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Introduction to Proprietary Wireless

= What is a Proprietary Wireless Application?

= Two EFR32 Application Development Paths:
RAIL vs. Connect

= RAIL-based Application Development
- Simplicity Studio v5
- SSv5 Radio Configurator
- API Feature Review

- Walk-thru of Simple TRX RAIL sample
application
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High Level Overview

of EFR32 Proprietary Wireless




What is Proprietary Wireless and when is it Appropriate?

= When the application demands

- Backwards-compatibility with existing/legacy proprietary protocol(s)

- High degree of protocol optimization
» For energy consumption
» For wireless range

- Techtalks - discussing the advantages of having full control over the protocol.
» https://www.silabs.com/support/training/long-range-connectivity-using-proprietary-rf-solution
» https://www.silabs.com/support/training/sub-ghz-proprietary-and-connect-software-stack

= ... at the expense of

- Requires a higher level of expertise, in-depth knowledge of RF, regulatory specifications,
and protocol design.

- More difficult development, longer “time to market”
« Security holes that can remain hidden for a long time due to the difficulty of the analysis

» But once discovered, exploiting them is usually easy (high obfuscation, not necessarily high
security)
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https://www.silabs.com/support/training/long-range-connectivity-using-proprietary-rf-solution
https://www.silabs.com/support/training/sub-ghz-proprietary-and-connect-software-stack

Typical Proprietary Wireless Solutions

Smart Meters Home Automation and
Security

Public Infrastructure Agriculture Asset Tracking & ESL
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EFR32 Development Path #1: Connect-based Application

< = Stack, up to the Network layer
Customer Application S » Based on RAIL
Q - Supports an extended star network topology
O
: [ - Configurable PHY (pre-set PHYs available for all
Stack (ZigBee, BLE, - ISM regions)
Connect, Proprietary) 3 o « 15.4 based MAC (Frame format)

= Also supports MAC mode
« Pure IEEE 802.15.4 MAC implementation

Radio Abstraction Interface
Layer (RAIL)

= Also includes some application layer features
- Task scheduler

Silicon Labs IC(s)

- OTA bootloader image distribution
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EFR32 Development Path #2: RAIL-based Application

Radio Abstraction Interface Layer

- Library, used to access radio transceiver hardware
Customer Application +

Customer Stack (optional)

Has some MAC features that can be accelerated
by HW

- Auto ACK

« Address filtering

Radio Abstraction Interface - CSMA/CA or LBT

Layer (RAIL) - Scheduling and timestamping

HW Silicon Labs IC(s)
{

Portable code

RAIL provides a common API across all supported
chips

—r<¢

All Silicon Labs stacks are implemented on top of
RAIL
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Best Path Depends on the Application Needs

RAIL Connect

= Pros: = Pros:
« Very flexible  Full featured stack, including network layer
Task Scheduler
OTA bootloader
MAC provides 15.4 security
Preconfigured Worldwide PHYs

- Support legacy proprietary systems

« Can be based on custom PHY configuration

« More efficient resource footprint

_ = Cons:
- Cons: - Fixed frame format, can’t connect to
- No network layer, so no multi-hop support existing networks
- No application features like OTA « Not very flexible, e.qg. difficult to set up deeper

than EM2 sleep
« RTC oscillator is required for scheduler
- Larger resource footprint

« Security must be done in application
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Creating a RAIL Project

In Simplicity Studio v5




Tools and API

SSv5 Tools

RAIL API

= Transmit/Receive

=  Automatic State Transitions

- E.g. automatically go to rx after tx

= Frame Buffering

- Maintains buffer for both tx and rx

= Timekeeping, Timestamping and Timers

= Scheduled Transmit

= Scheduled Receive

= CCA with Retransmission
- Supports CSMA/CA and LBT

= Address Filtering
- With two fixed offset, max 4B address or 802.15.4 addressing

=  Auto ACK

- Preconfigured ACK packet automatically transmitted on every packet that
passed all filtering or 802.15.4 ACK
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Studio v5 — Starting up with a known product

v5_workspace - Simplicity Studio™
File Edit Navigate Search Project Run Window Help
1 Welcome © Recent i Tools X Install % Preferences

) My Products|

S+xX0@E®H"0

| EFR327G12]

v Boards

v Parts
EFR32FG12P231F1024GL125
EFR32FG12P231F1024GM48
EFR32FG12P231F1024GM68
EFR32FG12P231F512GM68
EFR32FG12P232F1024GL125
EFR32FG12P232F1024GM48
EFR32FG12P431F1024GL125
EFR32FG12P431F1024GM48
EFR32FG12P431F1024GM68
EFR32FG12P431F1024IM48
EFR32FG12P431F512GM68
EFR32FG12P432F1024GL125
EFR32FG12P432F1024GM48

EFR32FG12 2400/868 MHz 10 dBm Dual Band Radio Board (BRD4254A Rev A02)
EFR32FG12 2400/915 MHz 19 dBm Dual Band Radio Board (BRD4253A Rev A02)

~

andras.gnandt@silabs.com ¥

—~ X

159 | # Launcher A, Network Analyzer {} Simplicity IDE %% Debug

Welcome to Simplicity Studio

Everything you need to develop, research, and configure devices for loT applications.

Get Started

Select a connected device or search for a product by name to see available documentation, example projects, and demos.

Connected Devices All Products ‘
m EFRQZ_MGHQ 2.4 GHz 19 dBm RB, WSTK Mainboard (IP: 10.150.12.31) ¥ “

Recent Projects

You haven't created a project yet

[ Create New Project J

~ Learn and Support

Simplicity Studio User's Guide =) Training and Tutorials
The official Simplicity Studio 5 User's Guide Our collection of Simplicity Studio training and tutorial videos

‘0" Tips and Tricks

Useful tips and tricks to help you optimize your tools setup

= Silicon Labs Community

Where users come together to learn, get help, and grow their skills

> Technical Support

Get technical support directly from Silicon Labs

EsEesam @ © 2021 Silicon Labs
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Studio v5 — Starting up with a connected device

v5_workspace - Simplicity Studio™
File Edit Navigate Search Project Run Window Help
f Welcome © Recent i Tools X Install % Preferences
i# Debug Adapters: 10 % X

SAXBvO@er=0

" BGM 13532 Blue Gecko Module RB (IP:10.150.12.13)
" EFR32MG12 2.4 GHz 19 dBm RB (1P:10.150.12.31)
v ' EFR32MG12 2400/868 MHz 10 dBm RB (1D:440208486)
Al Wireless Starter Kit Mainboard (BRD4001A Rev A01)
™ EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.10)
# EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.14)
v M EFR32MG13 2.4 GHz 19 dBm RB (1P:10.150.12.142)

A Wireless Starter Kit Mainboard (BRD4001A Rev A01)
™ EFR32MG13 2.4 GHz 19 dBm RB (1P:10.150.12.143)
M EFR32MG13 2.4 GHz 19 dBm RB (1P:10.150.12.144)
" EFR32xG22 2.4 GHz 6 dBm RB (1P:10.150.12.29)
™ FG22_child (1P:10.150.12.68)

£ EFR32MG13 2.4 GHz 19 dBm Radio Board (BRD4168A Rev A00)

£ EFR32MG12 2400/868 MHz 10 dBm Dual Band Radio Board (BRD4163A Rev AQ!

) My Products
Enter product name

() My Products 1

andras.gnandt@silabscom ¥

—~ X

= | # Launcher A Network Analyzer {} Simplicity IDE 4% Debug % Configurator

EFR32MG12 2400/868 MHz 10 dBm RB, WSTK Mainboard (ID: 000440208486)

OVERVIEW EXAMPLE PROJECTS & DEMOS DOCUMENTATION

| General Information

Connected Via: ¢ J-Link Silicon Labs °s Configure

Debug Mode: Onboard Device (MCU) 7 Change

Adapter FW: 1v3p4b1035 Update to 1.4.6.1171 | Changelog

Preferred SDK:

Gecko SDK Suite v3.2.0 Manage SDKs

I Board

Wireless Starter Kit Mainboard (BRD4001A Rev A01)

View Documents v

I Board

COMPATIBLE TOOLS

Create New Project

I Recommended Quick Start Guides

@ AN1254: Transitioning from the v2.x to the v3.x Proprietary Flex SDK
@ AN1255: Transitioning from the v2.x to the v3.x Bluetooth SDK
[ QSG168: Proprietary Flex SDK v3.x Quick Start Guide

[ QSG169: Bluetooth SDK v3.x Quick Start Guide

| Target Part

EFR32MG12 2400/868 MHz 10 dBm Dual Band Radio

Board (BRD4163A Rev A02) EFR32MG12P433F1024GL125

View Documents » View Documents s

[sEiMGtEsem 0

© 2021 Silicon Labs
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RAIL SimpleTRX
Walkthrough

Create Project in SSV5




Studio v5 — Example Projects for Proprietary

v5_workspace - Simplicity Studio™
File Edit Navigate Search Project Run Window Help
1 Welcome © Recent i Tools X Install % Preferences

51 Debug Adapters: 10 SXCOxuB-OBEB-O

1 BGM13532 Blue Gecko Module RB (1P:10.150.12.13)
™ EFR32MG12 2.4 GHz 19 dBm RB (1P:10.150.12.31)
v ' EFR32MG12 2400/868 MHz 10 dBm RB (1D:440208486)

£ Wireless Starter Kit Mainboard (BRD4001A Rev A01)
M EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.10)
% EFR32MG13 2.4 GHz 19 dBm RB (1P:10.150.12.14)
> M EFR32MG13 2.4 GHz 19 dBm RB (1P:10.150.12.143)
™ EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.144)
v M EFR32xG21 2.4 GHz 10 dBm RB (IP:10.150.12.142)
> A EFR32xG21 2.4 GHz 10 dBm Radio Board (BRD4181B)
£ Wireless Starter Kit Mainboard (BRD4001A Rev A01)
M EFR32xG22 2.4 GHz 6 dBm RB (1P:10.150.12.29)
M FG22_child (1P:10.150.12.68)

E EFR32MG12 2400/868 MHz 10 dBm Dual Band Radio Board (BRD4163A Rev AQ;

OVERVIEW

EXAMPLE PROJECTS & DEMOS

DOCUMENTATION COMPATIBLE TOOLS

Filter on keywords

Demos

Example Projects

What are Demo and Example Projects?

A Technology Type @ Clear Filter
[ Bluetooth (21)

[ Bluetooth Mesh (8)

uMyProductsr Se+eXueEm=0

) My Products 1

3 [ Bootloader (10)

| Enter product name [ |

] Homekit (3)
[ Platform (47)
Proprietary (28)
[7] Thread (10)
[J wi-SuN (11)
[ zigbee (20)

~ Provider

© Clear Filter

[[] Gecko SDK Suite v3.2.0 (28)

Run a pre-compiled demo or create a new project based on a software example.

28 resources found

Flex (Connect) - SoC Direct Mode Device
This sample app allows direct commissioning of nodes and
exchange data between them via CLI commands.

Flex (Connect) - SoC Empty
The Connect Empty project is a barebone Connect app that
can be a basis of streamlined proprietary solutions.

Flex (Connect) - SoC Light Example DMP

The purpose of the application is to demonstrate a simple
wireless communication between two or more boards, using
the connect SDK. In combination with the Connect-Switch
sample application, it creates a basic light functionality, where
the LEDs can be toggled on the Light node. After power up, the
Light (network coordinator) create its own local network, and...

Flex (Connect) - SoC Sensor
Demonstrates how to properly setup a star network topology
in which communication occurs in both directions between

CREATE

CREATE

CREATE

CREATE

— X

{55 | # Launcher . Network Analyzer {} Simplicity IDE 4% Debug ¥ Configurator

EFR32MG12 2400/868 MHz 10 dBm RB, WSTK Mainboard (ID: 000440208486)

Flex (Connect) - SoC ECDH Key Exchange
This sample application illustrates how we could share a
network key between two devices in a secure way. The CREATE

application works via CLI commands which break down the
steps to understand and analyze this mechanism.

Flex (Connect) - SoC Empty Example DMP

The Connect Empty DMP example is an RTOS-based project
that provides a skeleton for Connect but not functions, beside
a BLE Task with a basic CLI interface.

CREATE

Flex (Connect) - SoC MAC Mode Device

A 802.15.4 sample app that provides CLI commands to form a
CREATE

network or join an existing network, send data to another node
based on short or long addresses.

Flex (Connect) - SoC Sink

The Sink example is the counterpart of the Sensor example. It CREATE

receives reports of Sensor nodes joing to its network.

A Quality © Clear Filter the Sink and the Sensor(s) nodes. The PBO pushbutton can be
[ ALPHA (0) used to enable or disable sleep, combined with changing the
VCOM option ‘Enable reception when sleeping'.
[] peEmMos (0)
[C] None Specified (0)
1= PROnCTION oM < Flex (Connect) - SoC Switch Example Flex (RAIL) - Burst Duty Cycle =
| andras.gnandt@silabscom ¥ _ ] © 2021 Silicon Labs
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Studio v5 — SimpleTRX Example Project

v5_workspace - Simplicity Studio™ — X
File Edit Navigate Search Project Run Window Help
| f Welcome © Recent i Tools L Install % Preferences 59 | # Launcher X Network Analyzer {} Simplicity IDE 4% Debug % Configurator

i Debug Adapters: 10 SRXCAXR{BvOREE=DO .
» ¥ BGM13532 Blue Gecko Module RB (IP:10.150.12.13) EFR32MG12 2400/868 MHz 10 dBm RB, WSTK Mainboard (lD 000440208486)
, # EFR32MG12 2.4 GHz 19 dBm RB (IP:10.150.12.31)
v EFR32MG12 2400/868 MHz 10 dBm RB (ID:440208486)
F4 EFR32MG12 2400/868 MHz 10 dBm Dual Band Radio Board (BRD4163A Rev AQ OVERVIEW EXAMPLE PROJECTS & DEMOS DOCUMENTATION COMPATIBLE TOOLS
> F Wireless Starter Kit Mainboard (BRD4001A Rev A01)
M EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.10)
, ¥ EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.14)
5 # EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.143)
> # EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.144) X
+ % EFR32xG21 2.4 GHz 10 dBm RB (IP:10.150.12.142)

Run a pre-compiled demo or create a new project based on a software example.

: . Filter on keywords
G il ey oo g Flex (RAIL) - Simple TRX Flex (RAIL) - Simple TRX Multi-PHY
, # EFR32xG22 2.4 GHz 6 dBm RB (IP:10.150.12.29) DaTes » This application demonstrates the simplest exchange of This application demonstrates the usage of multiple phys
i FG22_child (1P:10.150.12.68) transmit and receive operation between two nodes. Both selectable by channels. By default there are 2 channels, one
Example Projects ‘ nodes are capable of sending and receiving messages. On the sub-GHz and a 2.4GHz. Pressing PBO will transmit on channel
WSTK, any button press (PB0/PB1) will send a message. LEDO 0, while pressing PB1 will transmit on channel 1. Both

o will toggle on message send and LED1 will toggle on message transmission and reception is reported on serial terminal and
What are Demo and Example Projects? receive. CLI can also be used for sending and showing... on LEDO/LED1 (for channel 0/1, respectively). To send using...

This application demonstrates the simplest exchange of transmit and receive operation between two nodes. Both nodes are capable of sending and

receiving messages. On the WSTK, any button press (PBO/PB1) will send a message. LEDO will toggle on message send and LED1 will toggle on
message receive. CLI can also be used for sending and showing received messages. To send enter ‘tx’ or ‘send". By default the received packets will be

D Bluetooth (21) Flex (RA".) - Simple TRX St printed out in terminal, to enable or disable print enter ‘rx 1' (receive 1') or 'rx 0" ('receive 0') in terminal. With one click this baremetal sample app can

~ Technology Type @ Clear Filter

. Cooge be run on an OS, currently MicriumOS and FreeRTOS is supported. NOTE: Due to the higher current consumption of the continuous radio usage
D Bluetooth Mesh (8) This application demonstrates the § (especially in Rx Mode), it is not recommended to power the boards from a coin cell. Instead, an USB power bank can be used if portability is needed.
~ T | transmit and receive operaxion betweerrwu tioues usInyg TeEE anu ACK (SUTNIWAre Daseu) UperauorT DETWEETT IWO TT0Ues, BoTT
& My Products| 21 [ Bootloader (10 - e
E . | ootloader (10) Std. 802.15.4 and IEEE Std. 802.15.4g and BLE. Both nodes nodes are capable of sending messages and receiving ACKs.
nter product name
= [ Homekit (3) can send and receive IEEE Std. 802.15.4 and IEEE Std. On the WSTK, any button press (PB0/PB1) will send a
By 1 802.15.4g or BLE advertising frames. With IEEE Std. 802.15.4 message. LEDO will toggle on message send and LED1 will
0 piatform (47) the frame can be sent and received with CSMA/CA, auto-AC... toggle on ACK receive. With one click this baremetal sample..
Proprietary (28)
[ Thread (10) S i
Flex (RAIL) - Switch Flex (RAIL) - Switch Standards
[ wisun (11) The purpose of the application is to demonstrate a simple The purpose of the application is to demonstrate a simple
2 wireless communication between two or more boards. In wireless communication between two or more boards. In
[ zigbee (20)
combination with the Light sample application it creates a combination with the Light sample application it creates a
A Provider © Clear Filter basic switch functionality, where the light can be toggled in basic switch functionality, where the light can be toggled in
he Light . Af then isil | he Ligh s hi isil Al q)
[ Gecko SDK Suite v3.2.0 (28) the Light node. After power up, the Odé is in SCAN state. It the Light node. After power up, the node. is in SCAN state. It
means the broadcast messages of the light modules can be... means the broadcast messages of the light modules can be...
A Quality @ Clear Filter
[J ALPHA (0) y "
Flex (RAIL) - Wireless M-bus Collector Flex (RAIL) - Wireless M-bus Meter
[ pemos (0) Implements a Wireless M-Bus collector application. Uses the Implements a Wireless M-Bus collector application. Uses the
y " multi-PHY configurator. For details, see AN1119. With one multi-PHY configurator and capable of limited multi-PHY i
[ None Specified (0)
click this baremetal sample app can be run on an OS, currently features, like asymmetric bidirectional modes. For details, see
™1 PRONIICTION (28) ¥ se t am e eman- v tssamem a0 S—F | qieaaa er “ ey - f f Y
andras.gnandt@silabs.com ¥ esMerese @ {© 2021 Silicon Labs
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Create SimpleTRX Sample Project

File

orkspace - Simplicity Studio™

Mavigate Search Progject Run Window Help
* 1 Welcome © Recent i Tools M Install % Preferences
# Debug Adapters: 10 SESAxRB-OBER=DO
> M BGM13532 Blue Gecko Module RB (1P;10,150.12,13)
> W EFR32ZMG12 2.4 GHz 19 dBm RB (IP:10.150.12.31)
v . EFR32MG12 2400/868 MHz 10 dBm RB (ID:440208486)
> E4 EFR32MG12 2400/868 MHz 10 dBm Dual Band Radio Board (BRD4163A Rev AQ
> [ Wireless Starter Kit Mainboard (BRD4001A Rev AO1)
> EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.10)
> EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.14)
> W EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.143)
> M EFR32MG13 2.4 GHz 19 dBm RB (IP:10.150.12.144)
~ W EFR32xG21 2.4 GHz 10 dBm RB (IP:10.150.12.142)
» E4 EFR32xG21 2.4 GHz 10 dBm Radio Board (BRD4181B)
> [ Wireless Starter Kit Mainboard (BRD4001A Rev AD1)
> M EFR32xG22 2.4 GHz 6 dBm RB (IP:10.150.12.29)
» M FG22_child (IP:10.150.12.68)

& My Products| SC+xEBEm=0o

[ Enter product name

) My Products 1

andras.gnandt@silabs.com ~

— x

{5 || # Launcher .1 Network Analyzer {} Simplicity IDE 4F Debug 1 Configurator

Mew Project Wizard

Project Configuration
Select the project name and location.

° Target, SDK ° Examples

Project name:  simple_trx

Use default location

Location:  C:\Users\angnandt\SimplicityStudio\v5_workspace\simple_trx

With project files:
O Link to sources

@ Link sdk and copy project sources

(O Copy contents

CANCEL
L] None Specified (U) - T —— T ——
click this baremetal sample app can be run on an 0S, currently
M1 PRODIICTION (28) M PR e ewaa PP

o Configuration

BROWSE

AAIL) - Simple TRX Multi-PHY

lication demonstrates the usage of multiple phys

le by channels. By default there are 2 channels, one
and a 2.4GHz. Pressing PBO will transmit on channel

ressing PB1 will transmit on channel 1. Both
sion and reception is reported on serial terminal and
ILED1 (for channel 0/1, respectively). To send using

AAIL) - Simple TRX with Auto-ACK

lication demonstrates the simplest exchange of TX
(software based) operation between two nodes. Both
e capable of sending messages and receiving ACKs.
ISTK, any button press (PBO/PB1) will send a

1. LEDO will toggle on message send and LED? will

| ACK receive. With one click this baremetal sample...

IAIL) - Switch Standards

ose of the application is to demonstrate a simple
communication between two or more boards. In
tion with the Light sample application it creates a

itch functionality, where the light can be toggled in
node. After power up, the node is in SCAN state. It
le broadcast messages of the light modules can be...

AAIL) - Wireless M-bus Meter

BACK NEXT ‘ FINISH nis a Wireless M-Bus collector application. Uses the

wenaee ¥ CONfigurator and capable of limited multi-PHY
features, like asymmetric bidirectional modes. For details, see

| To9MofssM  ©

© 2021 Silicon Labs
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Sim

nleTRX Project Components

a v3_werkspace - Simplicity Studio™
File Edit Navigate Search Project Run Window Help
e & w O e Siteeirs
‘L Project Explorer
w 5 simple_trx [GN
[l Includes
& autogen
& config

Cow w | 1% 3% fy Welcome D Recent I Tools & Install % Preferences

A«
1
o

(= gecko_sdk_3.2.0
& app_clic

[& app_initc

[5 app_inith

[& app_process.c
[W app_process.h
& main.c

O Console 22 | @ Memory | O Executables

< >

0 items selected

- X

i | # Launcher . Network Analyzer {} Simplicity IDE |4 Debug 1¥ Configurator
=a|;
e

S EPYI
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Software Components

Demo




Sim

nleTRX Project Detalls

v5_workspace - simple_tr/simple_tr.slcp - Simplicity Studio™
File Edit Navigate Search Project Run Window Help
FE @ || W e S|o]vmmiterirgy

Iy Project Explorer &2

v | 4y Welcome © Recent i Tools L Install % Preferences
§ = O || dsimple txsicp 22 | G radio_settings.radioconf

= X

{29 | # Launcher X Network Analyzer {} Simplicity IDE 4 Debug 1 Configurator

EFR32MG1

v 5 simple_trx [G A v7.2.1 - Debug
@) Includes

& autogen

config

» gecko_sdk_3.2.0
18 app_cli.c
app_init.c
app_inith
app_process.c

[ app_process.h

& mainc

& simple_trx.pintool
&% simple_trxsicp

= simple_trxsips

simple_trx OVERVIEW

G

®

| Target and SDK Selection I Project Details

=B

) B

simple_trx /'
This application demonstrates the simplest
Mighty Gecko O exchange of transmit and receive operation
between two nodes. Both nodes are capable of
sending and receiving messages. On the WSTK,
any button press (PBO/PB1) will send a
message. LEDO will toggle on message send and
LED1 will toggle on message receive. CLI can
also be used for sending and showing received
messages. To send enter tx or ‘send’. By default
the received packets will be printed out in
terminal, to enable or disable print enter 'rx 1°
(receive 1') or 'rx 0’ (‘receive 0') in terminal. With
one click this baremetal sample app can be run
on an 0S, currently MicriumOS and FreeRTOS is
supported. NOTE: Due to the higher current
consumption of the continuous radio usage
(especially in Rx Mode), it is not recommended
to power the boards from a coin cell. Instead, an
Wireless Starter Kit Mainboard (BRD4001A Rev USB power bank can be used if portability is
A01) needed.
EFR32MG12 2400/868 MHz 10 dBm Dual Band
Radio Board (BRD4163A Rev A02)

§_ T v B

AL
® 6 ©

EFR32MG12P433F1024GL125

Category
RAIL Examples

Preferred SDK

Gecko SDK Suite: Amazon, Bluetooth 3.2.0,
Bluetooth Mesh 2.1.0, EmberZNet 6.10.0.0, Flex
3.2.0.0, HomeKit 1.0.0.0, Micrium OS Kernel,

© Console 2| 0 Memory O Executables

Adapter Pack Console

S 8 |w-v [o%B |HER D2 =50
Enter location here | BB | ry e
¢
~ |INo debug context
I Project Generators
Simplicity IDE Project
A Simplicity IDE project supporting builds
for MCUs using C/C++ and assembly
files.
RpiE| Oy = 0O

C:\SiliconLabs\SimplicityStudio\v5\developer\adapter_packs\usb\usb_monitor.exe C:\SiliconLabs\SimplicityStudio\v5\developer\adapter_packs\usb\usb_monitor.exe -d -s "
C:\SiliconLabs\SimplicityStudio\v5\developer\adapter_packs\inspect_emdll\inspect_emdll.exe C:\SiliconLabs\SimplicityStudio\v5\developer\adapter_packs\inspect_emdll\inspect_emdll.exe -slist -sn 000
list: 413c:bo6e@012:005[ B&F2A022A%085] Obda:402e8013:004[200901010001] 413c:bA6F@013:005[ CRCASSASD&O&S] 413c:301a@013:003[CACASSASD&O&3] 413c:2107@013:002[ CR&CASSASD&0&2] @bda:8153@014:004[11100000
# Simplicity Studio device detection

deviceCount=1

device(440208486) {
serialNumber=440208486
Connecting to device with serial number 440208486 .. ok.
FirmwareString is Silicon Labs J-Link Pro OB compiled Apr 4 2019 10:30:33
EMDLL version: ©.17.18b581 it

> <
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Drivers — USART vcom

ﬂ v3_workspace - simple_tn:/simple_troslep - Simplicity Studio™
File Edit Navigate Search Project Run Window Help

- x

e S AR N Y R B R A P dow b ow | oh U fy Welcome D Recent 3 Tools & Install %X Preferences {9 | # Launcher 1, Network Analyzer {} Simplicity IDE %5 Debug % Configurator
It Project Explorer 2 | E% Y § = O | &simpletrsicp 23 6 radio_settings.radioconf “8ls
~ &5 simple_trx [GNU ARM v7.2.1 - Debug] [EFR32MG12 24GL1: . B — AONELIRAT —— e
. & Includes 3|mp|e_trx OVERVIEW SOFTWARE COMPONENTS CONFIGURATION TOOLS s
& autogen I
» & config . X . .3
\ & geckn sk 320 Y Filter: Configurable Components [_] Installed Components [_] Components Installed by You [_] Q, search keywords, component's name -
[& app_clic 2
£ app_initc S ] =
[W app_inith
» [W app_processh
» B maine v |0 Stream
& simple_trepintool 2 2 -
2 e s ¥ 10 Stream: USART o Function Documentation
2 simple_trosips @ — *
@ 10 Stream + sl_iostream_usart_init()
10 Stream VUART e}
10 Stream debug sl _status t = iostream uart,
sl_iostream usart_init
10 Stream: LEUART e T * uart_config,
USART InitAsync TypeDef * init,
10 Stream: LEUART Core - -
usart_config,
10 Stream: RTT usart_context
@ 10 Stream: Retarget STDIO
@ |0 Stream: STDLIB Configuration
USART Stream init.
10 Stream: SWO
Parameters
@ 10 Stream: USART Core
[in] iostream uart 10 Stream UART handle.
» Interrupt [in] vart_config 10 Stream UART config.
» NVM3 [in] init USART initialization modes.
[in] usart_cenfig USART configuration.
» Si
S [in] usart_context USART Instance context.
» System Setup =
» Token Manager X Uninstall 4 Add New Instances View Dependencies & Instances
D Console 2 | 0 Memory | O Executables Bi# M@~y =0|
Adapter Pack Console

C:\SiliconLabs\SimplicityStudio\v5\developer\adapter_packs\usb\usb_monitor.exe C:\SiliconLabs\SimplicityStudio\v5\developeri\adapter_packs\usb\usb_monitor.exe -d -s ~
C:\5iliconLabs\5implicityStudio\vS\developer\adapter_packs\inspect_emdll\inspect_emdll.exe C:\S5iliconLabs\SimplicityStudio\v5\developer\adapter_packs\inspect_emdll\inspect_emdll.exe -slist -sn 00044020848¢
T3irs- - .

<

v
A12- - hAEABA1 T - AAETDREIAAIIARARET AhA~ - AAT~ARA1 I -AAATINANATATAAATT 413~ hAELAA1 2 - ANET B ACOAENRARET A12-. 301 ~A012-AA2 [ FErACSAENEARIT A13--31A7AM12-AAITFErACOAENRARIT AhA~-01E38014-00AT1110008011 0A0T-0
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Drivers — Simple button

E v3_workspace - simple_tno/simple_trslep - Simplicity Studio™

3 Install % Preferences

- x

{9 | # Launcher 1, Network Analyzer {} Simplicity IDE %5 Debug % Configurator

=0

SOFTWARE COMPONENTS

Installed Components [_]

CONFIGURATION TOOLS

Components Installed by You [_]

I Simple Button

Simple Button Configuration

Simple buttons use the =1 but © struct and their

generated into the followmg files, as well as instance specific headers wrlh macro definitions in them. The samples below are for a

single instance called "inst0".

Q, search keywords, component's name

t struct. These are automatically

#include "sl_simple button.h"
#include "sl_simple button_inst0_config.h"
s = text t simple inst0 context = {
o] SL_SIMPLE_BUTTON_INSTO_PORT,
.pin = SL_SIMPLE_BUTTON_INSTO_FIN,
o .mode = SL_SIMPLE_BUTTON_INSTO_MODE,
b:
const | _t sl _button_instld = {
scor Gsimple inst0_context,
.init = s 3 e tt t.
.get_state = ai e _button_get_state,
.poll = s ’
const sl *sl_simple butteon_array[] = [&sl_button_inst0};
conat uint8_t simple button_count = 1;
void sl_simple button init_instances(wvoid)
{ -
o X Uninstall 4+ Add New Instances View Dependencies & Instances

File Edit Navigate Search Project Run Window Help
(= T AR N B e N S W A LR HeRaR ¥ ﬂWeIcnmeOREcEnt—Tncls
It Project Explorer &1 E&Y § - 0O M;Iwmdm settings.radioconf
&5 simple_trx [GNU ARM v7.2.1 - Debug] [EFR32MG12P433F1024GL12 o
> @ Includes simple_trx OVERVIEV
& autogen
> & config " .
& geckn sdk 320 Y Filter: Configurable Components [_]
& app_clic
F UpEnLneau
IC] app_lmt,n
@ app.pracess.c v Platform
% app_process.h
g main.c
@ simple_trcpintool » Board
o simple_tnslep .
B simple_trslps » Board Drivers
» Bootloader
» CMSIS
» Common
» Device
¥ Driver
¥ Button
v Simple Button
@ btno
@ btn1
@ Generic Button API
» 12C
» LED
» PWM
» SPI
» UART
Coulomb Counter
O Console 22 | 0 Memory | Executables
Adapter Pack Console
AEFE
< >

C:\SiliconLabs\SimplicityStudio\v5\developer\adapter_packs\usb\usb_monitor.exe C:\SiliconlLabs\SimplicityStudio\v5\developer\adapter_packs\usb\usb_monitor.exe -d -s
C:\SiliconLabs\SimplicityStudio\v5\developer\adapter_packs\inspect_emdll\inspect_emdll.exe C:\SiliconLabs\SimplicityStudio\v5\developer\adapter_packs\inspect_emdll\inspect_emdll.exe -slist -sn 008440208486

A1 - hAEABAT Y - ANETDRCIAAIIARARET AhA~ - AAT~AAA1 I -AAATIBANATATAAATT 413~ hAELAA1 I - ANET B ACOAENRARET A12-. 301 ~A012-AR2 [ ErACSAENEARIT A13--31A7AM12-AAITFEr ACOAENRARZIT AhA~-01E38014-00AT1110000011 0ACT-0
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Drivers - USART

ﬂ v3_workspace - simple_trc/simple_tncslcp - Simplicity Studio™

- o
File Edit MNavigate Search Project Run Window Help
@ S|t w2z riedirNrEGRIDO. = | %% Welcome D Recent 2 Tools X Install %% Preferences fE|#Launcher A Network Analyzer {} Simplicity IDE 4% Debug % Configurator
it Project Explorer &2 E®Y § =0 W@ladio_sening;.ladioconf S0l
&5 simple_trx [GNU ARM v7.2.1 - Debug] [EFR3I2MG12P433F1024GL13 .
B o o simple_trx OVERVIEW SOFTWARE COMPONENTS ~ CONFIGURATION TOOLS
5
> @& autogen
» & config - X -
 gecko,sck 320 Y Filter: Configurable Components [] Installed Components [_] Components Installed by You [_] Q, search keywords, component's name
> |8 app_clic
> [8 app_initc FupElinedu N
> B app_inith I
. g UARTDRV USART
» |8 app_process.c v Platform
> W app_process.h
> 8 mainc
€ simple_tre pintool » Board
ok simple_tresicp . o
[ simple_treslps » Board Drivers Description
The UART USART driver supports the UART capabilities of the USART peripheral. The driver is fully reentrant and
» Bootloader . . . I . . . R i
supports multiple driver instances. Both blocking and non-blocking transfer functions are available. The non-
» CMSIS blocking transfer functions use DMA to transfer data and report transfer completion with callback functions.
Note that the blocking functions are not suitable for low energy applications because they use CPFU polling.
» Common
1f the Services->Runtime->System Setup->System Init component is included in a preoject, the driver instances
» Device will be initialized automatically, u=sing the instance configurations, during the =2l system init() call in
main.c.
v Driver
Selscting this component will also include the UARTDRV Core component, which is  the implemencation of the
> LAy UARTDRV driver icself.
» 12C .
Quality
» LED PRODUCTION
» PWM
Open in Browser
> Pl P
.
v UART UARTDRYV - UART Driver
UARTDRV Core o
UARTDRV LEUART e Description
UARTDRV USART o
Universal Asynchronous Receiver/Transmitter Driver. .
Coulomb Counter fod
View Dependencies
Cycle Counter P
© Console & | ) Memory | © Executables EpE|MO~-=0
Adapter Pack Console
arrived: e5b7:08118015:001[20160823] ~
W
< > (|« >

8O 2232m |-
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Radio Configurator Flow

Demo




Configuration Tools

H v3_workspace - simple_tn/simple_tnoslcp - Simplicity Studio™
File Edit Navigate Search Project Run Window Help

femiamume | Sty Dl v vt G e | 128 A Welcome © Recent HETools & Install % Preferences
ity Project Explorer £ £ % Y & O |&simple_tousicp 22

- X

-] ‘ 7 Launcher A Network Analyzer {} Simplicity IDE %% Debug % Configurator

=5
&
~ 5 simple_trx [GNU ARM v7.2.1 - Debug] [EFR32MG12P433F1024GL1: . =
- s s simple_trx OVERVIEW SOFTWARE COMPONENTS ~ CONFIGURATION TOOLS .
& autogen w
> & config &
& gecko_sak 320 . &
+ @ app.dic I Radio Configurator g Open 2
> [8 app_initc
(8 app_inith
> [0 app_process.c
& app_processh Description
> € mainc _ L N R i - . . . i
@ simple_rxpintool Graphical tosl for configuring the radio with one or more phy configuration.
&L simple_tresiep
2 simple_trsips
I Pin Tool % Open
Description
Graphical teol for configuring pins on your hardwars.
i3] 0 Memory | O Executables =0
< >
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Configuration Tools — Pin Tool

ﬂ vi_workspace - simple_trt/simple_trc.pintool - Simplicity Studio™ - X
File Edit Navigate Search Project Run Window Help
=9 Th WS BME k| SitgrN- Hrflete~ | % 3 fy Welcome © Recent 5 Tools & Install % Preferences :E‘ # Launcher A, Network Analyzer {} Simplicity IDE |43 Debug 1 Configurator
It Project Explorer & E% Y § ° 0| &simple_trcsicp |‘simple_tr:.pim.anl £ =o'
~ & simple_tnt [GNU ARM v7.2.1 - Debug] [EFR3ZMG12P433F1024GL1: .
+ & Includes DefaultMode Port I/0: PORTIO Configure Search: 'z
* (& autogen v Pins_Funcll'uns‘Pen’pherals
= “’"L‘:mun . . . Pin# Pin Name Function Custom Pin Name Software Component )
B gecho_ad A2 - e W v W M13 PAD USARTO_TX 10 Stream: USART (vcom) : SLL.O
PCS =3 PCO B PCB BCT L e RE £ 2,
L13 PA1 USARTO_RX 10 Stream: USART (vcom) : SLI.O
. 12 pA2 USARTO_CTS 10 Stream: USART (vcom) : SL_L.O
[ app_process< = = = R K13 PA3 USARTO_RTS 10 Stream: USART (vcom) : SL_I.©
[ app_processh K12 PA4 GPIO mode MX25 Flash Shutdown with usar.Q
» @ mainc @ @ @ . . n3 PAS GPIO mode Board Control : 5SL_BOARD_ENAD
Mg > - oo |l oW _—
[# simple_trslps H13 PA8 _
o = 88 = H12 PAY None v
@ @ @ F2 PB6 I
GPIO mode
E12 B8 12C15CL
@ @ o13 PB9 12C1 5DA |
s ™ D12 PB1D LESENSE_ALTEX1 Board Control : SL_BOARD_ENAQ
on e PONTI SON I
@ @ @ 1 PB1Z RN RAIL Utility, FTI - SL_RAIL_UTIL PO
P GPIo Pz m m - ili .
B ciz PB13 PCNT2_S1IN RAIL Utility, PTI : SL_RAIL_UTIL PO
. @ @ m PB4 USART2_CLK I
cio PB1S USART2_CS ]
5 o8 " s UshRT2.CTS —
oNoK NIEEE: usaRrL s E———
Ad = WTIMERD_CCO
€3 o v wTERD CC1 E—
S [ 2 WTIER0 Cc2 I
GPIO USARTO_RTS.
® o b WINERD COTO e
@) P
- et e 88 pca
@ ” . A7 pCo ]
87 PC10 |
PR POT PON3 0 USARTO_TX
SRR 6 pch I
OO0 | =
o oo - - = = et M9 PDI
GPIOD
N1D PD10 ]
M10 PO11 I
i i 1 PD1 I
125-pin BGA, 7x7 - (top view) NI o1z
M11 PD13
N12 PD14
zoom: |8 [2] 8% N13 PDIS GPIO mode Board Conual : SLEOARD ENAD
R2 oFn |

© Console 2 | 0 Memory ‘0 Executables B |

s
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Configuration Tool — Radio Configurator

E v3_workspace - simple_tno/config/rail/radic_settings.radioconf - Simplicity Studio™
File Edit Navigate Search Project Run Window Help
=22 W 2 BN:E | Sk B-BRiE~ vt

- | 0% fy Welcome D Recent i Tools & Install %X Preferences

- x|

{9 | # Launcher ., Network Analyzer {} Simplicity IDE 45 Debug 17 Configurator

i3 Project Explorer &2 ] B% Y § = O &simple_tnusicp le *radio_settings.radioconf 85.| =0l
~ &5 simple_trx [GNU ARM v7.2.1 - Debug A . (- (xse
 Includes Radio Configurator Search Q \ View Manual
& autogen | L
& config @ (@ [E]? M 5| x «
& gecko_sdk_3.2.0 D . D :]
g app_dlic . .
B app dnitc v (& Protocol Configuration General Settings I Channels Overview
m\;:sgj::;?em [E] Channel Group 1
r)
& app_process.h Protocol name Name Start channel Stop channel
& main. . Pratocol Configuration No. uency No. Frequency
o maine General Settings ® g Freq req
@ simple_tncpintool
& simple_treslcp Channels Overview @ C variable name Channel Group 1 0 868.00 Mhz 20 888.00 Mhz
2 simple_treslps Protocol_Configuration
Select radio profile
Base Profile v
Select radio PHY
868M 2GFSK 500Kbps 125K -
169MHz 2GFSK 2.4Kbps 1.2KHz
“—  169MHz 2GFSK 2.4Kbps 1.2KHz ETSI
169MHz 2GFSK 38.4Kbps 20KHz
2450M 2GFSK 1Mbps 500K
2450M 2GFSK 250Kbps 125K
2450M 2GFSK 2Mbps 1M
285MHz 2GFSK 2.4Kbps 1.2KHz
285MHz 2GFSK 500Kbps 125KHz
315MHz 2GFSK 2.4Kbps 1.2KHz
315MHz 2GFSK 38.4Kbps 20KHz .
B Console 2 | (1 Memory :0 Executables = B
< >
[eimmetmm 1
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Radio Configurator - Customized

ﬂ v3_werkspace - simple_tn/config/rail/radio_settings.radioconf - Simplicity Studio™

- X
File Edit Navigate Search Project Run Window Help
=& BN R | SiriBrBRidr LR | %y Welcome D Recent £ Tools & Install %% Preferences El # Launcher 1, Network Analyzer {} Simplicity IDE 4 Debug 4 Configurator
L5 Project Explorer I E% Y § O | Msimpletxsicp | *radio_settings.radioconf &1 c 8
v & simple_trx [GNU ARM v7.2.1 - Debug] [EFR32MG12P. 24GL12 N . ) 2| =
» &l Includes Radio Configurator Search Q_ | View Manual -
& autogen . . -
& config @ = [E] 2| [v @ﬂ &« &
» (= gecko_sdk_3.2.0 _ o =
» |8 app_dic : % I . 2,
B g bite v B Protocol Configuration General Settings Channels Overview X
E:sgj::;:em [£] Channel Group 1
» [ app_process.h Protocol name Name Start channel Stop channel
s B maing , Protocol Configuration No. uency No. uency
o mane General Settings ® ¢ Freq Freq
& simple_tncpintool
£ simple_trslep Channels Overview ® C variable name Channel Group 1 0 868.00Mhz 20 888.00 Mhz
2 simple_trslps Operational Frequency ® Protocol_Configuration
Crystal (o]
Modem (o] Base Profile )
» Packet @
Symbol Coding @ -
868M 2GFSK 500Kbps 125K
Channel Coding (o] N . rop ’
Testing @® .
mi
b Advanced ® Customized -9
I Operational Frequency X I Crystal X I Modem X
Base Channel Frequency Crystal Frequency Modulation Type
868 MHz 384 MHz FSK2 T
Channel Spacing TX Crystal Accuracy Bitrate
1000 kHz 0 ppm 500 kbps
njection side RX Crystal Accuracy Deviation
HIGH_SIDE - 0 ppm 125 kHz
Baudrate Tolerance
0 ppm
Shaping Filte
Gaussian v
Shaping Filter Parameter (BT or R
- 05 -
O Console 2 | (] Memory | O Executables =8|
< >
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Radio Configurator — Modem settings

H v3_workspace - simple_tnd/config/rail/radic_settings.radioconf - Simplicity Studic™

File Edit Navigate Search Project Run Window Help
Fi> 3w > AR R R SR
ity Project Explorer 2 BEgtY 8§ =0

BN 2.0

- ¥

G-

~ &5 simple_trx [GNU ARM v7.2.1 - Debug] [EFR32MG12P433F1024GL1Z

&l Includes
& autogen

> & config
& gecko_sdk_3.2.0
9 app_dli.c

> [g app_initc
[ app_inith

> |g app_process.c
[A app_process.h
& main.c
@ simple_trcpintool
o simple_trncslep
2 simple_trcslps

v | %3 fy Welcome O Recent i Tools & Install % Preferences

- X

5 | # Launcher .1, Network Analyzer {} Simplicity IDE 4 Debug %F Configurator

Susimple toxsico | *radio_settingssadiocont 11 “ol
) *| ==
Radio Configurator Search Q| View Manual 2
r -
1 868M 2GFSK 500Kbps 125K
@@ e « A
v [F] Protocol Configuration Customized ‘
[£] Channel Group 1
General Settings @ I Operational Frequency x I Crystal X I Modem X
Channels Overview @
Operational Frequency (O]
Crystal Base Channel Frequency Crystal Frequency Modulation Type .
o @ 868 MHz 384 MHz FSK2
Modem @
» Packet @ Channel Spacing TX Crystal Accuracy Bitrate
Symbol Coding ® 1000 kHz ] ppm 500 kbps
Channel Codlng @ Injection side RX Crystal Accuracy Deviation
Testing @ HIGH_SIDE v 0 ppm 125 kHz
» Advanced @
Baudrate Tolerance
0 ppm
Shaping Filte
Gaussian v
Shaping Filter Parameter (BT or R
0.5
FSK symbaol map
MAPO v
Enable Asynchronous direct mode »
Packet
Preamble ‘ ‘ Syncword Payload CRC
© Console 2 | 0 Memory |l) Executables = 0
etz T
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Radio Configurator — Packet structure settings

& gecko_sdk 3.2.0
[8 app_clic
i app_init.c
> [§ app_inith
[g app_processc
> | app_processh
[& main.c
1@ simple_trx.pintool
& simple_tncsicp
& simple_trxsips

BN 3T

e 5w I
& Project Explorer 22 |
B
~ &5 simple_trx [GNU ARM v7.2
l Includes
& autogen
& config

| S e RIE Bl

E v3_workspace - simple_tn:/config/rail/radic_settings.radioconf - Simplicity Studic™
File Edit Navigate Search Project Run Window Help

G

= | 743 fy Welcome /D Recent  Tools & lInstall % Preferences

- X

(&5 | # Launcher A, Network Analyzer {} Simplicity IDE |45 Debug % Configurator
= O dusimple_tresicp |68 *radio_setti I =0,
I|J E | *| m=
721 Radio Configurator Search Q, || View Manual A

. ]
8l @ [+] [« [@ [x] -
Packet ;
v [F] Protocol Configuration =
Preamble Syncword Payload CRC
[E] Channel Group 1
General Settings @
Channels Overview & I Frame General X I Frame Fixed Length X I CRC Input x I CRC OQutput X
Operational Frequency (o]
Crystal (o] I I I
Fixed Payload Size CRC Polynomial CRC Byte Endian
Modem ® Header Enable ) ] 16 bytes CRC_16 M LSB_FIRST -0
¥ Packet @
5ymbg| Coding @ Frame Coding Method CRC Input Bit Endian CRC Output Bit Endian
Channel Coding @ NONE LSB_FIRST MSB_FIRST
Testing @ Frame Length Algorithm CRC Seed
¥ Advanced @ FIXED_LENGTH v 0 CRC Invert »
Frame Bit Endian N
LSB_FIRST - CRC Input Padding »
I Whitening X I Preamble X I Syncword X I Frame Payload x
Whitening Output Bit Preamble Base Pattern Sync Word 0 ;
0 1 68D Payload Whitening Enable »
Whitening Polynomial Preamble Length Total Sync
NONE - 40 bits 0 Insert/Check CRC after payload ‘
Whitening Seed Preamble Pattern Length
FF FF 2 bits 16 bits
Sync Word TX Skip »
2 Console 2 | @) Memory | 3 Executables =8|
>
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Radio Configurator — Packet structure settings

v5_workspace - simple_trx/config/rail/radio_settings.radioconf - Simplicity Studio™

— X
File Edit Navigate Search Project Run Window Help
(@ @i > uw i [ Sy B @D Y Bl G v v | Mg A Welcome © Recent i Tools & Install % Preferences 89 | # Launcher A Network Analyzer {} Simplicity IDE 4% Debug % Configurator
ity Project Explorer &1 = O | & simple_tnusicp *radi i i £ =
ERT § .| R
« & smplenc(cnu arv721 | Radio Configurator Search Q | viewManual | |,
# Includes L - : ]
@ autogen @@ @[]+ @ [x « o
& config = == I Sync Word TX Skip » =
& gecko_sdk 320 b
R sppiciic v [E] Protocol Configuration
i app_init.c -
> B app_inith [£] Channel Group 1
4 a) rocess.c .
; app'p I Symbol Coding X I Channel Coding X ' Testing X
pp_process.h o
o General Settings ®
g main.c 3
1@ simple_trx.pintool Channels Overview ®
o simple_trxslcp Operational Frequency ® DSSS Chipping Code Base FEC Algorithm : :
% simple_trxslps Crystal & 0 NONE - Reconfigure for BER testing 1B
Modem @ DSSS Chipping Code Length NONE
» Packet (o} 0
Symbol Coding (o]
Channel Coding ® DSSS Spreading Factor FEC_154G
0
Testing ®
» Advanced ® Differential Encoding Mode FEC_134G.K7
DISABLED N
FEC_154G_NRNSC_INTERLEAVING
Manchester Code Mapping
Default -
FEC_154G_RSC_INTERLEAVING
Symbol Encoding
NRZ FEC_154G_RSC_NO_INTERLEAVING
Advanced
I Timing Detection X I AGC X I AFC X
AGC Speed
O o FAST v O oisasieo N
AGC Period
O 0 0O
> 'mmn i i | >
© Console 2| ) Memory | 3 Executables =8|
< >

L W

@ works with ‘ &= SILICON LABS




RAIL SimpleTRX
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Sim

fes @ w b -
t5 Project Explorer 22 |
v 15 simple_trx [GNU ARM v7

»

H v3_workspace - simple_tre/main.c - Simplicity Studio™
File Edit Source Refactor Mavigate Search Project Run Window Help
L i | S i ™ e RS v Bl O v o v | o484y Welcome © Recent B2 Tools & Install £ Preferences

nleTRX — main.c

- X

E®Y §=0

i@ | # Launcher A, Network Analyzer {} Simplicity IDE 43 Debug ¥ Configurator
S

@l Includes

» & autogen

& config

& gecko_sdk_3.2.0
l¢ app_cli.c

[€ app_init.c

> [W app_inith

(& app_process.c

[W app_process.h

[& main.c

& simple_trxpintool
ok simple_tresicp

[ simple_trcslps

< I

2.1 - Debug] [EFR32MG12P4

ok simple_trxsicp |Q *radio_settings.radioconf w s
59 A o
B8 = e e e e e e e e e o
61 // Static Variables W
L I it b ar
63 #if Idefined(SL_CATALOG_KERNEL_PRESENT) -
64 /f/ A static handle of a RAIL instance -
65 static RAIL_Handle_t rail_handle; E
66 #endif
68 // Public Function Definitions
. T A —

Bl e L L PP

71  * Main function

T2 R R R RS RRR RN

73 int main(void)

74 {

75 // Initialize Silicon Labs device, system, service(s) and protocol stack(s).

76 /{ Note that if the kernel is present, processing task(s) will be created by

77 // this call.

78 s1_system_init();

79

80 /{ Initialize the application. For example, create periodic timer(s) or

81 // task(s) if the kernel is present.

82 #if defined(SL_CATALOG_KERNEL_PRESENT)

33 app_task_init();

84 #else

85 rail_handle = app_init();

86 #endif

87

88 #if defined(SL_CATALOG_KERNEL_PRESENT)

89 // Start the kernel. Task(s) created in app_init() will start running.

99 sl_system_kernel_start();

91 #else // SL_CATALOG_KERNEL_PRESENT

92 while (1) {

a3 // Do not remove this call: Silicon Labs components process action routine

94 // must be called from the super loop.

95 s1_system_process_action();

96

a7 // Bpplication process.

98 app_process_action(rail_handle);

99

100 #if defined(SL_CATALOG_POWER_MANAGER_PRESENT)

101 // Let the CPU go to sleep if the system allows it.

102 s1_power_manager_sleep();

103 #endif

104 }

105 #endif // SL_CATALOG_KERNEL_PRESENT

106 }

187

1e8=// --

109 // Static Function Definitions

T T

111 L
< >

S Console &2 [ Memory ‘DExeunables = B

Writable

Smart Insert

1:

1:0
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Sim

nleTRX — RAIL App Init

v5_workspace - simple_trx/app_init.c - Simplicity Studio™

File Edit Source Refactor Navigate Search Project Run Window Help

= X

E@iw e m | Sy ® SNy LRI v Ry Ow o v | A8y Welcome O Recent 22 Tools & Install % Preferences {9 | # Launcher J Network Analyzer {} Simplicity IDE 4% Debug £ Configurator
it Project Explorer £2 | 2% 7 & ° 0| M simpletesicp |6 *radio_settingsradioconf | [ mainc | [d app_processc _|[d app.inite £3 Sinfe
v &5 simple_trx [GNU ARM v7.2.1 - Debug] [EFR32MG12P4 68 N (B3
> @ Includes L
> @ autogen 70 // Public Function Definitions mw
: 8oy e R S P S P P D) )
, & gecko_sdk 320 Load g =
. % 73 * Print sample app name
& app_dlic T T Y &
> id app_initc 75= SL_WEAK void print_sample_app_name(const char* app_name)
W app_inith 76 {
» 1@ app_process.c 77 app_log_info("%s\n", app_name);
» [ app_process.h 78 }
> @ mainc 79
& i o PR b e e s e
3 ol 81 * The function is used for some basic initialization related to the app.
& simple_trxsicp B e
i simple_trsips 839 RAIL_Handle_t app_init(void)
84 {
85  validation_check();
86
87 // Get RAIL handle, used later by the application
88  RAIL_Handle_t rail_handle = sl_rail_util_get_handle(SL_RAIL_UTIL_HANDLE_INSTO);
89
90 set_up_tx_fifo(rail_handle);
91
92 // Turn OFF LEDs
93 s1_led_turn_off(&sl_led_ledo);
94 #if defined(SL_CATALOG_LED1_PRESENT)
95  sl_led_turn_off(&sl_led_ledl);
96 #endif
97 // Start reception
98  RAIL_Status_t status = RAIL_StartRx(rail_handle, CHANNEL, NULL);
99 if (status != RAIL_STATUS_NO_ERROR) {
100 app_log_warning("After initialization RAIL_StartRx() result:%d ", status);
101}
102
103 // CLI info message
104 print_sample_app_name("Simple TRX");
105
166  return rail_handle;
107 }
108
OO I e i e e B e B e S e e
118 // Static Function Definitions
L e
DD A
113 * Checks phy setting to avoid errors at packet sending
114 SRR RN E AR R R R AR R AN SN R AR AR R AR EARRRERRR RIS
115= static void validation_check(void)
116 {
117  _Static_assert(SL_RAIL_UTIL_INIT_PROTOCOL_INST@_DEFAULT == SL_RAIL_UTIL_PROTOCOL_PROPRIETARY,
118 “Please use the Flex (RAIL) - Simple TRX Standards sample app instead, which is designed to show the protocol usage.");
119 }
120 v
E’Comoleﬁ';ﬂrmmry :OEmecutables =8
< I >
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RAIL Simple TRX Init - Summary

= Initialized through components:
« Clocks, DCDC, UART etc

« PA (required for tx only)
« PTI (optional)
« RSSI offset (required for accurate RSSI reading)
« RAIL -> rail_handle, event handler is ready, sl _rail_util on_event()
- Load radio config
« Automatic state transitions (optional)
« Some events (recommended to do in code)
= Initialized trough app_init:
« Tx fifo (required for tx only)
- Start rx (sets starting radio state)
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RAIL SimpleTRX
Walkthrough

Process




Sim

>

e @ w
i Project Explorer &
~ &5 simple_trx [GNU ARM v7.

BN DR

H v3_workspace - simple_tn/app_process.c - Simplicity Studic™
File Edit Source Refactor Navigate Search Project Run Window Help
fpv @ A @ Y v Bl et Gow | 748 fy Welcome D Recent B Tools & Install %8 Preferences

nleTRX — Process - Functions

- X

E®Y §=10

&l Includes

» & autogen

& config

& gecko_sdk_3.2.0
(& app_clic

2 app_ini

» W app_inith

[8 app_process.c

[A app_processh

8 mainc

& simple_trxpintool
ok simple_tresicp

2 simple_trxslps

2.1 - Debug] [EFR32MG12P4

oL simple_trusicp ‘ﬂ'radin_senings.radiomnl |'§. main.c w &
e i LI (S
se // Macros and Typedefs %
e m

i
52 f// Size of RAIL RX/TX FIFO P
53 #define RAIL_FIFO_SIZE (256u) <
54 /// Transmit data length —
55 #define TX_PAYLOAD_LENGTH (16u) Ly
56
57 /// State machine of simple_trx
58 typedef enum {
59 S_PACKET_RECEIVED,
60 S _PACKET_SENT,
61 5_RX_PACKET_ERROR,
62 5_TX_PACKET_ERROR,
63 S _CALIBRATION_ERROR,
64 S_IDLE,
65 } state_t;
68 // Static Function Declarations
U
F L e e ey Y I
71 * The function printfs the received rx message.
72 =
73 * f@param rx_buffer Msg buffer
74 * @param length How many bytes should be printed out
75 * @returns None
TE  EREEE R RS EEEEE R E RS RS R AR SRR A SRR AR SRR AR R
77 static void printf_rx_packet(const uint8_t * const rx_buffer, uintl6_t length);
T T P e P P e e
88 * The API helps to unpack the received packet, point to the payload and returns the length.
81 =
82 * f@param rx_destination Where should the full packet be unpacked
83 * @param packet_information Where should all the information of the packet stored
84 * @param start_of_payload Pointer where the payload starts
85 * @return The length of the received payload
B L T T PP
87 static uint16_t unpack_packet(uint8_t *rx_destination, const RAIL_RxPacketInfo_t *packet_information, uint8_t **start_of_payload);
88
Bl e e T L LT
9@ * The API prepares the packet for sending and load it in the RAIL TX FIFO
91 =
92 * @param rail_handle Which rail handlers should be used for the TX FIFO writing
93 * @param out_data The payload buffer
94 * @param length The length of the payload
B T P P PP
96 static void prepare_package(RAIL Handle_t rail_handle, uint8 t *out_data, uintl6_t length);
97
. L A —————————.
99 J/ Global Variables
T
101 /// Flag, indicating transmit reguest (button has pressed / CLI transmit request has occured) v
< ) o >
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Sim

[ miw o
i3 Project Explorer & E%SY 8§ =0

H v3_workspace - simple_tn/app_process.c - Simplicity Studio™
File Edit Source Refactor Navigate Search Project Run Window Help
LR IR R T - =k

nleTRX — Process — State Machine

~ &5 simple_trx [GNU ARM v7.2.1 - Debug] [EFR32MG12P4
> w Includes
& autogen
> & config
& gecko_sdk_3.2.0
€ app_clic
[8 app_initc
[ app_inith
& app_process.c
[i app_process.h
L& main.c
@ simple_trcpintool
o simple_tnslep
2 simple_trcslps

- X

Qg > flwts G w o v |4 3 Welcome D Recent 3 Tools & Install %% Preferences 5 | # Launcher .1, Network Analyzer {} Simplicity IDE 45 Debug 17 Configurator

&L simple_tncslep |® *radio_settings.radioconf |.§ main.c L@MJ =0 -

172 ~

173 switch (state) {

174 case 5 _PACKET _RECEIVED:

175 // Packet received:

176 // - Check whether RAIL_HoldRxPacket() was successful, i.e. packet handle is valid .

177 // - Copy it to the application FIFO

178 /! - Free up the radio FIFOQ

179 // - Return to IDLE state i.e. RAIL Rx

180 rx_packet_handle = RATL_GetRxPacketInfo(rail handle, RAIL_RX_PACKET_HANDLE_OLDEST COMPLETE, &packet info);

181 while (rx_packet_handle |= RAIL_RX_PACKET_HANDLE_INVALID) {

182 ulnt8_t *start_of_packet = @;

183 uint16_t packet_size = unpack_packet(rx_fifo, &packet_info, &start_of_packet);

184 rail_status = RAIL_ReleaseRxPacket(rail_handle, rx_packet_handle);

185 if (rail_status |= RAIL_STATUS_NO_ERROR) {

186 app_log_warning("RAIL_ReleaseRxPacket() result:%d", rail_status);

187

188 if (rx_requested) {

189 printf_rx_packet(start_of_packet, packet_size);

198

191 sl_led toggle(&sl_led leda);

192 rx_packet_handle = RAIL_GetRxPacketInfo(rail_handle, RAIL_RX_PACKET_HANDLE_OLDEST_COMPLETE, &packet_info);

193 }

194 state = S _IDLE;

195 break;

196 case 5_PACKET_SENT:

197 app_log_info("Packet has been sent\n");

198 #if defined(SL_CATALOG_LED1_PRESENT)

199 s1_led_toggle(&sl_led_ledl);

200 #else

201 sl_led_toggle(&sl_led_ledd);

202 #endif

203 state = S _IDLE;

204 break;

205 case S_RX PACKET ERROR:

206 // Handle Rx error

207 app_log_error("Radio RX Error occurred\nEvents: ¥11X\n", error_code);

208 state = S _IDLE;

209 break;

210 case S_TX_PACKET_ERROR:

211 // Handle Tx error

212 app_log_error("Radio TX Error occurred\nEvents: ¥11X\n", error_code);

213 state = S_IDLE;

214 break;

215 case S_IDLE:

216 if (tx_reguested) {

217 prepare_package(rail_handle, out_packet, sizeof(out_packet));

218 rail_status = RAIL_StartTx(rail_handle, CHANNEL, RAIL_TX_OPTIONS_DEFAULT, NULL);

219 if (rail_status |= RAIL_STATUS_NO_ERROR) {

220 app_log_warning("RAIL_StartTx() result:%d ", rail_status);

221

222 tx_requested = false;

223

224 break; ©
B Console &2 | D Memory | O Executables =B
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-
v5_workspace - simple_trx/app_process.c - Simplicity Studio™ = X
File Edit Source Refactor Navigate Search Project Run Window Help
(@@ i b om L S ® SNy @I v Ry G v |8y Welcome O Recent 2 Tools & Install %% Preferences {9 | # Launcher A, Network Analyzer {} Simplicity IDE 4% Debug £ Configurator
ity Project Explorer 2 E% 7V § ° 0 || &simpletresicp |60 *radio_settingsradioconf | & main.c |9 app_process.c i3 | S
v &5 simple_trx [GNU ARM v7.2.1 - Debug] [EFR32MG12P4|| 238 (o oo
» & Includes D 5
& autogen 240 * RAIL callback, called if a RAIL event occurs. ;u.y
D B
> W config 242=void sl_rail_util_on_event(RAIL Handle_t rail_handle, RAIL_Events_t events) “
» & gecko_sdk 3.2.0 243 { =
& app_clic 244 error_code = events; )
> 8 app_initc 245 // Handle Rx events
B app_inith 246 if ( events & RAIL_EVENTS_RX_COMPLETION ) {
y £ sppiproceste 247 if (events & RAIL_EVENT_RX_PACKET_RECEIVED) {
, @ app_processh 248 // Keep the packet in the radio buffer, download it later at the state machine
$ @i 249 RAIL_HoldRxPacket(rail_handle);
= man 250 packet_recieved = true;
@ simple_trx.pintool 251 } else {
&% simple_trxsicp 252 // Handle Rx error
2 simple_trxsips 253 rx_error = true;
254
255}
256 // Handle Tx events
257 if ( events & RAIL_EVENTS_TX_COMPLETION) {
258 if (events & RAIL_EVENT_TX_PACKET_SENT) {
259 packet_sent = true;
260 } else {
261 // Handle Tx error
262 tx_error = true;
263
264}
265
266  // Perform all calibrations when needed
267 if ( events & RAIL_EVENT_CAL_NEEDED ) {
268 calibration_status = RAIL_Calibrate(rail_handle, NULL, RAIL_CAL_ALL_PENDING);
269 if (calibration_status |= RAIL_STATUS_NO_ERROR) {
270 cal_error = true;
71 }
272
273 #if defined(SL_CATALOG_KERNEL_PRESENT)
274  app_task_notify();
275 #endif
276 }
277
D e
279 * Button callback, called if any button is pressed or released.
280  FEEEEEAEEERAEEERR RS EREE SRR KR SRR AR R SRR E SRR SRS ERRREEES |
281~ void s1_button_on_change(const sl _button_t *handle)
282 {
283 if (s1_button_get_state(handle) == SL_SIMPLE_BUTTON_PRESSED) {
284 tx_requested = true;
285
286 #if defined(SL_CATALOG_KERNEL_PRESENT)
287  app_task_notify();
288 #endif
289 }
290 v
© Console 2 | 1 Memory :OExecutables \ =0
<| i >
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RAIL Simple TRX Process

Transmit
= Init;
« PA configuration (RAIL PA component)
« RAIL_SetTxFifo()
= Main Loop:
« RAIL_WriteTxFifo()
« RAIL_StartTx()
= Event handler:
- Wait for RAIL_EVENT_TX PACKET_SENT

« Go back to RX state: auto state transition in RAIL init
component

Receive
= |nit;
- RAIL_StartRx()

= Event handler
- Wait for RAIL_ EVENT_RX PACKET_RECEIVED

« RAIL_HoldRxPacket()
« Go back to RX state: auto state transition in RAIL init
component
= Main loop:

« RAIL_GetRxPacketInfo() for
RAIL_RX_PACKET_HANDLE_OLDEST_COMPLETE

« If returns packetHandle:
» RAIL_CopyRxPacket()
» RAIL_ReleaseRxPacket()

« Repeat until returns valid packetHandle
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Resources

= Proprietary Flex SDK v3.x Quick Start Guide -- QSG168

= RAIL Fundamentals -- UG103.13

= Connect Fundamentals -- UG103.12

= Multiprotocol Fundamentals -- UG103.16

= Dynamic Multiprotocol User's Guide -- UG305

= Simplicity Studio® 5 User's Guide

= EFR32 Migration Guide for Proprietary Applications -- AN1244

= About the Connect v3.x User's Guide -- UG435.01

= Building Low Power Networks with the Silicon Labs Connect Stack v3.x -- AN1252
= Silicon Labs Connect AP| Reference Guide

= EFR32 Radio Configurator Guide for Simplicity Studio 5 -- AN1253
= RAlLtest User's Guide -- UG409

= EFR32 RF Evaluation Guide -- AN972

= Silicon Labs RAIL API Reference Guide

= https://www.silabs.com/support/training/rail

= RAIL Tutorials
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https://docs.silabs.com/simplicity-studio-5-users-guide/1.0/index
https://docs.silabs.com/connect-stack/latest/
https://docs.silabs.com/rail/latest/
https://www.silabs.com/support/training/rail
https://www.silabs.com/community/wireless/proprietary/knowledge-base.entry.html/2019/05/08/rail_tutorials_tabl-FAFW

Works with

SILICON L ABS

VIRTUAL CONFERENCE

'''''''''''''

nrli

&= SILICON LABS



