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nRF24L01+ TEST SETUP

INTRODUCTION

This document describes the different tests that can be done with the nRF24L.01+ 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 nRF24L.01+
EVSYSTEM with the nRF24L.01+ REFMOD with SMA connector and a spectrum analyzer
are needed.

Connect the equipment as shown in Figure 1.

Figure 1: Test setup for output power measurement
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nRF241L01+ TEST SETUP ’

Enter the “Test Mode” window in the nRF24L01+EC software and apply the following

settings:
e Set the RF frequency to the frequency to be measured.
e Set 0dBm RF Power
e Check “Power Up”
e Check “CE”
e Check “Tx Mode”
e Check “Carrier”

™ nRF24L01 + Evaluation & Configuration - Test Mode Device 0 o ] |

— Configurationz
¥ Power Up [~ CE [~ TuMode
% ™ Carier
Canfigl
RF Power: RF Frequency:
o = dBm [2402 = MHz [ | NaHCURR
—Frequency Sweep
Start Frequency:
I24DD 3: Start Sweep |
End Frequency:
I248IZI 3:
— 5Pl Mode
Mew Config Save Config [rel Config | ' Hardware 5P £ Software 5P

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 nRF24L.01+ EVSYSTEM Basic Feature Board with an
ampere meter, it is possible to measure the current drawn by the nRF24L.01+ REFMOD in
any operating mode. Select operating mode in the nRF24LO1+EC Test mode window.

RANGE TEST

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

x

[~ Prim T

[~ Frequency Agility

—LChannel T able

I 2 I 27 I A2 I 7 [+ | Set this pipe & master
CHO CH1 CHz CH3

I 32 I 57 I 12 I a7 Tirme before channel change if not heard
CH4 CHS CHE CH7 frarm transmitier:
| 62 | 17 | 42 | &7 s

CHE  CH3  CHID  CHN
| 22 | &% |72 |7
CH1Z  CH13  CH14  CHIS

Pipe 0 | Pipe 1]

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”.

[ rF Parameters (USB 0) x|

RF Power:

0 ~ dBm ¥ LM& HCURR

5P| tiode

e Hardware
RF Frequency:

£ Software 440 -

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.

x

¥ Enable Pipe

¥ Enable auto acknowledgemsnt

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.

™ ShockBurst (USE 0) X

{ | Pipe 1| Pipe 2| Pipe 3| Pipe 4| Pipe5 |

—Address CRC

¥ | Eriab * & hi
Width IG IEIEIEIEIE W Enatle Ik
4 3 2 1 0

1 hits

— Pavload

Lenigth: |1 G 5:

Figure 7: “Shockburst”, RX device
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Finally, press the “Start Communication Mode” button, Figure 8, and the RX device is ready
to receive data from the TX device.

ﬂgnRFZ-#LDH Evaluation & Configuration - Comvm Mode (USE 1) - |EI|5|
— Configurations

@ Applicatiar

ConfigD
LLink Ergine
ShockBurst

FF Farametens
Stop Communication Mode
Events: [ lanore E verts
MHew Config Save Config | Del Caonfig |
Figure 8: RX device started
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TX DEVICE SETUP

ﬂgnRFE-#Ll]H Evaluation & Configuration
File Tools Help

Yaltage

|2,5 W Update |

Test Mode

Communication
Mode

=101 %]

USED |

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.

M application (USE 1) x|
¥ Prim T & Timer 10 = ms
[~ Frequency Agility " Button 1
—LChannel T able
| 2 | & |85 | 7
CHO CH1 CHZ CH3
| 2 | &% |12 | 37
CH4 CH5 CHE CHY
| 62 | 17 | 42 | &7
CHE CH3 CH10 CH11
| 22 | &% |72 |7
CH12 CH13 CH14 CH15
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.

¥ rF parameters (USB 1) x|

RF Pawer:

0 = dBm ¥ LMA HCURR

5P| Mode

% Hardware
RF Frequency:

" Software 440 :

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.

x

¥ | Enable Pipe

¥ Enable auto acknowledgemsnt

Auto restransmit count 3

Auto re-tranzmit delay 250 = WIE:

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.

ﬂgjﬁhuckﬂurst {USE 1) x|

—Address CRC

I¥# | Eniatil {* 8 hbit
wah F=] [e7[e7[e7[e7[e7 o )
4 3 2 1 0

" 1E bits
—Payload
Length: I'IE 3: £ Shing + Bytes
Fayload:

[ [ [0 % [ [ [ 8 [ [0 [ [ oc
mrrrrrrrrrr

I_I_I_I_I_I_I_I_I_I_

Figure 13: “Shockburst”, TX device
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Press the “Start Communication Mode” for “USB 17, and the TX device will start, Figure 14.

nRF241L01+ TEST SETUP

Eg]nRFZ-iLDH Evaluation & Configuration - Comn Mode {USB 1) ) ] |
— Configurations
% Lpplication
Canfigd
Lirik Engine
ShockBurst
EFE Farameters
Stop Communication Mode
Mew Config Save Config | Del Config |

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.

e On the RX device, when LED 2 stops blinking, the range limit has been reached.
e 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 nRF24L.01+ REFMOD with PCB antenna is more than 10 meters.
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PROTOCOL TEST

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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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.

nRF241L01+ TEST SETUP

RX DEVICE SETUP FOR FREQUENCY AGILITY MODE

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.

x

[~ Prim T

¥ Frequency Agility

—Channel T able
I o I 27 I 52 | 7 [V Set this pipe as master
CHO CH1 CHZ CH3
I 32 I a7 I 12 I a7 Time before channel change if not heard
CH4 CHS CHE CH7 frarn transmitter:
| 62 | 17 | 42 | &7 =
CHE CHY CH10  CH11
| 2 | &7 |72 |77

CH12 CH13  CH14  CH15

Pipe 0 | Pipe 1]

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.

x

nRF241L01+ TEST SETUP

¥ Enable Pipe

¥ | Enable auta acknowledgement

0 Pipe 1] Pipe 2| Pipe 3| Pipe 4| Pipe 5|

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.

¥ shockBurst {USB 0) X

| Pipe 1| Fip= 2| Fipe 3| Pipe 4| Pipe 5|

—Address CRC

¥ Enatl {* Bhi
4 3 2 1 D

18 hits

—Pavload

Lenath: I'I G 3:

Figure 18: "Shockburst", RX device, Pipe 0, FAP mode
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—Address

4 3 2 1 0

8 ShockBurst {USE D)

CRLC
¥ | Enatle = & bits

£ 16 kit

3

—Pavload

Lenath: I'I G 3:

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 E7ETETETET 16 bytes 8 bits
1 Same as the c2C2C2C2C2 16 bytes Same as the
master pipe 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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ﬂgnRFZ-#LDH Evaluation & Configuration - Comvm Mode (USE 1) - |EI|5|
— Configurations

@ Applicatiar
ConfigD

LLink Ergine

ShockBurst

FF Farametens
Stop Communication Mode
Events: [ lanore E verts
MHew Config Save Config | Del Caonfig |

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 17 device and press the
“Communication Mode” button and enter the “Application”.

M nrF24L01+ Evaluation & Configuration =) x|

File Tools Help

Yaltage

|2,5 W Update |

Test Mode

Communication
Mode

USED |

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 5Sms.

8 application {(USB 1) x|
V¥ Prirn T & Timer a o ms
¥ Frequency Sgility £ Button 1

— Channel Table
| 2 | @ |8 | 7
CHO CH1 CHZ CH3

CH4 CHE CHE CH?

| 62 | 17 | 42 | &7
CHE  CH3  CHID CHTI
| 2z | &7 |72 |77

CH12 CH12  CH14  CH1&

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:

e The RX device will always wait exactly 8ms from last data reception, until the
frequency-agility-timer times out, and it changes channel.

e The TX device which runs FAP tries to send a data packet every Sms, 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:

L] TTX < TRX - (N + 1) ® firans

o N =number _of _retrans _allowed (ARC)

®  tuans = Startup _time + time _on _ air + retrans _ delay(ARD)
1
® time_on_air = EMS e (preamble + address + flag _ bits + payload + CRC)
For this example these parameter are set;

Trx N startup_time | time_on_air | retrans_delay
8ms 3 130 ps 96.5 us 250 us+86 us

Table 2: Parameters for Trx calculation

With these parameters, the TX transmission time will be:
Trx < 8ms — 4%562.5us
Trx< 5.75ms

Since the timer values has a resolution of 1ms, we set this to Sms 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.

x

¥ Enatile Fipe

¥ | Enable auta acknowledgement

Auto restranzmit count |3 3:

Auto re-tranzmit delay 250 = 5]

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 O (FAP pipe).

M ShockBurst (USB 1) x|

nRF241L01+ TEST SETUP

—Address CRC

I¥# | Eniatil {* 8 hbit
wah F=] [e7[e7[e7[e7[e7 o )
4 3 2 1 0

" 1E bits
—Payload
Length: I'IE 3: £ Shing = Bytes
Fayload:

[ [ [0 % [ [ [ 8 [ [0 [ [ oc
mrrrrrrrrrr
rrrrrrrrrr

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.

Nordic Semiconductor ASA - Otto Nielsens vei 12 N-7004 Trondheim, Norway - Phone +4772898900 - Fax +4772898989
Revision: 1.0 Page 18 of 25 Date: 2008-02-29



nRF241L01+ TEST SETUP ’

ﬂgnRFZ-#LDH Evaluation & Configuration - Commm Mode (USB 0) - |EI|5|
—Configurations
% Anplicatian
Configd
Lirik Engite
ShockBurst
FiF Parameters
Stop Communication Mode
Ewents: [ lanare Events
00000, 02.03.2006 13:15:48 Link lost on channel 12
10292, 02.03.2006 13:15:45 Link establizhed on channel 12
Mew Canfig | Save Config | Del Config |

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

e “Link delay” field displays in ms the delay from link loss, to next link establish.

e “Timestamp” field prints the Windows real-time clock, and date.

e “Link Status” field prints current event, link loss or link establish.

e “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.

Nordic Semiconductor ASA - Otto Nielsens vei 12 N-7004 Trondheim, Norway - Phone +4772898900 - Fax +4772898989
Revision: 1.0 Page 19 of 25 Date: 2008-02-29



3

nRF24L01+ TEST SETUP
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 CHO 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 CHO 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.

8 application {(USB 2) x|
¥ Prim T " Timer nogms
¥ Frequency Sgility £+ Button 1
—Channel T able
| 2 | @ |8 | 7
CHO CH1 CH2 CH3
| 2 | & |12 | 3
CH4 CHA CHE CH?
| 62 | 17 | 42 | &7
CHE CHA CH10 CH11
| 2z | &7 |72 |77
CH12 CH13 CH14 CH15
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 250us 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.

Binkegne w2 x

¥ | Enatle Pipe

¥ | Enable auto acknawledgement

Auto restransmit count 4 =

Auta re-tranzmit delay =00 = NIt

Fipe 0 I

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.

M ShockBurst (USB 2) x|

Fipe 0 |

—Address CRC

I¥# | Eniatil {* 8 hbit
wah F= [@f2[=[2[2 o )
4 3 2 1 0

" 1E bits
—Payload
Length: I'IE 3: £ Shing = Bytes
Fayload:

[z 05 o7 [ 05 [ o8 [ [0 [ 05 [ [ [T
[ [ o [ [ T T T T
11 12 13 14 15 16 17 18 13 20 A
ol e e e e e ]
22 23 024 2% 26 & 28 029 0 A

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.

nRF241L01+ TEST SETUP

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 CHO again.

Table 6:Led status, TX device, follow mode

Notice on the RX device that “LLED 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 17, 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.

All rights reserved ®. Reproduction in whole or in part is prohibited without the prior written
permission of the copyright holder.
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Nordic Semiconductor - World Wide Distributor

For Your nearest dealer, please see http://www.nordicsemi.no

> ISEMICONDUCTOR

Main Office:
Vestre Rosten 81, N-7075 Tiller, Norway
Phone: +47 72 89 89 00, Fax: +47 72 89 89 89

Visit the Nordic Semiconductor ASA website at http://www.nordicsemi.no
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