™):


void device_ptx_mode_sb (void);
void device_prx_mode_sb (void);


Prototypes (Enhanced ShockBurst™):


void device_ptx_mode_esb (void);
void device_prx_mode_esb (void);


Prototypes (Enhanced ShockBurst™ with bidirectional data):


void device_ptx_mode_pl (void);
void device_prx_mode_pl (void);
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3.3        System


The system controls the interface to the MCU and the development kit. All hardware interaction is per-
formed through these functions.


The following external prototypes and macros are defined in the system:


Prototypes:


void device_boot_msg (void);
void delay_10ms (void); 
void delay_100ms (void);
void start_timer (uint16_t time);
void wait_for_timer (void);
bool timer_done (void);


Macros:


LEDx_ON (); (One each for LED1, LED2 and LED3)
LEDx_OFF (); (One each for LED1, LED2 and LED3)
LEDx_BLINK (); (One each for LED1, LED2 and LED3)
LED_ALL_OFF ();
T0_START ();
T0_STOP ();
T1_START ();
T1_STOP ();


3.4        Radio


The radio contains all the necessary functions to send and receive packages. Each operation mode 
(ShockBurst™, Enhanced ShockBurst™, and Enhanced ShockBurst™ with bidirectional data) has a sepa-
rate initiation function.


The radio defines the following external prototypes, constants and typedefs:


Prototypes:


void radio_send_packet (uint8_t *packet, uint8_t length);
radio_status_t radio_get_status (void);
void radio_set_status (void);
uint8_t radio_get_pload_byte (uint8_t byte_index);
void radio_irq (void);


ShockBurst™:


void radio_init_sb (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);


Enhanced ShockBurst™:


void radio_init_esb (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);
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Enhanced ShockBurst™ with bidirectional data:


void radio_init_pl (uint8_t *address, hal_nrf_operation_mode_t 
operational_mode);


Constants:


RF_CHANNEL 40;
RF_POWER_UP_DELAY 2;
PAYLOAD_LENGTH 2;
RF_RETRANSMITS 15;
RF_TRANS_DELAY 250;


Typedef:


enum {
  RF_IDLE,    
  RF_MAX_RT,  
  RF_TX_DS,   
  RF_RX_DR,   
  RF_TX_AP,   
  RF_BUSY     
} radio_status_t;


3.5        nRF HAL


The nRF HAL (Hardware Abstraction Layer) contains all the functions that abstracts communication with 
the selected radio. These are specific for the chosen radio, but implement the same interface, hal_nrf.h.
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4       Structure


The source code is divided into logical parts for easy reading. To enable easy porting to different hardware 
platforms, the hardware specific files are placed in separate subfolders for each architecture. The default 
supported platforms are:


• SiLabs C8051F320+nRF24L01
• nRF24LU1


There are also separate folders for each operational mode (ShockBurst™, Enhanced ShockBurst™, and 
Enhanced ShockBurst™ with bidirectional data)


For information on porting, see chapter 6.


 Figure 3. File and folder structure
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5       Application


This chapter describes how to operate the application. How to choose an operational mode is described in 
section 5.1.The different operational modes are described in sections 5.2  to section 5.4.


5.1        Easy setup for demonstration


Figure 4. shows how to set up a board in each mode. The first step is to choose between PTX and PRX 
mode and the second step is to set up the desired operation mode. For example, the board can be set up 
to PTX ShockBurst™ mode by pressing Button 1 twice. After you set up the operation mode, the LED 
stays lit for three seconds to indicate that the set up is successful.


 Figure 4. Setting up the board for demonstration


 Table 1. LED status of each mode


Mode LED status
LED 1 LED 2 LED 3


Idle mode ON ON ON
PTX OFF OFF OFF
PRX OFF OFF ON
PTX ShockBurstTM ON OFF OFF


PRX ShockBurstTM ON OFF ON


PTX Enhanced ShockBurstTM OFF ON OFF


PRX Enhanced ShockBurstTM OFF ON ON


PTX Enhanced ShockBurstTM  and Bidirectional data ON ON OFF


PRX Enhanced ShockBurstTM  and Bidirectional data ON ON ON
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Button 3
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 Figure 5. nRF24LU1 Basic Feature Board (BFB)


5.2        ShockBurst™


You can set up the PTX and PRX to ShockBurst™ with no advanced features enabled. The PTX is config-
ured without auto retransmit, and the PRX is configured without auto ack. ShockBurst™ is used to broad-
cast data.


ShockBurst™ is demonstrated by pressing Button 1 on the PTX which then turns on the LED 1 on the 
PRX.


See Figure 6. (a) for the flow of PTX in ShockBurst™. Press Button 1 twice to get to this mode.  


See Figure 6. (b) for the flow of PRX in ShockBurst™. Press Button 2 followed by Button 1 to get to this 
mode.
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 Figure 6. Application flow in ShockBurst™
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5.3        Enhanced ShockBurst™


You can set up the PTX and PRX to Enhanced ShockBurst™ with advanced features enabled. The PTX is 
configured with auto retransmit, and the PRX is configured with auto acknowledgement. 


The advantages of using Enhanced ShockBurst™ are:


• One way communication.
• Auto acknowledge and auto retransmit data.


Enhanced ShockBurst™ is demonstrated by pressing Button 1 on the PTX, which then turns on LED 1 on 
the PRX. The PTX indicates successfully sent data by turning LED 2 on, or if max retransmission occurs 
this is indicated by the PTX turning LED 3 on.


See Figure 7. (a) for the flow of PTX in Enhanced ShockBurst™. Press Button 1 followed by Button 2 to 
get to this mode.


See Figure 7. (b) for the flow of PRX in Enhanced ShockBurst™. Press Button 2 twice to get to this mode.
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 Figure 7. Application flow in Enhanced ShockBurst™
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5.4        Enhanced ShockBurst™ with bidirectional data


You can set up the PTX and PRX to Enhanced ShockBurst™ with advanced features enabled. The PTX is 
configured with auto retransmit and ack payload, and the PRX is configured with auto ack and ack pay-
load. 


The advantages of using the Enhanced ShockBurst™ with bidirectional data are:


• Bidirectional communication
• Auto acknowledge and auto retransmit data
• Dynamic payload length
• Payload with acknowledgement


Enhanced ShockBurst™ with Bidirectional data is demonstrated by pressing either Button 1 on the PTX, 
which then turns on LED 1 on the PRX or, by pressing Button 1 on the PRX, which then turns on LED1 on 
the PTX. Both the PTX and the PRX indicate successfully sent data by turning LED 2 on, or if max retrans-
mission occurs this is indicated by LED 3 on.


See Figure 8. (a) for the flow of PTX in Enhanced ShockBurst™ with Bidirectional data. Press Button 1 fol-
lowed by Button 3 to get to this mode.


See Figure 8. (b) for the flow of PRX in Enhanced ShockBurst™ with Bidirectional data. Press Button 2 fol-
lowed by Button 3 to get to this mode.
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 Figure 8. Application flow in Enhanced ShockBurst™ with bidirectional data
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6       Porting the source code to another hardware architecture


You must re-map the hardware to port this application to another hardware architecture. Most of the hard-
ware dependent parts of the code are in the MCU specific subfolders. The hardware dependent files for the 
nRF24LU1 are located in the lu1_bfb folder. The hardware dependent files for the nRF24L01 are located 
in the l01_bfb folder. When porting to another MCU, a new folder must be made containing the following 
files:


• mcu.c
• target_includes.h


If you want a new Keil project, you should base it on the nRF24LU1.uV2 with the following changes:


1. Update the device architecture to your target device.
2. Name of the compiled hex file should reflect the architecture.
3. Paths should include:


a.The new folder for the MCU.
b.The correct HAL library for the radio architecture.


4. Update the HAL group to contain the HAL files for the architecture.
a. hal_nrf_hw.c (implementation of hal_nrf_rw from hal_nrf.h).
b. hal_nrf_x.c (x indicating MCU. Implementation of hal_nrf.h).


6.1        mcu.c


This file needs one function: void system_init (void); This function should set up three inputs and 
three outputs (B1-3 and LED1-3 respectively).


6.2        target_includes.h


This file contains most of the hardware dependent settings. The hardware abstractions that must be ported 
are in Table 2.


Name Description
LED_ON The value that should be sent on the output to turn on a LED
LED_OFF The value that should be sent on the output to turn off a LED
LED1 Address of LED1 (bit address)
LED2 Address of LED2 (bit address)
LED3 Address of LED3 (bit address)
B1 Address of B1 (bit address)
B2 Address of B2 (bit address)
B3 Address of B3 (bit address)
B_PRESSED Value on input that indicate button pressed
RADIO_ACTIVITY The way to check if the radio is active without using interrupts
RESET_RADIO_ACTIVITY How to reset the radio detection so that a new packet can be 


detected
TIMER1_OVERFLOW Check for Timer 1 overflow
CYCLES_PR_MS The number clock cycles a timer counts that make up a millisec-


ond
MAX_RUNTIME How many milliseconds the timer can run on a 16-bit counter 


(0xFF / CYCLES_PR_MS)
GLOBAL_INT_ENABLE Enables all interrupts
GLOBAL_INT_DISABLE Disables all interrupts
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 Table 2. Hardware dependencies


6.3        Interrupt


If the MCU does not have an interrupt vector for timer 0, some of the LED functionality will not work. The 
workaround for this problem is to change the LEDx_BLINK functions in system.h to call LEDx_TOGGLE 
instead and remove the t0_ov_interrupt() function from system.c.


No other interrupts are used in this application. The interrupt status for timer 1 and radio are polled, but not 
handled as interrupts.


T0_START Starts Timer 0
T0_STOP Stops Timer 0
T1_START Starts Timer 1
T1_STOP Stops Timer 1
T1_MODE1 Sets timer 1 up in mode 1 (16-bit timer)
T1_SET_LB Sets the low byte on timer 1
T1_SET_HB Sets the high byte on timer 1
INTERRUPT_T0 The interrupt vector for timer 0


Name Description
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7       Troubleshoot


Q: The board does not flash after I reset. What could be the problem?


A: There could be two reasons why this is happening:


i. The board may not be powered up. In this case, ensure that the board is powered up through either 
the USB or the battery. 


ii. The program may not be loaded. In this case, flash the development kit with the correct HEX file for 
your MCU and radio.


Q: LED 1 on the receiver does not light up when I press Button 1 on the transmitter. What could be the 
problem?


A: There could be three reasons why this is happening: 


i. The button may not be fully pressed. In this case, press the button harder.


ii. The receiver or transmitter may not be powered up. In this case, power up and configure.


iii. The receiver and transmitter are in non-compatible operational modes. Restart and configure to the 
correct operational mode.


Q: ACK is not receiving on the transmitter (LED 3 flashing).


A: There could be two reasons why this is happening:


i. The receiver may be out of range. In this case, bring the receiver into range.


ii. The receiver is in a different operational mode. In this case, restart and configure to correct opera-
tional mode.
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8       Glossary of terms


Term Definition
ACK Acknowledgment
BFB Basic Feature Board
Enhanced ShockBurst™ (ESB) A packet based data link layer that features automatic packet 


assembly and timing, automatic acknowledgement and retrans-
missions of packets.


Enhanced ShockBurst™ with Bidi-
rectional data (PL)


A packet based data link layer that features automatic packet 
assembly and timing, automatic acknowledgement, retransmis-
sions of packets and transmission of data from PRX to PTX in 
ACK so that no mode change is required.


HAL Hardware Abstraction Layer 
HW Hardware
MCU Microcontroller
PRX Primary receiver
PTX Primary transceiver
SDK Software Development Kit
ShockBurst™ (SB) This mode gives you automatic packet transmission at a high 


data rate.

Revision 1.0 Page 22 of 22





		1 Introduction

		1.1 Prerequisites

		1.2 Writing conventions



		2 nAN24-12 contents and requirements

		2.1 Contents

		2.2 Required software

		2.2.1 nRF24L01 specific software

		2.2.2 nRF24LU1 specific software



		2.3 Required hardware

		2.3.1 nRF24L01 specific hardware

		2.3.2 nRF24LU1 specific hardware





		3 SW architecture

		3.1 Main

		3.2 Application

		3.3 System

		3.4 Radio

		3.5 nRF HAL



		4 Structure

		5 Application

		5.1 Easy setup for demonstration

		5.2 ShockBurst™

		5.3 Enhanced ShockBurst™

		5.4 Enhanced ShockBurst™ with bidirectional data



		6 Porting the source code to another hardware architecture

		6.1 mcu.c

		6.2 target_includes.h

		6.3 Interrupt



		7 Troubleshoot

		8 Glossary of terms





nRF24L01P/nRF24L01P-EK/Documentation/nRF24L01pluss_EC_Users_Guide.pdf


 
 
 


Nordic Semiconductor ASA -     Otto Nielsens vei 12 N-7004 Trondheim, Norway   -        Phone +4772898900        -        Fax +4772898989 
Revision: 1.0 Page 1 of 12 Date: 2008-02-29 


 


nRF24L01+ Evaluation and Configuration User Guide 
 
 
INSTALLATION 
 
IMPORTANT! You must have administrator privileges to install this software and you must 
install the software before connecting the hardware to your computer. Your computer must 
run Windows XP and have two available USB ports. 
 
Double click setup.exe found in the “nRF24L01+EC” directory on your CD-ROM to start the 
installation of nRF24L01+EC. Follow the instructions on the screen. At the end of the 
installation the USB driver will be installed. Once the installation is complete you can connect 
the evaluation boards to your computer.  
 
 
USAGE 
 
There is one tab for each evaluation board and the number after “USB” on the tab refers to the 
number selected on the “SW1” rotary switch on the evaluation board. This must be different 
on all boards connected to the same PC. 
 
After installation and connection of the evaluation kits and starting up nRF24L01+EC the 
screen looks like the following figure: 
 


 


Figure 1: nRF24L01+ Main Window 


 
The voltage shown is the voltage on the evaluation board. Hit the “Update” button to check 
the voltage when you adjust the voltage by rotating the pot meter on the board.  
 
Firmware Upgrade Description 
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On the tools menu you can upgrade the firmware when new firmware is available. 
 
 


 


Figure 2: Firmware upgrade window. 


 
By default the program looks for the firmware files in the installation folder but you can 
specify another location if needed. Please make sure the evaluation board is firmly connected 
to the USB cable before hitting the “Upgrade” button. If your evaluation board has an old 
version of the firmware the firmware upgrade dialog box is shown automatically. 
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TEST MODE 
 
Click the “Test Mode” button in the main window to enter test mode:  
 


 


Figure 3: nRF24L01+EC Test Mode Window 


 
 
Here you can control the device and do basic RF tests. The SPI Mode selects whether the 
microcontroller should use hardware SPI or software SPI when communicating with the 
nRF24L01+ device. 
 
Test Mode Window Description: 
 
Power Up: Toggles the Power Up bit in CONFIG register. 
CE: Toggle CE pin high/ low. 
TX Mode: nRF24L01+ device switches between RX and TX mode. 
Carrier: When in “Tx Mode”, nRF24L01+ device is set up with a constant carrier1. 
RF Power: Select one of the four output power levels available for nRF24L01+. 
RF Frequency: Set RF channel for nRF24L01+. 
LNA HCURR: Toggles the “LNA_HCURR” bit in RF_SETUP register. 
 


                                                 
1 Refer to the document ”nRF24L01+ Test Setup” for a description of the carrier function. 







 
 
 


nRF24L01+ Evaluation and Configuration User Guide 
 


Nordic Semiconductor ASA -     Otto Nielsens vei 12 N-7004 Trondheim, Norway   -        Phone +4772898900        -        Fax +4772898989 
Revision: 1.0 Page 4 of 12 Date: 2008-02-29 


Frequency Sweep frame: 
 
Start Frequency: Select the lower frequency for “Frequency sweep mode”. 
Stop Frequency: Select the higher frequency for “Frequency sweep mode”. 
Start Sweep: Start continuous frequency sweep of nRF24L01+ device, in the range of “Start 
Frequency” to “Stop Frequency”. 
 
Hardware SPI: Configure CPU to use built-in hardware SPI protocol. 
Software SPI: Configure CPU to use software driven SPI protocol. 
 
Configurations frame: 
 
Here you can save the current configuration and read a configuration by double-clicking the 
icon. You can also change the name of the configuration by clicking on the label and delete a 
configuration by clicking on the icon and hit the “DEL” button. 
 
COMMUNICATION MODE 
 
When you click on the “Communication Mode” button in the main window the following 
screen pops up  
 


 
Figure 4: Communication Mode Window. 
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In this window you configure the firmware for RF-communication. Please see the document 
“nRF24L01+ Test Setup” for a thorough description of the setup procedure. In the events 
window you will get a message each time the link is established or link is lost, when the 
device connected is an RX-device and the “Ignore Events” box is not checked. To save the 
events to a file, right click in the events window and select “Save Events…” in the displayed 
pop-up menu. 
 
Buttons functionality: 
 
Application Button: 
 
Enter Application setup window. 
 


 
Figure 5: Application Window when the device is a primary RX-device. 


 
 
The channel table is used for frequency hopping when frequency agility is enabled. When the 
current device is a primary RX device you can select one of the pipes as a master. Only the 
pipes enabled in the Link form is shown here. 
 
When “Prim TX” is checked you can select either that packets are sent at regular intervals or 
when Button 1 on the evaluation board is pressed. 
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Figure 6: Application Window when the device is a primary TX-device. 


 
Link Engine Button: 
 
Enter the Link Engine setup window. 
 


 
Figure 7: Link Engine Window. 


 
The “Enable auto acknowledgement” is checked and disabled when “Frequency Agility” is 
checked in the Application form. 
 
ShockBurst Button: 
 
In the ShockBurst form you can select the transmit address, payload and payload length when 
in primary TX mode. The CRC Length can also be selected in this page. If frequency agility is 
selected or auto acknowledgement is selected CRC checking can’t be turned off. 
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Figure 8: ShockBurst Window when the device is a primary TX-device. 


 
When the device is in primary RX mode you can in addition set the address for pipes1-5 
following the rules in the data sheet. The CRC and address widths are common for all pipes 
and the selections must be done under the Pipe0 tab. When the device is a TX-device you can 
select the payload to be sent as ASCII-bytes or as a text string. When the device is a primary 
RX-device, you can only set the length of the payload in the Payload area of this window as 
shown in Figure 9. 
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Figure 9: ShockBurst Window when the device is a primary RX-device. 


 
 
RF Parameters Button: 
 
Under RF Parameters you can select the RF power, if LNA HCURR should be used and if the 
microcontroller on the nRF24L01+ EVSYSTEM should use hardware SPI or software SPI 
while communicating with the nRF24L01+ device.  
 


 
Figure 10: RF Parameters Window when frequency agility is turned on. 
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Figure 11: RF Parameters Window when frequency agility is turned on.
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LIABILITY DISCLAIMER 
Nordic Semiconductor ASA reserves the right to make changes without further notice to the 
product to improve reliability, function or design. Nordic Semiconductor does not assume any 
liability arising out of the application or use of any product or circuits described herein. 
 
 
LIFE SUPPORT APPLICATIONS 
These products are not designed for use in life support appliances, devices, or systems where 
malfunction of these products can reasonably be expected to result in personal injury. Nordic 
Semiconductor ASA customers using or selling these products for use in such applications do 
so at their own risk and agree to fully indemnify Nordic Semiconductor ASA for any damages 
resulting from such improper use or sale. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
White paper. Revision Date: 2008-02-25. 
 
 
All rights reserved ®. Reproduction in whole or in part is prohibited without the prior written 
permission of the copyright holder. 
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YOUR NOTES 
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INTRODUCTION 
The Evaluation Kit for the nRF24L01+ Single Chip 2.4 GHz RF Transceiver has been 
developed to enable customers to get hands-on experience with the functionality of the device 
in their applications.  
 
The nRF24L01+ Evaluation Kit is convenient for use in the prototyping phase when 
developing, testing and debugging PC software, microcontroller code and/or electronic 
circuitry for interfacing towards nRF24L01+ and a wireless communication link. 
 
The nRF24L01+ EVKIT contains two nRF24L01+ EVSYSTEM boards and three 
nRF24L01+ Reference Modules. This helps the customer trough the getting started phase. 
Trough the nRF24L01+ EVSYSTEM, configuration and Enhanced Shock Burst™ 
communication are easily managed trough PC software. 
 
Detailed description of the nRF24L01+ Reference Modules is given in the nRF24L01+ 
REFMOD documentation. 
The nRF24L01+ EVSYSTEM are described in the nRF24L01+ EVSYSTEM documentation. 
Suggestions for test benches for evaluation of performance parameters are given in the 
nRF24L01+ Test Setup documentation. 
 
GETTING STARTED 
The nRF24L01+ Evaluation Kit contains the following items: 
 
- Two reference modules with the nRF24L01+ transceiver and PCB antenna 
- One reference module with the nRF24L01+ transceiver and SMA connector 
- Two nRF24L01+ EVSYSTEM for PC interface 
- CD-ROM containing:  


- “nRF24L01+EC User Guide” document 
- “nRF24L01+ REFMOD” document 
- “nRF24L01+ EVSYSTEM” document 
- “nRF24L01+ Test Setup” document 
- “nRF24L01+ Firmware description” document 
- nRF24L01+ Firmware 
- nRF24L01+EC configuration and control software for PC 
- “nRF24L01+-EVKIT” documentation (this document) 


 
The nRF24L01+ datasheet can be downloaded from the Nordic Semiconductor web pages: 
http://www.nordicsemi.no. 
 
Combined with the antenna, the nRF24L01+ REFMOD is a complete radio module with a 
digital SPI for connection to the customer’s application circuitry. 
 
Figure 1 shows a typical set-up with the nRF24L01+ REFMOD connected to the customer’s 
application circuitry in order to develop and debug a complete wireless communication link. 
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RF in/out 50 Ohm


nRF24L01+
REFMOD


J1


RF in/out 50 Ohm


nRF24L01+
REFMOD


J1


Customer application circuitryΗ PCΗ MicrocontrollerΗ Digital signal processing and control circuitry Customer application circuitryΗ PCΗ MicrocontrollerΗ Digital signal processing and control circuitry


 


Figure 1 Set-up with the nRF24L01+ REFMOD connected to the customer’s application circuitry 


 
The following points must be considered when connecting to the nRF24L01+ REFMOD:  
 
• The nRF24L01+ REFMOD can be soldered directly onto a prototype board. 
• A twisted pair flat cable can be used to connect to header J1 on the nRF24L01+ 


REFMOD. The cable length must be kept as short as possible. 
• Ensure that the peak-to-peak voltage level of the data input signal DATA and the control 


signals never exceed the nRF24L01+ device absolute maximum ratings. 
 


 
Details regarding digital input/output voltage levels, configuration and timing requirements 
for control of the nRF24L01+ device can be found in the nRF24L01+ datasheet. 
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reliability, function or design. Nordic Semiconductor does not assume any liability arising out of the application 
or use of any product or circuits described herein. 


 
 
LIFE SUPPORT APPLICATIONS 
These products are not designed for use in life support appliances, devices, or systems where malfunction of 
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INTRODUCTION 
 
This document describes the nRF24L01+ EVSYSTEM and its use with the Nordic 
Semiconductor nRF24L01+ REFMOD. 
 
 
GETTING STARTED 
 


The nRF24L01+ EVSYSTEM consists of two boards; a Basic Feature Board (BFB) and a 
Micro Controller Unit (MCU) module. The BFB contains power supply, connectors, battery 
holder, LEDs and buttons in order to supply the EVSYSTEM with commonly used features. 
The MCU module is connected to the BFB trough a 40 pin dual in line socket. The MCU 
module contains a C8051F320 MCU which runs the firmware that comes with the 
nRF24L01+ EVKIT. 
 
The nRF24L01+ EVSYSTEM must be connected to a PC running the nRF24L01+EC 
software in order to be configured. A description of test setups with the nRF24L01+ 
EVSYSTEM is described in the “nRF24L01+ Test Setup” document. 
 
The schematics of the BFB and MCU module are shown in appendix 1. 
 
 
nRF24L01+ EVSYSTEM DESCRIPTION 
 
 


The nRF24L01+ REFMOD can be plugged into the nRF24L01+ EVSYSTEM as shown in 
Figure 1. The nRF24L01+ Evaluation and Configuration software that is required to run the 
nRF24L01+ EVSYSTEM is documented in the nRF24L01+EC user guide.  
 


 


Figure 1: nRF24L01+ EVSYSTEM with nRF24L01+ REFMOD connected 
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This board is meant as an aid in the early stages of evaluation and protocol testing. It 
facilitates device configuration, ShockBurst™ and Enhanced ShockBurst communication. 
 


Features of the BFB 
 
Power supply: 
The nRF24L01+ EVSYSTEM BFB has two power supply options: 


1. Through the USB cable 
2. From the 3x AAA battery pack.  


 
The switch close to the battery pack must be set to “ON” to enable supply from the battery. 
If the USB cable is connected, the power will be sourced from the USB even if the battery 
switch is set to “ON”.  
 
The nRF24L01+ EVSYSTEM BFB has two power regulators, one fixed at 3.0 Volts and one 
adjustable. The fixed regulator supplies the MCU module and the adjustable supplies the 
nRF24L01+ REFMOD. The adjustable regulator output voltage can be varied from 1.9V to 
3.6V with the potential meter. It is possible to measure the voltage over pin 1 and 2 on J2 or 
with the nRF24L01+EC software. 
 
LED: 
There are four yellow LEDs on the nRF24L01+ EVSYSTEM BFB. These LEDs are 
connected to the MCU module and used to indicate status. Please refer to Table 3 for 
connection details. The usage of these LEDs is described in the “nRF24L01+ Test Setup” 
document.  
The green LED on the nRF24L01+ EVSYSTEM BFB indicates the state of the battery 
switch. If it is lit, the battery switch is on. 
 
Buttons: 
There are three buttons on the nRF24L01+ EVSYSTEM BFB that are connected to the MCU 
module. Please refer to Table 3 for connection details. These are used to give input to the 
MCU during tests. How to use them are described in the “nRF24L01+ Test Setup” document. 
 
Rotary Switch: 
The rotary switch is used to set an unique USB identifier on the nRF24L01+ EVSYSTEM. 
This identifier is used to distinguish between different nRF24L01+ EVSYSTEM boards 
connected to the same PC. If multiple nRF24L01+ EVSYSTEM boards are going to be 
connected to the same PC at the same time, ensure that each board has its rotary switch set to 
a value different from the other boards. 
 
SPI Interface: 
This connector can be used to connect a logic analyzer to the same SPI bus as the 
nRF24L01+ REFMOD is connected to. It will then be possible to monitor the SPI traffic and 
control signal handling between the nRF24L01+ and the MCU. The pin out of this connector 
is shown in Table 1. 
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Pin Number Signal name Description 
1 RF_VDD Supply voltage to nRF24L01+ 
2  Not used 
3 CE Chip Enable signal to nRF24L01+ 
4 CSN SPI CSN 
5 MISO SPI MISO 
6 IRQ IRQ signal from nRF24L01+ 
7 MOSI SPI MOSI 
8 SCK SPI SCK 
9  Not used 
10 GND Common ground 


Table 1: Pin out of the SPI interface connector 


 
JP101: 
The JP101 is a jumper in series with the supply voltage to the nRF24L01+ REFMOD. By 
replacing this jumper with an ampere meter it is possible to measure the current drawn by the 
nRF24L01+ in any operating mode. 
 
MCU module connector: 
A 40 pin dual in line socket is used to connect a MCU module to the nRF24L01+ 
EVSYSTEM. The pin out for this connector is given in Table 2.  
 
 


Pin Number Signal name Description Connected to 
1 GND Common ground   
2 P1.0 GPIO LED 1 
3 P1.1 GPIO LED 2 
4 P1.2 GPIO LED 3 
5 P1.3 GPIO LED 4 
6 P1.4 GPIO  
7 P1.5 GPIO  
8 P1.6 GPIO  
9 P0.6 GPIO  
10 GND Common ground  
11 P2.0 GPIO  
12 P2.1 GPIO Button B1 
13 P2.2 GPIO Button B2 
14 P2.3 GPIO Button B3 
15 P2.4 GPIO Rotary switch  
16 P2.5 GPIO Rotary switch  
17 P2.6 GPIO Rotary switch  
18 P2.7 GPIO Rotary switch  
19 GND Common ground  
20 SPARE 6 Not used  
21 SPARE 5 Not used  
22 SPARE 4 Not used  
23 SPARE 3 Not used  
24 SPARE 2 Not used  
25 SPARE 1 Not used  
26 GND Common ground  
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Pin Number Signal name Description Connected to 
27 VBUS USB supply voltage input USB Connector 
28 VDD Regulated voltage input Output of fixed reg. 
29 GND Common ground  
30 D- USB D- signal USB Connector 
31 D+ USB D+ signal USB Connector 
32 GND Common ground  
33 SCK SPI SCK  
34 MISO SPI MISO  
35 MOSI SPI MOSI  
36 CSN SPI CSN  
37 CE nRF24L01+ CE  
38 IRQ nRF24L01+ IRQ  
39 VDD REG RF Regulated VDD to nRF24L01+ Output of variable reg. 
40 P0.7 GPIO Battery Switch 


Table 2: MCU connector pin out 


It is possible to replace the supplied MCU module with a proprietary MCU module. The 
proprietary MCU module must follow the pin out shown in Table 2. The power to the MCU 
module can be drawn from the “VDD” or “VBUS.” 
 
Signal grid 
 
The signal grid is a grid of 5 x 6 trough-hole pads. All signals that is present on the BFB are 
routed trough this grid. The pin out is shown in Table 3. 
 


Pin Number Signal name Description Connected to 
1 P0.7  Battery Switch 
2 VDD_REG_RF Regulated VDD to nRF24L01+ Output of variable reg. 
3 IRQ nRF24L01+ IRQ  
4 CE nRF24L01+ CE  
5 CSN SPI CSN  
6 P1.1 GPIO LED 2 
7 P1.0 GPIO LED 1 
8 SCK SPI SCK  
9 MISO SPI MISO  
10 MOSI SPI MOSI  
11 P1.2 GPIO LED 3 
12 P1.3 GPIO LED 4 
13 P1.6 GPIO  
14 P1.5 GPIO  
15 P1.4 GPIO  
16 P2.3 GPIO Button B3 
17 P2.2 GPIO Button B2 
18 P2.1 GPIO Button B1 
19 P2.0 GPIO  
20 P0.6 GPIO  
21 SPARE 6 Not used  
22 P2.7 GPIO Rotary switch  
23 P2.6 GPIO Rotary switch  
24 P2.5 GPIO Rotary switch  
25 P2.4 GPIO Rotary switch  
26 SPARE 5 Not used  
27 SPARE 4 Not used  
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Pin Number Signal name Description Connected to 
28 SPARE 3 Not used  
29 SPARE 2 Not used  
30 SPARE 1 Not used  


Table 3: Pin out of the signal grid 


 
nRF24L01+ Connector (J2) 
 
This is the connector where the nRF24L01+ REFMOD must be connected. The pin out of 
this connector is shown in Table 4. 
 


Pin Number Signal name Description 
1 GND Common ground 
2 RF_VDD Supply voltage to nRF24L01+ 
3 CE Chip Enable signal to nRF24L01+ 
4 CSN SPI CSN 
5 SCK SPI SCK 
6 MOSI SPI MOSI 
7 MISO SPI MISO 
8 IRQ IRQ signal from nRF24L01+ 


Table 4: Pin out of J2 


 


MCU Module 
 
The supplied MCU module is equipped with a C8051F320 MCU from Silicon Laboratories. 
This MCU has both a SPI interface and a USB interface. It runs the firmware for the 
nRF24L01+ EVKIT.  
It is possible to replace the firmware in the MCU with two methods: 


1. Firmware upgrade in the nRF24L01+EC software. This should only be done when 
receiving a new version of the firmware from Nordic Semiconductor ASA. 


2. By using the programming interface, “J2,” on the MCU module. This can be desired 
when developing a proprietary application. The programming interface is compatible 
with the C8051F320DK from Silicon Laboratories.   
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APPENDIX 1 
 
Basic Feature Board 
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Figure 2: Schematics of the nRF24L01+ EVSYSTEM Basic Feature Board 
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Figure 3: Schematics of the MCU module in the nRF24L01+ EVSYSTEM 
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nRF24L01+ FIRMWARE DESCRIPTION 
 


INTRODUCTION 
 
This document describes the firmware for the nRF24L01+-EVKIT. Contents of the source 
files and a briefly description of these are written here. Also, the Frequency Agility Protocol 
(FAP) is described in this document. 
 
 







 
 
 


nRF24L01+ FIRMWARE DESCRIPTION 
 


Nordic Semiconductor ASA -     Otto Nielsens vei 12 N-7004 Trondheim, Norway   -        Phone +4772898900        -        Fax +4772898989 
Revision: 1.0 Page 2 of 11 Date: 2008-02-29 


 
FIRMWARE, FILE DESCRIPTION 
 
Below is a list of .c files included in this project. 
 
main.c 
Main program, USB commands decoder, nRF_IRQ source decoder (part of the FAP) and 
Start_Communication (init nRF24L01+ for RX mode or TX mode). 
  
nRF_API.c: 
Basic SPI commands; read and write functions. 
 
Protocol_API.c 
High level nRF24L01+ commands, based on the nRF_API SPI commands. 
  
LL_API.c: 
CPU dependent functions: Timers, port pins functions like LED's handling and SPI port pins 
control.  
  
ISR.c: 
Interrupt vectors for timers, external interrupt0 (nRF_IRQ pin) and USB. 
  
ADC.c: 
ADC functions for temperature and voltage monitor. 
  
F320_FlashPrimitives.c and fwupgrade.c: 
These files contain the functions used for firmware upgrade. 
  
USB.c: 
USB specific, and also contains the "USB Descriptor Information". 
  
TestApp.c: 
Part of the firmware testapplication 
  
Below is a list of the .h files included in this project. 
 
defines.h 
This file contains global, general definitions used in the project. 
 
nRF_API.h 
This file contains the nRF24L01+ register definitions, and nRF_API.c functions prototypes. 
 
Protocol_API.h 
This file contains the Protocol_API.c functions prototypes. 
 
 
 







 
 
 


nRF24L01+ FIRMWARE DESCRIPTION 
 


Nordic Semiconductor ASA -     Otto Nielsens vei 12 N-7004 Trondheim, Norway   -        Phone +4772898900        -        Fax +4772898989 
Revision: 1.0 Page 3 of 11 Date: 2008-02-29 


LL_API.h 
This file contains the low-level (microcontroller dependent) interface definitions and 
LL_API.C functions prototypes. 
 
ADC.h 
This file contains the ADC definitions and the ADC.c functions prototypes. 
 
F320_FlashPrimitives.h and fwupgrade.h 
These files contain definitions for the firmware upgrade functions and the prototypes for these 
functions. 
 
USB.h 
This file contains definitions for the USB ISR function, and prototypes for USB functions. 
 
TestApp.h 
This file contains prototypes for the TestApp.c functions. 
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FIRMWARE DESCRIPTION, FREQUENCY AGILITY PROTOCOL 
 
This chapter gives a briefly description of how this firmware works. This firmware has been 
written in a way that it can emulate a wireless mouse and keyboard. With this, it means that 
an operator can initialize two or more devices, one working like a USB dongle, the second 
working like a wireless mouse and the third working like a keyboard. The Frequency Agility 
Protocol (FAP) is running on the pipe that emulates the wireless mouse. In addition to this, 
the keyboard emulation can be set up on a second pipe. Refer to “nRF24L01+ TEST SETUP” 
for detailed description of how to perform this. 
 
The whole idea for the FAP is the ability to change channel in case of disturbance on selected 
channel. Figure 1 shows the state machine which is the basis of this firmware implementation. 
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Figure 1: Implementation of the FAP in “active polling” mode 
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Looking at Figure 1, the description of the state machine flow will follow below. 
 
• “Idle, No movement, No RF”; this is the state where the “active polling device” is doing 


nothing, and this is the state this device will stay most of the time. 
• “In Use/RF updating”; this is the state where the transaction is initiated, i.e. have new 


updated data to transmit. 
• “Send packet to nRF24L01+”; new data is loaded into L01, and a transmission is initiated. 
• “Wait for IRQ from nRF24L01+”; last data packet have been transmitted, so the 


microcontroller is waiting for IRQ from nRF24L01+, either “TX_DS” or “MAX_RT” 
interrupt. 


 If data was sent successfully (“TX_DS” IRQ), the microcontroller goes back to “In 
use/RF updating” state, waiting for a new transmission. 


 If data was NOT sent successfully (“MAX_RT” IRQ), the microcontroller goes to 
“update and check try-counter” state. 
 


• “Updating and check try-counter”; a try-counter is incremented each time the channel 
table for FAP is wrapped. This counter has a fixed limit of 3, so if this maximum is 
reached the TX gives up and returns to “Idle, No movement, No RF” state. Note; in this 
firmware, to make it simple, the try-counter is not implemented for the “active polling” 
mode, but it is implemented for the “follow” mode. 


 In case of “Try-counter > Limit”; the microcontroller goes to “No contact with PC 
side”, and returns back to “Idle, No movement, No RF”. 


 In case of “Try-counter < Limit”; the microcontroller goes to the “Go to next 
channel and wait for dongle to time out”. 


 
• “Go to next channel and wait for dongle to time out”; this is the main part of the FAP. The 


nRF24L01+ got no contact on current channel, so it then change channel according to 
channel table. 


 If this is the first link loss since last successfully transmission, the nRF24L01+ wait 
for TTX until it tries to resend last packet. The reason for doing this is to give the RX a 
change to timeout and change channel, before TX tries to retransmit again. 


 If this was not the first link loss since last successfully transmission, the TX change 
channel and resend its packet immediately, trying to catch up with the RX. 


 
• “Reuse last packet”; this is the state where the nRF24L01+ actually retransmit the last 


packet, with changed channel. 
• “Wait for IRQ from nRF24L01+”; data packet have been resent, and the microcontroller 


is waiting for an interrupt from nRF24L01+, either “TX_DS” or “MAX_RT”. 
 In case of a “TX_DS” interrupt, the data was sent successfully and the 


microcontroller goes to the “In use/ RF updating” state, and are ready for new a 
transmission. 


 In case of a “MAX_RT” interrupt, the microcontroller goes to back to the “Update 
and check try-counter”, getting ready to retransmit last sent packet. 
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Figure 2: Frequency Agility Protocol in “follow” mode 


 
Figure 2 shows the implementation of the frequency agility for “follow” mode. For this 
firmware, this is reflected to the TX using Button 1 to send data packets. 
 
• “Idle, No RF”; the board is waiting for a button press. 
• “Send Packet to Dongle”; Button 1 have been pressed, so the microcontroller loads the 


nRF24L01+ with the data payload, and initializes a data transmission i.e. tries to send the 
packet. 


• “Wait for IRQ”; the data packet have been transmitted, so the microcontroller waits for 
interrupt from nRF24L01+, either “TX_DS” or “MAX_RT”. 


 If data was sent successfully, the microcontroller goes back to “Idle, No RF” state 
and is ready for a new transmission. 


 If data was NOT sent successfully, the microcontroller goes to the “Change 
frequency” state. 
 


• “Change frequency”; last packet was lost, so the nRF24L01+ changes channel, according 
to the channel table, and goes to the “Update and check channel loop counter”. 
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• “Update and check channel loop counter”; this state verifies that the try-counter is less 
that 3, i.e. verifies that the frequency table have wrapped less that 3 times. 


 If try-counter = 3, the microcontroller goes to the “Idle, No RF” assuming the 
dongle is out of range. 


 If try-counter < 3, the microcontroller goes back to the “Send packet to Dongle”, 
and retry to transmit the data packet. 
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Figure 3: Implementation of the FAP at the RX side 


 
Figure 3 shows the implementation of the frequency agility for the RX device. This 
implementation accepts data on multiple pipes, but for only one pipe in “active” FAP mode. 
This means that if a FAP “active polling” mode is set for pipe 0, the pipe 1 can be set up for 
“follow” mode and so on. 
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• “Idle”; in this state the microcontroller is waiting for either an “RX_DS” interrupt from 
the nRF24L01+, or a timeout. That is if the FAP “active poling” mode is activated. 


 If a “RX_DS” interrupt occur, the microcontroller check if data was received on 
the “active polling” pipe. If so, the microcontroller processes this data, i.e. read and 
store this RX payload and reset the Timeout counter. If this data was received on a 
“follow” mode pipe, this data is processed as well, but the Timeout counter is not 
reset. 


If a Timeout occur, the microcontroller goes to the “Check if channel change is 
allowed” state. 


 
• “Check if channel change is allowed”; this state verifies that channel change is allowed 


before further processing. In this firmware, this state will always return “YES”, sending 
the microcontroller to the “Go to next channel” state. 


If “NO”, the microcontroller goes back to the “Idle” state and reset the Timeout 
counter, waiting for new data reception. 


If “YES”, the microcontroller goes to the “Go to next channel” state. 
 
• “Go to next channel”; this state do exactly is it says, it changes channel according to the 


channel table, and returns to the “Idle” state, waiting for new data receptions. 
 
 
 
 
 
 
This firmware has been compiled with the Keil C51 V7.50. 
It uses the “SiLabs USBXpress Development Kit”, v.2.3 as the USB driver package. 
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GENERAL DESCRIPTION 
This document describes the nRF24L01+ REFMOD with the Nordic Semiconductor 
nRF24L01+ Single Chip 2.4 GHz RF transceiver. 
 


 
 


 


Figure 1: The nRF24L01+ Reference Module with PCB antenna and a HC49 crystal 


 
 


 


Figure 2: The nRF24L01+ Reference Module with SMA connector and SMD crystal
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INTRODUCTION 
 
The Reference Modules for the nRF24L01+ Single Chip 2.4 GHz RF Transceiver has been 
developed to enable customers to test functionality, run communication and verify the 
performance parameters of the device. The nRF24L01+ Reference Modules comes with the 
nRF24L01+ EVKIT, but can also be ordered as a separate product from Nordic 
Semiconductor ASA. The modules come in two versions; one with a SMA connector and one 
with a quarter wave PCB antenna. The module with SMA connector is intended for 
conducted measurements. 
 
This document describes the hardware of the nRF24L01+ Reference Modules.   
 
The nRF24L01+ Reference Modules are intended for evaluation purposes and can be used as 
a module in an end product. 
 
nRF24L01+ REFERENCE MODULE DESCRIPTION 
 
Appendix 1 shows the nRF24L01+ REFMOD circuit diagram and PCB layout. The 
component list is given in Appendix 2. 
 
Figure 3 shows the block diagram of the nRF24L01+ REFMOD. 
 
 


 


Figure 3: Block diagram of the nRF24L01+ REFMOD 


 
All digital signals are routed through one connector (J1, pin out: Table 1) for easy connection 
to the nRF24L01+ EVSYSTEM, MCU evaluation boards or other control circuitry. To 
operate the nRF24L01+, a MCU must be present for device configuration and control. 
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Pin # Signal name 


1 GND 
2 VDD (1.9V – 3.6V) 
3 CE 
4 CSN 
5 SCK 
6 MOSI 
7 MISO 
8 IRQ 


Table 1: nRF24L01+ REFMOD, J1 pin out 


 
For convenient connection of the differential antenna output/input pins to a single-ended 
antenna or 50Ω test equipment, a version of the nRF24L01+ REFMOD with differential to 
single ended matching network and a SMA connector is included. This network matches the 
50Ω single end antenna or 50Ω test equipment impedance at the SMA connector, J2, to the 
recommended differential load impedance at the nRF24L01+’s RF I/O stage (pins ANT1 & 
ANT2). The employed matching network introduces an insertion loss of approximately 1dB 
at 2.4 GHz.  


 


 







PRODUCT SPECIFICATION 
 
nRF24L01+ Reference Module   
 


Nordic Semiconductor ASA -     Otto Nielsens vei 12 N-7004 Trondheim, Norway   -        Phone +4772898900        -        Fax +4772898989 
Revision: 1.0 Page 4 of 9 Date: 2008-02-29 


APPENDIX 1: CIRCUIT DIAGRAM AND PCB LAYOUT 
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Figure 4: Schematics of the nRF24L01+ REFMOD 
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Figure 5: nRF24L01+ REFMOD with PCB antenna PCB layout 
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Figure 6: nRF24L01+ REFMOD with SMA connector PCB layout 
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APPENDIX 2: COMPONENT LIST 
 
 


Component list nRF24L01+ REFMOD 
Designator Value Footprint Description 
C11 22pF 0402 NPO, +/- 5%, 50V 
C2 1 22pF 0402 NPO, +/- 5%, 50V 
C3 2.2nF 0402 X7R, +/- 10%, 50V 
C4 4.7pF 0402 NPO, +/- 0.25 pF, 50V 
C5 1.5pF 0402 NPO, +/- 0.1 pF, 50V  
C6 1.0pF 0402 NPO, +/- 0.1 pF, 50V 
C7 33nF 0402 X7R, +/- 10%, 50V 
C8 1nF 0402 X7R, +/- 10%, 50V 
C9 10nF 0402 X7R, +/- 10%, 50V 
J1 CON8   
L1 8.2nH 0402 chip inductor +/- 5%  
L2 2.7nH 0402 chip inductor +/- 5%  
L3 3.9nH 0402 chip inductor +/- 5% 
R1 1M 0402 +/-5%  
R2 22K 0402 +/- 1 % 
U1 nRF24L01+ QFN20L/5x5  


X1 16MHz HC49 
+/-60ppm, See nRF24L01+ Product Specification 
for full specification 


Table 2: nRF24L01+ REFMOD component list, common to both versions 


 
The nRF24L01+ REFMOD is manufactured on a 1.6mm thick, 2 layer FR4 substrate. 
 
 
 


                                                           
1 C1 and C2 must have values that match the crystals load capacitance, Cl. 
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these products can reasonably be expected to result in personal injury. Nordic Semiconductor ASA customers 
using or selling these products for use in such applications do so at their own risk and agree to fully indemnify 
Nordic Semiconductor ASA for any damages resulting from such improper use or sale. 


 
 
 
 
 
All rights reserved ®. Reproduction in whole or in part is prohibited without the prior written permission of the 
copyright holder. 
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nRF24L01+ TEST SETUP 
 


INTRODUCTION 
 
This document describes the different tests that can be done with the nRF24L01+ EVKIT. 
The tests can be divided into three categories: RF performance tests, Range test and protocol 
test. 
It is required to read the documents describing the hardware and the software before these 
tests are performed. 
 
RF PERFORMANCE TEST 
 
This chapter describes a basic RF performance test; measuring the out put power and how to 
measure the current consumption of the nRF24L01+ in different modes. 
 


Measuring the output power 
 
To measure the output power, a PC running the nRF24L01+EC software, a nRF24L01+ 
EVSYSTEM with the nRF24L01+ REFMOD with SMA connector and a spectrum analyzer 
are needed. 
 
Connect the equipment as shown in Figure 1. 
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Figure 1: Test setup for output power measurement 
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Enter the “Test Mode” window in the nRF24L01+EC software and apply the following 
settings: 


• Set the RF frequency to the frequency to be measured. 
• Set 0dBm RF Power 
• Check “Power Up” 
• Check “CE” 
• Check “Tx Mode” 
• Check “Carrier” 


 


 


Figure 2: Test mode 


 
A carrier should now be visible on the spectrum analyzer. 
Please note that the carrier seen in this mode is not a clean carrier. During this test, the TX 
PLL is locked (during normal operation it operates in open loop) and the carrier is generated 
by re-transmitting a packet. The packet contains only “1” in address and payload, but the 
preamble contains 8 bits of alternating “1” and “0.” This will cause some modulation of the 
carrier. This carrier is only intended to be used during measurement of output power.  
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Measuring the current consumption 
 
By replacing the jumper “J101” on the nRF24L01+ EVSYSTEM Basic Feature Board with an 
ampere meter, it is possible to measure the current drawn by the nRF24L01+ REFMOD in 
any operating mode. Select operating mode in the nRF24L01+EC Test mode window. 
 
RANGE TEST 
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Figure 3: Test setup for range test 


 
This chapter describes a typical range test with the nRF24L01+-EVKIT. To perform this test, 
two boards have to be setup, one for the RX device (USB 0) and one for the TX device (USB 
1), but not in frequency agility mode. If you install batteries in both modules, you are able to 
disconnect the modules from the PC, after configuration, and perform a mobile range test with 
them. 
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Follow these steps to initialize the boards for Range Test: 
 
RX DEVICE SETUP 
 


 


Figure 4: “Application”, RX device 


 
Deselect “Prim TX“ and “Frequency Agility” as shown in Figure 4. These selections will 
make this a RX device and disable frequency agility mode. Close the Application window to 
apply the settings. Open the “RF Parameters” window, Figure 5, and make a RF Frequency 
selection, for instance “2440”. 
 


 


Figure 5: “RF Parameters”, RX device 
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Now, make sure that “Pipe 0” is enabled and that the auto acknowledgement for this pipe is 
enabled, like Figure 6. 
 


 


Figure 6: “Link Engine”, RX device 


 
In the “Shockburst” window, Figure 7, make sure that the “Address”, “CRC” and the 
“Payload Length” is the same as for the TX device. By using the default values after reset, i.e. 
unplug and the plug inn the USB cable, the default settings are the same for both the RX and 
the TX device. 
 


 


Figure 7: “Shockburst”, RX device 


 







 
 
 


nRF24L01+ TEST SETUP 
 


Nordic Semiconductor ASA -     Otto Nielsens vei 12 N-7004 Trondheim, Norway   -        Phone +4772898900        -        Fax +4772898989 
Revision: 1.0 Page 6 of 25 Date: 2008-02-29 


Finally, press the “Start Communication Mode” button, Figure 8, and the RX device is ready 
to receive data from the TX device. 
 


 


Figure 8: RX device started 
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TX DEVICE SETUP 
 


 


Figure 9: “USB 1” selection 


 
Select the “USB 1” device, and enter the “Communication Mode”. 
In the “Application” window, Figure 10, select the “Prim TX” and make a selection for the 
“Timer”, 10ms will be just fine. The TX will then send a packet every 10ms. Ensure that 
“Frequency Agility” is turned off. 
 


 


Figure 10: “Application”, TX device 
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In the “RF Parameters” window, Figure 11, select the same “RF Frequency” as was selected 
for the RX device, in this example, “2440”. 
 


 


Figure 11: “RF Parameters”, TX device 


 
Make sure that the “Enable auto acknowledgment” is selected, Figure 12. “Auto retransmit 
count” and “Auto retransmit delay” can be unmodified. 
 


 


Figure 12: “Link Engine”, TX device 
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In the “Shockburst” window, make sure that address width, address, CRC and payload length 
is the same as for the RX device. 
 


 


Figure 13: “Shockburst”, TX device 
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Press the “Start Communication Mode” for “USB 1”, and the TX device will start, Figure 14. 
 


 


Figure 14: TX device started 


 
On the TX device, “LED 2” will blink each time one packet is tried to be transmitted, and the 
“LED 1” will blink each time the packet is successfully transmitted. LED 3 will blink every 
time Maximum Retries has occurred. 
 
On the RX device, the “LED 2” will blink for each received packet. 
 
Now, if batteries are mounted in the TX device module, you can turn on the battery switch, 
and unplug the USB cable. This module is now mobile, so the range can be measured by 
moving it around. 
 


• On the RX device, when LED 2 stops blinking, the range limit has been reached. 
• On the TX device, when LED 1 stops blinking, and only LED 2 and LED 3 blinks, the 


range limit has been reached. 
 
Expected range with the nRF24L01+ REFMOD with PCB antenna is more than 10 meters. 
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PROTOCOL TEST 
 
 


USB


A
A


A


A
A


A


A
A


A


M
C


U


USB


A
A


A


A
A


A


A
A


A


M
C


U


 


Figure 15: Test setup for protocol test 


 
 
This chapter describes a protocol test using “Frequency Agility Protocol” (FAP), and during 
this chapter an example setup will be specified. Parameters in FAP mode are herein adjustable 
for the user, but this chapter will describe one typical setup. 
 
This test requires two modules, but can additionally be expanded with three, that is: running 
FAP on one pipe, and adding one pipe for a follow mode device. Follow mode in this system 
means that for this pipe, the RX device is not expecting data within a specified timeslot, as for 
the FAP pipe, so the RX device will not switch channel if no data has been received on this 
pipe. 
 
First we will setup the RX device, and start it up, ready to receive data. The RX device is 
setup for FAP on pipe 0, and follow mode on pipe 1. 
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RX DEVICE SETUP FOR FREQUENCY AGILITY MODE 
 
Using “USB 0” as the RX device, enter the “Communication Mode” for this device, and click 
the “Application” button. The settings for this device should be like those on Figure 16. 
 
These settings initialize a RX device running frequency agility on pipe 0, and set a frequency 
agility timeout of 8ms. This means that the RX will change channel if no data is received on 
this pipe within 8ms from the last reception. It also shows that both pipe 0 and pipe 1 is 
enabled for this device. Keep in mind that the frequency agility timeout value for the RX 
device must play along with the timer value for the TX device. This will be commented in the 
TX device setup part of this document. 
 


 


Figure 16: "Application", RX device, FAP mode 
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Moving to the “Link Engine”, Figure 17, the “Enable Pipe” must be selected for both pipe 0 
and pipe 1. Since we are running in FAP mode on one pipe, “Enable auto acknowledgment“ is 
forced selected. 
 


 


Figure 17: "Link Engine", RX device FAP mode 


 
Now, the “Shockburst” settings are to be initialized. Since we are running FAP on pipe 0, and 
follow mode on pipe 1, the address width, address, CRC and payload length has to be set for 
these pipes. The Pipe 0 window, Figure 18, set the address width and the CRC, so these 
options are grayed out for the rest of the pipes, since these settings must be the same for all 
pipes. Refer to Table 1 for these settings. Note that the addresses used on the different pipes 
must be different from each other. 
 


 


Figure 18: "Shockburst", RX device, Pipe 0, FAP mode 
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Figure 19: "Shockburst", RX device, Pipe 1, FAP mode 


In this example, the address width, address, CRC and payload width is set to default: 
Pipe# Address Width Address[hex] Payload Length CRC 


0 5 bytes E7E7E7E7E7 16 bytes 8 bits 
1 Same as the 


master pipe 
C2C2C2C2C2 16 bytes Same as the 


master pipe 


Table 1: "Shockburst" settings, RX device, FAP mode 


 
The RX device is now ready to run, so pressing “Start Communication Mode” button will 
initialize this device, and start it up. 
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Figure 20: RX device started, FAP mode 


 
Since the TX device is not configured yet, the RX device’s FAP pipe will timeout, indicated 
by the “LED 3” and “LED 4” (see Table 4 for details) on the RX module, and no messages in 
the “Events:” window will occur. Leave this window open while configuring the TX device; 
this window will display event messages during run, after the TX device has been started. 
 
The next chapter will setup the TX device(s), and start the “Frequency Agility Protocol Test”. 
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TX DEVICE SETUP FOR FREQUENCY AGILITY MODE 
 
Back to the main window, Figure 21, select the “USB 1” device and press the 
“Communication Mode” button and enter the “Application”. 
 


 


Figure 21: Main window, nRF24L01+EC Evaluation & Configuration 


 
Make the selection as shown in Figure 22. These settings will make this a TX device running 
frequency agility, with a time interval of 5ms. 
 


 


Figure 22: "Application", TX device FAP mode 
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The connection between “Timer” value for the TX device, and the “time before channel 
change if not heard from transmitter”, RX device, Figure 16 for this example is like this: 
 


• The RX device will always wait exactly 8ms from last data reception, until the 
frequency-agility-timer times out, and it changes channel. 


• The TX device which runs FAP tries to send a data packet every 5ms, and need to 
have 2ms margin to the RX timer in case of retransmissions. 


 
This means that the minimum FAP timer value for the RX device, Figure 16, is calculated like 
this: 


• transRXTX tNTT •+−< )1(  
• )(___ ARCallowedretransofnumberN =  
• )(____ ARDdelayretransairontimetimestartupttrans ++=  


• )_(µs
2


1
__ CRCpayloadbitsflagaddresspreambleairontime ++++•=  


 
For this example these parameter are set; 
TRX N startup_time time_on_air retrans_delay 
8ms 3 130 µs 96.5 µs 250 µs+86 µs 


Table 2: Parameters for TRX calculation 


With these parameters, the TX transmission time will be: 
TTX < 8ms – 4*562.5µs 
TTX < 5.75ms 
 
Since the timer values has a resolution of 1ms, we set this to 5ms for the TX device, which is 
the closest to 5.75ms. 
 
Now, moving to the “Link Engine”, Figure 23 we set the “Auto retransmit count” to 3, and 
the “Auto retransmit delay” to 250, according to the parameters below, Figure 23. 
 


 


 
 


Figure 23: "Link Engine", TX device, FAP mode 
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The last setup we have to do is the “Shockburst”. Refer to the “Shockburst” for the RX 
device, the FAP pipe (Pipe 0), Figure 18. This TX device has to be set up with the same 
address width, the same address, the same CRC and the same payload length. These values, 
Figure 24, will be correct according to the RX device, pipe 0 (FAP pipe). 
 


 


Figure 24: "Shockburst", TX device, FAP mode 


 
This TX device is now configured, and ready for transmission. By pressing the “Start 
Communication Mode”, this TX device will start up and begin transmitting, running in 
frequency agility mode. 
 
With the RX device started, up and running, a communication between the TX and the RX 
device will now be initialized. 
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Figure 25: Communication initialized and running 


 
The “Events:” window for the RX device (USB 0) will start printing Link Status messages. 
These messages have the format like follows: 
Link delay[ms] Timestamp[date time] Link Status Channel# 


00000 02.03.2006 13:15:48 Link lost on channel 12 
10292 02.03.2006 13:15:45 Link established on channel 12 


Table 3: Events, link status format 


• “Link delay” field displays in ms the delay from link loss, to next link establish. 
• “Timestamp” field prints the Windows real-time clock, and date. 
• “Link Status” field prints current event, link loss or link establish. 
• “Channel” field print the channel the event occurred on. 


 
For Table 3, the first event; 10292, 01.03.2006 17:16:16 Link established on channel 52 display a 
link delay of 10292ms, but this is of no meaning, since this is the time from the RX device 
was started, until the TX device was started. Link delay for event; “Link loss on channel…” 
will always display 00000. 
 
During run, both the TX and the RX device will display status messages with their LED’s. 
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LED messages for the RX device, in FAP mode 
LED# Action Description 
LED 1 Blink Reception of data on a FAP pipe. 
LED 2 Blink Reception of data on a pipe different from FAP pipe. 
LED 3 Blink Channel switching, i.e. FAP timeout. 
LED 4 Blink Frequency table wrapping, starting with channel in position CH0 again. 


Table 4: Led status, RX device, FAP mode 


 
LED messages for the TX device, in FAP mode 
LED# Action Description 
LED 1 Blink Data packet successfully transmitted. 
LED 2 Blink Trying to send one data packet. 
LED 3 Blink Channel switching, i.e. max retries reach. 
LED 4 Blink Frequency table wrapping, starting with channel in position CH0 again. 


Table 5:Led status, TX device, FAP mode 


 
This RX device has two pipes enabled, so this chapter will describe the setup of an additional 
TX device; in follow mode. For this TX device while it is running, make sure the batteries are 
installed and turn on the battery switch and unplug the USB cable. While the previous 
described FAP configuration is running, plug in a third module, with SW1 on the main board 
set to “2”. This will make this the “USB 2” device. 
 
Press the “Communication Mode” and then enter the “Application” for “USB 2”. 
Make these configurations for this device, see Figure 26. Select the “Button 1”. This will 
configure this TX device for using the “Button 1” (B1) on the main board to sent data packets. 
 


 


Figure 26:"Application", TX device, follow mode 
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Now, enter the “Link Engine”, Figure 27, and set the ARC and ARD values. Since the FAP 
pipe is using 250µs and 3 retransmit count, it is natural to use different settings for this 
device, since the same settings on both TX devices will keep collation with each other if they 
transmit a data packet on the same time. 
 


 


Figure 27: "Link Engine", TX device, follow mode 


 
Enter the “Shockburst”, and set the same address as was set for pipe 1 on the RX device. 
Figure 28 shows this setting. 
 


 


Figure 28: "Shockburst", TX device, follow mode 
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After making these configurations, press the “Start Communication Mode” for “USB 2”. This 
device is now configured to run as a TX device, follow mode, and to test this, data packets 
can be transmitted pressing “B1” on this device. This device also uses the same frequency 
agility table when changing channel, as for the FAP pipe. If a packet was lost, it will scan 
trough the table of a maximum of 3 times before it stop retransmitting the packet. 
 
This device is now sending one single packet to the RX device, and is indicating this by the 
status LED’s. See Table 6 for details about the status LED’s. 
 
LED messages for the TX device, in follow mode 
LED# Action Description 
LED 1 Blink Data packet successfully transmitted. 
LED 2 Blink Trying to send one data packet. 
LED 3 Blink Channel switching, i.e. max retries reach. 
LED 4 Blink Frequency table wrapping, starting with channel in position CH0 again. 


Table 6:Led status, TX device, follow  mode 


 
Notice on the RX device that “LED 2” is blinking each time the “B1” button on this device is 
pressed, and the data packet from this TX device was successfully transmitted. 
 
As already described, the “Events:” window for the RX device prints status messages during a 
FAP pipe application run. For the follow mode pipe, no events are printed, so the only status 
messages for this pipe is the LED’s messages, see Table 4 and Table 6. 
 
As an additional way of measuring events, and delays on the radio link, a signal grid is 
available on the “BFB”, refer “nRF24L01+ Evaluation System nRF24L01+-EVSYSTEM” 
document. On this signal grid, oscilloscope probes can be attached, so the timing can be 
measured. The signals that are used are those connected to the status LED’s, so connecting to 
the pin 7, GPIO “LED 1”, you can measure the time between two successfully received 
packets. These pulses are active low, so a falling edge trigger should be set up for the 
oscilloscope. In the same way you can measure the time between channel switching, pin 11 
and measure the duration between frequency channel table wrappings, pin 12. 
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LIABILITY DISCLAIMER 
Nordic Semiconductor ASA reserves the right to make changes without further notice to the 
product to improve reliability, function or design. Nordic Semiconductor does not assume any 
liability arising out of the application or use of any product or circuits described herein. 
 
 
LIFE SUPPORT APPLICATIONS 
These products are not designed for use in life support appliances, devices, or systems where 
malfunction of these products can reasonably be expected to result in personal injury. Nordic 
Semiconductor ASA customers using or selling these products for use in such applications do 
so at their own risk and agree to fully indemnify Nordic Semiconductor ASA for any damages 
resulting from such improper use or sale. 
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YOUR NOTES 
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nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/ADC.c
/** @file ADC.c
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 19.01.06 18:12 $
 * $Revision: 4 $
 *
 */
#include <cygnal\c8051F320.h>
#include "include\ADC.h"


void ADC_Init(void)
{
  REF0CN  = 0x0e;              // Use VDD as voltage reference
  AMX0N   = 0x1f;              // ADC, Single Ended Mode
  ADC0CF  = 0x18;              // Conv. Clock bits=3, Data right-justified
}


UINT Read_Temperature(void)
{
BYTE t;
  AMX0P   = TEMP;               // Select Temp Sensor as ADC input
  for(t=0;t<20;t++);            // Small settling time
  ADC0CN  = 0x90;               // Enable ADC & initiate a conversion

  while (!(ADC0CN & ADC0INT));  // Wait for conversion Completed
  ADC0CN &= ~ADC0INT;           // Clear ADC Interrupt flag

  return ((ADC0H<<8) + ADC0L);  // Return Temperature(ADC0H & ADC0L)
}


UINT Read_RF_Vdd(void)
{
BYTE t;
  AMX0P   = RF_VDD;             // Select RF_VDD(P1.7) as ADC input
  for(t=0;t<20;t++);            // Small settling time
  ADC0CN  = 0x90;               // Enable ADC & initiate a conversion

  while (!(ADC0CN & ADC0INT));  // Wait for conversion Completed
  ADC0CN &= ~ADC0INT;           // Clear ADC Interrupt flag

  return ((ADC0H<<8) + ADC0L);  // Return RF_VDD(ADC0H & ADC0L)
}





nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/F320_FlashPrimitives.c
//-----------------------------------------------------------------------------
// F320_FlashPrimitives.c
//-----------------------------------------------------------------------------
// Copyright 2004 Silicon Laboratories, Inc.
//
// This program contains several useful utilities for writing and updating
// FLASH memory.
//
// AUTH: BW & GP
// DATE: 21 JUL 04
//
// Target: C8051F32x
// Tool chain: KEIL C51 7.06
//
// Release 1.0
//

//-----------------------------------------------------------------------------
// Includes
//-----------------------------------------------------------------------------

#include "include\F320_FlashPrimitives.h"
#include <cygnal\c8051F320.h>


//-----------------------------------------------------------------------------
// Structures, Unions, Enumerations, and Type Definitions
//-----------------------------------------------------------------------------

//-----------------------------------------------------------------------------
// Global Constants
//-----------------------------------------------------------------------------

//-----------------------------------------------------------------------------
// Function Prototypes
//-----------------------------------------------------------------------------

// FLASH read/write/erase routines
void FLASH_ByteWrite (FLADDR addr, char byte);
unsigned char FLASH_ByteRead (FLADDR addr);
void FLASH_PageErase (FLADDR addr);

//-----------------------------------------------------------------------------
// Global Variables
//-----------------------------------------------------------------------------

//-----------------------------------------------------------------------------
// FLASH Routines
//-----------------------------------------------------------------------------

//-----------------------------------------------------------------------------
// FLASH_ByteWrite
//-----------------------------------------------------------------------------
//
// This routine writes <byte> to the linear FLASH address <addr>.
//
// To do:
//  -- optimize to skip 0xFF bytes
//
void FLASH_ByteWrite (FLADDR addr, char byte)
{
   bit EA_SAVE = EA;                   // preserve EA
   char xdata * data pwrite;           // FLASH write pointer

   EA = 0;                             // disable interrupts

   // change clock speed to slow, then restore later

   VDM0CN = 0x80;                      // enable VDD monitor


   RSTSRC = 0x02;                      // enable VDD monitor as a reset source

   pwrite = (char xdata *) addr;

   FLKEY  = 0xA5;                      // Key Sequence 1
   FLKEY  = 0xF1;                      // Key Sequence 2
   PSCTL |= 0x01;                      // PSWE = 1


   VDM0CN = 0x80;                      // enable VDD monitor


   RSTSRC = 0x02;                      // enable VDD monitor as a reset source

   *pwrite = byte;                     // write the byte

   PSCTL &= ~0x01;                     // PSWE = 0

   EA = EA_SAVE;                       // restore interrupts
}

//-----------------------------------------------------------------------------
// FLASH_ByteRead
//-----------------------------------------------------------------------------
//
// This routine reads a <byte> from the linear FLASH address <addr>.
//
unsigned char FLASH_ByteRead (FLADDR addr)
{
   bit EA_SAVE = EA;                   // preserve EA
   char code * data pread;             // FLASH read pointer
   unsigned char byte;

   EA = 0;                             // disable interrupts

   pread = (char code *) addr;

   byte = *pread;                      // read the byte

   EA = EA_SAVE;                       // restore interrupts

   return byte;
}

//-----------------------------------------------------------------------------
// FLASH_PageErase
//-----------------------------------------------------------------------------
//
// This routine erases the FLASH page containing the linear FLASH address
// <addr>.
//
void FLASH_PageErase (FLADDR addr)
{
   bit EA_SAVE = EA;                   // preserve EA
   char xdata * data pwrite;           // FLASH write pointer

   EA = 0;                          // disable interrupts
   // change clock speed to slow, then restore later

   VDM0CN = 0x80;                      // enable VDD monitor


   RSTSRC = 0x02;                   // enable VDD monitor as a reset source

   pwrite = (char xdata *) addr;

   FLKEY  = 0xA5;                   // Key Sequence 1
   FLKEY  = 0xF1;                   // Key Sequence 2
   PSCTL |= 0x03;                   // PSWE = 1; PSEE = 1


   VDM0CN = 0x80;                      // enable VDD monitor


   RSTSRC = 0x02;                   // enable VDD monitor as a reset source
   *pwrite = 0;                     // initiate page erase

   PSCTL &= ~0x03;                  // PSWE = 0; PSEE = 0

   EA = EA_SAVE;                    // restore interrupts
}



nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/ADC.h
/** @file ADC.h
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 20.02.06 14:16 $
 * $Revision: 5 $
 *
 */
// UINT type definition
#ifndef _UINT_DEF_
#define _UINT_DEF_
typedef unsigned int UINT;
#endif  /* _UINT_DEF_ */

// BYTE type definition
#ifndef _BYTE_DEF_
#define _BYTE_DEF_
typedef unsigned char BYTE;
#endif   /* _BYTE_DEF_ */

// Define ADC sources
#define TEMP    0x1e
#define	RF_VDD	0x07
#define ADC0INT 0x20



// ADC.h prototypes
void ADC_Init(void);
UINT Read_RF_Vdd(void);
UINT Read_Temperature(void);




nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/F320_FlashPrimitives.h
/** @file F320_FlashPrimitives.h
 *
 * @author Ole Saether
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 28.11.05 10:34 $
 * $Revision: 2 $
 *
 */
#ifndef F320_FLASHPRIMITIVES_H
#define F320_FLASHPRIMITIVES_H

//-----------------------------------------------------------------------------
// Includes
//-----------------------------------------------------------------------------

//-----------------------------------------------------------------------------
// Structures, Unions, Enumerations, and Type Definitions
//-----------------------------------------------------------------------------
// UINT type definition
#ifndef _UINT_DEF_
#define _UINT_DEF_
typedef unsigned int UINT;
#endif  /* _UINT_DEF_ */

// BYTE type definition
#ifndef _BYTE_DEF_
#define _BYTE_DEF_
typedef unsigned char BYTE;
#endif   /* _BYTE_DEF_ */


typedef unsigned long ULONG;
//typedef unsigned int UINT;
typedef unsigned char UCHAR;

//-----------------------------------------------------------------------------
// Global Constants
//-----------------------------------------------------------------------------

#ifndef FLASH_PAGESIZE
#define FLASH_PAGESIZE 512
#endif

#ifndef FLASH_TEMP
#define FLASH_TEMP 0x03a00L
#endif

#ifndef FLASH_LAST
#define FLASH_LAST 0x03c00L
#endif

typedef UINT FLADDR;

//-----------------------------------------------------------------------------
// Exported Function Prototypes
//-----------------------------------------------------------------------------

// FLASH read/write/erase routines
extern void FLASH_ByteWrite (FLADDR addr, char byte);
extern unsigned char FLASH_ByteRead (FLADDR addr);
extern void FLASH_PageErase (FLADDR addr);

#endif // F320_FLASHPRIMITIVES_H



nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/LL_API.h
/** @file low_level.h
 *
 * Register handler. This file contains routines used when interfacing the nRF24Z1 with the slave
 * and master interfaces.
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 2.03.06 15:25 $
 * $Revision: 24 $
 *
 */
// UINT type definition
#ifndef _UINT_DEF_
#define _UINT_DEF_
typedef unsigned int UINT;
#endif  /* _UINT_DEF_ */

// BYTE type definition
#ifndef _BYTE_DEF_
#define _BYTE_DEF_
typedef unsigned char BYTE;
#endif   /* _BYTE_DEF_ */

// Pin definitions and init values
#define P0_DIN    0xff              // Port0; digital I/O
#define P1_DIN    0x7f              // Port1; P1.7 analog input, rest. digital I/O
#define P2_DIN    0xff              // Port2; digital I/O
#define P3_DIN    0x01              // Port3; P3.0 digital I/O

#define P0_DOUT   0x1D              // Port0, nRF24L01 interface; P0.5=In, P0.4=Out, P0.3=Out, P0.2=Out, P0.1=In, P0.0=Out
#define P1_DOUT   0x0f              // Port1, VDD_RF & LED1..4
#define P2_DOUT   0x00              // Port2, USB-ID & B1..3, digital inputs, open-drain, weak pull-ups
#define P3_DOUT   0x00

#define P0_INIT   0x2A              // Port0 init; P0.5=HiZ, P0.4=L, P0.3=H, P0.2=L, P0.1=HiZ, P0.0=L
#define P1_INIT   0x0f              // Port1 init; P1.7=Analog, P1[6..4] = L, P1[3..0] = H
#define P2_INIT   0xff              // Port2 init; P2[7..0] = HiZ
#define P3_INIT   0x01              // Port3 init; P3.0 = HiZ

// Crossbar configuration
#define XBAR0     0x02              // SPI Enabled
#define XBAR1     0x40              // Crossbar enabled

// LED definitions
#define LED1      0x00
#define LED2      0x01
#define LED3      0x02
#define LED4      0x03

#define LED_OFF   0x00
#define LED_ON    0x01

// CE_Action definitions
#define CE_LOW    0x00
#define CE_HIGH   0x01
#define CE_PULSE  0x02

sbit Led1 =       P1^0;
sbit Led2 =       P1^1;
sbit Led3 =       P1^2;
sbit Led4 =       P1^3;

// Button's definitions
sbit SW1  =       P2^1;
sbit SW2  =       P2^2;
sbit SW3  =       P2^3;

// Rotary SW readout
#define USB_ID    ((~(P2 & 0xf0))>>4)
#define USB_SW    (P2 >> 4)

// Define interface to nRF24L01
#ifndef _SPI_PIN_DEF_
#define _SPI_PIN_DEF_
// Define SPI pins
sbit SCK  =       P0^0;             // Master Out, Slave In pin (output)
sbit MISO =       P0^1;             // Master In, Slave Out pin (input)
sbit MOSI =       P0^2;             // Serial Clock pin, (output)
sbit CSN  =       P0^3;             // Slave Select pin, (output to CSN, nRF24L01)

// Define CE & IRQ pins
sbit CE   =       P0^4;             // Chip Enable pin signal (output)
sbit IRQ  =       P0^5;             // Interrupt signal, from nRF24L01 (input)
#endif

// Interrupt vectors numbers
#define EXT_INT0            0x00
#define T0_INTERRUPT        0x01
#define T1_INTERRUPT        0x03
#define T2_INTERRUPT        0x05
#define USB_INTERRUPT       0x10

// Parameters used for testmodes: 'Test_RX' and 'Test_TX'
// Preprosessor directive to include debug functions
// #define _TESTMODE_

#define FW_VERSION          0x0200
#define VID_NORDIC          0x1915
#define PID_NRF24L01_EC     0x1000
#define VID_SILABS          0x10C4
#define PID_SILABS          0xEA61

// LL_API.h prototypes
void Port_Init(void);
void WD_Reset(void);
void Reset_L01(void);
void Start_Sweep_Timer(void);
void Stop_Sweep_Timer(void);
void Init_T0(void);
void Start_T1(void);
void Init_T2(void);
void CPU_Init(void);
void Write_Led(BYTE led, BYTE state);
void Toggle_Led(BYTE led);
void Start_Communication(BYTE Com_Mode);

void CE_High(void);
void CE_Low(void);
void Pulse_CE(void);
void CE_Pin(BYTE action);
void CSN_Pin(BYTE state);
void SCK_Pin(BYTE state);
void MOSI_Pin(BYTE state);
BYTE MISO_Pin(void);
BYTE SPI_HW(BYTE byte);
void SPI_Init(BYTE Mode);
void Blink_Led(BYTE led);
void Update_Link_Status(void);
BYTE Send_Packet_Button(void);
void Send_Packet_Retry(void);
void Check_Button_TX(void);
void Start_T2(void);
void Stop_T2(void);




nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/Protocol_API.h
/** @file FAP.h
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 20.02.06 14:16 $
 * $Revision: 9 $
 *
 */

// UINT type definition
#ifndef _UINT_DEF_
#define _UINT_DEF_
typedef unsigned int UINT;
#endif  /* _UINT_DEF_ */

// BYTE type definition
#ifndef _BYTE_DEF_
#define _BYTE_DEF_
typedef unsigned char BYTE;
#endif   /* _BYTE_DEF_ */

// Protocol_API.c prototypes
void L01_Set_Channel(BYTE rf_ch);
BYTE L01_Get_Channel(void);
BYTE L01_Clear_IRQ(BYTE irq_flag);
void L01_Write_TX_Pload(BYTE *pBuf, BYTE plWidth);
BYTE L01_Get_Status(void);
BYTE L01_RD_RX_PW_n(BYTE pipe);
void L01_WR_RX_PW_n(BYTE pipe, BYTE plWidth);
BYTE L01_Get_Current_Pipenum(void);
UINT L01_Read_RX_Pload(BYTE *pBuf);
void L01_Flush_TX(void);
void L01_Flush_RX(void);
BYTE L01_Get_FIFO(void);



nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/TestApp.h
/** @file TestApp.h
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 20.02.06 14:16 $
 * $Revision: 4 $
 *
 */
// BYTE type definition
#ifndef _BYTE_DEF_
#define _BYTE_DEF_
typedef unsigned char BYTE;
#endif   /* _BYTE_DEF_ */


// TestApp.c prototypes
void Enter_Testmode(BYTE testmode);
void Test_TX(void);
void Test_RX(void);




nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/USB.h
/** @file usb_api.h
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 9.02.06 17:38 $
 * $Revision: 7 $
 *
 */
#ifndef  _USB_API_H_
#define  _USB_API_H_


// UINT type definition
#ifndef _UINT_DEF_
#define _UINT_DEF_
typedef unsigned int UINT;
#endif  /* _UINT_DEF_ */

// BYTE type definition
#ifndef _BYTE_DEF_
#define _BYTE_DEF_
typedef unsigned char BYTE;
#endif   /* _BYTE_DEF_ */

// Get_Interrupt_Source() return value bit masks
// Note: More than one bit can be set at the same time.
#define USB_RESET       0x01      // USB Reset Interrupt has occurred
#define TX_COMPLETE     0x02      // Transmit Complete Interrupt has occurred
#define RX_COMPLETE     0x04      // Receive Complete Interrupt has occurred
#define FIFO_PURGE      0x08      // Command received (and serviced) from the host
                                  // to purge the USB buffers
#define DEVICE_OPEN     0x10      // Device Instance Opened on host side
#define DEVICE_CLOSE    0x20      // Device Instance Closed on host side
#define DEV_CONFIGURED  0x40      // Device has entered configured state
#define DEV_SUSPEND     0x80      // USB suspend signaling present on bus

// Function prototypes
void  USB_Clock_Start(void) large;
void  USB_Init(UINT,UINT,BYTE*,BYTE*,BYTE*,BYTE,BYTE,UINT) large;
UINT  Block_Write(BYTE*, UINT) large;
BYTE  Block_Read(BYTE*, BYTE) large;
BYTE  Get_Interrupt_Source(void) large;
void  USB_Int_Enable(void) large;
void  USB_Int_Disable(void) large;
void  USB_Disable(void) large;
void  USB_Suspend(void) large;

void USB_Initialize(void);
void Suspend_Device(void);

#endif  /* _USB_API _H_ */



nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/USBX_F320_1.LIB


nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/defines.h
/** @file defines.h
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 2.03.06 15:25 $
 * $Revision: 28 $
 *
 */
// UINT type definition
#ifndef _UINT_DEF_
#define _UINT_DEF_
typedef unsigned int UINT;
#endif  /* _UINT_DEF_ */

// BYTE type definition
#ifndef _BYTE_DEF_
#define _BYTE_DEF_
typedef unsigned char BYTE;
#endif   /* _BYTE_DEF_ */

#define FALSE               0x00  // Simple true/false constants
#define TRUE                0x01

#define CLEAR               0x00

#define USB_RX_SIZE         0x22
#define USB_TX_SIZE         0x20

#define FREQ_TABLE_SIZE     0x10
#define TX_PLOAD_MAX_WIDTH  0x20
#define RX_PLOAD_MAX_WIDTH  0x20  // RX payload length = 32 bytes
#define NUM_OF_PIPES        0x06
#define TX_ADDR_WIDTH       0x05
#define TRANS_PARAMS        0x02
#define TRANS_SOURCE        0x00
#define TRANS_VALUE         0x01
#define TIMER               0x00
#define BUTTON              0x01
#define TX_MODE             0x00
#define RX_MODE             0x01
#define MASK_IRQ_FLAGS      0x70
#define MASK_RX_DR_FLAG     0x40
#define MASK_TX_DS_FLAG     0x20
#define MASK_MAX_RT_FLAG    0x10
#define RX_P_NO             0x0e

#define RX_FIFO_EMPTY       0x07
#define RX_EMPTY            0x01

#define PIPE0               0x00
#define PIPE1               0x01
#define PIPE2               0x02
#define PIPE3               0x03
#define PIPE4               0x04
#define PIPE5               0x05

#define LINK_STATUS         0x00
#define LINK_CHANNEL        0x01
#define LINK_NO_MESS        0x00
#define LINK_LOSS           0x01
#define LINK_ESTABLISH      0x02
#define LINK_RELOST         0x03
#define STOP                0x04

#define CLEARED             0x00
#define TIMEOUT             0x01

// FOX low level Commands
//
// Index in USB Command Frame
#define CMD     0x00
#define ARG     0x01
#define VALUE   0x02

// Implemented USB commands
#define CSN_STATE           0x01  // Set state of CSN(SSN) signal
#define SPI_COMMAND         0x02  // Perform a SPI read/write operation
#define CE_BIT              0x03  // Set state of CE signal
#define FW_VER              0x04  // Returns FirmWare version of this system
#define READ_USB_ID         0x05  // Returns the rotary switch value
#define WRITE_LEDS          0x06  // Turn LEDs on/off
#define WR_FLASH_BLOCK      0x07  // Writes 32 bytes of flash data to block 'n'
#define RD_FLASH_BLOCK      0x08  // Reads and return 32 bytes of flash block 'n'
#define WR_FLASH_PAGE       0x09  // Writes the flash page n*256 buffer to flash
#define RD_FLASH_PAGE       0x0a  // Read the n*256 flash page to flash buffer
#define WD_RESET            0x0b  // Perform a WD reset
#define READ_LOCK_BYTE      0x0c  // Returns the F32x device lock byte...
#define SPI_SELECT          0x0d  // Select between HW and SW SPI mode
#define UNUSED              0x0e  // Not used command
#define ST_FR_SWEEP_TX      0x0f  // Start freq.sweep, TX, from channel 'cl' to 'ch' in 20ms intervals
#define ST_FR_SWEEP_RX      0x10  // Start freq.sweep, RX, from channel 'cl' to 'ch' in 20ms intervals
#define STOP_SWEEP          0x11  // Stop either the TX or the RX freq.sweep execution....
#define WR_TRANS_CTRL       0x12  // Select between auto. or manual transmission(TX device)
#define RD_TRANS_CTRL       0x13  // Read Transmit Control state
#define WR_FREQ_AGIL        0x14  // Select Freq. Agility for pipe.n
#define RD_FREQ_AGIL        0x15  // Read freq agility state for pipe.n
#define WR_CH_TABLE         0x16  // Writes the 16 ch's used for freq. agility
#define RD_CH_TABLE         0x17  // Read the 16 ch's used for agility
#define WR_TX_PAYLOAD       0x18  // Writes n bytes of payload data
#define START_COM_MODE      0x19  // Starts the communication mode, (application)
#define READ_TEMP           0x1a  // Returns F320 temperature
#define READ_VOLT           0x1b  // Returns RF_VDD voltage
#define ENTER_TEST_MODE     0x1c  // Ev.board enters production test
#define READ_RX_DATA        0x1d  // Host read RX data on pipe.n
#define READ_TX_PLOAD       0x1e  // Host read current RX payload
#define WR_RX_PLOAD_LENGTH  0x1f  // Host write current RX payload length for pipe.n
#define RD_RX_PLOAD_LENGTH  0x20  // Host read current RX payload length for pipe.n
#define WR_FREQ_AGILITY     0x21  // Command to enable/disable frequency agility
#define RD_FREQ_AGILITY     0x22  // Read previous command's parameter
#define UPDATE_DEVICE       0x23  // This command is sent before the nRF24L01 are beeing updated
#define STOP_COMM_MODE      0x24  // This sommand is sent when "Stop Communication Mode" button is pressed
#define RD_COMM_MODE_STAT   0x25  // Host read current communication mode status (0:TX, 1:RX, 2: IDLE)
#define RD_LINK_STATUS      0x26  // Host read current link status, i.e. message to host, RX device side





nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/fwupgrade.h
/** @file fwupgrade.h
 *
 * @author Ole Saether
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 28.11.05 10:34 $
 * $Revision: 4 $
 *
 */
#define SZ_BLOCK 32
#define SZ_PAGE 512

void WritePageBlock(unsigned char n, unsigned char *pBuf);
void ReadPageBlock(unsigned char n, unsigned char *pBuf);
void WriteFlashPage(unsigned n);
void ReadFlashPage(unsigned n);




nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/nRF_API.h
/** @file API.h
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 *
 * $Date: 31.01.06 14:14 $
 * $Revision: 13 $
 *
 */
// BYTE type definition
#ifndef _BYTE_DEF_
#define _BYTE_DEF_
typedef unsigned char BYTE;
#endif   /* _BYTE_DEF_ */


// Macro to read SPI Interrupt flag
#define WAIT_SPIF (!(SPI0CN & 0x80))  // SPI interrupt flag(µC platform dependent)

// Declare SW/HW SPI modes
#define SW_MODE         0x00
#define HW_MODE         0x01

// Define nRF24L01 interrupt flag's
#define IDLE            0x00  // Idle, no interrupt pending
#define MAX_RT          0x10  // Max #of TX retrans interrupt
#define TX_DS           0x20  // TX data sent interrupt
#define RX_DR           0x40  // RX data received

#define SPI_CFG         0x40  // SPI Configuration register value
#define SPI_CTR         0x01  // SPI Control register values
#define SPI_CLK         0x00  // SYSCLK/2*(SPI_CLK+1) == > 12MHz / 2 = 6MHz
#define SPI0E           0x02  // SPI Enable in XBR0 register

//********************************************************************************************************************//
// SPI(nRF24L01) commands
#define READ_REG        0x00  // Define read command to register
#define WRITE_REG       0x20  // Define write command to register
#define RD_RX_PLOAD     0x61  // Define RX payload register address
#define WR_TX_PLOAD     0xA0  // Define TX payload register address
#define FLUSH_TX        0xE1  // Define flush TX register command
#define FLUSH_RX        0xE2  // Define flush RX register command
#define REUSE_TX_PL     0xE3  // Define reuse TX payload register command
#define NOP             0xFF  // Define No Operation, might be used to read status register

//********************************************************************************************************************//
// SPI(nRF24L01) registers(addresses)
#define CONFIG          0x00  // 'Config' register address
#define EN_AA           0x01  // 'Enable Auto Acknowledgment' register address
#define EN_RXADDR       0x02  // 'Enabled RX addresses' register address
#define SETUP_AW        0x03  // 'Setup address width' register address
#define SETUP_RETR      0x04  // 'Setup Auto. Retrans' register address
#define RF_CH           0x05  // 'RF channel' register address
#define RF_SETUP        0x06  // 'RF setup' register address
#define STATUS          0x07  // 'Status' register address
#define OBSERVE_TX      0x08  // 'Observe TX' register address
#define CD              0x09  // 'Carrier Detect' register address
#define RX_ADDR_P0      0x0A  // 'RX address pipe0' register address
#define RX_ADDR_P1      0x0B  // 'RX address pipe1' register address
#define RX_ADDR_P2      0x0C  // 'RX address pipe2' register address
#define RX_ADDR_P3      0x0D  // 'RX address pipe3' register address
#define RX_ADDR_P4      0x0E  // 'RX address pipe4' register address
#define RX_ADDR_P5      0x0F  // 'RX address pipe5' register address
#define TX_ADDR         0x10  // 'TX address' register address
#define RX_PW_P0        0x11  // 'RX payload width, pipe0' register address
#define RX_PW_P1        0x12  // 'RX payload width, pipe1' register address
#define RX_PW_P2        0x13  // 'RX payload width, pipe2' register address
#define RX_PW_P3        0x14  // 'RX payload width, pipe3' register address
#define RX_PW_P4        0x15  // 'RX payload width, pipe4' register address
#define RX_PW_P5        0x16  // 'RX payload width, pipe5' register address
#define FIFO_STATUS     0x17  // 'FIFO Status Register' register address

//********************************************************************************************************************//
//                                        FUNCTION's PROTOTYPES                                                       //
//********************************************************************************************************************//
 void SPI_Init(BYTE Mode);                              // Init HW or SW SPI
 BYTE SPI_RW(BYTE byte);                                // Single SPI read/write
 BYTE SPI_Read(BYTE reg);                               // Read one byte from nRF24L01
 BYTE SPI_RW_Reg(BYTE reg, BYTE value);                 // Write one byte to register 'reg'
 BYTE SPI_Write_Buf(BYTE reg, BYTE *pBuf, BYTE bytes);  // Writes multiply bytes to one register
 BYTE SPI_Read_Buf(BYTE reg, BYTE *pBuf, BYTE bytes);   // Read multiply bytes from one register
//********************************************************************************************************************//




nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/INCLUDE/protos.h
/** @file protos.h
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 30.01.06 13:11 $
 * $Revision: 11 $
 *
 */// UINT type definition
#ifndef _UINT_DEF_
#define _UINT_DEF_
typedef unsigned int UINT;
#endif  /* _UINT_DEF_ */

// BYTE type definition
#ifndef _BYTE_DEF_
#define _BYTE_DEF_
typedef unsigned char BYTE;
#endif   /* _BYTE_DEF_ */

//
// Prototypes
//

//  SPI functions
//unsigned char SPI_Write(unsigned char byte);
//unsigned char SPI_Read(void);




//void Freq_Sweep_TX(void);
//void Freq_Sweep_RX(void);
//void Stop_Freq_Sweep(void);


//void Enter_Testmode(void);




nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/ISR.c
/** @file ISR.c
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 2.03.06 15:25 $
 * $Revision: 22 $
 *
 */
//  Global defines & includes
#include <cygnal\c8051F320.h>
#include "include\usb.h"
#include "include\defines.h"
#include "include\nRF_API.h"
#include "include\LL_API.h"
#include "include\Protocol_API.h"

extern BYTE xdata RX_buffer[USB_RX_SIZE];
extern BYTE xdata RX_pload[RX_PLOAD_MAX_WIDTH];
extern BYTE xdata TX_pload[TX_PLOAD_MAX_WIDTH];
extern BYTE xdata TX_pload_width;
extern BYTE USB_Rx_Comp;
extern BYTE IRQ_Source;
extern BYTE Timer_Mode;
extern BYTE Trans_Tmr,Trans_Tmr_Ctr;
extern BYTE Sweep_Mode;
extern BYTE Sweep_Time_Ctr;
extern BYTE sw_low,sw_high,next_ch;
extern BYTE Sweep_Progress;
//extern BYTE RX_pipe_num;
extern BYTE Test_Mode;
extern BYTE Com_Mode;
extern BYTE xdata Table_Ptr;                                      // Pointer for Freq_table lookup
extern BYTE xdata Freq_table[FREQ_TABLE_SIZE];
extern BYTE Agil_Timeout;
extern BYTE LinkStatus[2];
extern BYTE LinkStat, LastStat;
extern BYTE TX_Update;
extern BYTE Led_Blink1,Led_Blink2,Led_Blink3,Led_Blink4;
extern UINT Link_Loss_Delay;
//****************************************
//
// Extern Interrupt0
//
// Interrupt from nRF24L01
// data ready in RX-payload
//
// In _TESTMODE_:
// Read RX-payload, clear RX_DR....
//
//****************************************
void nRF24L01_IRQ(void) interrupt EXT_INT0
{
BYTE temp;
#ifndef _TESTMODE_
  temp = L01_Get_Status();                                        // Read status, get IRQ source & pipe#
  switch(temp & MASK_IRQ_FLAGS)                                   // Get IRQ source
  {
    case RX_DR:                                                   // Data Ready RX FIFO ?
      IRQ_Source = RX_DR;                                         // Flag for RX_DR
    break;

    case TX_DS:                                                   // Data Sent TX FIFO ?
      IRQ_Source = TX_DS;                                         // Flag for TX_DS
    break;

    case MAX_RT:                                                  // Max #of retries ?
      IRQ_Source = MAX_RT;                                        // Flag for MAX_RT
    break;

    default:                                                      // Default, clear IRQ flags
      L01_Clear_IRQ(MASK_IRQ_FLAGS);
    break;
  }

#else                                                             // _TESTMODE_, "production test"
  temp = L01_Clear_IRQ(MASK_IRQ_FLAGS);                           // Read status & clear IRQ flag's
  switch(temp & MASK_IRQ_FLAGS)
  {
    case MAX_RT:                                                  // Max Retries
      Led3 = 0;                                                   // DEBUG Led3 lit
    break;
    case TX_DS:                                                   // TX data sent
      Led4 = 0;                                                   // DEBUG Led4 lit
    break;
    case RX_DR:                                                   // RX data received
      Led4 = 0;                                                   // DEBUG Led4 lit
      L01_Read_RX_Pload(RX_pload);                                // Read data from current pipe
    break;
  }
#endif
}

//****************************************
//
// Timer2 Compare Match interrupt
//
// 
// 
//
// 
//
//****************************************
void T2_Comp_Match(void) interrupt T2_INTERRUPT
{

  if(Test_Mode)                                                   // Timer for Test_Mode?
  {
    if(Sweep_Mode)                                                // Sweep mode in Test Mode application
    {
      if(++Sweep_Time_Ctr == 20)                                  // Timeout Sweep counter, 20ms
      {
        Sweep_Time_Ctr = 0;                                       // Clear 'Sweep_Time_Ctr' on every match
        Led1 = ~Led1;                                             // _DEBUG_, every channel inc..

        CE_Pin(CE_LOW);                                           // Change channel, CE must be low
        L01_Set_Channel(next_ch);                                 // set next channel
        CE_Pin(CE_HIGH);                                          // Set CE high again

        if (++next_ch > sw_high)                                  // reach high channel
        {
          next_ch = sw_low;                                       // yes; current_ch = low channel
          Led2 = ~Led2;                                           // _DEBUG_, every "wrap"
        }
      }
    }
    else
    {
      if(Sweep_Progress)                                          // Terminate "Sweep_Mode"
      {
        CE_Pin(CE_LOW);                                           // End sweep mode with CE low
        Sweep_Progress = 0;                                       // Reset sweep in progress flag
        L01_Flush_TX();                                           // Flush TX to terminate further interrupts
        Sweep_Time_Ctr = 0;                                       // Clear Sweep_Time_Ctr on every match

#ifndef _TESTMODE_
        Write_Led(LED1, LED_OFF);                                 // Sweep mode terminated, clear Led1
        Write_Led(LED2, LED_OFF);                                 // Sweep mode terminated, clear Led1
#endif
      }
    }
  }
  
  if((Com_Mode == TX_MODE) && Timer_Mode)
  {
    if(Trans_Tmr == ++Trans_Tmr_Ctr)                            // timeout; TX packets interval
    {

      switch(LinkStat)
      {
        case LINK_LOSS:                                         // first attempt after link loss..
          CE_Pin(CE_PULSE);                                     // retransmitt!
        break;

        case LINK_ESTABLISH:                                    // normal operation
          L01_Write_TX_Pload(TX_pload, TX_pload_width);         // write new TX payload,
          CE_Pin(CE_PULSE);                                     // and transmitt packet.
          Trans_Tmr_Ctr = CLEAR;                                // clear Transmitt Timer
        break;

        case LINK_RELOST:                                       // do nothing if RELOST, i.e. channel scanning..

        break;
      }

    }

  }

  if(Com_Mode == RX_MODE)                                         // Timer mode for RX device
  {
    if(Trans_Tmr == ++Trans_Tmr_Ctr)                              // Timeout; Frequency Agility Timer
    {
      Blink_Led(LED3);
      LinkStatus[LINK_STATUS] = LINK_LOSS;                        // Message; LINK LOSS
      LinkStatus[LINK_CHANNEL] = L01_Get_Channel();               // on channel:LINK_CHANNEL
      LinkStat = LINK_LOSS;                                       // Current "Link Status = LINK_LOSS"

      CE_Pin(CE_LOW);                                             // CE low during channel switch
      if(++Table_Ptr == FREQ_TABLE_SIZE)                          // Increment freq_table pointer
      {
        Blink_Led(LED4);
        Table_Ptr = CLEAR;                                        // Wrap freq_table pointer
      }
      L01_Flush_RX();                                             // FAP timeout, Flush RX FIFO.
      L01_Set_Channel(Freq_table[Table_Ptr]);                     // Change channel
      CE_Pin(CE_HIGH);                                            // then set CE high again
      Agil_Timeout = TIMEOUT;                                     // default, agil_timeout, only reset by RX_DR
      Trans_Tmr_Ctr = CLEAR;                                      // Clear counter
    }

    Update_Link_Status();                                         // Link_Status used for "Events:" RX mode
    
    if(LinkStat == LINK_LOSS)
    {
      Link_Loss_Delay++;
    }
    else
    {
      Link_Loss_Delay = 0;
    }

  }
  TF2H = 0;                                                       // Reset T2 interrupt flag
}


/*****************************************
*
* Timer0 Overflow interrupt
*
* Used for CE pulse signal
* Timeout:12µs
*
* 
*
*****************************************/
void T0_Overflow(void) interrupt T0_INTERRUPT
{
  TR0 = 0;                                                        // Stop T0
  CE = 0;                                                         // Reset CE signal
}

/*****************************************
*
* Timer1 Overflow interrupt
*
* Used for Led blink..
* Timeout:248µs
*
* 
*
*****************************************/
void T1_Overflow(void) interrupt T1_INTERRUPT
{
  if(Led_Blink1 == 1)     // LED1
  {
    Led1 = 1;
    Led_Blink1--;
  }  
  if(Led_Blink1 == 2)
    Led_Blink1--;

  if(Led_Blink2 == 1)     // LED2
  {
    Led2 = 1;
    Led_Blink2--;
  }  
  if(Led_Blink2 == 2)
    Led_Blink2--;

  if(Led_Blink3 == 1)     // LED3
  {
    Led3 = 1;
    Led_Blink3--;
  }  
  if(Led_Blink3 == 2)
    Led_Blink3--;

  if(Led_Blink4 == 1)     // LED4
  {
    Led4 = 1;
    Led_Blink4--;
  }  
  if(Led_Blink4 == 2)
    Led_Blink4--;

}

/*****************************************
*
* USB Interrupt Service Rutine
*
* 
* 
*
* 
*
*****************************************/
void USB_Interrupt(void) interrupt USB_INTERRUPT
{
  BYTE INTVAL = Get_Interrupt_Source();
  if (INTVAL & RX_COMPLETE)
  {
    Block_Read(RX_buffer,USB_RX_SIZE);
    USB_Rx_Comp = 1;
  }

  if (INTVAL & DEV_SUSPEND)
  {
//    Suspend_Device();                                           // ..suspend has been disabled..
  }

  if (INTVAL & DEV_CONFIGURED)
  {
    Port_Init();
  }
}





nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/LL_API.c
/** @file low_level.c
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 2.03.06 15:23 $
 * $Revision: 41 $
 *
 */
#include <cygnal\c8051F320.h>
#include "include\LL_API.h"
#include "include\usb.h"
#include "include\nRF_API.h"
#include "include\ADC.h"
#include "include\Protocol_API.h"
#include "include\defines.h"

extern BYTE xdata TX_pload[TX_PLOAD_MAX_WIDTH];         // TX payload buffer
extern BYTE xdata Freq_table[FREQ_TABLE_SIZE];          // Freq Agility table
extern BYTE xdata Freq_agil[NUM_OF_PIPES];              // Freq Agility On/Off for pipe.n
extern BYTE xdata Trans_Ctrl[TRANS_PARAMS];             // Transmission Control bytes
extern BYTE xdata RX_pload_length[NUM_OF_PIPES];        // holds #of bytes for pipe 0..5
extern BYTE xdata TX_pload_width;                       // TX payload width variable
extern BYTE xdata TX_buffer[USB_TX_SIZE];               // Next packet to sent to host
extern BYTE LinkStatus[2];
extern BYTE LinkStat, LastStat;                         // Link Status bytes
extern BYTE xdata Button, SW1_Released;
extern BYTE xdata Button_Mode;

extern BYTE Com_Mode;
extern BYTE SPI_Mode;
extern BYTE Led_Blink1,Led_Blink2;
extern BYTE Led_Blink3,Led_Blink4;
extern UINT Link_Loss_Delay;
extern BYTE Try_Ctr;

code const BYTE P0_ADDR[4] =  {0xE7,0xE7,0xE7,0xE7};    // Default P0 address
code const BYTE P1_ADDR[4] =  {0xC2,0xC2,0xC2,0xC2};    // Default P1 address

void CPU_Init(void)
{
BYTE counter;

  PCA0MD &= ~0x40;                                      // Disable Watchdog timer
  Port_Init();
  SPI_Init(HW_MODE);                                    // Default HW SPI Mode
  ADC_Init();                                           // Init & enable ADC
  OSCICN |= (0x03);                                     // SYSCLK = OSC/1, i.e. 12MHz
  IT01CF = 0x05;                                        // Assign /INT0 to P0.5 pin
  IT0 = 1;                                              // Edge trigged interrupt0 (nRF24L01 IRQ)
  
  Init_T0();                                            // Init Timer0..
  Start_T1();                                           // Init Timer1
  Init_T2();                                            // Start Timer2
  
  USB_Initialize();
  REG0CN |= 0x80;                                       // Internal Voltage Regulator Disabled
  
  TX_pload_width = 16;
  for(counter=0;counter<TX_pload_width;counter++) 
    TX_pload[counter] = counter+2;                      // Init TX_payload buffer
  
  Freq_agil[PIPE0] = 8;                                 // Init Freq_agil for pipe0; 8ms
  for(counter=1;counter<6;counter++)                    
    Freq_agil[counter] = 0;                             // the rest is disabled
  
  for(counter=0;counter<6;counter++)                    // Init RX_pload_length for all pipe's
    RX_pload_length[counter] = 0x10;                    // Default 16 bytes
  
  Trans_Ctrl[0] = 0;                                    // Default trans ctrl; Timer Mode
  Trans_Ctrl[1] = 5;                                    // Default timer: 5ms
  Com_Mode = 2;                                         // Default, communication mode disabled
}

//-------------------------
// Port_Init
//-------------------------
// Port Initialization
// - Configure the Crossbar and GPIO ports.
//
void Port_Init(void)
{

  P0MDOUT = P0_DOUT;                                    // Port0..3 Mode & Values, see. "low_level.h" for details
  P1MDOUT = P1_DOUT;
  P2MDOUT = P2_DOUT;
  P2MDOUT = P2_DOUT;

  P0MDIN  = P0_DIN;
  P1MDIN  = P1_DIN;
  P2MDIN  = P2_DIN;
  P3MDIN  = P3_DIN;

  P0      = P0_INIT;
  P1      = P1_INIT;
  P2      = P2_INIT;
  P3      = P3_INIT;

  XBR0    = XBAR0;                                      // XBR0.1 => SPI Enabled
  XBR1    = XBAR1;                                      // Enable Crossbar
}


void WD_Reset(void)                                     // "Reset" µC
{
  USB_Disable();
  ET2 = 0x00;
  EX0 = 0x00;
  PCA0CPL4  = 0xff;
  PCA0MD    = 0x00;
  PCA0MD   |= 0x40;

  while(1);
}


void Init_T0(void)
{
  TH0 = 253;                                            // Init T0 reload value, 12µs
  TL0 = 253;                                            // Init T0 start value..
  CKCON |= 0x02;                                        // T0 = SCK/48
  TMOD |= 0x02;                                         // T0:Mode2, 8-bit reload timer.
  ET0 = 1;                                              // Enable timer0 interrupt
}

void Start_T1(void)
{
  TH1 = 194;                                            // Init T1 reload value, 250µs
  TL1 = 194;                                            // Init T1 start value..
  CKCON |= 0x02;                                        // T1 = SCK/48
  TMOD |= 0x20;                                         // T1:Mode2, 8-bit reload timer.
  ET1 = 1;                                              // Enable timer1 interrupt
  TR1 = 1;                                              // Start timer1...
}


void Init_T2(void)                                     // Init Timer2 for 1ms intervals
{
  TMR2H = 0x00;                                         // T2 CounterH = 0
  TMR2L = 0x00;                                         // T2 CounterL = 0
  TMR2RLH = 0xfc;                                       // T2 ReloadH
  TMR2RLL = 0x18;                                       // T2 ReloadL
//  TMR2CN  = 0x04;                                       // T2 Enabled
}

void Start_T2()                                         // Start Timer2
{
  TMR2CN |= 0x04;                                       
}

void Stop_T2()                                          // Stop Timer2 and clear T2 counter
{
  TMR2CN &= ~0x04;
//  TMR2H = 0x00;                                         // T2 CounterH = 0
//  TMR2L = 0x00;                                         // T2 CounterL = 0

}

void Write_Led(BYTE led, BYTE state)                    // Set/reset LEDn
{
  switch(led)
  {
    case LED1:
      Led1 = !state;                                    // Output value to LED1
    break;

    case LED2:
      Led2 = !state;                                    // Output value to LED2
    break;

    case LED3:
      Led3 = !state;                                    // Output value to LED3
    break;

    case LED4:
      Led4 = !state;                                    // Output value to LED4
    break;
  }

}

void Toggle_Led(BYTE led)                               // Toggle state of LEDn
{
  switch(led)
  {
    case LED1:
      Led1 = ~Led1;
    break;
    
    case LED2:
      Led2 = ~Led2;
    break;
    
    case LED3:
      Led3 = ~Led3;
    break;
    
    case LED4:
      Led4 = ~Led4;
    break;
  }
}

void Blink_Led(BYTE led)                                // Lit LEDn, timer1 clear LEDn
{
  switch(led)
  {
    case LED1:
      Led1 = 0;
      Led_Blink1 = 2;
    break;

    case LED2:
      Led2 = 0;
      Led_Blink2 = 2;
    break;

    case LED3:
      Led3 = 0;
      Led_Blink3 = 2;
    break;

    case LED4:
      Led4 = 0;
      Led_Blink4 = 2;
    break;
  }

}

void CE_Pin(BYTE action)                                // CE pin high, low or pulse..
{
  switch(action)
  {
    case CE_LOW:                                        // action == 0, CE low
      CE = 0;
    break;

    case CE_HIGH:                                       // action == 1, CE high
      CE = 1;
    break;

    case CE_PULSE:                                      // action == 2, CE pulse (10µs)
      Blink_Led(LED2);
      CE = 1;                                           // Set CE pin high
      TR0 = 1;                                          // Start Timer0, CE pulse timer
    break;
  }
}

void CSN_Pin(BYTE state)                                // Set/reset CSN pin
{
  if(state)
    CSN = 1;
  else
    CSN = 0;
}

void SCK_Pin(BYTE state)                                // Set/reset SCK pin
{
  if(state)
    SCK = 1;
  else
    SCK = 0;
}

void MOSI_Pin(BYTE state)                               // Set/reset MOSI pin
{
  if(state)
    MOSI = 1;
  else
    MOSI = 0;
}

BYTE MISO_Pin(void)                                     // Read MISO pin
{
  return MISO;
}

BYTE SPI_HW(BYTE byte)                                  // Write one byte using F320's hardware SPI
{
  SPI0DAT = byte;                                       // Writes 'byte' to nRF24L01
  while(WAIT_SPIF);                                     // ..and wait until SPIF goes high, i.e. transaction finish
  SPI0CN &= 0x7f;                                       // clear SPIF

  return(SPI0DAT);                                      // return received byte
}

void SPI_Init(BYTE Mode)
{
  if(Mode)                                             // If HW_SW = 1 =>> hardware SPI, else software SPI.
  {
    SPI0CFG = SPI_CFG;                                  // SPI Configuration Register
    SPI0CN  = SPI_CTR;                                  // SPI Control Register
    SPI0CKR = SPI_CLK;                                  // SPI Clock Rate Register
    XBR0 |= SPI0E;                                      // SPI SW Mode, enable SPI Crossbar

    SPI_Mode = HW_MODE;
  }
  else                                                  // Software SPI mode
  {
    SPI0CN  = 0x00;                                     // SPI Control Register, SPI Disabled
    
    XBR0 &= ~SPI0E;                                     // SPI SW Mode, disable SPI Crossbar
    SPI_Mode = SW_MODE;
  }
}

void Update_Link_Status(void)
{
  if(LinkStat != LastStat)                              // Same Link Status as last time?
  {
    TX_buffer[0] = LinkStatus[LINK_STATUS];
    TX_buffer[1] = LinkStatus[LINK_CHANNEL];
    TX_buffer[2] = Link_Loss_Delay>>8;
    TX_buffer[3] = Link_Loss_Delay;
    Block_Write(TX_buffer, 4);
  }
  LastStat = LinkStat;
}


BYTE Send_Packet_Button(void)                           // Send one data packet, controlled by Button1(SW1)
{
BYTE send_packet;
  if(!SW1)
  {                                                     // Button1 pressed?
    if(SW1_Released)                                    // and Button1 released since last press?
    {
      SW1_Released = 0;                                 // Button1 "pressed"
      send_packet = 1;                                  // flag for packet sending..
    }
    else
    {
      send_packet = 0;                                  // dont send packet
    }
  }
  else
  {
    SW1_Released = 1;                                   // Button1
    send_packet = 0;                                    // dont send packet
  }

  if(send_packet)
  {
    L01_Write_TX_Pload(TX_pload, TX_pload_width);       // Write new TX payload
    CE_Pin(CE_PULSE);                                   // Enable CE pulse, 12µs
    Try_Ctr = 0;                                        // Reset Try_Ctr before nex transmitt..
  }

  return send_packet;                                   // packet sent or not?

}

void Check_Button_TX(void)
{
  if(Button_Mode && (Com_Mode == TX_MODE))              // Scan button1 ONLY if "TX_MODE" AND Button_Mode
  {
    switch(LinkStat)
    {
      case LINK_ESTABLISH:
        if(Send_Packet_Button())                        // Blink LED2 and set new LinkStat if packet sent
        {
          Blink_Led(LED2);
          Try_Ctr = 0;
          LinkStat = LINK_LOSS;                         // default LINK_LOSS
        }
      break;
      
      default:
      
      break;
    }

  }

}



nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/Protocol_API.c
/** @file Protocol_API.c
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 20.02.06 14:16 $
 * $Revision: 10 $
 *
 */
//  Global defines & includes
#include <string.h>
#include "include\Protocol_API.h"
#include "include\nRF_API.h"
#include "include\defines.h"

void L01_Set_Channel(BYTE rf_ch)                                // Set RF channel
{
  SPI_RW_Reg(WRITE_REG + RF_CH,rf_ch);
}

BYTE L01_Get_Channel(void)                                      // Get current RF channel
{
  return SPI_Read(RF_CH);
}

BYTE L01_Clear_IRQ(BYTE irq_flag)                               // Clear nRF24L01 IRQ flag(s)
{
  return SPI_RW_Reg(WRITE_REG + STATUS, irq_flag);
}

void L01_Write_TX_Pload(BYTE *pBuf, BYTE plWidth)               // Write TX payload, payload in *pBuf & #of bytes = plWidth
{
  SPI_Write_Buf(WR_TX_PLOAD, pBuf, plWidth);
}

BYTE L01_Get_Status(void)                                       // Read status byte
{
  return SPI_Read(STATUS);
}

BYTE L01_RD_RX_PW_n(BYTE pipe)                                  // Get current RX payload width for pipe.n
{
  return SPI_Read(RX_PW_P0 + pipe);
}

void L01_WR_RX_PW_n(BYTE pipe, BYTE plWidth)                    // Set RX payload width for pipe.n
{
  SPI_RW_Reg(WRITE_REG + RX_PW_P0 + pipe, plWidth);
}


BYTE L01_Get_Current_Pipenum(void)                              // Get current pipe#
{
  return ((L01_Get_Status() & RX_P_NO) >> 1);
}

UINT L01_Read_RX_Pload(BYTE *pBuf)                              // read current pipe#'s RX payload
{
BYTE plWidth, pipe;
  plWidth = L01_RD_RX_PW_n(pipe = L01_Get_Current_Pipenum());   // Read current pipe's payload width
  SPI_Read_Buf(RD_RX_PLOAD, pBuf, plWidth);                     // Then get RX data

  return ((pipe << 8) + plWidth);                               // return pipe# & pipe#.plWidth
}

void L01_Flush_TX(void)                                         // Flush TX FIFO
{
  SPI_RW_Reg(FLUSH_TX,0);
}

void L01_Flush_RX(void)                                         // Flush RX FIFO
{
  SPI_RW_Reg(FLUSH_RX,0);
}

BYTE L01_Get_FIFO(void)                                         // Read FIFO_STATUS register
{
  return SPI_Read(FIFO_STATUS);
}



nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/TestApp.c
/** @file TestApp.c
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 2.03.06 15:25 $
 * $Revision: 9 $
 *
 */
#include <cygnal\c8051F320.h>
#include "include\TestApp.h"
#include "include\defines.h"
#include "include\nRF_API.h"
#include "include\LL_API.h"

extern BYTE Timer_Mode;
extern BYTE Test_Mode;
extern BYTE IRQ_Source;

#define TX_AW     5
code const BYTE TX_ADDRESS__[TX_AW] = {0x40,0x50,0x60,0x70,0x80};                 // Predefined TX_Address

#ifdef _TESTMODE_
#define RX_AW     5
#define TX_PL_W   32
code const BYTE RX_ADDRESS_[RX_AW]   = {0x40,0x50,0x60,0x70,0x80};                // Predefined RX_Address
code const BYTE TX_PAYLOAD_[TX_PL_W] = {0x00,0x10,0x20,0x30,0x40,0x50,0x60,0x70,  // Predefined
                                        0x00,0x10,0x20,0x30,0x40,0x50,0x60,0x70,  // TX payload
                                        0x00,0x10,0x20,0x30,0x40,0x50,0x60,0x70,
                                        0x00,0x10,0x20,0x30,0x40,0x50,0x60,0x70};
#endif

void Enter_Testmode(BYTE testmode)
{
  ET2 = 0;                                                                        // T2 Interrupt enabled
  EX0 = 0;                                                                        // Disable External Interrupt0
  CE = 0;                                                                     
  Led1 = Led2 = Led3 = Led4 = 1;                                                  // Clear status Led's

  if(testmode)                                                                    // Entered Test Mode
  {
    Timer_Mode = 0;
    Test_Mode = 1;
    Start_T2();
  }
  else                                                                            // Exit Test Mode
  {
    SPI_RW_Reg(WRITE_REG + CONFIG, 0x08);                                         // Config reg, default reset value
    SPI_RW_Reg(WRITE_REG + EN_AA, 0x3f);                                          // Default, Auto ack all pipe's
    SPI_RW_Reg(WRITE_REG + EN_RXADDR, 0x03);                                      // Default, pipe 0 & 1 enabled
    SPI_RW_Reg(WRITE_REG + SETUP_AW, 0x03);                                       // Default, 5 bytes address
    SPI_RW_Reg(WRITE_REG + STATUS, MASK_IRQ_FLAGS);                               // Clear all IRQ flag
    SPI_RW_Reg(FLUSH_TX,0);                                                       // Just in case, flush TX FIFO
    SPI_RW_Reg(FLUSH_RX,0);                                                       // and RX FIFO
    SPI_Write_Buf(WRITE_REG + TX_ADDR,TX_ADDRESS__,TX_AW);                        // Writes TX_Addr
    Test_Mode = 0;                                                                // Exit testmode
    IRQ_Source = 0;                                                               // Reset pending interrupt
    Stop_T2();
  }
}



#ifdef _TESTMODE_
//************************************************
//
// Default Test_TX function
// for "production test"
// 
//
//************************************************
void Test_TX(void)
{
  Led1 = Led2 = Led3 = Led4 = 1;                                                  // Clear status Led's

  SPI_RW_Reg(WRITE_REG + SETUP_AW, (TX_AW-2));                                    // Setup RX/TX address width
  SPI_Write_Buf(WRITE_REG + TX_ADDR,TX_ADDRESS_,TX_AW);                           // Writes TX_Addr
  SPI_Write_Buf(WRITE_REG + RX_ADDR_P0, RX_ADDRESS_,RX_AW);                       // Writes RX_Addr, Pipe0 for auto.ack

  SPI_Write_Buf(WR_TX_PLOAD,TX_PAYLOAD_,TX_PL_W);                                 // Writes TX payload

  SPI_RW_Reg(WRITE_REG + STATUS, 0x70);                                           // Read status & clear IRQ flag's
  SPI_RW_Reg(WRITE_REG + EN_AA, 0x01);                                            // Enable auto ack pipe0
  SPI_RW_Reg(WRITE_REG + EN_RXADDR, 0x01);                                        // Enable pipe0
  SPI_RW_Reg(WRITE_REG + SETUP_RETR,0x0a);                                        // 250µs+86µs, 10 retrans...
  SPI_RW_Reg(WRITE_REG + RF_CH, 40);                                              // Channel 40

  SPI_RW_Reg(WRITE_REG + CONFIG, 0x0e);                                           // PWR_UP, CRC(2bytes) & Prim:TX.

  while(!SW1);                                                                    // wait until SW1 released
  Led1 = 0;                                                                       // Led1 indicates TX mode
  EX0 = 1;                                                                        // Enable External Interrupt0
}

//************************************************
//
// Default Test_RX function
// for "production test"
// 
//
//************************************************
void Test_RX(void)
{
  Led1 = Led2 = Led3 = Led4 = 1;                                                  // Clear status Led's
  
  SPI_RW_Reg(WRITE_REG + SETUP_AW, (TX_AW-2));                                    // Setup RX/TX address width
  SPI_Write_Buf(WRITE_REG + RX_ADDR_P0, RX_ADDRESS_,RX_AW);                       // Writes RX_Addr

  SPI_RW_Reg(WRITE_REG + RX_PW_P0, TX_PL_W);                                      // Pipe0 payload width
  SPI_RW_Reg(WRITE_REG + STATUS, 0x70);                                           // read status & clear IRQ flag's
  SPI_RW_Reg(WRITE_REG + EN_AA, 0x01);                                            // Enable auto ack pipe0
  SPI_RW_Reg(WRITE_REG + EN_RXADDR, 0x01);                                        // Enable pipe0
  SPI_RW_Reg(WRITE_REG + SETUP_RETR,0x0a);                                        // 250µs+86µs, 10 retrans...
  SPI_RW_Reg(WRITE_REG + RF_CH, 40);                                              // Channel 40

  SPI_RW_Reg(WRITE_REG + CONFIG, 0x0f);                                           // PWR_UP, CRC(2bytes) & Prim:RX.

  while(!SW2);                                                                    // Wait until SW2 released
  Led2 = 0;                                                                       // Led2 indicates RX mode
  EX0 = 1;                                                                        // Enable External Interrupt0
}
#endif




nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/USB.c
/** @file USB.c
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 20.02.06 14:24 $
 * $Revision: 11 $
 *
 */
#include <cygnal\c8051F320.h>
#include "include\usb.h"
#include "include\LL_API.h"

/*** [BEGIN] USB Descriptor Information [BEGIN] ***/
code const UINT USB_VID = VID_SILABS;

code const UINT USB_PID = PID_SILABS;
    //  Manufacturer String
code const BYTE USB_MfrStr[] = {0x32,0x03,'N',0,'o',0,'r',0,'d',0,'i',0,'c',0,' ',0,'S',0,'e',0,'m',0,'i',0,'c',0,'o',0,'n',0,'d',0,'u',0,'c',0,'t',0,'o',0,'r',0,' ',0,'A',0,'S',0,'A',0};             
    //  Product Desc. String
code const BYTE USB_ProductStr[]  = {0x18,0x03,'n',0,'R',0,'F',0,'2',0,'4',0,'L',0,'0',0,'1',0,'-',0,'E',0,'C',0};  
code const BYTE USB_SerialStr[]   = {0x0C,0x03,'1',0,'2',0,'3',0,'4',0,'5',0};
code const BYTE USB_MaxPower = 50;                    // Max current = 100 mA (50 * 2) (p.266 USB_20.pdf)
code const BYTE USB_PwAttributes = 0x80;              // Bus-powered, remote wakeup not supported (p.266 USB_20.pdf)
code const UINT USB_bcdDevice = FW_VERSION;           // Device firmware release number
/*** [ END ] USB Descriptor Information [ END ] ***/

//-------------------------
// Suspend_Device
//-------------------------
// Called when a DEV_SUSPEND interrupt is received.
// - Disables all unnecessary peripherals
// - Calls USB_Suspend()
// - Enables peripherals once device leaves suspend state
//
void Suspend_Device(void)
{
  // Disable peripherals before calling USB_Suspend()
  P0MDIN = 0x00;                                      // Port 0 configured as analog input
  P1MDIN = 0x00;                                      // Port 1 configured as analog input
  P2MDIN = 0x00;                                      // Port 2 configured as analog input
  P3MDIN = 0x00;                                      // Port 3 configured as analog input

  USB_Suspend();                                      // Put the device in suspend state

  // Once execution returns from USB_Suspend(), device leaves suspend state.
  // Reenable peripherals
  P0MDIN  = P0_DIN;
  P1MDIN  = P1_DIN;
  P2MDIN  = P2_DIN;
  P3MDIN  = P3_DIN;
}

void USB_Initialize(void)
{
  USB_Clock_Start();  // Init USB clock *before* calling USB_Init
  USB_Init(USB_VID,USB_PID,USB_MfrStr,USB_ProductStr,USB_SerialStr,USB_MaxPower,USB_PwAttributes,USB_bcdDevice);
  USB_Int_Enable();
}




nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/fwupgrade.c
/** @file fwupgrade.c
 *
 * @author Ole Saether
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 1.12.05 13:42 $
 * $Revision: 7 $
 *
 */
#include "include\fwupgrade.h"
#include "include\F320_FlashPrimitives.h"

static unsigned char xdata pageBuf[SZ_PAGE];

void WritePageBlock(unsigned char n, unsigned char *pBuf)
{
  unsigned i, pa;

  pa = SZ_BLOCK * (unsigned)n;
  for(i=0;i<SZ_BLOCK;i++)
  {
    pageBuf[pa+i] = *pBuf++;
  }
}

void ReadPageBlock(unsigned char n, unsigned char *pBuf)
{
  unsigned i, pa;

  pa = SZ_BLOCK * (unsigned)n;
  for(i=0;i<SZ_BLOCK;i++)
  {
    *pBuf++ = pageBuf[pa+i];
  }
}

void WriteFlashPage(unsigned n)
{
  unsigned i;
  unsigned pa = SZ_PAGE * n;

  FLASH_PageErase(pa);
  for (i=0;i<SZ_PAGE;i++)
  {
    FLASH_ByteWrite(pa+i, pageBuf[i]);
  }
}

void ReadFlashPage(unsigned n)
{
  unsigned i;
  unsigned pa = SZ_PAGE * n;

  for (i=0;i<SZ_PAGE;i++)
  {
    pageBuf[i] = FLASH_ByteRead(pa+i);
  }
}



nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/main.c
 /** @file main.c
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 * @copyright
 * Copyright (c) 2005 Nordic Semiconductor. All Rights Reserved.
 *
 * The information contained herein is confidential property of Nordic Semiconductor. The use,
 * copying, transfer or disclosure of such information is prohibited except by express written
 * agreement with Nordic Semiconductor.
 * @endcopyright
 *
 * $Date: 3.03.06 10:52 $
 * $Revision: 60 $
 *
 */
//  Global defines & includes
#include <cygnal\c8051F320.h>
#include "include\defines.h"
#include "include\usb.h"
#include "include\fwupgrade.h"
#include "include\F320_FlashPrimitives.h"
#include "include\nRF_API.h"
#include "include\ADC.h"
#include "include\TestApp.h"
#include "include\LL_API.h"
#include "include\Protocol_API.h"

code const UINT FW  = FW_VERSION;                                     // Firmware version, const..

BYTE xdata RX_buffer[USB_RX_SIZE];                                    // Last packet received from host

BYTE xdata TX_buffer[USB_TX_SIZE];                                    // Next packet to sent to host

BYTE xdata TX_pload[TX_PLOAD_MAX_WIDTH];                              // TX payload buffer
BYTE xdata RX_pload[RX_PLOAD_MAX_WIDTH];                              // RX payload buffer

BYTE xdata Table_Ptr;                                                 // Pointer for Freq_table lookup
BYTE xdata Freq_table[FREQ_TABLE_SIZE] = {2,27,52,7,32,57,12,37,
                                         62,17,42,67,22,47,72,77};    // Freq Agility table, predefined

BYTE xdata Trans_Ctrl[TRANS_PARAMS];                                  // Transmission Control bytes
BYTE xdata Freq_agil[NUM_OF_PIPES];                                   // Freq Agility On/Off for pipe.n
BYTE xdata TX_Addr[TX_ADDR_WIDTH];                                    // TX address buffer
BYTE xdata RX_pload_length[NUM_OF_PIPES];                             // holds #of bytes for pipe 0..5
BYTE xdata TX_pload_width;                                            // TX payload width variable
BYTE xdata Freq_Agil_Status;                                          // Variable that holds status of frequency agility
BYTE xdata Freq_Agil_Pipe;

BYTE xdata Button_Mode = 0;
BYTE xdata Button;                                                    // Variable that holds button index for communication
BYTE xdata SW1_Released;

//Status bytes
BYTE USB_Rx_Comp = 0;                                                 // Indicates new USB frame received
BYTE SPI_Mode = 0;                                                    // Select between HW and SW SPI
BYTE Sweep_Mode = 0;                                                  // Sweep mode on/off
BYTE Com_Mode = 2;                                                    // Communication mode on/off
BYTE IRQ_Source = 0x00;                                               // Indicates IRQ source from nRF24L01
BYTE Sweep_Progress;
BYTE Test_Mode;
BYTE Agil_Timeout;
BYTE LinkStatus[2];                                                   // Link status array, status & channel
BYTE LinkStat,LastStat;
BYTE TX_Update;
BYTE RX_Timeout;
UINT Link_Loss_Delay;                                                 // Link Loss dalay variable
BYTE Link_Loss_Status;

BYTE RX_pipe;                                                         // store RX_FIFO pipe number
BYTE byte_ctr;

// Variables used for 'Sweep_Mode'
BYTE sw_low,sw_high,next_ch;
BYTE Sweep_Time_Ctr = 0;

BYTE Trans_Tmr,Trans_Tmr_Ctr = 0;                                     // Variables for trans timer comm mode
BYTE Timer_Mode;                                                      // Variable for timer mode
BYTE Try_Ctr;                                                         // Try Counter variable
BYTE Pipe_Length;                                                     // Current RX pipe length variable
UINT CPU_temp, RF_Vdd;
BYTE Led_Blink1,Led_Blink2,Led_Blink3,Led_Blink4;
BYTE T2_State;

//--------------------------------------------------------------------
// Main Routine
//--------------------------------------------------------------------
void main(void)
{
  CPU_Init();

  while (TRUE)
  {
#ifdef _TESTMODE_
    while (!USB_Rx_Comp)                                              // wait for USB command
    {
      if(!SW1) Test_TX();                                             // Goto TX mode
      if(!SW2) Test_RX();                                             // Goto RX mode
      if(USB_SW != 0x0f)                                              // Enable SW3 = CE if USB_ID <> 0.
      {
        if(!SW3)
        {
          CE_Pin(CE_HIGH);                                            // Hold CE high while SW3 is pressed.
        }
        else 
        {
          CE_Pin(CE_LOW);                                             // Hold CE low as long as SW3 is released.
        }
      }
    }
#else
    while(!USB_Rx_Comp)                                               // wait for USB command, and prosess other operations
    {
      if(IRQ_Source)                                                  // wait for nRF24L01 interrupt
      {
      EX0 = 0;                                                        // Disable External interrupt during prosessing
      if(T2_State)
        {
          ET2 = 0;                                                    // Disable T2 interrupt
          Stop_T2();                                                  // and stop timer2
        }
        switch(IRQ_Source)
        {
          case RX_DR:                                                 // RX Data received interrupt                                          
            do
            {
              RX_pipe = L01_Read_RX_Pload(RX_pload) >> 8;             // Read current payload
              if(Freq_Agil_Pipe == RX_pipe)                           // Packet received for "expected" pipe?
              {
                Blink_Led(LED1);                                      // _DEBUG_LED_ Led1 BLINK
                LinkStatus[LINK_STATUS] = LINK_ESTABLISH;             // Indicate "Link Loss"
                LinkStatus[LINK_CHANNEL] = L01_Get_Channel();         // Insert current channel
              
                LinkStat = LINK_ESTABLISH;                            // New LinkStat
                Agil_Timeout  = CLEARED;                              // Packet received, i.e. ok
                Trans_Tmr_Ctr = CLEAR;                                // Reset frequency agility timer
              }
              else
                Blink_Led(LED2);                                      // _DEBUG_LED_ Led2 BLINK if data of other pipe
            }
            while(!(L01_Get_FIFO() & RX_EMPTY));                      // ..until FIFO empty

            L01_Clear_IRQ(MASK_RX_DR_FLAG);                           // clear RX_DR flag
          break;
          
          case TX_DS:                                                 // TX Data sent interrupt
            Blink_Led(LED1);                                          // _DEBUG_LED_ Led1 BLINK
            LinkStat = LINK_ESTABLISH;                                // set LinkStat = LINK_ESTABLISH
            Trans_Tmr_Ctr = CLEAR;                                    // reset Transmitt Timer..

            L01_Clear_IRQ(MASK_TX_DS_FLAG);                           // Clear TX_DS flag
          break;

          case MAX_RT:
          {
            Blink_Led(LED3);                                          // _DEBUG_LED_ Led3 BLINK

            if(Freq_Agil_Status)                                      // running in freq_agil mode?
            {
              if(++Table_Ptr == FREQ_TABLE_SIZE)                      // Freq_table wrapping?
              {
                Blink_Led(LED4);                                      // _DEBUG_LED_ Led4 BLINK
                Table_Ptr = CLEAR;                                    // Reset Table_Ptr to first channel,
                if(Try_Ctr++ == 3)
                {
                  LinkStat = STOP;
                }
              }
              L01_Set_Channel(Freq_table[Table_Ptr]);                 // select new channel
            }
            
            Trans_Tmr_Ctr = CLEAR;                                    // reset Transmitt Timer..
            switch(LinkStat)
            {
              case LINK_ESTABLISH:                                    // max retransmitt, but had comm on last channel
                L01_Clear_IRQ(MASK_MAX_RT_FLAG);                      // clear MAX_RT flag (nRF24L01)
              
                LinkStat = LINK_LOSS;                                 // change LinkStat state to LINK_LOSS, wait for new timeout
              break;

              case LINK_LOSS:                                         // still not connected, run channel scan..
                L01_Clear_IRQ(MASK_MAX_RT_FLAG);                      // clear MAX_RT flag (nRF24L01)
                CE_Pin(CE_PULSE);                                     // retransmitt packet
              
                LinkStat = LINK_RELOST;                               // change LinkStat state to LINK_RELOST
              break;
            
              case LINK_RELOST:
                L01_Clear_IRQ(MASK_MAX_RT_FLAG);                      // clear MAX_RT flag (nRF24L01)
                CE_Pin(CE_PULSE);                                     // retransmitt packet
              
                LinkStat = LINK_RELOST;
              break;

              case STOP:
                L01_Clear_IRQ(MASK_MAX_RT_FLAG);                      // clear MAX_RT flag
                LinkStat = LINK_ESTABLISH;                            // stop retransmission
              break;
            }
          }
          break;

          default:                                                    // ..error handler
          
          break;
        }
        IRQ_Source = CLEAR;                                           // Clear IRQ flag

        if(T2_State)
          {
            Start_T2();
            ET2 = 1;                                                  // Enable T2 interrupt only if T2 in use          
          }

        EX0 = 1;                                                      // Enable external interrupt again..
      }
      
      Check_Button_TX();

    }


#endif
    Sweep_Mode = CLEAR;                                               // Terminate Sweep_Mode
    USB_Rx_Comp = CLEAR;
    switch(RX_buffer[CMD])                                            // USB command decoder
    {
      case CSN_STATE:                                                 // Set/Reset CSN(NSS) pin
        CSN_Pin(RX_buffer[ARG]);
        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case SPI_COMMAND:                                               // Writes a SPI byte
        TX_buffer[0] = SPI_RW(RX_buffer[ARG]);
        Block_Write(TX_buffer,1);
      break;

      case CE_BIT:                                                    // Set/Reset CE pin
        CE_Pin(RX_buffer[ARG]);
        
        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case FW_VER:                                                    // Return current FirmWare version
        TX_buffer[0] = (BYTE)(FW>>8);                                 // Get major FW_Ver
        TX_buffer[1] = (FW & 0xff);                                   // Get minor FW_Ver
        
        Block_Write(TX_buffer, 2);
      break;

      case READ_USB_ID:                                               // Return current USB_ID switch setting
        TX_buffer[0] = USB_ID;                                        // macro; defines.h
        Block_Write(TX_buffer,1);
      break;

      case WRITE_LEDS:                                                // Set/Reset LED...
        Write_Led(RX_buffer[ARG], RX_buffer[VALUE]);
        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case WR_FLASH_BLOCK:                                            // Writes 32 bytes of flash data to block 'n'
        WritePageBlock(RX_buffer[ARG], &RX_buffer[VALUE]);
        TX_buffer[0] = 0x00;
        Block_Write(TX_buffer,1);
      break;

      case RD_FLASH_BLOCK:                                            // Reads and return 32 bytes of flash block 'n'
        ReadPageBlock(RX_buffer[ARG], &TX_buffer[0]);
        Block_Write(TX_buffer, SZ_BLOCK);
      break;

      case WR_FLASH_PAGE:                                             // Writes the flash page n*256 buffer to flash
        if (RX_buffer[ARG] == 0)
          EA = 0;
        WriteFlashPage((unsigned)RX_buffer[ARG]);
        if (RX_buffer[ARG] == 0)
          EA = 1;

        TX_buffer[0] = 0x00;
        Block_Write(TX_buffer,1);
      break;

      case RD_FLASH_PAGE:                                             // Read the n*256 flash page to flash buffer
        ReadFlashPage((unsigned)RX_buffer[ARG]);
        TX_buffer[0] = 0x00;
        Block_Write(TX_buffer,1);
      break;

      case WD_RESET:                                                  // Use WatchDog reset to reset F320
        WD_Reset();
      break;

      case READ_LOCK_BYTE:                                            // Return Lock Byte
        TX_buffer[0] = FLASH_ByteRead(0x3dff);
        Block_Write(TX_buffer, 1);
      break;

      case SPI_SELECT:                                                // Select SPI Mode
        SPI_Init(RX_buffer[ARG]);
        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case ST_FR_SWEEP_TX:                                            // Start Frequency Sweep TX[sw_low..sw_high]
        sw_high = RX_buffer[1];
        sw_low  = RX_buffer[2];
        next_ch = sw_low;                                             // Init sweep low channel
        Sweep_Mode = 1;                                               // Sweep_Mode on.
        Sweep_Progress = 1;                                           // Indicates sweep in progress
        ET2 = 1;                                                      // Enable Timer2
        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case ST_FR_SWEEP_RX:                                            // Start Frequency Sweep RX[sw_low..sw_high]
        sw_high = RX_buffer[1];
        sw_low  = RX_buffer[2];
        next_ch = sw_low;                                             // init sweep low channel
        Sweep_Mode = 1;                                               // Sweep_Mode on.
        Sweep_Progress = 1;                                           // Indicates sweep in progress
        ET2 = 1;                                                      // Enable Timer2
        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case STOP_SWEEP:                                                // Stop current frequency sweep
        Sweep_Mode = 0;                                               // Terminate Sweep_Mode

        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case WR_TRANS_CTRL:                                             // Set TX control parameters
        Trans_Ctrl[0] = RX_buffer[ARG];
        Trans_Ctrl[1] = RX_buffer[VALUE];

        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case RD_TRANS_CTRL:                                             // Return TX control parameters
        TX_buffer[0] = Trans_Ctrl[0];
        TX_buffer[1] = Trans_Ctrl[1];
        Block_Write(TX_buffer,2);
      break;

      case WR_FREQ_AGIL:                                              // Set freq. agility parameters to pipe.n variabel
        Freq_agil[RX_buffer[ARG]] = RX_buffer[VALUE];

        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case RD_FREQ_AGIL:                                              // Return freq.agility parameters for pipe.n
        TX_buffer[0] = Freq_agil[RX_buffer[ARG]];
        Block_Write(TX_buffer,1);
      break;

      case WR_CH_TABLE:                                               // Write freq_table contents
        for(byte_ctr=0;byte_ctr<FREQ_TABLE_SIZE;byte_ctr++)
          Freq_table[byte_ctr] = RX_buffer[ARG + byte_ctr];

        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case RD_CH_TABLE:                                               // Read freq_table data
        for(byte_ctr=0;byte_ctr<FREQ_TABLE_SIZE;byte_ctr++)
          TX_buffer[byte_ctr] = Freq_table[byte_ctr];

        Block_Write(TX_buffer,FREQ_TABLE_SIZE);
      break;

      case WR_TX_PAYLOAD:                                             // Write TX payload data
        for(byte_ctr=0;byte_ctr<RX_buffer[ARG];byte_ctr++)
          TX_pload[byte_ctr] = RX_buffer[(byte_ctr+2)];               // Load TX payload into buffer
        TX_pload_width = RX_buffer[ARG];                              // Write TX_pload witdh

        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case READ_TX_PLOAD:                                             // Host read TX payload
        TX_buffer[0] = TX_pload_width;
        for(byte_ctr=0;byte_ctr < TX_pload_width;byte_ctr++)
          TX_buffer[byte_ctr+1] = TX_pload[byte_ctr];                 // Load TX_buffer with TX payload data

        Block_Write(TX_buffer, (TX_pload_width + 1));
      break;
      
      case WR_RX_PLOAD_LENGTH:                                        // Write RX payload length for pipe.n
        RX_pload_length[RX_buffer[ARG]] = RX_buffer[VALUE];
        
        TX_buffer[0] = 0;
        Block_Write(TX_buffer, 1);
      break;

      case RD_RX_PLOAD_LENGTH:                                        // Read RX payload length for pipe.n
        TX_buffer[0] = RX_pload_length[RX_buffer[ARG]];

        Block_Write(TX_buffer, 1);
      break;

      case START_COM_MODE:                                            // Start communication mode
        Com_Mode = RX_buffer[ARG];
        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);

        Start_Communication(Com_Mode);
      break;

      case READ_TEMP:                                                 // Read C8051F320 temperature
        CPU_temp = Read_Temperature();
        TX_buffer[0] = (CPU_temp >> 8);
        TX_buffer[1] = (CPU_temp & 0xff);
        Block_Write(TX_buffer,2);
      break;

      case READ_VOLT:                                                 // Read RF_Vdd voltage
        RF_Vdd = Read_RF_Vdd();
        TX_buffer[0] = (RF_Vdd >> 8);
        TX_buffer[1] = (RF_Vdd & 0xff);
        Block_Write(TX_buffer,2);
      break;

      case READ_RX_DATA:                                              // Read RX data
      break;

      case ENTER_TEST_MODE:                                           // Enter testmode
        Enter_Testmode(RX_buffer[ARG]);
        TX_buffer[0] = 0;
        Block_Write(TX_buffer,1);
      break;

      case WR_FREQ_AGILITY:                                           // Enable/ disable freq.agility
        Freq_Agil_Status = RX_buffer[ARG];

        TX_buffer[0] = 0;
        Block_Write(TX_buffer, 1);
      break;

      case RD_FREQ_AGILITY:                                           // Read freq.agility status (enabled or disabled)
        TX_buffer[0] = Freq_Agil_Status;
        Block_Write(TX_buffer, 1);
      break;

      case UPDATE_DEVICE:                                             // Command that indicates a new device update
//        Reset_L01();                                                  // Reset L01 before new update, NOT implemented
        TX_buffer[0] = 0;
        Block_Write(TX_buffer, 1);
      break;

      case STOP_COMM_MODE:                                            // Command received when "Stop Comm.. Mode" button pressed..
        IRQ_Source = CLEAR;
        ET2 = 0;                                                      // Disable T2 interrupt
        EX0 = 0;                                                      // Disable extern interrupt0, nRF24L01_IRQ
        CE_Pin(CE_LOW);                                               // CE low
        Led1 = Led2 = Led3 = Led4 = 1;                                // Clear all status Led's
        Com_Mode = 2;                                                 // Set Com_Mode = 2, idle
        
        TX_buffer[0] = 0;
        Block_Write(TX_buffer, 1);
      break;

      case RD_COMM_MODE_STAT:                                         // Return communication mode status
        TX_buffer[0] = Com_Mode;
        Block_Write(TX_buffer, 1);
      break;

      case RD_LINK_STATUS:                                            // Return Link Status to host
        TX_buffer[0] = LinkStatus[0];
        TX_buffer[1] = LinkStatus[1];
        LinkStatus[0] = LinkStatus[1] = 0;                            // Clear status after status read
        Block_Write(TX_buffer, 2);
      break;

      default:                                                        // Default switch() handler
      break;
    }

  }

}


/*********************************************
*
* Start_Communication
*
* Starts either RX or TX mode
*
*********************************************/

void Start_Communication(BYTE Com_Mode)
{
BYTE pipe, fr_ag_ena=0;
  CE_Pin(CE_LOW);                                                     // CE low before new transmission
  EX0 = 0;                                                            // Disble interrupt0 (nFR24L01 IRQ)
  ET2 = 0;                                                            // Disable timer2 interrupt
  T2_State = 0;
  Stop_T2();
  Try_Ctr = 0;                                                        // Reset Try Counter
  Table_Ptr = 0;                                                      // Reset freq_table pointer
  Link_Loss_Delay = 0;                                                // Reset Link_Loss_Delay.
  Led1=Led2=Led3=Led4=1;                                              // Clear status LED's _DEBUG_?

  L01_Flush_RX();                                                     // Init new device, so FLUSH RX & TX FIFO's
  L01_Flush_TX();
  L01_Clear_IRQ(MASK_IRQ_FLAGS);                                      // Clear interrupts
  IRQ_Source = CLEAR;
  LastStat = LinkStat = LINK_LOSS;                                    // Default LinkStat = LINK_LOSS.  

  if(Com_Mode == TX_MODE)                                             // TX MODE
  {
    LastStat = LinkStat = LINK_ESTABLISH;
    if(Button_Mode = (Trans_Ctrl[TRANS_SOURCE] == BUTTON))            // Button[0..2] selected for communication?
    {
      Timer_Mode = 0;                                                 // Timer mode comm disabled
      LinkStatus[LINK_STATUS] = LINK_ESTABLISH;
    }
    else                                                              // ..else timer selected for communication
    {            
      Button_Mode = 0;                                                // Timer mode enabled, i.e. button disabled
      if(Freq_Agil_Status)                                            // use freq table ONLY if in FAP mode
      {
        L01_Set_Channel(Freq_table[Table_Ptr]);                                   
      }
      Timer_Mode = 1;                                                 // Timer mode comm activated
      Trans_Tmr = Trans_Ctrl[TRANS_VALUE];                            // Init trans timer value
      Trans_Tmr_Ctr = CLEAR;                                          // and clear Transmission counter
      Start_T2();                                                     // Start timer2
      ET2 = 1;                                                        // Enable Timer2 interrupt
      T2_State = 1;                                                   // Indicate T2 running mode
    }
    
  }
  else                                                                // ..else RX mode
  {
    fr_ag_ena = 0;                                                    // init, freq_agil disabled

    for(pipe=0;pipe<6;pipe++)
      L01_WR_RX_PW_n(pipe,RX_pload_length[pipe]);                     // load pipe0..5 with payload width

    if(Freq_Agil_Status)
    {
      L01_Set_Channel(Freq_table[Table_Ptr]);                         // Set first RF channel, !! in Frequency Agility mode !!

      for(pipe=0;pipe<6;pipe++)                                       // Scan all pipes for frequency agility
      {
        if(Freq_agil[pipe])                                           // Check which pipe freq agil is enabled for
        {
          Trans_Tmr = Freq_agil[pipe];                                // Init freq.agil timer
          Freq_Agil_Pipe = pipe;                                      // Frequency agility enabled for pipe:"pipe"
          fr_ag_ena = 1;
        }
      }

      if(fr_ag_ena)                                                   // Init & start timer2 ONLY if freq agility is enabled
      {
        Trans_Tmr_Ctr = CLEAR;                                        // and clear Transmission counter
        Agil_Timeout = TIMEOUT;                                       // Default, no packet received..
        Start_T2();                                                   // Start timer2
        ET2 = 1;                                                      // Enable Timer2 interrupt
        T2_State = 1;
      }

    }

    CE_Pin(CE_HIGH);                                                  // CE high, ready for reception
  }
  EX0 = 1;                                                            // Enable nRF24L01 IRQ
}




nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/makefile
OBJS=Protocol_API.obj isr.obj adc.obj nrf_api.obj f320_flashprimitives.obj fwupgrade.obj ll_api.obj main.obj testapp.obj usb.obj
#OBJV=version.obj
all: nrf24l01fw-l.hex nrf24l01fw-h.hex

nrf24l01fw-l.m51: $(OBJS)
	bl51 fwupgrade.obj, protocol_API.obj, ll_api.obj, f320_flashprimitives.obj, isr.obj, adc.obj, nrf_api.obj,main.obj, testapp.obj, usb.obj, include\USBX_F320_1.LIB TO nrf24l01fw-l RS(256) PL(68) PW(78) XDATA(?XD?_USB_INIT?USB_API(0x07AF)) CO(200H)

nrf24l01fw-h.m51: $(OBJS)
	bl51 fwupgrade.obj, protocol_API.obj, ll_api.obj, f320_flashprimitives.obj, isr.obj, adc.obj, nrf_api.obj,main.obj, testapp.obj, usb.obj, include\USBX_F320_1.LIB TO nrf24l01fw-h RS(256) PL(68) PW(78) XDATA(?XD?_USB_INIT?USB_API(0x07AF)) CO(2000H)

nrf24l01fw-l.hex: nrf24l01fw-l.m51
	oh51 nrf24l01fw-l HEXFILE(nrf24l01fw-l.hex)

nrf24l01fw-h.hex: nrf24l01fw-h.m51
	oh51 nrf24l01fw-h HEXFILE(nrf24l01fw-h.hex)
	
#version.c: $(OBJS)
#	perl mkversion.pl version.c

.c.obj:
	C51 $< DB OE CD

clean:
	del *.obj
	del *.hex
	del *.lst
  del *.bak
  del *.err
  del *.m51
  del NRF24L01FW-L
  del NRF24L01FW-H

Cleanup:
  cleanup.bat



nRF24L01P/nRF24L01P-EK/Firmware/nRF24L01_Firmware/nRF_API.c
/** @file API.c
 *
 * @author Runar Kjellhaug
 *
 * @compiler This program has been tested with Keil C51 V7.50.
 *
 *
 * $Date: 20.02.06 14:16 $
 * $Revision: 21 $
 *
 */
#include <cygnal\c8051F320.h>
#include "include\nRF_API.h"
#include "include\LL_API.h"

//**********************************************************//

//**********************************************************//


// Declare HW/SW SPI Mode variable
extern BYTE SPI_Mode;


// Variable that indicates nRF24L01 interrupt source
extern BYTE IRQ_Source;
//********************************************************************************************************************//



//**********************************************************//
//
//  Function: SPI_RW
//
//  Description:
//  Writes one byte to nRF24L01, and return the byte read
//  from nRF24L01 during write, according to SPI protocol
//
//  In/Out parameters:
//  In: 'byte', current byte to be written
//  Out: 'SPI0DAT', HW SPI mode, 'byte' SW SPI mode,
//
//  Author: RSK   Date: 28.11.05
//**********************************************************//
BYTE SPI_RW(BYTE byte)
{
BYTE bit_ctr;
  if (SPI_Mode == HW_MODE)                        // Select HW or SW SPI..
  {
    return(SPI_HW(byte));                         // Perform HW SPI operation
  }
  else                                            // software SPI....
  {
    for(bit_ctr=0;bit_ctr<8;bit_ctr++)
    {
      MOSI_Pin(byte & 0x80);                      // output 'byte', MSB to MOSI
      byte = (byte << 1);                         // shift next bit into MSB..
      SCK_Pin(1);                                 // Set SCK high..
      byte |= MISO_Pin();                         // capture current MISO bit
      SCK_Pin(0);                                 // ..then set SCK low again
    }
    MOSI_Pin(0);                                  // MOSI pin low before return

    return(byte);                                 // return 'read' byte
  }
}


//**********************************************************//
//
//  Function: SPI_Read
//
//  Description:
//  Read one byte from nRF24L01 register, 'reg'
//
//
//  In/Out parameters:
//  In: reg, register to read
//  Out: return reg_val, register value.
//
//
//  Author: RSK   Date: 28.11.05
//**********************************************************//
BYTE SPI_Read(BYTE reg)
{
BYTE reg_val;

  CSN = 0;                                        // CSN low, initialize SPI communication...
  CSN_Pin(0);
  SPI_RW(reg);                                    // Select register to read from..
  reg_val = SPI_RW(0);                            // ..then read registervalue
  CSN_Pin(1);                                     // CSN high, terminate SPI communication

  return(reg_val);                                // return register value
}


//**********************************************************//
//
//  Function: SPI_RW_Reg
//
//  Description:
//  Writes value 'value' to register 'reg'
//
//
//  In/Out parameters:
//  In: 'reg' register to write value 'value' to.
//  Return status byte.
//
//  Author: RSK   Date: 28.11.05
//**********************************************************//
BYTE SPI_RW_Reg(BYTE reg, BYTE value)
{
BYTE status;

  CSN_Pin(0);                                     // CSN low, init SPI transaction
  status = SPI_RW(reg);                           // select register
  SPI_RW(value);                                  // ..and write value to it..
  CSN_Pin(1);                                     // CSN high again

  return(status);                                 // return nRF24L01 status byte
}


//**********************************************************//
//
//  Function: SPI_Write_Buf
//
//  Description:
//  Writes contents of buffer '*pBuf' to nRF24L01
//  Typically used to write TX payload, Rx/Tx address
//
//
//  In/Out parameters:
//  In: register 'reg' to write, buffer '*pBuf*' contains
//  data to be written and buffer size 'buf_size' is #of
//  bytes to be written
//  Out: return nRF24L01 status byte.
//
//  Author: RSK   Date: 28.11.05
//**********************************************************//
BYTE SPI_Write_Buf(BYTE reg, BYTE *pBuf, BYTE bytes)
{
BYTE status,byte_ctr;

  CSN_Pin(0);                                     // Set CSN low, init SPI tranaction
  status = SPI_RW(reg);                           // Select register to write to and read status byte

  for(byte_ctr=0; byte_ctr<bytes; byte_ctr++)     // then write all byte in buffer(*pBuf)
    SPI_RW(*pBuf++);

  CSN_Pin(1);                                     // Set CSN high again

  return(status);                                 // return nRF24L01 status byte
}


//**********************************************************//
//
//  Function: SPI_Read_Buf
//
//  Description:
//  Reads 'bytes' #of bytes from register 'reg'
//  Typically used to read RX payload, Rx/Tx address
//
//
//  In/Out parameters:
//  In: 'reg', register to read from, '*pBuf' are buffer
//  the read bytes are stored to and 'bytes' are #of bytes
//  to read.
//  Out: return nRF24L01 status byte.
//
//  Author: RSK   Date: 28.11.05
//**********************************************************//
BYTE SPI_Read_Buf(BYTE reg, BYTE *pBuf, BYTE bytes)
{
BYTE status,byte_ctr;

  CSN_Pin(0);                                     // Set CSN low, init SPI tranaction
  status = SPI_RW(reg);                           // Select register to write to and read status byte

  for(byte_ctr=0;byte_ctr<bytes;byte_ctr++)
    pBuf[byte_ctr] = SPI_RW(0);                   // Perform SPI_RW to read byte from nRF24L01

  CSN_Pin(1);                                     // Set CSN high again

  return(status);                                 // return nRF24L01 status byte
}

/*

//**********************************************************
//
//  nRF24L01 Program example
//
//  Description:
//  This example code is contains two functions,
//  'TX_Mode': program nRF24L01 to function as a PRIM:TX,
//  i.e. program TX_Address, RX_Address for auto ack,
//  TX Payload, setup of 'Auto Retransmit Delay' &
//  'Auto Retransmit Count', select RF channel,
//  Datarate & RF output power.
//
//  'RX_Mode': program nRF24L01 to function as a PRIM:RX,
//  i.e. ready to receive the packet that was sent with
//  the 'TX_Mode' function.
//
//
//  Author: RSK   Date: 28.11.05
//**********************************************************
#define TX_ADR_LENGTH   5                         // 5 bytes TX(RX) address width
#define TX_PLOAD_WIDTH  16                        // 16 bytes TX payload

// Predefine a static TX address
BYTE const TX_ADDRESS[TX_ADR_LENGTH]  = {0x34,0x43,0x10,0x10,0x01}; 
// Predefine TX payload packet..
BYTE const TX_PAYLOAD[TX_PLOAD_WIDTH] = {0x00,0x01,0x02,0x03,0x04,0x05,0x06,0x07,
                                         0x08,0x09,0x0a,0x0b,0x0c,0x0d,0x0e,0x0f};  

extern BYTE SPI_Buffer[32];                       // Buffer to hold data from 'SPI_Read_Buf()' function

//**********************************************************
//
//  Function: TX_Mode
//
//  Description:
//  This function initializes one nRF24L01 device to
//  TX mode, set TX address, set RX address for auto.ack,
//  fill TX payload, select RF channel, datarate & TX pwr.
//  PWR_UP is set, CRC(2 bytes) is enabled, & PRIM:TX.
//
//  ToDo: One high pulse(>10µs) on CE will now send this
//  packet and expext an acknowledgment from the RX device.
//
//
//  Author: RSK   Date: 28.11.05
//**********************************************************
void TX_Mode(void)
{
  SPI_Write_Buf(WRITE_REG + TX_ADDR, TX_ADDRESS, TX_ADR_LENGTH);    // Writes TX_Address to nRF24L01
  SPI_Write_Buf(WRITE_REG + RX_ADDR_P0, TX_ADDRESS, TX_ADR_LENGTH); // RX_Addr0 same as TX_Adr for Auto.Ack
  SPI_Write_Buf(WR_TX_PLOAD, TX_PAYLOAD, TX_PLOAD_WIDTH); // Writes data to TX payload

  SPI_RW_Reg(WRITE_REG + EN_AA, 0x01);            // Enable Auto.Ack:Pipe0
  SPI_RW_Reg(WRITE_REG + EN_RXADDR, 0x01);        // Enable Pipe0
  SPI_RW_Reg(WRITE_REG + SETUP_RETR, 0x1a);       // 500µs + 86µs, 10 retrans...
  SPI_RW_Reg(WRITE_REG + RF_CH, 40);              // Select RF channel 40
  SPI_RW_Reg(WRITE_REG + RF_SETUP, 0x0f);         // TX_PWR:0dBm, Datarate:2Mbps, LNA:HCURR
  SPI_RW_Reg(WRITE_REG + CONFIG, 0x0e);           // Set PWR_UP bit, enable CRC(2 bytes) & Prim:TX. MAX_RT & TX_DS enabled..

  //  This device is now ready to transmit one packet of 16 bytes payload to a RX device at address
  //  '3443101001', with auto acknowledgment, retransmit count of 10(retransmit delay of 500µs+86µs)
  //  RF channel 40, datarate = 2Mbps with TX power = 0dBm.
}


//**********************************************************
//
//  Function: RX_Mode
//
//  Description:
//  This function initializes one nRF24L01 device to
//  RX Mode, set RX address, writes RX payload width,
//  select RF channel, datarate & LNA HCURR.
//  After init, CE is toggled high, which means that
//  this device is now ready to receive a datapacket.
//
//  Author: RSK   Date: 28.11.05
//**********************************************************
void RX_Mode(void)
{
  SPI_Write_Buf(WRITE_REG + RX_ADDR_P0, TX_ADDRESS, TX_ADR_LENGTH); // Use the same address on the RX device as the TX device

  SPI_RW_Reg(WRITE_REG + EN_AA, 0x01);            // Enable Auto.Ack:Pipe0
  SPI_RW_Reg(WRITE_REG + EN_RXADDR, 0x01);        // Enable Pipe0
  SPI_RW_Reg(WRITE_REG + RF_CH, 40);              // Select RF channel 40
  SPI_RW_Reg(WRITE_REG + RX_PW_P0, TX_PLOAD_WIDTH); // Select same RX payload width as TX Payload width
  SPI_RW_Reg(WRITE_REG + RF_SETUP, 0x0f);         // TX_PWR:0dBm, Datarate:2Mbps, LNA:HCURR
  SPI_RW_Reg(WRITE_REG + CONFIG, 0x0f);           // Set PWR_UP bit, enable CRC(2 bytes) & Prim:RX. RX_DR enabled..

  CE = 1; // Set CE pin high to enable RX device

  //  This device is now ready to receive one packet of 16 bytes payload from a TX device sending to address
  //  '3443101001', with auto acknowledgment, retransmit count of 10, RF channel 40 and datarate = 2Mbps.

}

void nRF24L01_IRQ(void) interrupt EXT_INT0
{
BYTE temp,rx_pw;

  EA = 0; // disable global interrupt during processing
  temp = SPI_RW_Reg(WRITE_REG + STATUS, 0x70);    // Read STATUS byte and clear IRQ flag's(nRF24L01)

  if(temp & MAX_RT) IRQ_Source = MAX_RT;          // Indicates max #of retransmit interrupt
  if(temp & TX_DS)  IRQ_Source = TX_DS;           // Indicates TX data succsessfully sent

  if(temp & RX_DR)  // In RX mode, check for data received
  {
    // Data received, so find out which datapipe the data was received on:
    temp = (0x07 & (temp > 1)); // Shift bits in status byte one bit to LSB and mask 'Data Pipe Number'
    rx_pw = SPI_Read(READ_REG + RX_PW_P0 + temp); // Read current RX_PW_Pn register, where Pn is the pipe the data was received on..
    SPI_Read_Buf(RD_RX_PLOAD, SPI_Buffer, rx_pw); // Data from RX Payload register is now copied to SPI_Buffer[].

    IRQ_Source = RX_DR; // Indicates RX data received
  }
  EA = 1; // enable global interrupt again
}
*/
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Sheet1

		Part		Designator		Footprint		Description

		22pF		C1		0402		NPO, +/- 5%, 50V

		22pF		C2		0402		NPO, +/- 5%, 50V

		2.2nF		C3		0402		X7R, +/- 10%, 50V

		4.7pF		C4		0402		NPO, +/- 0.25 pF, 50V

		1.5pF		C5		0402		NPO, +/- 0.1 pF, 50V

		1.0pF		C6		0402		NPO, +/- 0.1 pF, 50V

		33nF		C7		0402		X7R, +/- 10%, 50V

		1nF		C8		0402		X7R, +/- 10%, 50V

		10nF		C9		0402		X7R, +/- 10%, 50V

		CON8		J1		2,54mm pitch

		8.2nH		L1		0402		chip inductor +/- 5%

		2.7nH		L2		0402		chip inductor +/- 5%

		3.9nH		L3		0402		chip inductor +/- 5%

		1M		R1		0402		+/-5% (or better)

		22K		R2		0402		+/- 1 %

		nRF24L01+		U1		QFN20L/5x5

		16MHz		X1		HC49		Total tolerence +/-60ppm, CL=12pF
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nRF24L01P/nRF24L01P-EK/Hardware/nRF24L01+_Radio_Module_PCB_Antanna/Gerbers + Drill/nRF24L01+_Radio_Module_PCBAnt.DRR
---------------------------------------------------------------------------
NC Drill File Report For :  E:\Backup\Protel\nRF24L01+\nRF24L01+_Radio_Module_PCB_Antanna\nRF24L01+_Radio_Module_PCBAnt.PCB   29-Oct-2007  13:34:39
---------------------------------------------------------------------------



Layer Pair : Top Layer to Bottom Layer
ASCII File : E:\Backup\Protel\nRF24L01+\nRF24L01+_Radio_Module_PCB_Antanna\nRF24L01+_Radio_Module_PCBAnt.TXT
EIA File   : E:\Backup\Protel\nRF24L01+\nRF24L01+_Radio_Module_PCB_Antanna\nRF24L01+_Radio_Module_PCBAnt.DRL

Tool         Hole Size          Hole Count Plated       Tool Travel
---------------------------------------------------------------------------
T1        16mil (0.4064mm)         34               4.54 Inch (115.23 mm)
T2        40mil (1.016mm)          9                1.39 Inch (35.32 mm)
---------------------------------------------------------------------------
Totals                             43               5.93 Inch (150.55 mm)

Total Processing Time : 00:00:00
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D39*
X276395Y118229D02*
D03*
X280136D02*
D03*
M02*




nRF24L01P/nRF24L01P-EK/Hardware/nRF24L01+_Radio_Module_PCB_Antanna/Gerbers + Drill/nRF24L01+_Radio_Module_PCBAnt.GTS
*%FSLAX24Y24*%
*%MOIN*%
G01*
%ADD11C,0.0010*%
%ADD12C,0.0030*%
%ADD13C,0.0050*%
%ADD14C,0.0060*%
%ADD15C,0.0073*%
%ADD16C,0.0080*%
%ADD17C,0.0100*%
%ADD18C,0.0120*%
%ADD19C,0.0200*%
%ADD20C,0.0250*%
%ADD21C,0.0300*%
%ADD22C,0.0320*%
%ADD23C,0.0400*%
%ADD24C,0.0500*%
%ADD25C,0.0560*%
%ADD26C,0.0620*%
%ADD27C,0.0700*%
%ADD28C,0.0800*%
%ADD29R,0.0098X0.0331*%
%ADD30R,0.0178X0.0411*%
%ADD31R,0.0200X0.0250*%
%ADD32R,0.0250X0.0200*%
%ADD33R,0.0280X0.0330*%
%ADD34R,0.0330X0.0280*%
%ADD35R,0.0331X0.0098*%
%ADD36R,0.0411X0.0178*%
%ADD37R,0.0620X0.0620*%
%ADD38R,0.0700X0.0700*%
%ADD39R,0.2165X0.0787*%
%ADD40R,0.2245X0.0867*%
D18*
X281773Y120684D02*
X281774D01*
D20*
X281744Y120694D02*
X283780Y122729D01*
X283784Y122729D02*
X286764Y122729D01*
Y117620D01*
Y117619D02*
X286281D01*
D22*
X275160Y117495D02*
D03*
X279120Y122210D02*
D03*
X277225Y122400D02*
D03*
X279860Y122780D02*
D03*
X278100D02*
D03*
X276400D02*
D03*
X278550Y117495D02*
D03*
X280380D02*
D03*
X276370D02*
D03*
X276310Y118940D02*
D03*
X274407Y122780D02*
D03*
X281200D02*
D03*
X274407Y117495D02*
D03*
X276700Y121570D02*
D03*
X278150Y118965D02*
D03*
X279015Y118950D02*
D03*
X278565Y118400D02*
D03*
X274407Y118480D02*
D03*
Y119765D02*
D03*
Y120735D02*
D03*
X278570Y120620D02*
D03*
X277935Y119350D02*
D03*
X278090Y120610D02*
D03*
X278580Y120210D02*
D03*
X277490Y121290D02*
D03*
X279305Y119450D02*
D03*
X280375Y119020D02*
D03*
X279000Y119710D02*
D03*
X281200Y119030D02*
D03*
Y119855D02*
D03*
X279485Y121400D02*
D03*
X281250Y121425D02*
D03*
X280300D02*
D03*
X278670Y122300D02*
D03*
D27*
X279695Y122230D02*
D03*
X275695D02*
D03*
X274695Y121230D02*
D03*
X275695D02*
D03*
X274695Y120230D02*
D03*
X275695D02*
D03*
X274695Y119230D02*
D03*
X275695D02*
D03*
D30*
X277867Y119767D02*
D03*
X278064D02*
D03*
X278261D02*
D03*
X278458D02*
D03*
X278655D02*
D03*
Y121256D02*
D03*
X278458D02*
D03*
X278261D02*
D03*
X278064D02*
D03*
X277867D02*
D03*
D33*
X279120Y121450D02*
D03*
Y121844D02*
D03*
X279850Y119810D02*
D03*
Y120204D02*
D03*
X279510Y120236D02*
D03*
Y120630D02*
D03*
X281280Y120665D02*
D03*
Y121059D02*
D03*
D34*
X280610Y119785D02*
D03*
X280216D02*
D03*
X278262Y121970D02*
D03*
X278655D02*
D03*
X278744Y119389D02*
D03*
X278350D02*
D03*
X280708Y117579D02*
D03*
X281102D02*
D03*
X275534Y117559D02*
D03*
X275928D02*
D03*
X280234Y120640D02*
D03*
X279840D02*
D03*
X278260Y121640D02*
D03*
X278654D02*
D03*
X277476D02*
D03*
X277870D02*
D03*
X280595Y119445D02*
D03*
X280201Y119445D02*
D03*
X280576Y120640D02*
D03*
X280970D02*
D03*
D36*
X277512Y120910D02*
D03*
Y120713D02*
D03*
Y120516D02*
D03*
Y120319D02*
D03*
Y120123D02*
D03*
X279010D02*
D03*
Y120319D02*
D03*
Y120516D02*
D03*
Y120713D02*
D03*
Y120910D02*
D03*
D38*
X274695Y122230D02*
D03*
D40*
X276395Y118229D02*
D03*
X280136D02*
D03*
M02*




nRF24L01P/nRF24L01P-EK/Hardware/nRF24L01+_Radio_Module_PCB_Antanna/Gerbers + Drill/nRF24L01+_Radio_Module_PCBAnt.TXT
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nRF24L01P/nRF24L01P-EK/Hardware/nRF24L01+_Radio_Module_PCB_Antanna/Pick and Place/nRF24L01+_Radio_Module_PCBAnt.PIK
Designator Pattern                Mid X         Mid Y         Ref X         Ref Y         Pad X         Pad Y TB      Rotation

Designator NordicSemi1        -27408mil     -12311mil       1126mil       -286mil     -27408mil     -12311mil  T         90.00
Designator PCB Antenne        -27408mil     -12311mil        974mil   -278.339mil     -27408mil     -12311mil  T        360.00
C2         0402s             682.511mil   -553.071mil    662.826mil   -553.071mil    662.826mil   -553.071mil  T        360.00
J1         IDC8                111.5mil       -238mil       61.5mil        -88mil       61.5mil        -88mil  T        270.00
U1         QFN20L/5x5        418.087mil    -259.87mil    351.158mil       -220mil    343.158mil       -220mil  T          0.00
C7         0402s             359.315mil       -147mil        379mil       -147mil        379mil       -147mil  T        180.00
C9         0402s             437.842mil       -114mil    418.157mil       -114mil    418.157mil       -114mil  T        360.00
C8         0402s             437.685mil       -147mil        418mil       -147mil        418mil       -147mil  T        360.00
R2         0402s                 504mil   -146.315mil        504mil       -166mil        504mil       -166mil  T         90.00
L1         0402s                 543mil   -267.685mil        543mil       -248mil        543mil       -248mil  T        270.00
L3         0402s             595.685mil       -247mil        576mil       -247mil        576mil       -247mil  T        360.00
C6         0402s                 720mil   -224.815mil        720mil     -244.5mil        720mil     -244.5mil  T         90.00
C5         0402s             669.315mil       -247mil        689mil       -247mil        689mil       -247mil  T        180.00
C4         0402s             631.815mil     -366.5mil      651.5mil     -366.5mil      651.5mil     -366.5mil  T        180.00
C3         0402s             633.315mil     -332.5mil        653mil     -332.5mil        653mil     -332.5mil  T        180.00
L2         0402s                 577mil   -310.315mil        577mil       -330mil        577mil       -330mil  T         90.00
R1         0402s             446.732mil   -372.071mil    427.047mil   -372.071mil    427.047mil   -372.071mil  T        360.00
X1         Crystal 2         418.555mil   -488.071mil    231.547mil   -488.071mil    231.547mil   -488.071mil  T        360.00
C1         0402s             165.083mil   -555.071mil    184.768mil   -555.071mil    184.768mil   -555.071mil  T        180.00





nRF24L01P/nRF24L01P-EK/Hardware/nRF24L01+_Radio_Module_PCB_Antanna/Placement/nRF24L01+_Radio_Module_PCB_Antenna_Placement.pdf






nRF24L01P/nRF24L01P-EK/Hardware/nRF24L01+_Radio_Module_PCB_Antanna/Schematics/nRF24L01+ Radio Module PCB Antenna.pdf
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nRF24L01P/nRF24L01P-EK/Hardware/nRF24L01+_Radio_Module_SMA/BOM/PCB_nRF24L01+_Module_SMAconnector.xls
Sheet1

		Part		Designator		Footprint		Description

		15pF		C1		0402		NPO, +/- 5%, 50V

		15pF		C2		0402		NPO, +/- 5%, 50V

		2.2nF		C3		0402		X7R, +/- 10%, 50V

		4.7pF		C4		0402		NPO, +/- 0.25 pF, 50V

		1.5pF		C5		0402		NPO, +/- 0.1 pF, 50V

		1.0pF		C6		0402		NPO, +/- 0.1 pF, 50V

		33nF		C7		0402		X7R, +/- 10%, 50V

		1nF		C8		0402		X7R, +/- 10%, 50V

		10nF		C9		0402		X7R, +/- 10%, 50V

		CON8		J1		2,54mm pitch

				J2		SMA

		8.2nH		L1		0402		chip inductor +/- 5%

		2.7nH		L2		0402		chip inductor +/- 5%

		3.9nH		L3		0402		chip inductor +/- 5%

		1M		R1		0402		+/-5% (or better)

		22K		R2		0402		+/- 1 %

		nRF24L01+		U1		QFN20L/5x5

		16MHz		X1		OFM		Total tolerence:+/-60ppm , CL=9pF
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PCB/Gerbers + Drill/PCB_nRF24L01_Module_SMAconnector.DRL





PCB/Gerbers + Drill/PCB_nRF24L01_Module_SMAconnector.DRR

---------------------------------------------------------------------------
NC Drill File Report For :  C:\Documents and Settings\jgs\Personal\Protel\nRF24L01\EV_Platform\Sparrow module\nRF24L01_Sparrow.PCB   22-Sep-2005  12:31:23
---------------------------------------------------------------------------



Layer Pair : Top Layer to Bottom Layer
ASCII File : C:\Documents and Settings\jgs\Personal\Protel\nRF24L01\EV_Platform\Sparrow module\nRF24L01_Sparrow.TXT
EIA File   : C:\Documents and Settings\jgs\Personal\Protel\nRF24L01\EV_Platform\Sparrow module\nRF24L01_Sparrow.DRL

Tool         Hole Size          Hole Count Plated       Tool Travel
---------------------------------------------------------------------------
T1        16mil (0.4064mm)         30               3.64 Inch (92.33 mm)
T2        20mil (0.508mm)          2                0.91 Inch (23.20 mm)
T3        40mil (1.016mm)          9                1.20 Inch (30.48 mm)
---------------------------------------------------------------------------
Totals                             41               5.75 Inch (146.01 mm)

Total Processing Time : 00:00:00







PCB/Gerbers + Drill/PCB_nRF24L01_Module_SMAconnector.GBL

*%FSLAX24Y24*%
*%MOIN*%
G01*
%ADD11C,0.0030*%
%ADD12C,0.0043*%
%ADD13C,0.0050*%
%ADD14C,0.0060*%
%ADD15C,0.0073*%
%ADD16C,0.0080*%
%ADD17C,0.0100*%
%ADD18C,0.0120*%
%ADD19C,0.0200*%
%ADD20C,0.0300*%
%ADD21C,0.0320*%
%ADD22C,0.0400*%
%ADD23C,0.0560*%
%ADD24C,0.0600*%
%ADD25C,0.0620*%
%ADD26C,0.0700*%
%ADD27C,0.0800*%
%ADD28R,0.0098X0.0331*%
%ADD29R,0.0178X0.0411*%
%ADD30R,0.0200X0.0250*%
%ADD31R,0.0250X0.0200*%
%ADD32R,0.0280X0.0330*%
%ADD33R,0.0330X0.0280*%
%ADD34R,0.0331X0.0098*%
%ADD35R,0.0411X0.0178*%
%ADD36R,0.0551X0.0453*%
%ADD37R,0.0620X0.0620*%
%ADD38R,0.0631X0.0533*%
%ADD39R,0.0700X0.0700*%
%ADD40R,0.2400X0.0800*%
%ADD41R,0.2480X0.0880*%
D16*
X275325Y118400D02*
X275407D01*
X275385Y118450D02*
X275325D01*
Y118200D02*
X275644D01*
X275541Y118250D02*
X275325D01*
Y118300D02*
X275480D01*
X275438Y118350D02*
X275325D01*
Y118500D02*
X275370D01*
X275362Y118550D02*
X275325D01*
Y118600D02*
X275360D01*
X275364Y118650D02*
X275325D01*
Y118700D02*
X275375D01*
X275393Y118750D02*
X275325D01*
Y118800D02*
X275418D01*
X275453Y118850D02*
X275325D01*
X275500Y118281D02*
Y118125D01*
X275400D02*
Y118413D01*
X275450Y118334D02*
Y118125D01*
X275600D02*
Y118217D01*
X275700Y118186D02*
Y118125D01*
X275550D02*
Y118244D01*
X275650Y118198D02*
Y118125D01*
X275502Y118900D02*
X275325D01*
Y118950D02*
X275574D01*
X275600Y118963D02*
Y119217D01*
X275650Y119198D02*
Y118982D01*
X275770Y119000D02*
X275325D01*
X275750Y118180D02*
Y118125D01*
X275700Y118994D02*
Y119186D01*
X275750Y119180D02*
Y119000D01*
X275407Y119400D02*
X275325D01*
Y119450D02*
X275385D01*
X275370Y119500D02*
X275325D01*
Y119200D02*
X275644D01*
X275541Y119250D02*
X275325D01*
Y119300D02*
X275480D01*
X275438Y119350D02*
X275325D01*
Y119550D02*
X275362D01*
X275360Y119600D02*
X275325D01*
Y119650D02*
X275364D01*
X275375Y119700D02*
X275325D01*
Y119750D02*
X275393D01*
X275418Y119800D02*
X275325D01*
Y119850D02*
X275453D01*
X275502Y119900D02*
X275325D01*
X275400Y119413D02*
Y118767D01*
X275325Y118183D02*
Y122055D01*
X275350D02*
Y118125D01*
X275500Y118899D02*
Y119281D01*
X275550Y119244D02*
Y118936D01*
X275400Y119767D02*
Y120413D01*
X275450Y119334D02*
Y118846D01*
X275574Y119950D02*
X275325D01*
X275550Y119936D02*
Y120244D01*
X275450Y120334D02*
Y119846D01*
X275500Y119899D02*
Y120281D01*
X275325Y120000D02*
X275770D01*
X275650Y119982D02*
Y120198D01*
X275600Y120217D02*
Y119963D01*
X275700Y119994D02*
Y120186D01*
X275800Y118181D02*
Y118125D01*
X275850D02*
Y118188D01*
X275900Y118201D02*
Y118125D01*
X275341Y118150D02*
X281304D01*
X281297Y118125D02*
X275348D01*
X275950D02*
Y118222D01*
X276000Y118251D02*
Y118125D01*
X275999Y118250D02*
X276541D01*
X276502Y118900D02*
X276038D01*
X275966Y118950D02*
X276574D01*
X276770Y119000D02*
X275770D01*
X275896Y118200D02*
X276644D01*
X275325Y119050D02*
X281320D01*
Y119100D02*
X275325D01*
X276050Y118290D02*
Y118125D01*
X276100D02*
Y118347D01*
X276150Y118436D02*
Y118125D01*
X276060Y118300D02*
X276480D01*
X276438Y118350D02*
X276102D01*
X276133Y118400D02*
X276407D01*
X276385Y118450D02*
X276155D01*
X276170Y118500D02*
X276370D01*
X276362Y118550D02*
X276178D01*
X276180Y118600D02*
X276360D01*
X276364Y118650D02*
X276176D01*
X276165Y118700D02*
X276375D01*
X276393Y118750D02*
X276147D01*
X276087Y118850D02*
X276453D01*
X276418Y118800D02*
X276122D01*
X275800Y118999D02*
Y119181D01*
X275850Y119188D02*
Y118992D01*
X275900Y118979D02*
Y119201D01*
X275325Y119150D02*
X281320D01*
X275950Y119222D02*
Y118958D01*
X276000Y118929D02*
Y119251D01*
X276050Y119290D02*
Y118890D01*
X276060Y119300D02*
X276480D01*
X275950Y119958D02*
Y120222D01*
X276000Y120251D02*
Y119929D01*
X275896Y119200D02*
X276644D01*
X276541Y119250D02*
X275999D01*
X275966Y119950D02*
X276574D01*
X276502Y119900D02*
X276038D01*
X276100Y119347D02*
Y118833D01*
X276150Y118744D02*
Y119436D01*
X276155Y119450D02*
X276385D01*
X276360Y119600D02*
X276180D01*
X276102Y119350D02*
X276438D01*
X276407Y119400D02*
X276133D01*
X276170Y119500D02*
X276370D01*
X276362Y119550D02*
X276178D01*
X276050Y119890D02*
Y120290D01*
X276176Y119650D02*
X276364D01*
X276100Y119833D02*
Y120347D01*
X276150Y120436D02*
Y119744D01*
X276165Y119700D02*
X276375D01*
X276393Y119750D02*
X276147D01*
X276087Y119850D02*
X276453D01*
X276418Y119800D02*
X276122D01*
X275407Y120400D02*
X275325D01*
Y120450D02*
X275385D01*
X275370Y120500D02*
X275325D01*
Y120200D02*
X275644D01*
X275541Y120250D02*
X275325D01*
Y120300D02*
X275480D01*
X275438Y120350D02*
X275325D01*
Y120550D02*
X275362D01*
X275360Y120600D02*
X275325D01*
Y120650D02*
X275364D01*
X275375Y120700D02*
X275325D01*
Y120750D02*
X275393D01*
X275418Y120800D02*
X275325D01*
Y120850D02*
X275453D01*
X275502Y120900D02*
X275325D01*
X275400Y120767D02*
Y121180D01*
X275450D02*
Y120846D01*
X275500Y120899D02*
Y121180D01*
X275750Y120180D02*
Y120000D01*
X275800Y119999D02*
Y120181D01*
X275574Y120950D02*
X275325D01*
X275850Y120188D02*
Y119992D01*
X275360Y121200D02*
X275325D01*
X275550Y121180D02*
Y120936D01*
X275600Y120963D02*
Y121180D01*
X275650D02*
Y120982D01*
X275770Y121000D02*
X275325D01*
X275700Y120994D02*
Y121180D01*
X275750D02*
Y121000D01*
X275800Y120999D02*
Y121180D01*
X275360Y121250D02*
X275325D01*
Y121300D02*
X275360D01*
Y121350D02*
X275325D01*
Y121400D02*
X275360D01*
Y121450D02*
X275325D01*
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G01*
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%ADD12C,0.0043*%
%ADD13C,0.0050*%
%ADD14C,0.0060*%
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%ADD39R,0.0700X0.0700*%
%ADD40R,0.2400X0.0800*%
%ADD41R,0.2480X0.0880*%
D14*
X278458Y118260D02*
X278458Y119330D01*
X278458Y118260D02*
X278458Y118259D01*
X278458Y118260D02*
X278458Y118260D01*
X278649Y119349D02*
X278810D01*
X278640Y118905D02*
X278655Y118890D01*
X278640Y118890D02*
X279711D01*
X278640Y118890D02*
Y119820D01*
Y118890D02*
X279190D01*
X278458Y119330D02*
X278330D01*
X278310Y119349D01*
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Y118125D01*
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X275325D01*
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Y118125D01*
X275650D02*
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Y118413D01*
X275325Y118250D02*
X275541D01*
X275450Y118334D02*
Y118125D01*
X275500D02*
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X275700Y118186D02*
Y118125D01*
X275750D02*
Y118180D01*
X275800Y118181D02*
Y118125D01*
X275850D02*
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X275900Y118201D02*
Y118125D01*
X275950D02*
Y118222D01*
X276000Y118251D02*
Y118125D01*
X276050D02*
Y118290D01*
X275407Y118400D02*
X275325D01*
Y118450D02*
X275385D01*
X275370Y118500D02*
X275325D01*
Y118550D02*
X275362D01*
X275360Y118600D02*
X275325D01*
Y118650D02*
X275364D01*
X275375Y118700D02*
X275325D01*
Y118750D02*
X275393D01*
X275325Y118300D02*
X275480D01*
X275438Y118350D02*
X275325D01*
X275999Y118250D02*
X276541D01*
X276480Y118300D02*
X276060D01*
X275418Y118800D02*
X275325D01*
Y118850D02*
X275453D01*
X275502Y118900D02*
X275325D01*
Y118950D02*
X275574D01*
X275750Y119000D02*
X275325D01*
X276100Y118347D02*
Y118125D01*
X276150D02*
Y118413D01*
X276200Y118410D02*
Y118125D01*
X276250D02*
Y118410D01*
X276178D02*
X276340D01*
X276300D02*
Y118125D01*
X276350D02*
Y118410D01*
X276500Y118281D02*
Y118125D01*
X276550D02*
Y118244D01*
X276600Y118217D02*
Y118125D01*
X276650D02*
Y118198D01*
X276438Y118350D02*
X276102D01*
X276133Y118400D02*
X276407D01*
X276400Y118413D02*
Y118125D01*
X276450D02*
Y118334D01*
X275500Y118899D02*
Y119281D01*
X275550Y119244D02*
Y118936D01*
X275600Y118963D02*
Y119217D01*
X275650Y119198D02*
Y118982D01*
X275325Y118125D02*
Y122055D01*
X275350D02*
Y118125D01*
X275400Y118767D02*
Y119413D01*
X275450Y119334D02*
Y118846D01*
X275325Y119050D02*
X275750D01*
Y119100D02*
X275325D01*
X275700Y119186D02*
Y118994D01*
X275750Y119150D02*
X275325D01*
Y119200D02*
X275644D01*
X275750Y119180D02*
Y119000D01*
Y119000D02*
Y119178D01*
X275407Y119400D02*
X275325D01*
Y119450D02*
X275385D01*
X275370Y119500D02*
X275325D01*
Y119550D02*
X275362D01*
X275360Y119600D02*
X275325D01*
Y119650D02*
X275364D01*
X275375Y119700D02*
X275325D01*
Y119750D02*
X275393D01*
X275400Y119767D02*
Y120413D01*
X275325Y119250D02*
X275541D01*
X275480Y119300D02*
X275325D01*
Y119350D02*
X275438D01*
X275418Y119800D02*
X275325D01*
Y119850D02*
X275453D01*
X275450Y119846D02*
Y120334D01*
X275502Y119900D02*
X275325D01*
X275500Y119899D02*
Y120281D01*
X276700Y118186D02*
Y118125D01*
X276644Y118200D02*
X275896D01*
X276750Y118180D02*
Y118125D01*
X276800D02*
Y118181D01*
X276850Y118188D02*
Y118125D01*
X276900D02*
Y118201D01*
X276950Y118222D02*
Y118125D01*
X277000D02*
Y118251D01*
X277279Y118125D02*
X275325D01*
Y118150D02*
X277279D01*
Y118200D02*
X276896D01*
X276999Y118250D02*
X277279D01*
X277050Y118290D02*
Y118125D01*
X277100D02*
Y118347D01*
X277150Y118436D02*
Y118125D01*
X277060Y118300D02*
X277279D01*
Y118350D02*
X277102D01*
X277133Y118400D02*
X277279D01*
Y118450D02*
X277155D01*
X277150Y118744D02*
Y118942D01*
X277100Y118892D02*
Y118833D01*
X277170Y118500D02*
X277279D01*
Y118700D02*
X277165D01*
X277178Y118550D02*
X277279D01*
Y118600D02*
X277180D01*
X277087Y118850D02*
X277279D01*
Y118900D02*
X277108D01*
X277147Y118750D02*
X277279D01*
Y118800D02*
X277122D01*
X277158Y118950D02*
X277635D01*
X278386Y118129D02*
X278458D01*
X278550Y118125D02*
Y118168D01*
X277200Y118125D02*
Y118992D01*
X277279Y118468D02*
Y118125D01*
X278600D02*
Y118434D01*
X278588Y118440D02*
X278588Y118261D01*
X278386Y118125D02*
X278814D01*
Y118150D02*
X278528D01*
X278573Y118200D02*
X278814D01*
Y118250D02*
X278587D01*
X278588Y118300D02*
X278814D01*
Y118350D02*
X278588D01*
X278650Y118425D02*
Y118125D01*
X278588Y118400D02*
X278814D01*
X277279Y118468D02*
Y118525D01*
Y118650D02*
X277176D01*
X277279Y118525D02*
Y118468D01*
Y118525D02*
Y118918D01*
X277208Y119000D02*
X277635D01*
Y118918D02*
X277279D01*
X278650Y118425D02*
X278750D01*
X277250Y118125D02*
Y119042D01*
X277074Y118866D02*
X277458Y119250D01*
X277300Y119092D02*
Y118918D01*
X277350D02*
Y119142D01*
X277400Y119192D02*
Y118918D01*
X277258Y119050D02*
X277635D01*
Y119100D02*
X277308D01*
X277358Y119150D02*
X277635D01*
Y119200D02*
X277408D01*
X277450Y119242D02*
Y118918D01*
X277458Y119250D02*
X277570D01*
X277500D02*
Y118918D01*
X277550D02*
Y119250D01*
X277570D02*
X277458D01*
X277570D02*
X277635D01*
X277600Y119253D02*
Y118918D01*
X277635D02*
Y119266D01*
X277700Y119286D02*
Y119322D01*
X277678Y119300D02*
X278125D01*
Y119286D02*
X277664D01*
X277750D02*
Y119372D01*
X277669Y119291D02*
X277880Y119502D01*
X277800Y119422D02*
Y119286D01*
X277850D02*
Y119472D01*
X277900Y119502D02*
Y119286D01*
X277950D02*
Y119502D01*
X277915D02*
X277880D01*
X277915D02*
X278016D01*
X278000D02*
Y119286D01*
X278016Y119502D02*
X277915D01*
X277728Y119350D02*
X278125D01*
Y119400D02*
X277778D01*
X278050Y119502D02*
Y119286D01*
X278125Y119450D02*
X277828D01*
X277878Y119500D02*
X278125D01*
X278112Y119502D02*
X278016D01*
X278100D02*
Y119286D01*
X278125D02*
Y119502D01*
X275574Y119950D02*
X275325D01*
Y120250D02*
X275541D01*
X275550Y120244D02*
Y119936D01*
X275480Y120300D02*
X275325D01*
Y120350D02*
X275438D01*
X275407Y120400D02*
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Y121100D01*
X281950D02*
Y120600D01*
X282000D02*
Y121100D01*
X282050D02*
Y120600D01*
X282100D02*
Y121100D01*
X282150D02*
Y120600D01*
X282200D02*
Y121100D01*
X281899Y120600D02*
X284050D01*
X281899D01*
X282250D02*
Y121100D01*
X282300D02*
Y120600D01*
X282350D02*
Y121100D01*
X282400D02*
Y120600D01*
X282450D02*
Y121100D01*
X282500D02*
Y120600D01*
X282550D02*
Y121100D01*
X281650D02*
Y120837D01*
X281750Y120749D02*
Y121100D01*
X281700D02*
Y120799D01*
X281850Y120649D02*
Y121100D01*
X281800D02*
Y120699D01*
X282600Y120600D02*
Y121100D01*
X282650D02*
Y120600D01*
X282700D02*
Y121100D01*
X281749Y120750D02*
X284050D01*
Y120800D02*
X281698D01*
X281849Y120650D02*
X284050D01*
Y120700D02*
X281799D01*
X282750Y120600D02*
Y121100D01*
X281623Y120850D02*
X284050D01*
X282800Y120600D02*
Y121100D01*
X282850D02*
Y120600D01*
X282900D02*
Y121100D01*
X281037Y121250D02*
X279320D01*
X281037D01*
X280900D02*
Y122055D01*
X280950D02*
Y121250D01*
X281000D02*
Y122055D01*
X281050D02*
Y121256D01*
X281100Y121269D02*
Y122055D01*
X281470Y121150D02*
X281605D01*
X281470Y121269D02*
X281070D01*
X281470D02*
Y120875D01*
Y121200D02*
X281605D01*
X281150Y121269D02*
Y122055D01*
X281200D02*
Y121269D01*
X281250D02*
Y122055D01*
X281300D02*
Y121269D01*
X281350D02*
Y122055D01*
X281605Y121300D02*
X279320D01*
Y121350D02*
X281605D01*
Y121400D02*
X279320D01*
Y121450D02*
X281605D01*
Y121500D02*
X279320D01*
Y121550D02*
X281605D01*
X281400Y121269D02*
Y122055D01*
X281460D02*
X279320D01*
Y121600D02*
X281605D01*
Y121650D02*
X279320D01*
Y121700D02*
X281605D01*
Y121750D02*
X279320D01*
Y121800D02*
X281605D01*
Y121850D02*
X279320D01*
Y121900D02*
X281605D01*
Y121950D02*
X279320D01*
Y122000D02*
X281605D01*
Y122050D02*
X279320D01*
X282950Y121100D02*
Y120600D01*
X283000D02*
Y121100D01*
X283050D02*
Y120600D01*
X283100D02*
Y121100D01*
X283150D02*
Y120600D01*
X283200D02*
Y121100D01*
X283250D02*
Y120600D01*
X283300D02*
Y121100D01*
X283350D02*
Y120600D01*
X283400D02*
Y121100D01*
X283450D02*
Y120600D01*
X283500D02*
Y121100D01*
X283550D02*
Y120600D01*
X283600D02*
Y121100D01*
X283650D02*
Y120600D01*
X283700D02*
Y121100D01*
X283750D02*
Y120600D01*
X281605Y121250D02*
X281470D01*
X281450Y121269D02*
Y122055D01*
X281500D02*
Y120870D01*
X281460Y122055D02*
X281605D01*
X281600D02*
Y120858D01*
X281550Y120869D02*
Y122055D01*
X281605D02*
Y121100D01*
X283800D02*
Y120600D01*
X283850D02*
Y121100D01*
X283900D02*
Y120600D01*
X283950D02*
Y121100D01*
X284050D02*
X281605D01*
X284050D01*
X284000D02*
Y120600D01*
X284050D02*
Y121100D01*
Y120600D01*
X276141Y118415D02*
G75*
G02*X275750Y119000I-371J175D01*
G74*
X276141Y118415D02*
G75*
G03*X276178Y118410I37J135D01*
G74*
X276340D02*
G75*
G03*X276396Y118422J140D01*
G74*
X275750Y119180D02*
G75*
G02*X275692Y119993I20J410D01*
G74*
X276396Y118422D02*
G75*
G03*X277180Y118590I374J168D01*
G03*X277074Y118866I-410D01*
G74*
X278458Y118129D02*
G75*
G03*X278588Y118259J130D01*
G02*X278458Y118129I-130D01*
G74*
X278588Y118440D02*
G75*
G03*X278650Y118425I62J125D01*
G74*
X277635Y119266D02*
G75*
G02*X277570Y119250I-65J124D01*
G03*X277635Y119266J140D01*
G03*X277664Y119286I-65J124D01*
G02*X277635Y119266I-94J104D01*
G74*
X275692Y119993D02*
G75*
G02*X275680Y120050I128J57D01*
G74*
X275683Y120189D02*
G75*
G02*X276133Y120781I87J401D01*
G74*
X276346Y122011D02*
G75*
G02*X276316Y122055I99J99D01*
G74*
X276550Y121140D02*
G75*
G03*X276451Y121099J-140D01*
G02*X276550Y121140I99J-99D01*
G74*
X276940D02*
G75*
G02*X277039Y121099J-140D01*
G03*X276940Y121140I-99J-99D01*
G74*
X277180Y121590D02*
G75*
G02*X276413Y121792I-410D01*
G02*X276362Y121900I89J108D01*
G74*
X277162Y121709D02*
G75*
G02*X277180Y121590I-392J-119D01*
G74*
X278750Y118425D02*
G75*
G03*X278814Y118441J140D01*
G74*
X279634Y119324D02*
G75*
G03*X279740Y119280I106J106D01*
G02*X279634Y119324J150D01*
G74*
X278849Y119821D02*
G75*
G02*X278804Y119791I-99J99D01*
G74*
X278949Y119921D02*
G75*
G03*X278982Y119973I-99J99D01*
G74*
X280586Y119970D02*
G75*
G03*X280590Y120005I-146J35D01*
G74*
X281330Y120010D02*
G75*
G03*X281460Y120135I5J125D01*
G74*
X281702Y120797D02*
G75*
G03*X281525Y120870I-177J-177D01*
G02*X281702Y120797J-250D01*
G74*
X281070Y121262D02*
G75*
G03*X281037Y121250I30J-137D01*
D17*
G74*
X278064Y119946D02*
X277800Y120210D01*
X278064Y119946D02*
Y119767D01*
X277800Y120800D02*
X277910Y120910D01*
X277800Y120800D02*
Y120210D01*
X278261Y121641D02*
X278262Y121642D01*
X278261Y121641D02*
Y121019D01*
X278370Y120910D01*
X277910D02*
X279010D01*
X278261Y121021D02*
X278150Y120910D01*
X278064Y121310D02*
Y121446D01*
X277870Y121640D01*
X278655Y121395D02*
Y121335D01*
Y121395D02*
X278690Y121430D01*
X279100D01*
X277512Y120713D02*
X276893D01*
X276770Y120590D01*
X277326Y120516D02*
X277512D01*
X277326D02*
X276960Y120150D01*
X276330D01*
X275770Y119590D01*
X277413Y120123D02*
X277512D01*
X277413D02*
X277200Y119910D01*
Y119420D01*
X276950Y119170D01*
X276350D01*
X275770Y118590D01*
X279840Y119795D02*
X280151D01*
X280191Y119755D02*
Y119430D01*
X279047Y120123D02*
X279010D01*
X279047D02*
X279740Y119430D01*
X280191D01*
X279401Y120516D02*
X279010D01*
X279401D02*
X279500Y120615D01*
X279402Y120319D02*
X279010D01*
X277479Y118693D02*
X277319D01*
X277479D02*
Y118878D01*
X277675Y118960D02*
X278010D01*
Y119246D01*
X278261Y119767D02*
Y119992D01*
X275770Y121220D02*
Y121590D01*
X275400D01*
X275770D02*
Y121960D01*
Y121590D02*
X276140D01*
X277758Y121256D02*
X277867D01*
X277476Y121640D02*
X277291D01*
X277476D02*
Y121480D01*
X278654Y121640D02*
X278839D01*
X278840Y121970D02*
X278655D01*
X278854Y118329D02*
X279190D01*
X279526D01*
X279711Y118325D02*
Y118510D01*
X279871D01*
X280585Y119270D02*
Y119430D01*
X280770D01*
X281645Y118600D02*
X282905D01*
Y119060D01*
X280785Y119770D02*
X280600D01*
Y119930D01*
X279010Y120713D02*
X278785D01*
X278960Y121844D02*
X279120D01*
X279280D01*
X282905Y121600D02*
Y121140D01*
Y121600D02*
X281645D01*
D19*
X276770D02*
Y121590D01*
Y121600D02*
X277140Y121970D01*
X278262D01*
Y121642D01*
X281255Y121380D02*
Y121090D01*
X281245Y120625D02*
X280960D01*
X280566D02*
X280224D01*
X279820Y120615D02*
X279500D01*
Y120221D02*
X279807D01*
X279840Y120189D01*
D20*
X281525Y120620D02*
X282015Y120130D01*
X281525Y120620D02*
X281300D01*
D21*
X280940Y119875D02*
D03*
X281450D02*
D03*
X281305Y121375D02*
D03*
X280250Y119070D02*
D03*
X281380Y119155D02*
D03*
X281855Y120900D02*
D03*
X279460Y121400D02*
D03*
X279305Y119450D02*
D03*
X278090Y120610D02*
D03*
X278580Y120210D02*
D03*
X279000Y119710D02*
D03*
X277500Y119120D02*
D03*
X277915Y119350D02*
D03*
X277490Y121290D02*
D03*
X275480Y121040D02*
D03*
X275530Y120070D02*
D03*
X275500Y119070D02*
D03*
X276250Y118260D02*
D03*
X279500Y121880D02*
D03*
X280125Y121900D02*
D03*
X278720Y118300D02*
D03*
X281295Y121890D02*
D03*
X280270Y118250D02*
D03*
X281380Y118300D02*
D03*
X276250Y121120D02*
D03*
X280135Y121400D02*
D03*
X283850Y120875D02*
D03*
X283880Y119350D02*
D03*
X278570Y120610D02*
D03*
X278885Y121860D02*
D03*
D25*
X276770Y121590D02*
D03*
X275770Y120590D02*
D03*
X276770D02*
D03*
X275770Y119590D02*
D03*
X276770D02*
D03*
X275770Y118590D02*
D03*
X276770D02*
D03*
X280770Y121590D02*
D03*
D28*
X277867Y119767D02*
D03*
X278064D02*
D03*
X278261D02*
D03*
X278458D02*
D03*
X278655D02*
D03*
Y121256D02*
D03*
X278458D02*
D03*
X278261D02*
D03*
X278064D02*
D03*
X277867D02*
D03*
D30*
X277479Y118693D02*
D03*
Y118300D02*
D03*
X279120Y121450D02*
D03*
Y121844D02*
D03*
X279840Y120189D02*
D03*
Y119795D02*
D03*
X279500Y120615D02*
D03*
Y120221D02*
D03*
X281270Y121044D02*
D03*
Y120650D02*
D03*
X279711Y118904D02*
D03*
Y118510D02*
D03*
D31*
X278262Y121970D02*
D03*
X278655D02*
D03*
X278744Y119389D02*
D03*
X278350D02*
D03*
X278260Y121640D02*
D03*
X278654D02*
D03*
X277476D02*
D03*
X277870D02*
D03*
X279830Y120625D02*
D03*
X280224D02*
D03*
X280960D02*
D03*
X280566D02*
D03*
X280191Y119430D02*
D03*
X280585Y119430D02*
D03*
X280206Y119770D02*
D03*
X280600D02*
D03*
D34*
X277512Y120910D02*
D03*
Y120713D02*
D03*
Y120516D02*
D03*
Y120319D02*
D03*
Y120123D02*
D03*
X279010D02*
D03*
Y120319D02*
D03*
Y120516D02*
D03*
Y120713D02*
D03*
Y120910D02*
D03*
D36*
X279190Y118960D02*
D03*
X278010Y118329D02*
D03*
X279190D02*
D03*
X278010Y118960D02*
D03*
D37*
X275770Y121590D02*
D03*
D40*
X282905Y120100D02*
D03*
Y118600D02*
D03*
Y121600D02*
D03*
M02*







PCB/Gerbers + Drill/PCB_nRF24L01_Module_SMAconnector.GTO

*%FSLAX24Y24*%
*%MOIN*%
G01*
%ADD11C,0.0030*%
%ADD12C,0.0043*%
%ADD13C,0.0050*%
%ADD14C,0.0060*%
%ADD15C,0.0073*%
%ADD16C,0.0080*%
%ADD17C,0.0100*%
%ADD18C,0.0120*%
%ADD19C,0.0200*%
%ADD20C,0.0300*%
%ADD21C,0.0320*%
%ADD22C,0.0400*%
%ADD23C,0.0560*%
%ADD24C,0.0600*%
%ADD25C,0.0620*%
%ADD26C,0.0700*%
%ADD27C,0.0800*%
%ADD28R,0.0098X0.0331*%
%ADD29R,0.0178X0.0411*%
%ADD30R,0.0200X0.0250*%
%ADD31R,0.0250X0.0200*%
%ADD32R,0.0280X0.0330*%
%ADD33R,0.0330X0.0280*%
%ADD34R,0.0331X0.0098*%
%ADD35R,0.0411X0.0178*%
%ADD36R,0.0551X0.0453*%
%ADD37R,0.0620X0.0620*%
%ADD38R,0.0631X0.0533*%
%ADD39R,0.0700X0.0700*%
%ADD40R,0.2400X0.0800*%
%ADD41R,0.2480X0.0880*%
D11*
X278136Y120279D02*
Y120446D01*
Y120279D02*
X278170Y120246D01*
X278236D01*
X278270Y120279D01*
Y120446D01*
X278336Y120246D02*
X278403D01*
X278369D01*
Y120446D01*
X278370D01*
X278369D02*
X278336Y120413D01*
X278350Y122052D02*
X278317Y122085D01*
X278250D01*
X278217Y122052D01*
Y121918D01*
X278250Y121885D01*
X278317D01*
X278350Y121918D01*
X278417D02*
X278450Y121885D01*
X278516D01*
X278550Y121918D01*
Y122052D01*
X278516Y122085D01*
X278450D01*
X278417Y122052D01*
Y122018D01*
X278450Y121985D01*
X278550D01*
X278482Y118751D02*
X278615Y118551D01*
X278482D02*
X278615Y118751D01*
X278682Y118551D02*
X278748D01*
X278715D01*
Y118751D01*
X278716D01*
X278715D02*
X278682Y118718D01*
X278415Y119244D02*
Y119444D01*
X278515D01*
X278549Y119411D01*
Y119344D01*
X278515Y119311D01*
X278415D01*
X278482D02*
X278549Y119244D01*
X278615D02*
X278682D01*
X278649D01*
Y119444D01*
X278650D01*
X278649D02*
X278615Y119411D01*
X279606Y118610D02*
X279639Y118644D01*
X279606Y118610D02*
Y118544D01*
X279639Y118510D01*
X279772D01*
X279806Y118544D01*
Y118610D01*
X279772Y118644D01*
X279806Y118710D02*
Y118844D01*
Y118710D02*
X279672Y118844D01*
X279639D01*
X279606Y118810D01*
Y118744D01*
X279639Y118710D01*
X277406Y118542D02*
X277373Y118508D01*
Y118442D01*
X277406Y118408D01*
X277540D01*
X277573Y118442D01*
Y118508D01*
X277540Y118542D01*
X277573Y118608D02*
Y118675D01*
Y118642D01*
X277373D01*
X277374D01*
X277373D02*
X277406Y118608D01*
X279027Y121479D02*
X279227D01*
X279027D02*
Y121579D01*
X279061Y121612D01*
X279127D01*
X279161Y121579D01*
Y121479D01*
Y121546D02*
X279227Y121612D01*
Y121679D02*
Y121812D01*
Y121679D02*
X279094Y121812D01*
X279061D01*
X279027Y121779D01*
Y121712D01*
X279061Y121679D01*
X278343Y121712D02*
X278310Y121745D01*
X278243D01*
X278210Y121712D01*
Y121578D01*
X278243Y121545D01*
X278310D01*
X278343Y121578D01*
X278410Y121712D02*
X278443Y121745D01*
X278510D01*
X278543Y121712D01*
Y121678D01*
X278510Y121645D01*
X278543Y121612D01*
Y121578D01*
X278510Y121545D01*
X278443D01*
X278410Y121578D01*
Y121612D01*
X278443Y121645D01*
X278410Y121678D01*
Y121712D01*
X278443Y121645D02*
X278510D01*
X277499Y121682D02*
X277466Y121715D01*
X277399D01*
X277366Y121682D01*
Y121548D01*
X277399Y121515D01*
X277466D01*
X277499Y121548D01*
X277566Y121715D02*
X277699D01*
Y121682D01*
X277566Y121548D01*
Y121515D01*
X276308Y120265D02*
X276242D01*
X276275D01*
Y120098D01*
X276242Y120065D01*
X276208D01*
X276175Y120098D01*
X276375Y120065D02*
X276442D01*
X276408D01*
Y120265D01*
X276409D01*
X276408D02*
X276375Y120231D01*
X279860Y120530D02*
Y120730D01*
Y120530D02*
X279993D01*
X280060Y120697D02*
X280093Y120730D01*
X280160D01*
X280193Y120697D01*
Y120663D01*
X280194D01*
X280193D02*
X280194D01*
X280193D02*
X280194D01*
X280193D02*
X280160Y120630D01*
X280127D01*
X280160D01*
X280193Y120597D01*
Y120563D01*
X280160Y120530D01*
X280093D01*
X280060Y120563D01*
X279932Y119817D02*
X279732D01*
X279932D02*
Y119950D01*
Y120017D02*
Y120150D01*
Y120017D02*
X279799Y120150D01*
X279766D01*
X279732Y120117D01*
Y120050D01*
X279766Y120017D01*
X279600Y120305D02*
X279400D01*
X279600D02*
Y120438D01*
Y120505D02*
Y120571D01*
Y120538D01*
X279400D01*
X279401D01*
X279400D02*
X279433Y120505D01*
X280695Y120705D02*
X280728Y120672D01*
X280695Y120705D02*
X280628D01*
X280595Y120672D01*
Y120538D01*
X280628Y120505D01*
X280695D01*
X280728Y120538D01*
X280795Y120705D02*
X280928D01*
X280795D02*
Y120605D01*
X280862Y120638D01*
X280895D01*
X280928Y120605D01*
Y120538D01*
X280895Y120505D01*
X280828D01*
X280795Y120538D01*
X280340Y119530D02*
X280373Y119497D01*
X280340Y119530D02*
X280273D01*
X280240Y119497D01*
Y119363D01*
X280273Y119330D01*
X280340D01*
X280373Y119363D01*
X280540Y119330D02*
Y119530D01*
X280440Y119430D01*
X280573D01*
X280365Y119834D02*
X280332Y119868D01*
X280265D01*
X280232Y119834D01*
Y119701D01*
X280265Y119668D01*
X280332D01*
X280365Y119701D01*
X280432Y119834D02*
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PCB/Gerbers + Drill/PCB_nRF24L01_Module_SMAconnector.GTP

*%FSLAX24Y24*%
*%MOIN*%
G01*
%ADD11C,0.0030*%
%ADD12C,0.0043*%
%ADD13C,0.0050*%
%ADD14C,0.0060*%
%ADD15C,0.0073*%
%ADD16C,0.0080*%
%ADD17C,0.0100*%
%ADD18C,0.0120*%
%ADD19C,0.0200*%
%ADD20C,0.0300*%
%ADD21C,0.0320*%
%ADD22C,0.0400*%
%ADD23C,0.0560*%
%ADD24C,0.0600*%
%ADD25C,0.0620*%
%ADD26C,0.0700*%
%ADD27C,0.0800*%
%ADD28R,0.0098X0.0331*%
%ADD29R,0.0178X0.0411*%
%ADD30R,0.0200X0.0250*%
%ADD31R,0.0250X0.0200*%
%ADD32R,0.0280X0.0330*%
%ADD33R,0.0330X0.0280*%
%ADD34R,0.0331X0.0098*%
%ADD35R,0.0411X0.0178*%
%ADD36R,0.0551X0.0453*%
%ADD37R,0.0620X0.0620*%
%ADD38R,0.0631X0.0533*%
%ADD39R,0.0700X0.0700*%
%ADD40R,0.2400X0.0800*%
%ADD41R,0.2480X0.0880*%
D28*
X277867Y119767D02*
D03*
X278064D02*
D03*
X278261D02*
D03*
X278458D02*
D03*
X278655D02*
D03*
Y121256D02*
D03*
X278458D02*
D03*
X278261D02*
D03*
X278064D02*
D03*
X277867D02*
D03*
D30*
X277479Y118693D02*
D03*
Y118300D02*
D03*
X279120Y121450D02*
D03*
Y121844D02*
D03*
X279840Y120189D02*
D03*
Y119795D02*
D03*
X279500Y120615D02*
D03*
Y120221D02*
D03*
X281270Y121044D02*
D03*
Y120650D02*
D03*
X279711Y118904D02*
D03*
Y118510D02*
D03*
D31*
X278262Y121970D02*
D03*
X278655D02*
D03*
X278744Y119389D02*
D03*
X278350D02*
D03*
X278260Y121640D02*
D03*
X278654D02*
D03*
X277476D02*
D03*
X277870D02*
D03*
X279830Y120625D02*
D03*
X280224D02*
D03*
X280960D02*
D03*
X280566D02*
D03*
X280191Y119430D02*
D03*
X280585Y119430D02*
D03*
X280206Y119770D02*
D03*
X280600D02*
D03*
D34*
X277512Y120910D02*
D03*
Y120713D02*
D03*
Y120516D02*
D03*
Y120319D02*
D03*
Y120123D02*
D03*
X279010D02*
D03*
Y120319D02*
D03*
Y120516D02*
D03*
Y120713D02*
D03*
Y120910D02*
D03*
D36*
X279190Y118960D02*
D03*
X278010Y118329D02*
D03*
X279190D02*
D03*
X278010Y118960D02*
D03*
D40*
X282905Y120100D02*
D03*
M02*







PCB/Gerbers + Drill/PCB_nRF24L01_Module_SMAconnector.GTS

*%FSLAX24Y24*%
*%MOIN*%
G01*
%ADD11C,0.0030*%
%ADD12C,0.0043*%
%ADD13C,0.0050*%
%ADD14C,0.0060*%
%ADD15C,0.0073*%
%ADD16C,0.0080*%
%ADD17C,0.0100*%
%ADD18C,0.0120*%
%ADD19C,0.0200*%
%ADD20C,0.0300*%
%ADD21C,0.0320*%
%ADD22C,0.0400*%
%ADD23C,0.0560*%
%ADD24C,0.0600*%
%ADD25C,0.0620*%
%ADD26C,0.0700*%
%ADD27C,0.0800*%
%ADD28R,0.0098X0.0331*%
%ADD29R,0.0178X0.0411*%
%ADD30R,0.0200X0.0250*%
%ADD31R,0.0250X0.0200*%
%ADD32R,0.0280X0.0330*%
%ADD33R,0.0330X0.0280*%
%ADD34R,0.0331X0.0098*%
%ADD35R,0.0411X0.0178*%
%ADD36R,0.0551X0.0453*%
%ADD37R,0.0620X0.0620*%
%ADD38R,0.0631X0.0533*%
%ADD39R,0.0700X0.0700*%
%ADD40R,0.2400X0.0800*%
%ADD41R,0.2480X0.0880*%
D22*
X280940Y119875D02*
D03*
X281450D02*
D03*
X281305Y121375D02*
D03*
X280250Y119070D02*
D03*
X281380Y119155D02*
D03*
X281855Y120900D02*
D03*
X279460Y121400D02*
D03*
X279305Y119450D02*
D03*
X278090Y120610D02*
D03*
X278580Y120210D02*
D03*
X279000Y119710D02*
D03*
X277500Y119120D02*
D03*
X277915Y119350D02*
D03*
X277490Y121290D02*
D03*
X275480Y121040D02*
D03*
X275530Y120070D02*
D03*
X275500Y119070D02*
D03*
X276250Y118260D02*
D03*
X279500Y121880D02*
D03*
X280125Y121900D02*
D03*
X278720Y118300D02*
D03*
X281295Y121890D02*
D03*
X280270Y118250D02*
D03*
X281380Y118300D02*
D03*
X276250Y121120D02*
D03*
X280135Y121400D02*
D03*
X283850Y120875D02*
D03*
X283880Y119350D02*
D03*
X278570Y120610D02*
D03*
X278885Y121860D02*
D03*
D26*
X276770Y121590D02*
D03*
X275770Y120590D02*
D03*
X276770D02*
D03*
X275770Y119590D02*
D03*
X276770D02*
D03*
X275770Y118590D02*
D03*
X276770D02*
D03*
X280770Y121590D02*
D03*
D29*
X277867Y119767D02*
D03*
X278064D02*
D03*
X278261D02*
D03*
X278458D02*
D03*
X278655D02*
D03*
Y121256D02*
D03*
X278458D02*
D03*
X278261D02*
D03*
X278064D02*
D03*
X277867D02*
D03*
D32*
X277479Y118693D02*
D03*
Y118300D02*
D03*
X279120Y121450D02*
D03*
Y121844D02*
D03*
X279840Y120189D02*
D03*
Y119795D02*
D03*
X279500Y120615D02*
D03*
Y120221D02*
D03*
X281270Y121044D02*
D03*
Y120650D02*
D03*
X279711Y118904D02*
D03*
Y118510D02*
D03*
D33*
X278262Y121970D02*
D03*
X278655D02*
D03*
X278744Y119389D02*
D03*
X278350D02*
D03*
X278260Y121640D02*
D03*
X278654D02*
D03*
X277476D02*
D03*
X277870D02*
D03*
X279830Y120625D02*
D03*
X280224D02*
D03*
X280960D02*
D03*
X280566D02*
D03*
X280191Y119430D02*
D03*
X280585Y119430D02*
D03*
X280206Y119770D02*
D03*
X280600D02*
D03*
D35*
X277512Y120910D02*
D03*
Y120713D02*
D03*
Y120516D02*
D03*
Y120319D02*
D03*
Y120123D02*
D03*
X279010D02*
D03*
Y120319D02*
D03*
Y120516D02*
D03*
Y120713D02*
D03*
Y120910D02*
D03*
D38*
X279190Y118960D02*
D03*
X278010Y118329D02*
D03*
X279190D02*
D03*
X278010Y118960D02*
D03*
D39*
X275770Y121590D02*
D03*
D41*
X282905Y118600D02*
D03*
Y121600D02*
D03*
Y120100D02*
D03*
M02*







PCB/Gerbers + Drill/PCB_nRF24L01_Module_SMAconnector.TXT
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PCB/Pick and Place/PCB_nRF24L01_Module_SMAconnector.PIK

Designator Pattern                Mid X         Mid Y         Ref X         Ref Y         Pad X         Pad Y TB      Rotation

J2         SMA_H               613.5mil       -149mil      613.5mil       -149mil      613.5mil       -149mil  T        270.00
C2         0402s             294.071mil   -288.268mil    294.071mil   -307.953mil    294.071mil   -307.953mil  T         90.00
J1         IDC8                  -50mil       -150mil       -100mil          0mil       -100mil          0mil  T        270.00
U1         QFN20L/5x5        149.087mil    -107.87mil     82.158mil        -68mil     74.158mil        -68mil  T          0.00
C7         0402s              90.315mil          5mil        110mil          5mil        110mil          5mil  T        180.00
C9         0402s             168.842mil         38mil    149.157mil         38mil    149.157mil         38mil  T        360.00
C8         0402s             168.685mil          5mil        149mil          5mil        149mil          5mil  T        360.00
R2         0402s                 235mil      5.685mil        235mil        -14mil        235mil        -14mil  T         90.00
L1         0402s                 273mil   -117.185mil        273mil      -97.5mil        273mil      -97.5mil  T        270.00
L3         0402s             325.685mil      -96.5mil        306mil      -96.5mil        306mil      -96.5mil  T        360.00
C6         0402s                 450mil    -74.315mil        450mil        -94mil        450mil        -94mil  T         90.00
C5         0402s             399.315mil      -96.5mil        419mil      -96.5mil        419mil      -96.5mil  T        180.00
C4         0402s             361.815mil       -216mil      381.5mil       -216mil      381.5mil       -216mil  T        180.00
C3         0402s             363.315mil       -182mil        383mil       -182mil        383mil       -182mil  T        180.00
L2         0402s                 307mil   -159.815mil        307mil     -179.5mil        307mil     -179.5mil  T         90.00
R1         0402s             177.732mil   -220.071mil    158.047mil   -220.071mil    158.047mil   -220.071mil  T        360.00
X1         BT-XTAL           183.024mil   -294.536mil    124.047mil   -326.071mil    124.047mil   -326.071mil  T        360.00
C1         0402s              70.929mil   -309.362mil     70.929mil   -329.047mil     70.929mil   -329.047mil  T         90.00








PCB/Placement/PCB_nRF24L01_Module_SMAconnector_Placement.pdf











PCB/readme.txt

This PCB is exactly the same as the PCB for the "nRF24L01 Radio Module SMA."







nRF24L01P/nRF24L01P-EK/Hardware/nRF24L01+_Radio_Module_SMA/Schematics/nRF24L01+ Radio Module SMA.pdf
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nRF24L01P/nRF24L01P-EK/Hardware/nRF24L01+_Radio_Module_SMA/readme.txt
Content of production file folders:

The folders contain:
/BOM/
	Bill of material file (*.xls)

PCB.zip
	Production files for PCB. These files are exactly the same as the "nRF24L01 Radio Module SMA" used in the nRF24L01 Development kit. Please reuse PCB if the nRF24L01 Development kit has been produced earlier.
		
/Schematics/
	Schematics file (*.pdf)




nRF24L01P/nRF24L01P-EK/Readme.txt
This readme file describes the content of the archive file "nRF24L01P-EK.zip"

Folder "Documents" contains all available documents related to the nRF24L01+ Evaluation Kit
Folder "Firmware" contains the source code for the firmware that runs on the MCU in the nRF24L01+ Evaluation kit.
Folder "Software" contains the setup file for the Windows XP compatible program "nRF24L01+ Evaluation and Configuration"
Folder "Hardware" contains the gerber files for the RF modules that comes with the nRF24L01+ Evaluation kit


