SILICON LABS

AN972: EFR32 RF Evaluation Guide ®

This evaluation guide provides an easy way to evaluate the performance of the Wire-
less Gecko EFR32 devices using the Silicon Labs Radio Abstraction Interface Layer KEY POINTS
(RAIL). RAILtest is a standalone test application, which is used for testing radio func-
tionality, as well as peripherals, deep sleep states, and so on. Basic transmit and re- - How to evaluate the performances of the
ceive commands allow customers to fully evaluate the receiving and transmitting per- Wireless Gecko EFR32 devices
formance and to test RF functionality of development kit hardware or customer hard- . RAlLtest is a standalone test application
ware. Note that some of the lab testes require RF test equipment, such as a spectrum used for testing radio functionality
analyzer and RF signal generator. It is a useful test application to be used for basic + RAILtest can be used in the laboratory to
testing of your custom EFR32 design and characterization.The test can be used in the measure the basic RF parameters of the
laboratory to measure the basic RF parameters of the radio (output power, sensitivity, radio

and so on).

The two tables below illustrate which RAILtest feature is suitable for which RF evalua-

tion test.
Reception Test
PER BER
Rx sensitivity trlggered and
non-triggered X
Selectivity X X
Blocking X X
Intermodulation X X
Maximum input Power X X

Transmission Test

PN9 Packet

CW mode | mode mode
Tx Power X - -
Power Spectral Density Mask - X -
Phase Noise X — —
Spurious Emission X - -
Transient Power - - X
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1. Running Simplicity Studio

For more information on Simplicity Studio and the Flex SDK, refer to QSG138: Getting Started with the Silicon Labs Flex Software De-
velopment Kit for the Wireless Gecko (EFR32™) Portfolio.

Before running RAlLtest, the platform must be configured according to the following instructions:

To start, you need to set up an EFR32 development kit radio board with a mainboard for Wireless Starter Kits (WSTK). Once you have
installed all the required software you can connect your EFR32 development kit hardware to your PC using a mini USB cable. Make
sure the 3-way power switch in the bottom left is set to AEM.

If you want to connect to your WSTK over Ethernet, you should also plug in an Ethernet cable at this time. The IP address will be prin-
ted to the LCD screen during startup of the WSTK but may be lost when the app starts. To see this again, reboot the WSTK and press
the reset button for several seconds to prevent the EFR32 from loading its application.
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1.1 Select RAILtest application

1. Once Simplicity Studio is running, under the Devices tab select the S/N (device serial number) of your device. There should be only
one if you have connected only one EFR32 development kit. (After connecting the WSTK to the PC, the first screen on the LCD of

the mainboard is the Start Screen,

which shows the Serial Number of your device.)

2.In the Launcher (default) perspective, if it is not already selected, click the Getting Started tab.

3. Click [New Project].

ﬁtDebugAdaptersl HSEAXgUE-E°H

v J-Link Silicon Labs (440040318)
> [/ EFR32MG12 2400/868 MHz 10 dBrn (BRD4163A Rev AD1)
» [£] Wireless Starter Kit Mainboard (BRD4001A Rev ADT)

J-Link Silicon Labs (440040319)

Prefarred SDK: Gecko SDK Suite +2.2.2: Bluetooth 2.8.1.0, EmberZMet 6.2.3.0, Flex 2.2. 2.1, MCU 54.0.0, Thread 26.2.0 Click here to change the

1

preferred SDK.

Debug Mode: MCu Change
Adapter Firmware Version: 1v3p3b%28 Change

Recent Projects -

| Getting Started !Documentation

Compatible Tools | Resources

Demos 2 = 4 ¥/ = Software Examples = 4 ¥/ = SDK Documentation

-+ M=

~ Bluetooth SDK 2.8.1.0
+ Bluetooth

= Bluetooth SDK 2.8.1.0 ~ Bluetooth SDK 2.8.1.0
» Bluetooth » APl References

¢ Dynamic Multiprotocol
» HomeKit1.5.0.0

r Demos Application Notes

» Dynamic Multiprotocol Fundamentals

(3 My Products| SeERXBE®= O

» HomeKit 1.5.0.0 » Switched Multiprotocol Quick Start Guides

[ Enter product name |

~ [ Custom Solution
> 1) EFR32 Blue Gecko Bluetooth Starter Kit (SLWSTKE020B)
> [/ EFR32FG12 2400/868MHz 10 dBm (BRD4254A Rev AD2)
> ) EFR32FG14 2400/868 MHz Wireless Starter Kit (SLWSTK606°
> [/ EFR32MG12 2400/268 MHz 10 dBm (BRD4163A Rev A02)
EFR32ZMGTV132F256GM32
> =) EZR32HG 868 MHz Wireless Starter Kit (SLUWSTKE2404)
> 2 Thunderboard Sense (SLTEOD1A)
5 £ Thunderboard Sense 2 (SLTBO04A)

» EmberZNet SDK 6.2.3.0 Release Notes

EmberZNet 6.2 3.0 GA Network
» Coprocessor (NCP) Application
Framework Examples

» EmberZNet6.2.3.0 GA SoC Examples

User's Guides

» APl References

Application Notes
= FlexSDK2.2.21

» Silicon Labs Flex SDK Examples Fundamentals

Getting Started
Quick Start Guides

= Gecko Bootloader 1.5.0
» Gecko Bootloader Examples

Release Motes
~ Thread SDK 2.6.2.0

» Silicon Labs Thread Examples

User's Guides
- FlexSDK 2.2.2.1
» APl References
» Application Notes

» Fundamentals

Figure 1.1. Simplicity Studio's Launcher Perspective
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4. Select Silicon Labs Flex SDK as the application type.

= m

Applications
Select an application type

Select an application you are building:

£} Bluetooth Mesh SDK + Platform
Bluetooth Mesh SDK + Platform 1.1.0.0

& Gecko Bootloader
Gecko Bootloader 1.1.1, Gecko Bootloader 1.5.0, Gecko Bootloader 1.4.1, Gecko Bootloader 1.4.0 (6 stacks)

) Bluetooth Mesh SDK
Bluetooth Mesh 5DK 1.2.0.0

) Bluetooth HomeKit SDK
Bluetooth SDK 2.4.2.0, Bluetooth SDK 2.6.1.0, Blutooth SDK 2.7.0.0, Bluetooth SDK 2.8.1.0 (4 stacks)

on Labs Flex SDK

Fl

@9 Silicon Labs Thread
Thread SDK 2.5.0.0, Thread SDK 2.4.0.0, Thread SDK 2.6.2.0, Thread SDK 2.3.1.0 (4 stacks)

& Customizable network coprocessor {NCP) applications
EmberZNet SDK §.2.3.0, EmberZNet SDK 5.10.1.0, EmberZNet SDK 6.1.0.0, EmberZNet SDK 6.0.0.0 (4 stacks)

R RFACE only stack
EmberZNet SDK 5,10.1.0

@ ZCL Application Framework V2
EmberZNet SDK 6.2.3.0, EmberZNet SDK 5.10.1.0, EmberZNet SDK 6.1.0.0, EmberZNet SDK 6.0.0.0 (8 stacks) v

[ Show internal demo stacks Manage SDKs.

@ [ <k [ nee> || Fnsh [ cance

Figure 1.2. Application Type Selection Dialog

5. Click [Next] .
6. Select the Flex SDK version you would like to use (preferably the latest one).

- o %

Stacks
Select an application stack

Select a local stack installation you wish to use:

& Silicon Labs Flex SDK 1.2.1.0
C\SilicanLabs\SimplicityStudio\wd_2\developer\sdks\gecko_sdk_suite\wl.T\protacol\flex_1.2\connect

& Silicon Labs Flex SDK 2.0.0.0
ChSiliconLabs\SimplicityStudio'wd_4\developer\sdks\gecko_sdk_suite\w2.0\protocelflex_2.0hconnect

&% Silicon Labs Flex SDK 2.1.0.0
ChSiliconLabs\SimplicityStudio\vd_&\developerisdks\gecko_sdk_suite\v2. T\protocolflex_2.1\connect

on Labs Flex SDK 2,

[ Show internal demo stacks Manage SDKs.

@ | <Bac [ met> || Fmsn | cancal

Figure 1.3. Stack Selection Dialog

7.Click [Next].
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8. Select the RAIL: RAILTEST application.

=

Select Application
Select either a blank application or 2 sample application.

Sample Application

&8 RAIL: Duty Cycle
This application demonstrates low power communication via different date transmissien modes. The data transmission
modes are Duty Cycle, Master, Slave. The application has the following PHY configuration: frequency: 2.4GHz deviation:

125k modulation: 2gfsk bitrate: 38.4 kbps

&2 RAIL: Energy Mode

This application demonstrates low power communication via different power modes (EM0-Active, EM1-Sleep, EM2-Deep
Sleep). The application has the following PHY configuration: frequency: 2.4GHz deviation: 500k modulation: 2gfsk bitrate:
Mbps

+® RAIL: RAILTEST

) interface. The application has the

mmand line interfac

&2 RAIL: Range Test
This application demonstrates over the air range of the EFR32. The application has the following PHY configuration:

frequency: 24GHz deviation: 500k modulation: oqpsk bitrate: 250 Kbps

&2 RAIL: Range Test - PHY: 250k, 2gfsk, base
This application demonstrates over the air range of the EFR32. The application has the following PHY configuration:
frequency: 2.46Hz deviation: 125k modulation: 2gfsk bitrate: 250 Kbps

&2 RAIL: Simple RAIL without HAL
This is a Simple RAIL without HAL sample application.

&8 RAIL: Simole RAIL with HAL i
[ start with a blank application
@ [ <Bak [ Net> || Fesh || Concel
Figure 1.4. Select Application Dialog
9. Click [Next].
10. In the Project Configuration dialog, specify a location for your application.
= O X
Project Configuration
Select the project name and location.
Project name: | railtest_efr32 |
1 Use default location
Lacation: | ChUsersh, \SimplicityStudio\wd_workspacehrailtest_efr32
With project files:
(®) Link libraries and copy sources
@ <Back [ Net> |  Finsh | Cancel

Note: the location must be on the same Windows partition as the stack.

Figure 1.5. Project Configuration Dialog

11. Specify a name for your application.
12. Click [Next].
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13. The Project Setup dialog shows the various build configurations available. Check one of the initial build configuration to include in
the project. (You can edit these later through the “Manage Configurations” command.)

= a x
Project setup —_—
Select the board, part, and initial build cenfigurations. X
Boards:
| Search |v

|EFR32MG'I?_24€W%8 MHz 10 dBm (BRD4163A Rev AQT) ’l

Part:

[5earch |

| EFR32MG12P433F 102461125 |

Check the configurations to include in the project

v [] GNU ARM v4.9.3 Select All
] Default factive)
« [] 1AR ARM (+7.50.3.10732)
[] Default
Set Active

Manage toolchains...
Ianage build targets...

@ [ <Bak | Wets [ Fmsh || Concel

Figure 1.6. Project Setup Dialog
14. Click [Finish].

Note: You must have a Toolchain and Build target selected and configured for the [Finish] control to enable. If you do not see [Finish]
enabled, check your Toolchains and Build targets by clicking the links at the bottom of the dialog.
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1.2 Generate the Application

When you finish creating your sample application, an Application Builder General tab opens.

‘ *railtest_efr32isc 1

0 Silicon Labs Flex SDK, version:2.2.2.1

= 8

% General @ HAL | (i) Radio Configuration | Printing | 4= Plugins | & Callbacks | Other |
~ Application configuration
‘Generation directory: | Relative to ISC file ‘ C\Usersh, \SimplicityStudic'w4_workspacerailtest_efr32 " =
Select architecture for this application:
. Board: EFR32MG12 2400/868 MHz 10 dBm (BRD4163A Rev ADT)
g Part: EFR32MG12P433F1024GL125
% Toolchain: GNU ARM v4.9.3

Edit Architecture

Device name: | railtest_efr32

~ Information Configuration

Description

RAlLtest is an a sample application that allows the different functionalities available via RAIL to be tested over a CLL An important use of RAlLtest is changing the radio configuration
via Simplicity Studio, to check for interoperability with other devices.

The application allows configuring transmission in a number of different ways. The simplest is to just transmit a given number of packets, but packets can also be transmitted
continuously.

A packet transmission can be scheduled at a specific time in the future, or after a Listen Before Talk algorithm has run. The transmission can be configured to occur after a packet is
received, or direct mode can be configured to allow direct transmission from a GPIO.

Different transmission parameters, such as power, channel, and payload, can be set. Modifying the channel will also affect reception. RAlLtest includes status counters that can be
accessed and reset.

Reception can be enabled or disabled, Packets will be printed on reception. Direct mode can be configured for reception, to view the received bitstream on a GPIO, Address filtering

can be enabled and changed. The RF sense feature can be enabled, which puts the chip to sleep until a certain level of RF power is detected on the antenna. The energy mode of the
chip is also configurable during RF sense,

There are also a number of diagnostic and debug APIs that are included. All of the commands available can be accessed through the CLI via the "help" command.

Figure 1.7. Application Builder General Tab

1.In the General Tab, if the architecture parameters shown for MCU and Radio and Board Type are not correct for your target device,

click [Edit Architecture] to change the parameters. In general, the initial configuration settings for sample applications should be
correct.

2.The RAIL application framework allows you to modify the PHY configuration for the application. Select the Radio Configuration

tab to modify the PHY configuration for your application. For more information on how to set the modem parameters, please refer
to AN971: EFR32 Radio Configurator User's Guide.

‘ *railtest_efr32isc 1
0 Silicon Labs Flex SDK, version:2.2.2.1
% General [@ HAL | (1) Redio Configuratmﬁ\miminﬂ& Plugins | S Callbacks | Other |
¥ Phy options ~
~ Radio Profiles and Phys

Profiles are preset radio configurations, that limit the number of options you have to set.

Select radio profile: Profile used for most phy's on EFR32:G12 parts

Radio PHYs are specific radio configurations, within the selected profile.

Select a radio PHY for selected profile ‘ZJSCIM 2GFSK 1Mbps 500K “ ‘ 2430M 2GFSK TMbps 300K

~ Profile options

= Operational Frequency
Base Channel Frequency | 2450 MHz Channel Spacing | 1000 kHz

+ Crystal

= Modem
Modulation Type | FSK2 ~ Shaping Filter Gaussian ~
Bitrate 1000 kbps Shaping Filter Parameter (BT or B) | 0.50 3
Dewiation 500 kHz F5K symbal map MAPD

Baudrate Talerance | 0 Z| pprm Enable Lsynchronous direct mode

~ Packet

(Frama General . Frame Fixed Length Frame Variable Lel\gth Frame Type Length CRC} Whitel\ingw ]

< >

Figure 1.8. Application Builder Radio Configuration Tab

3. Click [Generate] in the upper right corner of the Application Builder window. Note that whenever the Build Configuration has been
changed, you have to click [Generate] again.

silabs.com | Building a more connected world.
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4. Select if you want to overwrite any of the existing files. Click [OK].

Generation validation *

AppBuilder has determined that the files listed below exist and would be changed. All selected files will be overwritten.

Owerwrite?  File
O ChiUsersy “WSimplicityStudiowvd_workspace\railtest_efr32\brd4163a_efri2zmg12p433f1024g1125.hwconf

[] Create .bak files for all the files that get overwritten.

[ ok ]| cancel

Figure 1.9. Generation Validation Dialog

5. The next dialog shows the generated files. Click [OK] to continue.

= Generation successful X
[Generation successful! ~
Files backed up:

brd4163a_efr32mg12p433f1024gl123.hwconf backed up to brd4163a_efr32mg12p433f1024gl123.hweonf.bak

Files generated:

C\Usersh \SimplicityStudio\v4_workspace\railtest_efr32\.\rail_config.h

C\Usersh, \SimplicityStudio\v4_workspace\railtest_efr32\.\rail_config.c

C\Users, \SimplicityStudiotv4_workspace\railtest_efr32\\efr32_radio_configurator_log.tt

C\Usersh implicityStudi i 32\brd4163a_efr3zmgl 10249125, hweonf

C\Usersh ici «fr32\.\hal-config\hal-config.h
C\Usersh \SimplicityStudiotv4_workspace\railtest_efr32\.\flex-configuration.h

C\Userst \SimplicityStudio\v4_workspace\railtest_efr32\ \railtest_efr32-prebuild.py
C\Usersh, \SimplicityStudio\v4_workspace\railtest_efr32\.\railtest_efr32.mak
C\Users, \SimplicityStudiotv4_workspace\railtest_efr32\ \railtest_efr32-postbuild.py
C:\Userst, \SimplicityStudio\v4 workspace\railtest_efr32\\railtest_efr32-postbuild.bat
C\Usersh \SimplicityStudiotv4_workspace\railtest_efr32\.\railtest_efr32-prebuild.bat

Files always updated:
C\Usersh \SimplicityStudio\v4_workspace\railtest_efr32

Figure 1.10. Generation Successful Dialog
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1.3 Build the Application

Double-click on app_main.c in the Project Explorer view to open it in the editor.

W

WOW W W W W WY WY Y WY Y WY Y Y

[ Project Explorer ©% & ¥ = G

2L kit-drivers ~

£ led-graphics

£ pa-conversions

£ rail-app-config

2L response-printf

&ﬁ spidisplay

[8) app_ci.h

[ app_hal.c

E app_main.c

[ app_modes.c

Ef app_trnoc

E flex-configuration.h

[ mode_helpers.c

E rail_config.c

E rail_config.h
brd4163a_efridmgl2p433f1024g91 25 hweonf
brdd163a_efriZmagl2p433f1024g911 25 hweonf.bak
% efr32_radio_configurator_log.bedt
railtest_efr32-postbuild.bat

|2 railtest_efr32-postbuild.py
railtest_efr32-prebuild.bat

[lf'Iil railtest_efr32-prebuild.py

& railtest_efrid.isc

|/
Click [Build] ( Q} ) in the top tool bar.

Figure 1.11. Project Explorer View

Your sample application compiles based on its build configuration. You can change the build configuration at any time in the Project
Explorer View by right-clicking on the project and going to Build Configurations > Set Active.

silabs.com | Building a more connected world.
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1.4 Load the Binary onto your Device/Flash Programming

If a full erase is not necessary, click [Debug] ( B~ ) in the Developer Perspective. This flashes the project into the board if it was
successfully built. This will only update the program memory.

Once the project is flashed, the board can be started by clicking [Resume] ( L g )-

Alternatively:
1. In the Simplicity Studio Launcher window, select your target device.
2. With the device selected, select the [Flash Programmer] tile under the Compatible Tools menu:

Getting Started | Documentation [ Compatible Tools l Resources

To view all available tools, click the 'Tools' button in the main toolbar. EddERemove Toolg e

@ Capacitive Sense Profiler Device Console Network Analyzer

Capacitive Sense Profiler is a tool that supports real-time Console for interaction with the remote device Tools for capturing and analyzing network activity
analysis of sensor data from supported parts.

Application Builder

Create an embedded software framework application Migrate v3 projects Open Simplicity Commander

@ Simplicity IDE BG Tool @ Energy Profiler

Launches the Simplicity IDE Launch BG Tool to interact with Blue Gecko Module or SoC The Simplicity Profiler is a tool developed to let developers
quickly visualize the energy consumption in their applications
and perform eptimizations to reduce power consumption

®

Migrate Projects ﬁ Simplicity Commander

®

Flash Programmer

Flash Programmer is a utility to flash or erase any part Hardware Configurator is a peripheral, pin and crosshar
coenfiguration tool that generates initialization code organized
into modes

&

Hardware Configurator

Figure 1.12. Flash Programmer Tile

3. The Flash Programmer opens. In this window, you can choose your file type and browse your file.

silabs.com | Building a more connected world. Rev.0.4 | 10
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4. Select your file type.

<=1 Flash Programmer m] X
Change Device

Device

Board Name: Wirsless Starter Kit Mainboard

Board Name: EFR32MG12 2400/268 MHz 10 dBm

MCU Name: EFR32MG12P433F1024GL125

Adapter
Name: J-Link Silicon Labs (440040319)

Flash Part
File Type @ hex Obin Fose adddress 00

File

[ \SimplicityStudic\v4_werkspace\railtest_efr32\GNU ARM v4.2.3 - Defaulturaiftest efr32.nex | Browse..|

Advanced Settings...

Flash Erase/Wirite Protection
@ Select flash range v[o0 Ja = ~[oa00000 A
O Select default sections | Lock Main Flash | Lock User Page
[ Protect || Remove Protection |
Debug Lack Tools
The unlock function only works using Silicon Labs EFM32 boards.
Unlocking the chip will erase all data on flash and SRAM.
Unlack Debug Access | | Lock Debug Access
®

Figure 1.13. Uploading .bin or .hex Images

5. Navigate to the .bin or .hex image you wish to upload.

6. Click [Erase], to make sure that any previous bootloader or other non-volatile data is erased before your new image is uploaded.
7.Click [Program] to program the flash.

8. You will be notified once the upload is complete.

After starting the demo, the screen shows three parameters: Rx Count, Tx Count, and Channel Number.

BAIL Test ArFP
RBx Count: 00000
Tx Count: 00000
Channel: O

T=x Rx

ANV

Figure 1.14. RAlILtest Application Start Screen

1.5 Serial Port Communication

The RAlILtest application should be accessed using a standard serial port. The default version uses the WSTK's built-in serial port to
provide access to this, so do not attempt to connect directly to the UART GPIOs.

The serial port can be accessed using Ethernet or USB. Both provide the same level of functionality so it is completely up to you what
to use.

» For USB, plug the device into your computer and find the Virtual COM port that is created. It will show up as a "JLink CDC UART
Port" in the Device Manager. The Virtual COM port should work with any UART settings, but the physical UART is configured for

115200 8-N-1 if you want to match that. For UART-based communication, you can use any terminal emulator program that supports
serial port communication, like TeraTerm or PuTTY.

» For Ethernet, use a telnet client to connect to port 4901 on the WSTK. You can use a program like PUTTY for this or the standard
command line telnet client.

silabs.com | Building a more connected world.
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1.6 Console View

Once the RAlLtest application is loaded onto the EFR32 you can interact with the RAILtest application using the Command Line Inter-
face. The Console View will give you a CLI interface in Simplicity Studio’s Network Analyzer Perspective so that you can interact direct-
ly with the RAILtest application.

1. Right-click your device in the Devices View. (You can reach the Devices View by going back to the Simplicity Launcher Perspec-
tive, Compatible Tools tab, and selecting Network Analyzer.)

Getting Started | Documentation [ Compatible Tools ‘ Resources

To view all available tools, click the 'Tools' button in the main toolbar. ddifemave Tool °
@ Capacitive Sense Profiler Device Console MNetwork Analyzer
Capacitive Sense Profiler is a tool that supports real-time Console for interaction with the remote device Tools for capturing and analyzing network activity

analysis of sensor data from supported parts.

Application Builder @ Migrate Projects ﬁ Simplicity Commander

Create an embedded software framework application Migrate v3 projects Open Simplicity Commander
@ Simplicity IDE BG Tool @ Energy Profiler
Launches the Simplicity IDE Launch BG Tool to interact with Blue Gecke Module or SoC The Simplicity Profiler is a tool developed to let developers

quickly visualize the energy consumption in their applications
and perform optimizations to reduce power consumption

Flash Programmer Hardware Configurator

Flash Programmer is a utility to flash or erase any part Hardware Configurator is a peripheral, pin and crossbar
configuration tool that generates initialization code organized
into modes

Figure 1.15. Network Analyzer Tile

2. Select Connect (if you are not already connected) and then Launch Console. To get a prompt on the Console Serial 1 tab, press

[Enter].
| shug Adspter 3 = Outine | =
54X % LG-2
w  J-Link Silicon Labs (440n4n31a)
> [ EFR3ZMG12 240 Connect
[/ Wireless Starter [FFernmnes:

Start capture

Start capture with options...
Stop capture

Redo last upload

Upload application...
Upload adapter firmware...
Rename

Make a sniffer

3£ Device configuration...
El Open SWO Terminal...

Figure 1.16. Launch Console

silabs.com | Building a more connected world. Rev.0.4 | 12
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2. Basics of the RAILtest Application

The RAlLtest application provides you with a simple tool for testing out the radio and the functionality of the RAIL library. For any ad-
vanced usage you will have to write your own software against the RAIL library and create a custom radio configuration.

Note: If you are going to use the WSTK as a mobile device to run the RAILtest application, it is recommended that you connect an
external AA battery pack or a USB power bank to the WSTK board. The coin cell battery will not have enough power to do long-term
testing using sample applications like RAILtest.

2.1 CLI

The most powerful way to interact with the sample application is using the provided command line interface. The setup instructions in
section 1.6 Console View describes how to connect to this interface.

2.2 Command Input

The syntax for this interface is the standard command [arg0, arg1, ...] syntax, where the number and type of arguments depend on the
specific command. Numeric values can be prefixed with Ox to indicate hexadecimal values. Note that the maximum number of argu-
ments to any command is 9 and the maximum length of a command line is 255 characters.

Use the hel p command to see a full listing of available command options.

2.3 Command Output

All responses to commands are formatted in a human readable yet parsable format. There are two variations of this format: single and
multi line. Both of these follow the following set of rules.

 Start and end with curly braces { }.

* List the command name, enclosed in parentheses ( ).

« Contain any number of tag/value pairs enclosed in curly braces { }.

» Carriage returns and line feeds are treated as whitespace by any parser.

2.3.1 Single Response

Used when there is only a single response to a command.
» There is a single start/end curly brace wrapper.
» Tag/value pairs are wrapped in a single set of curly braces, separated by a colon {tag:value}.

Example:

> get channel
{{(get channel ) }{channel : 4}}

2.3.2 Multi Response

Used when a command may have multiple responses, for example when reading a block of memory or receiving multiple packets.
» Response starts with a header, delimited by a hash # at the start of the line.

» Header includes the command name, followed by any tags individually wrapped with curly braces { }.

» Following the header, any number of responses can be provided.

» Data lines do not contain the command name or tags, only the values that correspond to the tags in the order described in the head-
er.

Example:

> get memw 0x20000000 4

#{{(get mremn) } { addr ess} {val ue}}
{{0x20000000} { 0x0000e530} }
{{0x20000004} { 0x000051c6} }
{{0x20000008} { 0x0000c939} }
{{0x2000000c} { 0x0000e090} }
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3. Transmission Test

3.1 Output a Continuous Unmodulated Tone for Testing Tx Power, Phase Noise and Spurious Emission

CW mode is used to test the output power of the test card and obverse the unmodulated carrier spectrum. In this mode, only the fre-
quency and the output power are configurable parameters.

Enable the CW mode:
set TxTone [ enabl e] Enabl e(1) or Disable(0) a tone fromthe radio

The set Power command can be used to change the output power; enter the desired power in deci dBm.

Note: The radio state must be IDLE. Call "rx 0" first.

set Power S [ power] Set the current transmt power in deci dBm

To modify your frequency to a value not defined in the channel list, you will need to set the application into the FREQUENCY_OVER-
RIDE debug mode via debugMde, which tells the application to ignore the current channel selection. Once in the FREQUENCY_OVER-
RIDE debug mode, you can use the f reqOver ri de command to switch to another center frequency.

Note: The freqOverri de command requires you to be in FREQUENCY_OVERRIDE debug mode.

Note: The radio state must be IDLE in order for the channel to be changed or the frequency to be modified. Call r x 0 first.

Example:

rx 0 [enabl e] Enabl e(1) or Disable(0) receive node

set Debughvbde 1 [mode] 1 = Frequency Override. 0 = Disabl e debug node

freqOverride 2404000000 [fregq] Change to freq specified in Hz. Requires debug nbde to be enabl ed.

Another way to change the frequency is to change the channel. The specific channel configuration depends on the PHY configuration
you have chosen for your test app. To switch between channels, use the set Channel [nuni command. In addition, you can use button
PB1 to cycle between channels. (The channel spacing value is used for relative frequency configuration where one would like to config-
ure a frequency so many channel spacing away from the base channel frequency.)

To get the current radio channel, use this command:
get channel Get the current radi o channel
To set another radio channel, use this command:

rx 0 [enabl e] Enabl e(1) or Disable(0) receive node
set channel u [channel] Set the current radi o channel

Note: The radio state must be IDLE in order for the channel to be changed or the frequency to be modified. Call r x 0 first.
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A spectrum analyzer is used to measure the transmit performances of the radio and must be connected through a proper RF cable to

the RF connector of the radio board.

Agilent Spectrum Analyzer - Swept SA
SEMSEINT |

ALIGNAUTO

.Center Freq 2.40000000 GHz

PNO: Far GO Trig: Free Run
IFGain:Low Atten: 20 dB

10 dBIdlv Ref 10.00 dBm

Center 2.400000 GHz
Res BW 47 kHz VBW 47 kHz

Avg Type: Log-Pwr

Span 5.000 MHz

Sweep 2.73 ms (1001 pts)

STATUS

Figure 3.1. Unmodulated CW Signal Measured with Spectrum Analyzer

CW mode can also be used to test Phase Noise and Spurious Emission.
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3.2 Output a Continuous Modulated PN9 Stream for Testing Power Spectral Density Mask

In this mode, the modulation content is generated internally using a pseudo-random (PN9 sequence) bit generator. The primary pur-
pose of this mode is to observe the modulated spectrum without having to provide data for the radio. This mode is used to test the
power spectral density mask. A spectrum analyzer is used to measure the power spectral density mask of the radio and must be con-
nected through a proper RF cable to the RF connector of the radio board.

In this mode, only the frequency and the output power are configurable parameters. (To change these parameters, please refer to
3.1 Output a Continuous Unmodulated Tone for Testing Tx Power, Phase Noise and Spurious Emission.)

Enable PN9 mode:

set TxSt ream Enabl e/ Di sabl e a PN9 stream from the radio

Agilent Spectrum Analyzer - Swept SA
L | SEMSE:INT| | ALIGMALTO 03:53:27 du. febr. 01, 2016

Center Freq 2.450000000 GHz , Avg Type: Log-Pwr TRACE[1]2 3 < 5 4
PNO: Far G Trig:FreeRun Avg|Held:>100/100 TYPE |4

IFGain:Low Atten: 30 dB DET

1LO gBIdIV Ref 15.00 dBm

Center 2450000 GHz Span 10.00 MHz
Res BW 91 kHz VBW 91 kHz Sweep 4.67 ms (1001 pts)

MSG STATUS

Figure 3.2. PN9 Modulated Signal (2GFSK, 1Mbps Data Rate, * 500 kHz Deviation)

The figure above shows the demodulated signal when the radio board works in PN9 mode. The data rate is 1 Mbps; the deviation is
500 kHz, and the modulation type is 2GFSK.



AN972: EFR32 RF Evaluation Guide
Transmission Test

3.3 Enable Direct Mode

In direct mode, the radio will still attempt to decode received packets, but the data bit streams are input to and output from the chip in
real-time on a physical I/O pin. This is often useful in legacy systems that do not use a conventional packet structure, or when the host
MCU must perform customized packet handling or processing. In TX Direct mode, the TX modulation data is applied to an input pin of
the chip and processed in “real time” (that is, not stored in a register for transmission at a later time).

The GPIOs for direct mode are fixed for now to the following pins.

DIN - EFR32_PCl0 -> EXP_HEADERL5/ WSTK_P12
DOUT - EFR32_PCl1 -> EXP_HEADERL6/ WSTK_P13

The data on these pins is asynchronous and can be connected directly to a UART. To enter direct mode issue the di rect Mode 1
command after starting the app. To leave direct mode use di r ect Mode 0. If you want to transmit you must enable the transmitter by
issuing di rect Tx 1 and later stop it with di rect Tx 0. Receive is controlled using the standard rx 1/0 command, but is enabled by
default when not transmitting.

In this mode, only the frequency and the output power are configurable parameters. (To change these parameters, please refer to
3.1 Output a Continuous Unmodulated Tone for Testing Tx Power, Phase Noise and Spurious Emission.)
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3.4 Enable Packet Mode

The application starts in packet mode with the receiver enabled. In this mode we receive and transmit packets using the radio's frame
controller hardware.

To transmit a specified number of packets, use this command:

tx w [n] Transmit n packets. If nis O transmt infinitely

Or press button PBO. If you hold PBO for a couple of seconds or run the t x 0 command you can toggle the continuous transmit mode.

In this mode, the frequency, the output power, delay in between each transmitted packet, the length, and the value of the bytes to send
are configurable parameters. (To change the frequency and the output power parameters, please refer to 3.1 Output a Continuous Un-
modulated Tone for Testing Tx Power, Phase Noise and Spurious Emission.)

When transmitting multiple packets or infinite packets there is a configurable delay in between each transmit. By default this is 250 ms,
but it can be set with the following command:

set TxDel ay w [del ay] Set the inter-packet delay in milliseconds for repeated Tx

Get the inter-packet delay in milliseconds for repeated Tx, use the get TxDel ay command.

If the desired delay is lower than 15 ms, all the peripherals need to be disabled.

set Peri pher al Enabl e u [enabl e] Turn LEDs and LCD on/ of f

The application by default sends a fixed packet, but it is possible to override the values via set TxPayl oad. The command allows you to

modify the values of the payload at specific offsets. For instance to modify the first 4 bytes sent in the packet to be 0x01 0x02 0x03
0x04, this is the command:

set TxPayl oad 0 0x01 0x02 0x03 0x04

Note: To view the currently configured TX Packet information, use the following command:

print TxPacket Print the current Tx data and |ength

A byte in the payload holds the length of the packet for variable length schemes. The length byte in IEEE 802.15.4 is the first byte; this
is what you can set using the set TxPayl oad command. The length byte also covers the CRC length of the packet, and the length pa-
rameter covers the length byte; this is what you can set using the set TxLengt h command.

All'in all, here is an example to set 3-byte payload to 0x01 0x02 0x03, while using IEEE 802.15.4 configuration:

set TxLength 4
set TxPayl oad 0 0x05 0x01 0x02 0x03

A spectrum analyzer is used to view the over the air sent packets of the radio. It must be connected through a proper RF cable to the
RF connector of the radio board..



AN972: EFR32 RF Evaluation Guide

Agilent VXA Vector Signal Analyzer, - Analog Demod
L | SEMSEINT | ALIGHMAUTO 12:19:16 du, szept, 24, 2015
Avg|Off Trace |FEEE]

Trig: Video
Range: 10.00 dBm

Ch1 FM Main Time
Ref 0 Hz

Stop 9.974 ms
Delay 0 Sec Trig Lvl 643.1812 mV

MSG STATUS I

Figure 3.3. Analog FM Demodulation of the Sent Data
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4. Reception Test

4.1 Running Bit Error Test from the CLI to Measure RX Sensitivity, Selectivity Testing (co, adjacent, alternate, image), Block-
ing, Intermodulation, Maximum Input Power

The sensitivity of the radio can be measured with a continuously-looped PN sequence (x*9 + x*5 + 1). This mode is called bit error rate
(BER). The EFR32 hardware has the ability to enter BER receive mode for diagnostic purposes. The radio is set into continuous re-
ceive mode. The RF data needs to be fed to the RX SMA of the test card or radio board. By adjusting the output power of the signal
generator or an EFR32, the sensitivity of the radio can be measured (it is typically measured for 10*-3 BER).

4.1.1 BER Measurement Procedure

To run the BER test successfully, a radio configuration specific to BER mode must be generated by the radio configurator. Reconfigure
for BER testing needs to be checked on the Radio Configuration tab in Simplicity Studio.

¢ Channel Coding

- Testing
Reconfigure for BER testing

b Advanced
Figure 4.1. Enable BER Testing in Simplicity Studio

The set Ber Confi g command allows you to specify how many bytes to receive in BER receive mode. The maximum number of bytes
you can designate to receive is 536870911. Specifying a number of 0 or a number greater than the maximum possible value will auto-
matically configure the BER test to receive the maximum number of bytes for testing.

The ber Rx command allows you to enter and exit BER receive mode. If the test is allowed to run to completion, there is no need to exit
BER receive mode.

The ber St at us command allows the user to query for test statistics during or after a test. The statistics are reset when set Ber Confi g
is run or when ber Rx 1 is run. The statistics include BitsToTest (total bits to be tested), BitsTested (the number of bits already received
and tested), PercentDone (percentage of how many configured bytes have been received), RSSI (an instantaneous RSSI value corre-
sponding to the last byte received), BitErrors (the number of received bits determined to be in error), and PercentBitError (percentage of
bit errors to bits tested).

Example:

> set berconfig 100000
> berrx 1

> ber st at us{{(ber Status)}{BitsToTest: 800000} {Bi t sTest ed: 0} { Per cent Done: 0. 00} { RSSI : 0} {Bi t Err or s: 0}
{PercentBitError:0.00}}

/1 PN9 transm ssion enabl ed here

> berstatus

{{(berStatus)}{BitsToTest: 800000} {Bi t sTest ed: 121312} { Per cent Done: 15. 16} { RSSI : - 23} {Bi t Errors: 0} { PercentBi t Error:
0. 00} }

> setberconfig 1000000

> berrx 1

> ber st at us{{(ber Status)}{BitsToTest: 8000000} {Bi t sTest ed: 4418528} { Per cent Done: 55. 23} { RSSI : - 96} {Bi t Err or s:
960478} { Percent Bi t Error: 21. 74} }

> ber st at us{{(ber Status)}{BitsToTest: 8000000} {Bi t sTest ed: 8000000} { Per cent Done: 100. 00} { RSSI : - 97} {Bi t Err or s:
2752908} {PercentBi t Error: 34. 41} }

4.2 Running a Packet Error Test from the CLI

PER mode can be used to test RX sensitivity (triggered and non-triggered PER), Selectivity (co, adjacent, alternate, image), Blocking,
Intermodulation, and Maximum input power.
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4.2.1 Basics of the Packet Error Rate

Packet error rate can be calculated with the following equation:

(PTX 'PRX)

PTx

Packet Error Rate(PER). %] = *100

where PTX is the number of sent packets and PRX is the number of received packets.

4.2.2 Non-Triggered PER

By default the application starts in packet mode with the receiver enabled. In this mode we receive and transmit packets using the ra-
dio's frame controller hardware. If a packet is received, the payload content and length, the RSSI, the CRC status, and the time can be
read from the receiver response.

Example:

{{(rx)}{len:24}{ti meUs: 265911670} { crc: Pass}{rssi: Oxcf}{payl oad: OxOf 0x16
0x11 0x22 0x33 0x44 0x55 0x66 Ox77 0x88 0x99 Oxaa Oxbb Oxcc Oxdd Oxee Oxff
0x00 Ox11 0x22 0x33 0x44 0x55 0x66}}

The sensitivity of the radio can be also measured by receiving packets. This test also involves an RF signal generator, which can trans-
mit predefined packets. In this mode, the radio is set to receive and the generator must send packets. If the radio does not receive the
packet, there is no RX response. To view the number of received packets, CRC errors, and sync detect errors, use the st at us com-
mand.

Example:

stat us
{{(status)}{TxCount: 0}{RxCount : 9} { SyncDet ect: 9}{I| nval i dCrc: 0} { RxOver f| ow. 0} { Addr Fi | t : 0} { TxAbort : 0}
{ TxChannel Busy: 0} { Channel : 0} { TxMbde: O f } { RxMbde: Enabl ed} }

By adjusting the output power of the generator, the sensitivity of the radio can be determined. It is usually defined for a 1% or 20%
packet error rate.

To reset all the counters use:

reset Count ers Resets the Tx and Rx counters

If a long and fast test needs to be run, it is better to disable the Rx responses, to make the communication and the test faster.

set RxNot i fi cati on u [ enabl e] Enabl e/ Di sabl e LED toggle and status print for every receive packet

PER Measurement Procedure Using Link Test

1. Load the RAILtest application on two EFR32 nodes.
2. Set both nodes to the same channel with the set channel n command, where "n" is the channel number.

To view the currently configured TX Packet information, use pri nt TxPacket .
3.Issue the rx 1 command on the first node.

4.Issue the t x n [dec value] command on the second node. This command transmits n packets of the form required for PER analy-
sis. (For actual PER analysis, send 1000 or more packets.)

Another way to send packets is to press button PBO. If you hold PBO for a couple of seconds you can toggle continuous tx mode
where a packet is sent every 250 ms.

5. To view the number of received packets, CRC errors and sync detect errors, use the st at us command.
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4.2.3 Triggered PER

RAILtest can be used to determine the packet error rate (PER) for a given setup. The Wireless Gecko is capable of triggering a connec-
ted RF signal generator to transmit a specific number of packets with a configured trigger interval, counting the correctly received pack-
ets, and calculating the actual PER value.

To set up this test, a piece of test equipment needs to be configured to send a packet on the rising edge of a GPIO. That should be
connected to PC7 on the EFR32, or PC3 on the WSTK. per Rx 100 10000 will configure the Packet Error Rate test to send 100 pack-
ets, waiting 10000 ps between each packet. At the end of the test, the app will give an output indicating that PER mode has finished,
and the statistics on the test can be recovered with per St at us and st at us. Note that calling perRx 0 0 will cancel an ongoing test,
and that calling per Rx will have the same effect as calling r eset Count er s.

By adjusting the output power of the generator, the sensitivity of the radio can be determined. It is usually defined for a 1% or 20%
packet error rate.

Wireless Gecko
PER Demo Signal Generator

Trigger » Trigger

SMA [¢—-——————- » SMA

Figure 4.2. Packet Error Rate Measurement Setup
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4.3 RSSI Curve

Received signal strength indicator (RSSI) is an estimate of the signal strength in the channel to which the receiver is tuned. The RSSI
value can be read with 0.25 dB resolution per bit. The RSSI may be read at any time while the radio is in Receive mode. The RSSI is
not latched, but continuously updated while in Receive mode.

To read the RSSI value, use the following command:

get Rssi Get RSSI in dBmif the receiver is turned on.

Example:

> get Rssi
get Rssi
{{(getRssi)}{rssi:-94}}

> >

Please note that a systematic offset (see figure below) will appear in the RSSI value returned by the RAIL test command due to match-
ing network, radio configuration, and so on. You must profile your board and account for the offset when using the returned value.

RSSI values at 2.45 GHz, DR=1 Mbps, dev=500 kHz

20
0 —g— Measured RSSlvalue
retur ned by RAIL test
—_ command
£ -20
3
= —g— Expected RS51 value
= 40
o]
=
E -60
-20
-100
-10:0 -20 -60 -0 -20 1] 20

Input Power [dBm]

Figure 4.3. RSSI Curve

4.3.1 Customer Production Test: Transmission Power

The high resolution RSSI enables accurate channel power comparison measurement that can be useful for production tests transmis-
sion power without an instrument.
Measurement procedure:

1. Load the RAILtest application on two EFR32 nodes.

2. Set both nodes to the same channel with the set channel n command, where "n" is the channel number.

3.Issue the t oggl et one command on the first node to set CW mode.

4.Read the RSSI level on the second node with the get Rssi command.
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5. Current Consumption Test

Current consumption measurement procedure:
1. Load the RAILtest application on an EFR32 RF radio board.

2.Issue the appropriate command/commands to set the device in the required mode (for example: Tx), which current consumption
has to be measured.

3. In Simplicity Studio's Launcher Perspective, select the target device.
4. With the device selected, select the Energy Profiler tile under the Compatible Tools tab.

@ Energy Profiler

The Simplicity Profiler is a tool developed to let developers
quickly visualize the energy consumption in their applications
and perform optimizations to reduce power consumption

Figure 5.1. Energy Profiler Tile

5. After the Energy Profiler Perspective opens click the down-arrow next to Quick Access. Click Start Energy Capture.

Start Energy Capture
Stop Energy Capture
Open IS0 File...
Open Recent

Run Demo...

Open New...

End/5ave Session

(ne launch history)

Figure 5.2. Starting Energy Capture

6. Select you device from the list and click [OK].

*

== Start Energy Profiler Capture

Please select one or more devices that supports energy profiling.

> J-LinkSilicon Labs (440040319) : EFR32MG12P433F1024GL125

] Remember my decision

[ ok ]| cancel

Figure 5.3. Device Selection Dialog
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7. The energy measurement starts and you will see the actual and average current consumption on the plot.

Display Node s Sorby

Figure 5.4. Energy Profiler

It is also possible to scan just a selected range in this perspective.

There are several energy modes available through RAIL, which can be set with the following commands.

--- Energy Mbdes and RF Sense ---
sl eep bw* [EM¢ [ Rf SenseUs RfBand]] Sleep in EMf with RFSenseUs on

Rf Band (0=none, 1=2. 4GHz, 2=SubGHz, 3=bot h) (and UART i nput)
rfsense WW [ Rf SenseUs RfBand] Start RfSensing with RSenseUs on RfBand
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