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SILICON LABS

UG350: Silicon Labs Coexistence
Development Kit (SLWSTK-COEXBP)

The Coexistence Development Kit (SLWSTK-COEXBP) is a de-
velopment kit designed by Silicon Labs to demonstrate coexis-
tence between different radios transmitting in the 2.4 GHz ISM
band. This document version pertains to revision 3.0 of the
SLWSTK-COEXBP kit. SLWSTK-COEXBP also requires the
EFR32MG Wireless Starter Kit (SLWSTK6000B), which contains
the following devices:

» 3 x Wireless starter kit (WSTK) mainboard (BRD4001A)
* 3x EFR32MG12 2.4 GHz 19 dBm radio board (BRD4161A)
+ 3x EFR32MG12 2.4 GHz 10 dBm radio board (BRD4162A)

A Logic Analyzer, to view the logic signals, is optional but recommended.

A Silicon Labs protocol stack is required to enable and run coexistence features. Any of
the following stack versions can be used:

« Silicon Labs EmberZNet PRO (Zigbee) stack (v. 6.9.0 and up - note that configura-
tion tools change in v. 7.0)

« Silicon Labs Bluetooth SDK (v. 3.1.0 and up)
« Silicon Labs OpenThread (OpenThread) SDK (v. 1.1.0.0 and up)
» Software required to run and view logic analyzer waveforms

The software images required to create a Zigbee, Bluetooth, or OpenThread network
with coexistence features enabled must be built through sample applications in the re-
spective stack, with added modifications discussed in this document.

The PTA Controller software required to emulate the Wi-Fi device behavior and exer-
cise the coexistence features is available as a custom application. Instructions on how
to download the application from GitHub are provided.

The following additional documents from Silicon Labs are useful resources for under-
standing protocol networks and coexistence, and will also be referred to in this user's
guide:

* QSG106: Zighee EmberZNet PRO Quick-Start Guide for SDK 6.x and Lower

* QSG180: Zighee EmberZNet PRO Quick-Start Guide for SDK 7.0 and Higher

* QSG169: Bluetooth® SDK v3.x Quick-Start Guide

* QSG170: Silicon Labs OpenThread Quick-Start Guide

* AN1017: Zigbee® and OpenThread Coexistence with Wi-Fi®

* AN1128: Bluetooth® Coexistence with Wi-Fi®

* UG103.17 WI-Fi® Coexistence Fundamentals
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KEY POINTS

« Describes coexistence hardware and
related software requirements.

» Provides step-by-step instructions for the
installation and configuration of
coexistence features in software.

 Details hardware included in the kit and
how to use it.

» Explains additional software components/
plugins and packages used for advanced
testing.
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1. Introduction

SLWSTK-COEXBP: Silicon Labs Coexistence Development Kit is designed to demonstrate multiple radio coexistence features availa-
ble as part of the SDK. These features enable radios in a single product (that is, Gateway, Hub, and so on) running on different proto-
cols to arbitrate network traffic to avoid interference.

A Coexistence test configuration requires the following components:
* Three WSTK boards with either 19 or 10 dBm radio boards mounted, and loaded with the following software images:
* PTA (Packet Traffic Arbitration) Controller: Acts as a Wi-Fi emulator and responds to activity on the device running the coexis-
tence features (coexistence device).
» Coexistence device application: Sample protocol application with coexistence features enabled.
» End-node device application: Sample protocol application to help create a network and generate wireless traffic.
» Coexistence Backplane Board

A logic analyzer is optional but highly recommended to enable signal analysis and debugging. In our setup, we use a Saleae logic ana-
lyzer.

To set up the recommended coexistence test configuration, the PTA Controller and coexistence device both are plugged into headers
on the Coexistence Backplane Board. The Coexistence Backplane Board has routes between those headers that enable connections
between the two boards. The Coexistence Backplane Board also has routes from the headers to external test points. This allows prob-
ing the signals for debugging and evaluation purposes. The end-node device is not plugged into the Coexistence Backplane Board. The
recommended configuration for using the Silicon Labs Coexistence Development Kit is shown in the following figure.

Coexistence Device
PTA Master (Z3Light)

1

End-Node Device
(Z3Switch)

Logic Analyzer

Coexistence Backplane Board

Figure 1.1. Typical Coexistence Test Configuration Using a Zigbee Example

This configuration is shown in the following figures.
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Coexistence Device
(Z3Light)

Coexistence PTA Master
Backplane

%, Board

Logic Analyzer End-Node Device

(Z3Switch)

Figure 1.2. Coexistence Test Setup Using a Zigbee Example (1)

Coexistence Device

Logic Analyzer

" Coexistence
Backplane
Board

End-Node Device
(Z3Switch)

Figure 1.3. Coexistence Test Setup Using a Zigbee Example (2)
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2. Theory of Operation

This section describes the steps required to bring up a network with coexistence features enabled. The section is divided into multiple
subsections detailing each step required. The subsections are:

» 2.1 Bringing Up a Standalone Zigbee Network. Introduces building and flashing the Z3Light and Z3Switch applications, and sending
commands over the network between them.

» 2.2 Adding the Throughput Library to Zigbee Devices. The applications are rebuilt with the throughput library, flashed, and network
traffic created between them.

+ 2.3 Adding the Coexistence Feature to Zigbee Devices. Coexistence features are added and the coexistence backplane board is
introduced. Network traffic is created using the throughput library added in the previous step.

» 2.4 Using PTA Controller in the Test Setup. The PTA Controller application is built and flashed to a device, which then is introduced
to the test setup as a coexistence controller device.

» 2.5 Using Coexistence Features in Bluetooth Devices. Coexistence features are set up on a Bluetooth network, in a procedure that
builds on the instructions for setting up a Zigbee network.

» 2.6 Configuring Devices in Multi-Radio Mode. The coexistence board and applications are configured for multi-radio mode.
» 2.7 Replacing PTA Controller with an External Wi-Fi Device. The PTA Controller device is replaced with an external Wi-Fi chipset.

Note: This section walks through the steps required to set up coexistence on EFR32MG12-based devices. Refer to section 3.1 Jumper
Wire Configurations for Different Boards/Devices regarding connection and wiring information for other compatible devices.

Note: Zighee EmberZNet SDK introduced a new component-based architecture, along with a Project Configurator and other tools to
replace AppBuilder and plugin configuration. In general, the new software components are comparable to the plugins. When applicable,
instructions for both version 7.0 and higher and 6.10.x and lower are provided. For more information, see AN1301: Transitioning from
Zigbee EmberZNet SDK 6.x to SDK 7.x.

2.1 Bringing Up a Standalone Zigbee Network

The first step in setting up for coexistence testing is understanding how to set up a Zigbee network between two devices. For this pur-
pose, we recommend following the steps in the applicable quick-start guide for your version to build, flash, and verify network com-
mands between the Z3Light and Z3Switch example applications. These applications will be modified and used in subsequent steps.
This allows you to become familiar with application development using the Zigbee stack. It is also important to be familiar with the steps
in the quick-start guide as the document will be referred to extensively in the following steps. Quick-start guides can be found through
the list of documents on the Simplicity Studio Launcher perspective, and on the Silicon Labs website under Zigbee documentation. Di-
rect links to the documents follow:

https://www.silabs.com/documents/public/quick-start-guides/qsg106-efr32-zigbee-pro.pdf

https://www.silabs.com/documents/public/quick-start-guides/qsg180-zigbee-emberznet-7x-quick-start-guide.pdf

2.2 Adding the Throughput Library to Zigbee Devices

This step explains how to modify the example applications to add the throughput library. The throughput library is an additional compo-
nent/plugin available in the EmberZNet PRO stack that allows transmitting data between devices at controllable speeds. It is useful for
the evaluation of network quality and connection stability. More information regarding the throughput library can be found in section
4. Throughput Library.
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2.2.1 Rebuilding and Flashing the Images

If you have not already done so in the previous section, follow the steps in the applicable quick-start guide to start the Z3Light and
Z3Switch example applications. Otherwise return to the Simplicity IDE perspective for one of the examples. Customize the examples as
described below, then follow the steps in the applicable quick-start guide to build and flash them to your devices.

In SDK 7.0 and higher:

If the <project>.slcp file is not open, double-click it in the Project Explorer view to open it. Go to the Software Components tab and enter
the keyword 'throughput' to search for the throughput component. Install the component. Repeat for the other example application.

Z3Light_2 SOFTWARE COMPONENTS
Search keywords, components na
Y Filter: Configurable Components |:| Installed Components |:| Components Installed by You |:| SDK extensions |:| Et:c[roughpjtem e e
v Bluetooth I Throughput m
v Application

¥ Throughput

Throughput Test Receiver (Central) Role API & Description
This component provides support both for generating traffic when doing coexistence testing, and for
Throughput Test Transmitter (Peripheral) Role API 0 measuring network throughput. Packets are sent periedically on a CLI-programmable interval unless the
packets-in-flight limit is exceeded.

Throughput Test helper

Throughput User Interface API £ Sﬂﬁlﬁﬂw
Throughput User Interface APl with logging 0
v Zigbee
v Utility
Throughput

View Dependencies

In SDK 6.10.x and lower:

If the <project>..isc file is not open, double-click it in the Project Explorer view to open it. Do not generate the application yet. Go to the
Plugins tab and enter the keyword “throughput” to search for the throughput library plugin. Check the checkbox next to the plugin name
to enable the plugin. Repeat for the other example application.

silabs.com | Building a more connected world. Rev.0.6 | 5




UG350: Silicon Labs Coexistence Development Kit (SLWSTK-COEXBP)
Theory of Operation

@ Silicon Labs Zigbee, version:6.9.1.0 P Generate | | « Preview

(& General [ ZCLClusters | &, Zigbee Stack | % Printingand CLI @ HAL (< Plugins S Callbacks | & Includes | & Othercptions | () Blustooth GATT |

Plugin configuration
Use this section to select or unselect the plugins that you want to use in your application

[ thioughput x| 2| Plugin: < Throughput
CE ity Quality: &3 Test Tool
A= Throughput Description:

This plugin provides support both for generating traffic when deing coexistence testing, and for measuring netwerk throughput.
Packets are sent periodically on a CLI-programmable interval unless the packets-in-flight imit is exceeded.

This plugin has no configurable options,

Details (double-click on files to show content):

(= Located st: CASiliconLabs\SimplicityStudio\wS\developerisdksigecko_sdk_suiteww3. 1\protocolzigbee\toohappbuilder.\.\app\fra
+ &, Common source files (1)

& Implemented callbacks (1)

<> Required plugins (1)

& Setup contributions (1)

&+ Plugin extensions (1)

2.2.2 Using the Throughput Library to Send Zigbee Traffic

1. From Simplicity Studio, access the CLI consoles of the Z3Light and Z3Switch WSTKSs. Refer to the applicable quick-start guide for
instructions on opening CLI consoles.

2.In the console of the Z3Switch example, send the command i nf o to display network information regarding the device. Note the
Node ID in the command's response.

3.In the console of the Z3Light, send the following command

pl ugi n throughput set-all <OxNodel D> 10 10 127 1 O 100000

where NodelD is the node ID of the Z3Switch noted in step 2 above, typed as a hex number. This configures the throughput set-
tings.
4. Still in the console of the Z3Light, send the following command:

pl ugi n throughput start

A series of 10 packets is then sent from the Z3Light to the Z3Switch, generating Zigbee traffic. The Z3Switch console also indicates
packets being received.

More information on the commands used in step 3 and 4 as well as other features of the throughput library can be found in section
4. Throughput Library .

2.3 Adding the Coexistence Feature to Zigbee Devices

This step describes the procedure to enable and configure coexistence features in the example applications. This section uses the
Z3Light application as the example, however the same procedure can be used to enable coexistence on any application. The coexis-
tence features are contained in an additional component/plugin available in the EmberZNet PRO stack. More information regarding the
coexistence component/plugin can be found in AN1017: Zighee® and OpenThread Coexistence with Wi-Fi.

Enabling the FEM driver component/plugin is also recommended. This provides visibility into the state of the radio for debugging purpo-
ses and monitoring radio activity.

Note: This procedure assumes you have created, built, flashed, and verified example applications with the Throughput library as descri-
bed in section 2.2 Adding the Throughput Library to Zigbee Devices.
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2.3.1 Rebuilding and Flashing the Images

Customize the examples as described below, then follow the steps in the applicable quick-start guide to build and flash them to your
devices.

In SDK 7.0 and higher:
1. Open the Simplicity IDE perspective to access the project files.
2.In the Project Explorer view, open the <project_name=>.slcp file. If you have just created the project, the file may already be open.
3. Click the Software Components tab, and type 'coexistence’ in the search field. Select the RAIL Utility, Coexistence component.
4. Click [Install] to add the component to the project. A [Configure] control is now available.

Z3Light_2 SOFTWARE COMPONENTS
Search keywords, components na
Y Filter: Configurable Components |:| Installed Components |:| Components Installed by You D SDK extensions |:| E:E;stlendce ém e e
¥ OpenThread I RAIL Utility, Coexistence €2 Configure
Coexistence o
v Platform
Description
¥ Radio Utility to aid with RRIL Coexistence Support
RAIL Utility, Coexistence te Quality
PRODUCTION

@ RAIL Utility, Coexistence CLI

Zighee Utility, Coexistence CLI
Open in Browser

Coexistence Utility

RAIL Coexistence Utility

This optional software component can be enabled to include default functionality related to the coexistence configuration.
See the following documents for in-depth explanations about how to configure and use the available coexistence features:
= AN1128: Bluetooth® Coexistence with Wi-Fi@

= AN1017: Zighee® and Silicon Labs® Thread Coexistence with Wi-Fi@
= UG350: Silicon Labs Coexistence Development Kit (SLWSTK-COEXBP)

¥ Uninstall View Dependencies

5. Click [Configure] to open the Component Editor.
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6. By default, most coexistence options on the Coexistence Configuration card are disabled. Disable anything that is enabled, and
then enable the following:

* Request Signal, with all options enabled except Shared mode.
* Grant Signal
 Priority Signal, with all options enabled except Shared mode.

RAIL Utility, Coexistence <[> view Source Files  ~ X
«
REQUEST i )
v Coexistence Configuration
REQUEST assert signal level Enable REQUEST shared mode Max REQUEST backoff mask [0-255]
s Coexistence |IEEEB02.15.4 =
PHY Configuration High - » 15

w

SL_RAIL_UTIL_COEX_DP_O
uT

SL_RAIL_UTIL_COEX_DP_R BLE Only Request Configuration
EQUEST_INV
Specify the number of microseconds between asserting Request and starting RX/TX
SL_RAIL_UTIL_COEX_DP_TI
MER ~1 500

SL_RAIL_UTIL_COEX_GNT

gE@é?UTLCOE)LPHYf IEEE802.15.4 Only Request Configuration
SL_RAIL_UTIL_COEX_PRI Enable REQUEST receive retry »
SL_RAIL_UTIL_COEX_PWM
_REQ GRANT i )
SL_RAIL_UTIL_COEX_REQ GRANT assert signal level

High -
SL_RAIL_UTIL_COEX_RHO

SL_RAIL_UTIL_COEX_RX_A
CTIVE

PRIORITY 9
PRIORITY assert signal level Enable PRIORITY shared mode
High - »

Changes are automatically saved, as shown at the top of the Component Editor.

7. A series of cards for different coexistence features are provided after the configuration card. Configure GPIO routes on the follow-
ing cards:

* SL_RAIL_UTIL_COEX_GNT (GRANT) = PC9

* SL_RAIL_UTIL_COEX_PRI (PRIORITY) = PD12

+ SL_RAIL_UTIL_COEX_REQ (REQUEST) = PC10

* SL_RAIL_UTIL_COEX_RHO (Radio Hold-off) = None
8. Close the Component Editor.

9. Enabling the FEM driver component is also recommended, to provide visibility into the state of the radio. On the Software Compo-
nents tab, search for 'FEM'. Select the Radio Utility, FEM component.
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10. Click [Install], then click [Configure] to open the Component Editor.

Z3Light_2 SOFTWARE COMPONENTS
Y Filter: Configurable Components D Installed Components |:| Components Installed by You |:| SDK extensions D Sl o
et | Radio utility, FEM £ Configure
v Radio
@ Radio Utility, FEM o =

Description

Utilicy to aid with Device-external Front End Module (FEM) Support

Quality
PRODUCTION

Open in Browser

Front End Module (FEM) Utility

Radio FEM Utility

This optional software component can be enabled to include default functionality related to FEM configuration.

When using a Silicon Labs-developed board with a FEM, the configuration options for this software compeonent are set up
automatically based on the selected board. When using a custom board, manually configure the configuration options.

Note that this is a Radio Utility, instead of a RAIL Utility, because this code is independent from the RAIL library.

Configuration Options o

¥ Uninstall View Dependencies
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11. Configure the component as follows:
» In the FEM Configuration card, enable RX Mode and TX Mode.
I FEM Configuration
Enable RX Mode Enable TX Mode Enable Bypass Mode

Enable TX High Power Mode

* Inthe SL_FEM_UTIL_RX card, set Selected Module to PRS Channel CH6 and pin PD11.

| sL_FEM_uTIL_RX

Selected Module CH6
PRS Channel CH& - ED11 -
PRS.CH6

Custom Peripheral Name

* Inthe SL_FEM_UTIL_TX card, set Selected Module to PRS Channel CH5 and pin PD10.

| sL_FEM_uTIL_TX

Selected Module CH5
PRS Channel CH5 - BPD10 -
PRS.CH5

Custom Peripheral Name

In SDK 6.10.x and lower:
1. Return to the Simplicity IDE perspective for the Z3Light sample application .isc file.
2. Go to the Plugins tab and search for the keyword 'coexistence' to find the coexistence configuration plugin.
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3. Check the checkbox next to the plugin name to enable the plugin.

@ silicon Labs Zigbee, version:6.8.1.0

B Generate| | <€ Preview |
"% General [ ZCL Clusters | % ZigbeeStack | Printing and CLI @ HAL [<g» Plugms'\\._§j Callbacks | &% Includes | & Otheroptions | J Bluetooth GATT |
Plugin configuration
Use this section to select or unselect the plugins that you want to use in your application
I‘pcuaistence x|| 2 || Plugin <> Radio Coexistence i
- W% RAIL Quality: f Production ready
[A == Radio Coexistence, provides APL: coexistence Description:
E%ﬁ IR;’di“c"E"i“E”ce St piides AP Coodstingl This plugin provides an interface to configure cosxistence GPIO via hardware canfigurator,
v i
1< Radio Coexistence CLI
This plugin hos no configurabie options.
Hardware Configurator Dependent Module Options
Peripheral [V]Enabled  Properties of Coexistence
COEX COEX
Property Value "
~ REQUEST
REQUEST =ignal Disabled
v
< >
Details {double-click on files to show content):
(= Located at: C:\SiliconLabs\SimplicityStudia\v5\developertsdks\gecko_sdk_suite\v3, \platformradic\rail_lib\plugin\coexistence
> .!. Per-architecture source files (86)
» dn Architectures (22) X
4. Uncheck the checkbox next to the Stub plugin to disable Stub functions.
5.In the menu on the right, make sure the Enabled box next to Properties of Coexistence is checked.
6. Modify the fields in the menu on the right as follows:
+ REQUEST Signal: PC10
* GRANT Signal: PC9
* PRIORITY Signal: PD12
* RHO Signal: Disabled
Leave all other settings with their default values.
7. Still in the Plugins tab, search for keyword “fem” to bring the FEM driver plugin.
8. Check the checkbox next to the plugin name to enable the plugin.
€D Silicon Labs Zigbee, version:6.9.1.0 [ B Generate | | ¢ Breview
(& General |, ZCL Clusters |, Zighee Stack |, Printingand CLI @ HAL [ Plugins & Callbacks | & Includes | & Otheroptions | () Bluetooth GATT |
Plugin configuration
Use this section ta select or unselect the plugins that you want to use in your application
[otem x| 2| Pugin 2> Fem driver =
v W% HAL Quality: & Production Ready
[ == FEM driver, provides API: fem-control Description:
API for configuring FEM centrol signals via PRS.
has no'configurable aptions.
Hardware Configurator Dependent Module Options
Peripheral [JEnzbled  Properties of External FEM
P FEM
Property Value fal
v
RX PRS channel Disabled
Sleep PRS channel Disabled v
< >
Details (double-click on files to show content):
(= Located at: C:\SiliconLabs\SimplicityStudio\v3\developer\sdksigecko_sdk_suite\w3.1\util\plugin\plugin-commonifem-control
> &% Setup contributions (1)
. & APIs (1} ¥

9.In the menu on the right, make sure the Enabled box next to Properties of External FEM is checked.
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10. Modify the fields in the menu on the right as follows:
* RXPRS channel: CH6
* PRS channel 6 output pin: PD11
* TX PRS channel: CH5
* PRS channel 5 output pin: PD10
* Enable RX mode: True
* Enable TX mode: True

Leave all other settings with their default values.

2.3.2 Setting up the Coexistence Backplane Board

1. Add the appropriate jumper wires and jumpers as shown in the following figure. This sets the GRANT line to always asserted, and

allows the Z3Light to exercise the coexistence signals.

E
0.0B0 i) SOEELE - o
n-_'GOOM_un Pull Up m»@?& m;;:":_mn
Pull D“'C()m Dowr GRANT +3.3V| GRANT -
Momm = 3 s o #i[ |rio n_1.|
H oz 31 N20
g 5 +1.8V ON g g p
SILICON LABS g2 2 .
SiLabs® SLWSTK-COEXBP Rev 3.0 ""‘-“%8 ™
& o2
aND Pull Down
REQ_PWI
PTA Master = = CoEx3 = e
1 lE E E Pull Up
@ o8 333 | Praony_coext
EXP-4 Brd BPr3 BR4 BF3 Pull Down
EXP8 Brs Brs BPs BPS PRLPWM
BPe Bes BPT BPS B3-7| | | prcmry_sazv
BEXP-10 EXP-10 = BF1 EXPS| PRIORITY Colxi
EXp-12 BP12 BE11 Br12 BrA1 Pull Up
EXP-14 P14 BP13 BXP14 EXP-13| PRI_PWM
EXP-18 BP-18 BP15 Br-18 BEXP-18| Pull Down
Pull Up
Pull Down|
Pull Up
N2 Real] +3IVPTA
Pull Down R &
Pull Up) Rz 4
REQ_PWM Yo
REQUEST REQ PRIORITY_COEX2 REQ PRIORTY_COEXS|  Pull Down L |
GRANT_ GRANT_+3.3V RHO_+3.9V GRANT_+3.3V RHO_+3.3V { : Rs D
REQ_PWM| REQ_PWM| PRI_PWM REQ_PWM PRI_PWM
TXA_COEX1 TXA_CoEK RXA_COB2 A COBXS RXA_COEXS ”—wm”ﬁ’“
w wi N2 (K] N2 N Gl

Figure 2.1. Jumper Configurations for Coexistence Testing

2. Plug the Z3Light board into the CoEx1 position (J2) in the Coexistence Backplane board. Follow the silk label for proper orienta-

tion.

3.If using a logic analyzer, probe the test points or pins in header J5 (+3.3V probe header) on the right side to access the following

signals:

+ REQUEST_+3.3V — TP9 or J5 pin 2

* GRANT_+3.3V - TP10 or J5 pin 4

* PRIORITY_+3.3V — TP14 or J5 pin 12
* TXA_CoEx1-TP12 or J5 pin 8

* RXA_CoEx1 - TP13 or J5 pin 10
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2.3.3 Using the Throughput Library to Send Zigbee Traffic

1. From Simplicity Studio, access the CLI consoles of the Z3Light and Z3Switch WSTKs.

2.In the console of the Z3Switch example, send the command i nf o to display network information regarding the device. Note the
Node ID in the command's response.

3.In the console of the Z3Light, send the following command

pl ugi n throughput set-all <OxNodel D> 10 10 127 1 0 100000
where NodelD is the node ID of the Z3Switch noted in step 2 above, typed as a hex number. This configures the throughput set-

tings.
4. Still in the console of the Z3Light, send the following command:

pl ugi n throughput start

A series of 10 packets is then sent from the Z3Light to the Z3Switch, generating Zigbee traffic. The Z3Switch console also indi-
cates packets being received.

More information on the commands used in step 3 and 4 as well as other features of the throughput library can be found in section
4. Throughput Library.

5. Activity corresponding to sending 10 packets can also be observed on the logic analyzer. It will look similar to the following capture.

Figure 2.2. Logic Analyzer Result for Coexistence Testing

REQUEST and PRIORITY signals are asserted 10 times during the throughput run, indicating 10 attempts to send the messages.
In addition, TXA is also asserted within these REQUEST cycles, indicating the radio was transmitting. GRANT signal is always
asserted due to the configuration of the board. The RXA signal is de-asserted when the radio is transmitting, otherwise it remains
asserted, indicating the radio is in receive mode.

2.4 Using PTA Controller in the Test Setup

The PTA Controller application is a custom application. It is designed to assist in evaluating the coexistence features available in the
stack by acting as a Wi-Fi controller device emulator. The PTA Controller only emulates the GPIO behaviors and cannot generate ac-
tual Wi-Fi traffic. More information regarding the features of the PTA Controller can be found in section 5. PTA Controller Application .

Note: This procedure uses the Z3Light and Z3Switch devices created and installed with the Coexistence Backplane board in the previ-
ous procedure.

2.4.1 Obtaining the PTA Controller Application

The PTA Controller application is available for download on GitHub. Use the following link to obtain the binary files.
https://github.com/SiliconLabs/pta_controller

Follow the steps in the applicable quick-start guide to flash the PTA Controller application onto one of the boards.
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2.4.2 Setting up the PTA Controller Device with the Coexistence Backplane Board

1.Remove the jumper from J13 (added to assert GRANT line in Section 2.3.2 Setting up the Coexistence Backplane Board) and add
additional jumper wires required to communicate with the PTA Controller, as shown in the following diagram:

]
w02 AT
(-9 - T -~ . rEQuEST IR e o LPTA
oS ﬂ"ﬂ]mﬁﬁ Jl?%n m nl:lmﬁn-ml_t‘ N E%t_w(}'"
mﬁ = M;E@ b E D W2 ouT_+1v(
33 3 v Ti‘ﬂ_ﬂ@-:
SILICON LABS g2 g - PRONTY A )we
SiLabs® SLWSTK-COEXBP Rev 3.0 v = (FLETOL
O D ";;% e : i +1.3V Probe
L WP A Mﬂég_
com2f coensll “:r GRANT_+33V (o
- “B ol Uy RHO_V3.3V (wn
m 133 | sy ot | L1189 “\-WCHO"
s pi = | o e e | T, 03¢ @
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Figure 2.3. Jumper Configuration for Coexistence Testing with PTA Controller Device
2.Plug PTA Controller device into dedicated header J1, on the left side of the board. Make sure the board is oriented according to the
silk near the header.
2.4.3 Configuring the PTA Controller Application to Work with Z3Light

The PTA Controller application features run-time configurable options to configure the behavior. By default, all additional features are
turned off, and all signals are assumed active High.

Therefore, the PTA Controller will work with the Z3Light device as is, without needing additional configurations. Details regarding addi-
tional configurations can be found in section 5. PTA Controller Application.
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2.4.4 Using the Throughput Library to Send Zigbee Traffic

1. From Simplicity Studio, access the CLI consoles of the Z3Light and Z3Switch WSTKs.

2.In the console of the Z3Switch example, send the command i nf o to display network information regarding the device. Note the
Node ID in the command's response.

3.In the console of the Z3Light, send the following command:

pl ugi n throughput set-all <OxNodel D> 10 10 127 1 0 100000
where NodelD is the node ID of the Z3Switch noted in step 2 above, typed as a hex number. This configures the throughput set-

tings.
4. Still in the console of the Z3Light, send the following command:

pl ugi n throughput start

A series of 10 packets is then sent from the Z3Light to the Z3Switch, generating Zigbee traffic. The Z3Switch console also indi-
cates packets being received.

More information on the commands used in step 3 and 4 as well as other features of the throughput library can be found in section
4. Throughput Library.

5. Activity corresponding to sending 10 packets can also be observed on the logic analyzer. It will look similar to the following capture.

Figure 2.4. Logic Capture for Coexistence Testing with the PTA Controller Device

REQUEST and PRIORITY signals are asserted 10 times during the throughput run, indicating 10 attempts to send the messages.
Note here that the GRANT signal controlled by PTA Controller is also asserted and de-asserted with REQUEST. In default set-
tings, the PTA Controller is configured to always GRANT when the peripheral device REQUESTSs. In addition, TXA is also asserted
within these REQUEST cycles, indicating the radio was transmitting. The RXA signal is de-asserted when the radio is transmitting,
otherwise it remains asserted, indicating the radio is in receive mode.

2.5 Using Coexistence Features in Bluetooth Devices

Coexistence features are also available in the Bluetooth SDK, and can be evaluated using the same hardware setup explained previ-
ously for Zigbee. For the following instructions, the coexistence backplane board must be configured as explained in section 2.4.3 Con-
figuring the PTA Controller Application to Work with Z3Light, with the PTA Controller device and coexistence device plugged in and
connected to the Coexistence backplane board.

2.5.1 Setting up a Bluetooth Sample Application

The Silicon Labs Bluetooth SDK contains many useful examples to test and run Bluetooth. For the purposes of demonstrating coexis-
tence features in Bluetooth, the "NCP Empty” example will be used. Refer to QSG169: Bluetooth® SDK v3.x Quick-Start Guide for in-
structions on how to create a sample ncp-empty application and use it to advertise. For the purpose of generating Bluetooth PTA traffic
in this test, only one Bluetooth device will be required.
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2.5.2 Adding Coexistence Features to a Bluetooth Sample Application

Once a sample Bluetooth application is set up, coexistence features can be added to the application using the following steps:
1. Open the Simplicity IDE perspective to access the project files.

2.In the Project Explorer view, open the <project_name>.slcp file (for example, ncp_empty.slcp). If you have just created the project,
the file may already be open.

3. Click the Software Components tab, and type 'coexistence' in the search field. Select the RAIL Utility, Coexistence component.
4. Click [Install] to add the component to the project. A [Configure] control is now available.
5. Click [Configure] to open the Component Editor.

6.By default, most coexistence options on the Coexistence Configuration card are disabled. Disable anything that is enabled, and
then enable the following:

* Request Signal, with all options enabled except Shared mode.
* Grant Signal
+ Priority Signal, with all options enabled except Shared mode.

| g senptyshop I RAL Wiy, Comristuncy 5

RAIL Utility, Coexistence ofy ViewsoucaFres w ®
% REQUEST @
RAFAILIEST ansent sigral level Fristle BEUFST stearst rands bas BEGURST bcholl mask [-755]
® » a5

BLE Only Request Configuration

Sy e b o e asecands between sssering Reges) s stanlag BT

~ 500

|EEEB02.15.4 Only Request Configuration

Enable REQUEST receive retry B

GRANT ®

GRANT assert signal lavel

PRIORITY .
PRIGRITY eczert signal level Enable FRIORITY shared mads
L] »

ELE Only Pricrity Configuration

Default Enabled isabled

Changes are automatically saved, as shown at the top of the Component Editor.
7. A series of cards for different coexistence features are provided after the configuration card. Configure GPIO routes on the follow-
ing cards:
* SL_RAIL_UTIL_COEX_GNT (GRANT) = PC9
* SL_RAIL_UTIL_COEX_PRI (PRIORITY) = PD12
* SL_RAIL_UTIL_COEX_REQ (REQUEST) = PC10
8. Close the Component Editor.

9. Enabling the FEM driver component is also recommended, to provide visibility into the state of the radio. On the Software Compo-
nents tab, search for 'FEM'. Select the Radio Utility, FEM component.

10. Click [Install], then click [Configure] to open the Component Editor.
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11. Configure the component as follows:
» In the FEM Configuration card, enable RX Mode and TX Mode.
| FEM Configuration
Enanle R kiade Ensble TX Mode Enable Bypass Mods Enable TX High Power Made Enable FEM catimized PHY by defauit
@ L J » » »

* Inthe SL_FEM_UTIL_RX card, set Selected Module to PRS Channel CH6 and pin PD11.

| st_FEM_UTILRX
Solected Mooule CHE

SRS Channel CHE - B =

PRS.CHE

Custom Peripheral Name:

* Inthe SL_FEM_UTIL_TX card, set Selected Module to PRS Channel 5 and pin PD10.

| sL_FEm_uTIL_TX

Selected Modua CHS
7S Channel CHE = POIG -
PRS.CHS

Custarn Peripheral Nams

12.Rebuild and flash the new image to the coexistence device, and enable advertising as described in QSG169: Bluetooth® SDK v3.x
Quick-Start Guide.

The following logic capture shows an example of the capture during Bluetooth advertising events:
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2.6 Configuring Devices in Multi-Radio Mode

Depending on the system requirements, multiple coexistence-enabled devices may need to coordinate network activity with Wi-Fi de-
vice using PTA. This can be achieved in coexistence features by enabling Shared mode. Shared mode allows multiple devices to oper-
ate on a single coexistence line by configuring the GPIO to open-drain or open-source, with external pull resistors. The coexistence
backplane board already contains pull resistors that can be enabled through jumpers. Note that, for this section, an additional WSTK
board with BRD4161 or BRD4162 radio board is required.

The following steps explain how to set up the coexistence board and sample applications for multi-radio configuration:
1.1n a Zigbee sample application, after setting up all coexistence options as explained in section 2.3.1 Rebuilding and Flashing the
Images, also enable Shared mode under Request and Priority options.
2.Rebuild and flash the new image to a WSTK device with BRD4161 radio board.

3.In a Bluetooth sample application, after setting up all coexistence options as explained in section 2.5.2 Adding Coexistence Fea-
tures to a Bluetooth Sample Application, also enable Shared mode under Request and Priority options.

4.Rebuild and flash the new image to a different WSTK device with BRD4161 radio board.

5. Configure the Coexistence backplane board as shown in the following figure. Note that there are three WSTK boards now plugged
into the Coexistence backplane board.

B coext gh85gbe
P OO R up :thgmmﬁ I:I%I%‘w [ T 70N
his ¥ Hay W
MR O Rpen S m oyl LE ..
2 [ L
53 o _;ﬁ;
3 5
SILICON LABS g2 £
SiLabs® SLWSTK-COEXBP Rev 3.0 ™
© ﬂgg __#33 Probe
°® Zighee
]
B3|
EXF4)
b
BRAl
+13VPTA
precRTy_coEx
oy
roK_coBa
M2

6. Enable advertising on the Bluetooth coexistence device, and generate throughput activity on the Zigbee coexistence device.

The following image shows an example of the logic capture when both Zigbee and Bluetooth are communicating on the same coexis-
tence lines. Note that only one or the other radio is using the coexistence lines at a time. This is developed into the Shared mode op-
tions, as a radio must check the coexistence lines to make sure they are available, before attempting to use them.
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2.7 Replacing PTA Controller with an External Wi-Fi Device

Once evaluation has been completed using the PTA Controller application, the next step is to use an actual external Wi-Fi chipset to
interface with the coexistence features in the Z3Light device. The following steps detail how this can be achieved.

1. Remove the PTA Controller device.

2. Connect the external Wi-Fi device coexistence signals to the appropriate header.
* If using a +3.3V signals Wi-Fi device, use header J8.
* If using a +1.8V signals Wi-Fi device, use header J10.

Refer to section 3. Coexistence Backplane Board for more detail.

3.The PTA signals are routed from the CoEx component/plugin headers to the probe headers J8 and J10 when configured to be
used, so the Wi-Fi device should be able to receive and respond to the signal states.
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3. Coexistence Backplane Board

This section gives a detailed explanation of the Coexistence Backplane Board. The board is compatible with all EFR32MG1x series
devices. Table 3.1 Jumper Wire Recommendations for PTA on Different Devices on page 20 shows recommended PTA pin selec-
tions for different supported boards.

Note: Due to GPIO limitations on some boards, GPIOs routed to peripherals on the WSTK may need to be used for PTA functions. This
requires disabling the default peripheral configurations in the Hardware Configurator. Instructions on how to achieve this are in section
3.1.1 Disabling Peripheral Functionality.

For BRD4169: Button and LED peripherals must be disabled.

For BRD4180: Button, LED, and UART RTS/CTS must be disabled.

Other radio boards do not require any peripherals to be disabled.

3.1 Jumper Wire Configurations for Different Boards/Devices
Table 3.1. Jumper Wire Recommendations for PTA on Different Devices
Board/Device

REQUEST (EXP/GPIO) GRANT (EXP/GPIO) PRIORITY (EXP/GPIO)  RHO (EXP/GPIO)

BRD4151/EFR32MG1P | EXP15/PC10 EXP13/PF3 EXP11/PD12 EXP16/PC11
BRD4161/EFR32MG12P | EXP15/PC10 EXP13/PC9 EXP11/PD12 EXP16/PC11
BRD4168/EFR32MG13P | EXP15/PC10 EXP13/PF3 EXP11/PD12 EXP16/PC11
BRD4169/EFR32MG14P | EXP15/PC10 EXP13/PF3 EXP10/PC9 EXP16/PC11
BRD4180/EFRMG21 EXP11/PB00 EXP6/PC01 EXP13/PB01 Not supported

It is also helpful to observe the FEM control signals, and the recommended pins for different boards are shown in the following table.

Table 3.2. Jumper Wire Recommendations for Radio State on Different Devices

Board/Device TX PRS Channel TX (EXP/GPIO) RX PRS Channel RX (EXP/GPIO)

BRD4151/EFR32MG1P | CH5 EXP7/PD10 CH6 EXP9/PD11
BRD4161/EFR32MG12P | CH5 EXP7/PD10 CH6 EXP9/PD11
BRD4168/EFR32MG13P | CH5 EXP7/PD10 CH6 EXP9/PD11
BRD4169/EFR32MG14P | CH2 EXP7/PF6 CH3 EXP9/PF7

BRD4180/EFRMG21 CH8 EXP7/PD02 CH9 EXP9/PD03

For jumper positions for different coexistence configurations, refer to section 3.2 Configuring for Different PTA Scenarios.
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3.1.1 Disabling Peripheral Functionality

The following instructions explain how to disable default peripheral configurations on the WSTK, to allow GPIOs routed to these periph-
erals to be used for PTA functions. Customize the examples as described below, then follow the steps in the applicable quick-start
guide to build and flash thenm to your devices.
In SDK 7.0 and higher:

1.In the Project Configurator, click the SOFTWARE COMPONENTS tab and type 'button' in the search field to locate the btn1 com-

ponent.
Z3Light VE W SOFTWARE COMPONENTS
Y Filter; Configurable Components E[ Instafled Components D Components Installed by You E] SDK extensions D butwnﬁ it A o
+ Application | btn1 £ configure
w Utility
Button Press 2
Description
] Plﬂhrm The Bimple Buttse Driver provwides sn implementaction of the Geseric Buiton AFI. This
driver supporte DoSth AcCTtive r_'.p.‘. and Zow butctone and c:.'.f_:_w:nb_e ZeDoUncinyg.
v Board

that ssveral nased inszansea can be

+* Radio Board

@ BRO41G2A
snd wariables sre available in & generated -hesder file;

w Driver sl mimple burtos instancea.h.

¥ Butlon

aping the ilnstance

r Simple Button

H

@ bini o

fimple Button Core component, which

r itself,

& Generic Button AP|

@ Simple Button Core e

X Uninstall 4+ Add Hew Instances View Dependencies & Instances

v Ziabee -

2.To disable Button peripherals, select the btn1 component and click [Uninstall] to remove it.
3. Repeat the process to disable LED peripherals.
4. Type 'USART! in the search field to locate the vecom component.

Z3Light VERVIEV SOFTWARE COMPONENTS
Y Filter: Configurable Components [_| Installed Components [ Components Installed by You [_] SDK extensions [_] usartQ” PSR [ x ]
Bootloader SPI Peripheral Eusart Driver o I veom ¢ Configure
Bootloader SPI Peripheral Usart Driver o]
v Driver
Description
bt SPI IO Stream cver Universal 3ymchroncus Asynchronous Receiver Transceiver (USART) communication
SPIDRV USART o
v UART Quality
PRODUCTION
UARTDRV USART o]
v Peripheral Open in Browser
@ USART
I/O Stream USART
v Services R
v |0 Stream
Nacarintian i
v |0 Stream: USART 2 ) )
X Uninstall 4+ Add New Instances View Dependencies & Instances
@ vcom o | P
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5. Click [Configure] to open the Component Editor. To disable the USART CTS/RTS support, change the following settings to None:

* FlowControl

+ CTS
+ RTS
| USART settings
Baud rate
* | 115200

Recene buller size

A
I

| SL_10STREAM_USART_vVCOM
Selected Madule

USARTO

RTS

None

USART

Custom Peripheral Name
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Parity miode 10 usé

Ho Parity

Comert Wi 1o \rian

CLK

Hone

RX

PAT

Nurniber of stop b3 to use

¥ s10p bits

Restrict the energy mode 1o allow the
reception

Flow conrol

None

CTs
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In SDK 6.10.x and lower:
1.In the project .isc file, select the HAL configuration tab and click [Open Hardware Configurator].

&P silicon Labs Zigbee, version:6.9.1.0 | B Generate| | <¢ Preview
| &% General |-F. ZCL Clusters | J& Zigbee Stack | g Printing and CLI |. HAL 3 == Plugins | & Callbacks | & Includes |
e
« Bootloader Configuration 2
Boctloader: |Defau|r: Application |
|
= Serial Configuration
Please use Hardware Configurator for senal configuration.
Application serial port: | <no options> Baud rate (bps): | <no opticns>
= Board Header Configuration
Use these controls to sefect a board header you wish to use with the selected architecture,
Default header from framework:  BROA1 EFRIEMG1Z 246Hz 19 dBr [$5IT/EFRIZMGT 2 T61a.k
Specific header from framework: | BRD4161A: EFR32ZMG12 2.4GHz 19 dBrm [SKIT/EFR3ZMG12 BRD4161A/config/brdd161a.h]
Custom crezted header: Absolute path
®) Use Hardware Configurator (all EFR32 applications must use Hardware Configurator for beard configuration)
Uisz GPIO editor for template header (not available for selected architecture)
Generation options
f header is missing, don't treat this as an error, but proceed anyway,
Use header directly, do net copy it inta the project directory,
= Hal Options
RAM retention | All RAM retained |
= Hardware Configurator Interface
Manage integration between your project and Hardware Configurator inside Simplicity Studio.
Enable intearation with Hardware Configurator
Open Hardware Configurator
Reset Hardware Configurator
[ Custorm Hardware Configurator File Absolute gath v
< >

This opens a new tab with the Configurator perspective active.
2. Click the DefaultMode Peripherals tab to open a list of enabled configurators.
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3.To disable LED and Button peripherals, uncheck the checkboxes next to LED and/or Button, and click [Save] (or press Ctrl+S).
The hal-config.h file will be automatically updated with the latest changes.

| DefaultMode Peripherals
1

Claoco H Blemu ][ Dlcsen H Hlococ ][ Demu ][ Hlerio H Drzro]

[CJacmer ]

[ [Jacmpro ]

l [CITMER1

Hpa

I [CJers

=lem ” OJnMEero

| CIMODEM

I e

[JiDaco ” [CJLeuARTO

[CJusarT? ][ [Jusarr2 ]l [CJUsART3 H [Ivpaco ][ [“lwpoeG ][ CIWTIMERO H[lwnwm ]

[ USARTO

™

HAL 2

[ 8oottoader entry | [lButton [ ISP Flash ][ [142C Sensor ][ [i2€ 170 Expander l']:[{ED l 151 Display ]

{

™

NP 4

—

[C1sp1 NCP ][ [ UART NCP ]

Radio %

]

[[] Antenna Diversity H [l Coexistence ] [ [JezradioPro ] [ [ External FEM ]

.

[4] Virtual coM Port H [Cvirual UART ]

—

[7] Seriat ]

| [ —
| & DefaultMode Port /O &' DefauitMode Peripherals &1 |
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4.To disable the USART CTS/RTS support, select the USARTO box under Peripherals, and modify the properties as follows:

Flow Control Mode: No flow control
USART CTS pin: Disabled
USART RTS pin: Disabled

Click [Save] (or press Ctrl+S). The hal-config.h file will be automatically updated with the latest changes.

A || v 5.2 DefaultMode
%! Peripherals
~ 8 PortI/O

I:[ # PortA
1 Peripherals . ¥ Porth

DefaultMode Peripherals

# PontC
[ Clacmeo H CJacmet HDAncn Hcrwu { [Cesen ][ pcoc ][ Cemu Hsno ][ [e2co ] # PortD
¥ Portf
Oipaco H [CJieuarTo l COmopem || Elea ” [Jers H EpTi H CJTIMERD H CImiMER1 ] ¥ Portl
# Port)
[CJusART1 ][ CJusagT2 [ [JusART3 ” [Jvbace M I wpoG M CIWTIMERD ][ [CIWTIMER1 ] ¥ Portk
L —— F====
= THAL £ | Properties of USARTO
[ [ Bootloader Entry ][ [Button ][ [C15Pi Flash ” [i2C Sensor H [12¢ 1/O Expander H Otep H [1sPi Display USARTO
Property Value
D NP & Custom name
mode Asynchronous (UART)
[ [CIspineP H CuarT NCP ] Baud rate 115200 (0x1€200)
Flow contral mode Mo flow control
Fiow control threshold 16 (0x10)

E’ Radio ¥

Release flow control threshol 16 (0x10)

TX buffer size 128 (0xB0)
RX buffer size 128 (0w80)
[ [[J Antenna Diversity ][ [ coexistence } [ [JezRadioPro ] [ [ External FEM ] USART TX pin PAD
USART RX pin PAT
USART CTS pin Disabled
USART RTS pin Disabled

-

[ virtuat COM Port ” [CIVirtual UART J

[ serial

& DefauitMode Port IO | DefauitMode Peripherals &

3.2 Configuring for Different PTA Scenarios
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3.2.1 Single-EFR32 Radio

For a single EFR32 radio, be sure to:

1. Configure Board jumpers and jumper wires as follows. Make sure the jumper wire selections are based off the board and device
being used. Refer to Table 3.1 Jumper Wire Recommendations for PTA on Different Devices on page 20 and Table 3.2 Jumper
Wire Recommendations for Radio State on Different Devices on page 20 for details.
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Figure 3.1. Coexistence Backplane Board Jumpers for Single-EFR32 Radio

2. Develop the desired PTA test application using AppBuilder.

3. Add the coexistence-configuration component/plugin and configure for target Wi-Fi/PTA device as per single-radio description (see
the section “PTA Support Software Setup” in AN1017: Zigbee® and OpenThread Coexistence with Wi-Fi).

4. Add FEM driver component/plugin (configured as described above) to enable TXA and RXA observation.
5. Build the EFR32 application and program the WSTK.
6. Plug the EXP header on the EFR32/WSTK Board into Coexistence Backplane Board CoEx1 header (J2) (ensure pin 1 to pin 1).
7.Enable PTA on the Wi-Fi/PTA device.
8. Execute Wi-Fi stream and 802.15.4 stream.
9. Observe Wi-Fi error rate and 802.15.4 message success.
10. Observe PTA signals to debug and adjust as necessary.

11. With the PTA solution confirmed, the coexistence-component/plugin only needs to be modified for the PTA GPIOs assigned on
target hardware.
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3.2.2 Multi-EFR32 Radios with Unshared PRIORITY

For multi- EFR32 radios with unshared PRIORITY, be sure to do the following:

1. Configure Board jumpers and jumper wires as follows. If using two radios, do not configure jumper wires for Coex 3. Make sure the
jumper wire selections are based off the board and device being used. Refer to Table 3.1 Jumper Wire Recommendations for PTA
on Different Devices on page 20 and Table 3.2 Jumper Wire Recommendations for Radio State on Different Devices on page 20

for details.
cold "g'V!OOEﬂ R 8!5 33 .
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Figure 3.2. Coexistence Backplane Board Jumpers for Multi-EFR32 Radios with Unshared PRIORITY

2. Develop the desired PTA test applications in Simplicity Studio.

3. Add coexistence-configuration components/plugins and configure for target Wi-Fi/PTA device as per multi-radio description (see
the section “PTA Support Software Setup” in AN1017: Zigbee® and OpenThread Coexistence with Wi-Fi).

4. Add the FEM driver component/plugin (configured as described above) to enable TXA and RXA observation.
5. Build the EFR32 applications and program the WSTKs.

6. Plug the EXP header on one EFR32/WSTK Board into Coexistence Backplane Board CoEx1 header (J2) and the second and third
EFR32/WSTK Boards, if used, into CoEx2 and CoEx3 headers (J3 and/or J4) (ensure pin 1 to pin 1).

7.Enable PTA on the Wi-Fi/PTA device.

8. Execute Wi-Fi stream and 802.15.4 streams.

9. Observe Wi-Fi error rate and 802.15.4 message success.
10. Observe PTA signals to debug and adjust as necessary.

11. With the PTA solution confirmed, the coexistence-component/plugin only needs to be modified for the PTA GPIOs assigned on
target hardware.
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3.2.3 Multi-EFR32 Radios with Shared PRIORITY

For multi-EFR32 radios with shared PRIORITY, be sure to do the following.

1. Configure Board jumpers and jumper wires as follows. If using 2 radios, do not configure jumper wires for Coex 3. Make sure the
jumper wire selections are based off the board and device being used. Refer to Table 3.1 Jumper Wire Recommendations for PTA
on Different Devices on page 20 and Table 3.2 Jumper Wire Recommendations for Radio State on Different Devices on page 20

for details.
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Figure 3.3. Coexistence Backplane Board Jumpers for Multi-EFR32 Radios with Shared PRIORITY

2. Develop desired PTA test applications in Simplicity Studio.

3. Add coexistence-configuration components/plugins and configure for target Wi-Fi/PTA device as per multi-radio description (see
the section “PTA Support Software Setup” in AN1017: Zigbee® and OpenThread Coexistence with Wi-Fi).

4. Add the FEM driver component/plugin (configured as described above) to enable TXA and RXA observation.
5. Build the EFR32 applications and program the WSTKs.

6. Plug the EXP header on one EFR32/WSTK Board into Coexistence Backplane Board CoEx1 header (J2) and the second and third
EFR32/WSTK Boards, if used, into CoEx2 and CoEx3 headers (J3 and/or J4) (ensure pin 1 to pin 1).

7.Enable PTA on the Wi-Fi/PTA device.

8. Execute Wi-Fi stream and 802.15.4 streams.

9. Observe Wi-Fi error rate and 802.15.4 message success.
10. Observe PTA signals to debug and adjust as necessary.

11. With the PTA solution confirmed, the coexistence-component/plugin only needs to be modified for the PTA GPIOs assigned on
target hardware.

3.2.4 PWM Feature

Refer to AN1017: Zigbee® and OpenThread Coexistence with Wi-Fi on how to set up the board to use the PWM feature.

3.2.5 Signal Identifier Feature (EFR32xG24)

Refer to AN1017:Zigbee® and OpenThread Coexistence with Wi-Fi on how to set up the board to use the Signal Identifier feature.
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3.3 1/0 to Wi-Fi/PTA Devices for +3.3V or +1.8V

The Coexistence Backplane Board provides the capability of interfacing to Wi-Fi/PTA devices via +3.3 V or +1.8 V I/O as needed.

3.3.1 1/O for +3.3V

For +3.3 V 1/O to Wi-Fi/PTA device, PTA signal connections to Wi-Fi/PTA should be made to J8 as shown in the following table. Add
appropriate jumpers and jumper wires based on device configuration explained in section 3.2 Configuring for Different PTA Scenarios.
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Figure 3.4. Coexistence Backplane Board Jumpers for +3.3V I/O Operation

The +3.3V /IO connections to Wi-Fi/PTA device can be made via +3.3V PTA HDR (J8) as follows:

Table 3.3. Header (J8) Pins for +3.3V I/O Connections

EFR32 PTA Signal J8 Pin
REQUEST +3.3V 1
GRANT_+3.3V 3
RHO_+3.3V 5
PRIORITY _+3.3V 7
GND 9.and 10

Note: Additional jumpers are required to configure the REQUEST and PRIORITY signals. Jumper configuration varies with single-
EFR32 radio and multi-EFR32 radio configurations and active-high/active-low polarities. See section 3.2 Configuring for Different PTA
Scenarios for these jumper options.
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3.3.2 1/O for +1.8V

For +1.8V 1/O to Wi-Fi/PTA device, assuming typical 3-Wire PTA with RHO unused) PTA signal connections to Wi-Fi/PTA should be
made to J10 and all red jumpers shown below are required. Add additional jumpers and jumper wires based on device configuration
explained in section 3.2 Configuring for Different PTA Scenarios.
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Figure 3.5. PTA Backplane Board Jumpers for +1.8V 1/O Operation

The +1.8 V /IO connections to Wi-Fi/PTA device can be made via +1.8 V PTA HDR (J10) as follows:

Table 3.4. Header (J10) Pins for +1.8V I/O Connections

EFR32 PTA Signal J10 Pin

REQUEST_+1.8V 1
GRANT_+1.8V 3
RHO_+1.8V; (If RHO is used, move J11/JP13 jumper and add J8/J12 jumper) 5
PRIORITY_+1.8V 7
GND 9and 10

Note: Additional jumpers are required to configure the REQUEST and PRIORITY signals. Jumper configuration varies with single-
EFR32 radio and multi-EFR32 radio configurations and active-high/active-low polarities. See section 3.2 Configuring for Different PTA
Scenarios for these jumper options.
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3.4 Probe Header

The EFR32 PTA signals (+3.3V 1/O) are observable via a logic analyzer connected to J5 as shown below:

TP5

GND O _ J5
; 1 22 < REQUEST_+3.3V
=3 4 GRANT_+3.3V
—5 6 RHO_+3.3V
917 8 TXA_CoEx1
7719 10 RXA_CoEx1
= 11 12 PRIORITY_+3.3V
=113 14 TXA_CoEx2
77115 16 RXA_CoEx2
5117 18 PRIORITY_CoEx2
71 19 20 TXA_CoEx3
5321 22 RXA_CoEx3
5523 24 PRIORITY_CoEx3
57125 26 N_1

=27 28 N_2

ppe— —
14x2 Shrouded Header
Silk = +3.3V Probe

Figure 3.6. Coexistence Backplane Board Header for PTA Signal Logic Analyzer Connection

Where:

» CoEx1 refers to EFR32/WSTK connected into CoEx1 header (J2)
» CoEx2 refers to EFR32/WSTK connected into CoEx2 header (J3)
» CoEx3 refers to EFR32/WSTK connected into CoEx3 header (J4)

Note: Depending on jumper configurations, PRIORITY_+3.3 V can be PRIORITY_CoEx1 or wired-OR/-AND of multiple PRIORITY
signals. See section 3.2 Configuring for Different PTA Scenarios for these PRIORITY_+3.3 V jumper options.
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3.5 Board Schematics
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3.6 Packet Trace

For the purposes of debugging, it can be useful to monitor the packet trace (PTI) signals generated by the radio device. These signals,
when viewed with TXA and RXA to indicate radio state, can help determine when a packet was received or transmitted, and whether

the radio transaction was successful. To access the PTI signals, some modifications need to be made to the coexistence device’s
WSTK board.

1. Solder a header into the pin locations currently marked as NC. These pins are not connected to any functions on the WSTK board.

It is also recommended to add header pins to the adjacent GND pin locations to provide proper ground reference to the logic ana-
lyzer.
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01' I!_ O
gt ATV

SEERE R R

aneannnivs
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Figure 3.10. PTI Header Location

2. Solder wires to pin 32 and pin 33 of the 40-pin connector. Pin 32 corresponds to the PTI_Frame/PTI_Sync signal, and Pin 33 cor-
responds to the PTI_DATA signal.
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Figure 3.11. PTI Pin Locations
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3. Route these wires to the back of the board and solder onto the header pins that are in the NC pin locations.

Figure 3.12. PTI Header Soldering
4. Connect a logic analyzer to the two PTI signals.

The logic analyzer will now be able to capture Packet Trace information alongside coexistence activity from the radio.

Figure 3.13. PTI Logic Capture

For information on how to analyze the PTI data captured, refer to AN1017: Zigbee® and OpenThread Coexistence with Wi-Fi®,
AN1128: Bluetooth® Coexistence with Wi-Fi®, or contact the Silicon Labs support team.
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4. Throughput Library

4.1 Throughput Library Commands

Table 4.1. List of Commands Available in the Throughput Library

plugin
throughput
start

Command Description

Start the throughput test

Description

plugin
throughput
stop

Abort the test while running

plugin
throughput
print-result

Show the results of the last test

plugin
throughput
set-destination

Set the destination nodeld

nodeld

INT16U

Destination nodeld

plugin
throughput
set-interval

Set the interval

interval

INT16U

Interval in ms

plugin
throughput
set-timeout

Set the test timeout

timeout

INT32U

Timeout in ms

plugin throughput set-
count

Set the number of packets to send

count

INT16U

Packets to send

plugin
throughput
set-inflight

Set the number of packets in flight during the test

inflight_count

INT8U

Packets in flight

plugin
throughput
set-packet-size

Set the packet length

packet

INT8U

Packet length in bytes

plugin
throughput
set-all

Set the NodelD

nodeld

INT16U

Destination nodeld

plugin
throughput
set-all

Set the Count

count

INT16U

Packets to send

plugin
throughput
set-all

Set the Interval

interval

INT16U

Interval in ms

plugin
throughput
set-all

Set the Packet Length

packet

INT8U

Packet length in bytes

plugin
throughput
set-all

Set the Max In-Flight

inflight_count

INT8U

Packets in flight
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Command

plugin
throughput
set-all

Command Description

Set the APS Options

Name

apsOptions

Type

INT16U

Description

APS Options

plugin
throughput
set-all

Set the Test Timeout

timeout

INT32U

Timeout in ms

plugin
throughput
set-aps-ack-off

Turn off APS acks

plugin
throughput
set-aps-ack-on

Turn on APS acks

plugin
throughput
print-parameters

Print all the test parameters

plugin
throughput
print-counters

Print the stack counters

plugin
throughput
clear-counters

Clear all the stack counters
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4.2 Using the Throughput Library

To begin using the throughput library, the required parameters must be defined. The simplest way to achieve this is by using the com-
mand pl ugi n throughput set-all <paraneters>. Details regarding the command and order of parameters can be found in Table
4.1 List of Commands Available in the Throughput Library on page 37.

A sample command is pl ugi n t hroughput set-all <OxNodelD> 10 0 127 1 0 100000, where Nodel D must be defined as the no-
delD of the receiving node, typed as a hex number. Note: To achieve maximum throughput, set the interval field to O.

To print the parameters currently set, use the command pl ugi n t hr oughput pri nt - paranet er s. This returns the parameters current-
ly defined, in the following format:

TEST PARAMETERS

Destinati on nodel D: 0x1234
Packets to send: 10
Transmit interval: O s
Payl oad size: 77B

Packet size: 127B

Packets in flight: 1

APS Options = 0x0000

Ti meout : 100000 ns

To start the throughput process, use the command pl ugi n t hroughput start. This starts sending packets to the other device. To
stop the test during the run, use the command pl ugi n t hr oughput stop. Once the test is complete, you can print the results using
pl ugi n throughput print-result. This produces the results of the most recent run, in the following format:

THROUGHPUT RESULTS

Total tine 96 ns

Success nessages: 10 out of 10
Payl oad Throughput: 64166 bits/s
Phy Throughput: 105833 bits/s

M n packet send time: 6 ns

Max packet send time: 8 ms

Avg packet send time: 6 nms

STD packet send tinme: 2 ns

The throughput is calculated by dividing the total number of bits sent by the total time.

For Phy Throughput:
. bits
Packet size (Bytes) 8 Byte * No.of packets
Phy Throughput (bits/s) = Total Time () '
For Payload Throughput:

Payload size (Bytes) » 8 % * No.of packets

Payload Throughput (bits/s) = Total Time (s) '

The throughput component/plugin also tracks some counters to provide visibility and help with debugging purposes. Use pl ugin
t hroughput print-counters. The results are produced in the following format:

COUNTERS

CCA Failures: 0

Mac Tx Ucast: 10

Mac Tx Ucast Retry: O
Mac Tx Ucast Fail: O
APS Tx Ucast Success: 10
APS Tx Ucast Retry: 0
APS Tx Ucast Fail: O

Details regarding the MAC and APS stack counters can be found in AN1017: Zigbee® and OpenThread Coexistence with Wi-Fi and are
also documented in the stack API documentation.
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5. PTA Controller Application

The PTA Controller application is a custom application designed to help customers evaluate coexistence features on Silicon Labs devi-
ces. The Zigbee radios act as peripheral devices, and require a control device to react and respond to coexistence requests. The PTA
Controller application implements this and allows users to control the behavior of the PTA Controller to evaluate the corresponding be-
havior of the peripheral device.
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5.1 Commands in the PTA Controller Application

Table 5.1. List of Commands Available in the PTA Controller Application

Command Command Description Argument and Description
configuration Print out the current configuration of features |-
request Set REQUEST signal polarity activehigh: sets the signal polarity active HIGH
" " activelow: sets the signal polarity active LOW
grant Set GRANT signal polarity activehigh: sets the signal polarity active HIGH
" " activelow: sets the signal polarity active LOW
priority Set PRIORITY signal polarity activehigh: sets the signal polarity active HIGH
" " activelow: sets the signal polarity active LOW
rho Set RHO signal polarity activehigh: sets the signal polarity active HIGH
" " activelow: sets the signal polarity active LOW
grantabort Enable/Disable GRANT Abort feature, and 0- disables GRANT Abort
set abort percentage
" N 1-100: enables GRANT Abort and sets percentage of GRANTS
that are aborted
grantdelay Enable/Disable GRANT Delay feature, and 0: disables GRANT Delay
set delay percentage
N N 1-100: enables GRANT Delay and sets percentage of
GRANTS that are delayed
grantdeny Enable/Disable GRANT Deny feature, and 0: disables GRANT Deny
set deny percentage
" " 1-100: enables GRANT Deny and sets percentage of GRANTS
that are denied
rhofeature Enable/Disable Radio Hold Off (RHO) fea- 0: disables RHO feature, and sets pin to High Z mode.

ture, and set rho percentage

1-100: enables RHO and sets percentage of Radio Hold Off re-
quests

txStreamToggling

Output a toggling stream for a specified time,
up to 60 seconds. Note: This feature sets

1-60: time for which to output stream

GRANT to always asserted

setTxStream Output a stream 1: Enable stream

" " 0: Disable stream

setPower Set the CL_Jrre_-n‘t tra|r1§mit power in deci dBm, Qutput power to set (range depends on cap_abilities of radio de-
or raw units if 'raw' is specified vice. Refer to datasheet of device for more info)

getPower Get the current transmit power in deci dBm | -

setchannel Set the current radio channel 0-15: Value 0 corresponds to Zigbee channel 11

getchannel Get the current radio channel -
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5.2 Using the PTA Controller Application

The PTA Controller application is ready to use after compilation with the following default features:
* REQUEST is set to Active HIGH

* GRANT is set to Active HIGH

* PRIORITY is set to Active HIGH

* RHO is set to Active HIGH, but the feature is disabled and the pin is set to High Z mode

* GRANT Abort, GRANT Delay, and GRANT Deny are disabled

* No stream is active

To change any of the default configurations, use the commands previously listed.

Use the confi gur ati on command to print out the current configuration. An example output returned through the CLlI is:

Request : Active High
G ant: Active High
Priority: Active High
Radio Hold Off: Active High
Grant Abort: Di sabl ed
Grant Del ay: Di sabl ed
Grant Deny: Di sabl ed
RHO Feat ure: Di sabl ed

The PTA Contoller application can also hinder network traffic to test behavior of the peripheral device in such conditions. The
t xSt r eaniToggl i ng command outputs a periodic stream for a specified time, causing packets or sections of packets on the network to
get corrupted.
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