SILICON LABS

UG497: BT122 User’s Guide

This document provides information about BT122 SDK’s
structure and installation procedure, usage of developer SW
tools (BGTool and BGBuild) and programming the develop-
ment board. It also contains a short development board intro-
duction with examples included in the SDK package.
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1 Version History

Table 1.1. Version history with comments

Version Comment
1.0 Initial version
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2 SDK

The SDK (Software Development Kit) is a set of tools for users to develop applications for a specific hardware. Using the delivered files
and instructions, developers can configure devices according to their specific requirements. It provides different ways to control the
modules, for example with BGAPI commands (custom communications protocol which can be used to externally control modules through
UART) or BGScript (an event-based language, in which a set of specified BGAPI commands is being executed upon an event occur-
rence).

2.1 Installation

Download the installation package (SiliconLabs_BT122-X.X.X-X.exe) from official Silicon Labs web page and run the executable. Follow
the on-screen instructions.

<+ Setup - Silicon Labs BT122 SDK = X

Welcome to the Silicon Labs
BT122 SDK Setup Wizard

This will install Silicon Labs BT122 SDK version 0.3.1-5 on
your computer.

It is recommended that you close all other applications
befare continuing.

Click Next to continue, or Cancel to exit Setup.

coe

Figure 2.1 SDK Installer

2.2 Folder structure

Once the SDK installation is finished you will see the following folders in the installation directory:

api
bin
example
fww
host_example
hestbgapi
| uninsD00.dat
“rt unins000.exe

| version.bxt
Figure 2.2 SDK Folders
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The folders contain the following:

e API - includes a raw XML description of the Bluetooth stack’s API. It could be used, for example, to automatically generate parsers
for the API.

¢ BIN —Includes SDK executable sources. Programs such as BGTool , BIMBER or BGBuild can be found there.

e EXAMPLE - includes example BT122 projects.

o FW — contains all binaries required by the firmware. Also, FWs for on-board J-Link/\VCOM interface can be found there.
e HOST_EXAMPLE - contains example code for host, which uses BGAPI serial protocol with BGLIB library.

e HOSTBGAPI - includes BGAPI commands documentation and BGLIB header files, which need to be included in the projects imple-
menting BGAPI library.

The Silicon Labs Bluetooth Dual Mode SDK includes the following APls, components and tools:
e The Bluetooth Dual Mode stack.

e BGAPI is a binary serial protocol API to the Silicon Labs Bluetooth Dual Mode stack over UART interface. BGAPI is target for users,
who want to use both Bluetooth BR/EDR and LE functionality and use all the features in the Bluetooth Dual Mode stack form an ex-
ternal host such as a low power MCU.

e BGLIB is a host library for external MCUs and implements a reference parser for the BGAPI serial protocol. BGLIB is delivered
in C source code as part of the Bluetooth Dual Mode SDK, and it can be easily ported to various processor architectures.

o BGScript interpreter and scripting language allow applications to be developed into the Bluetooth Dual Mode modules built-in MCU.
It allows simple end user applications or enhanced functionality to be developed directly into the Bluetooth Dual Mode module which
means no external host MCU is necessarily needed. BGScript applications can be executed at the same time as the BGAPI is used,
allowing the possibility to implement some functionality on the Bluetooth module and some on the host.

e Profile Toolkit is a simple XML based description language which can be used to easily and quickly develop GATT based service
and characteristic databases for the Bluetooth Dual Mode module.

e BGBuild compiler is a free-of-charge compiler that compiles the Bluetooth Dual Mode Stack, the BGScript application and the Blue-
tooth GATT services into the firmware binary that can be installed to the Bluetooth Dual Mode modules.

e BGTool is a graphical user interface application and a developer tool, which allows the Bluetooth Dual Mode module to be controller
over the host interface using the BGAPI serial protocol. BGTool is a useful tool for testing the Bluetooth Dual Mode module and
evaluating its functionality and APlIs.

e DFU Tools are also included as part of the SDK allowing the firmware to be updated over the UART interface.

o BIMBER is a simple migrator tools created because of end of iWRAP modules firmware support. Migrator allows to convert dump of
Persistent Storage from iIWRAP modules into BT 122 project files (included BGScript).

silabs.com | Building a more connected world. Rev. 1.0 |4
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3 Preparing the Board

3.

1 Board Features

SILICON LABS
Q GND
O PAD
9 PA1
O PCB

@ PCs
. PFs
® PF4 . .

;_' 51‘!
Miri

Figure 3.1 BRD4315A Development Board with BT122 module

BRD4315A Development Board includes:

7.
8.
9.

o0k b~

BT122 module.

Reset button.

Micro USB connector for communication (J-Link and VCOM).

Mini Simplicity connector.

Buttons — BTNO (PF3) and BTN1 (PF2). If a button is pressed, pin state will be low; when it is released, pin state will be high.

LEDs — LEDO (PF3) and LED1 (PF2). When pin state is low, LED turns on; when pin state is high, LED turns off. LEDs are connected
to the same pins as buttons are.

Breakout pads with all signals available for the user (more details in Table 2).
Si7021 — temperature and humidity sensor connected to the module via the 12C bus (PAO — SCL, PA1 — SDA).
J-Link and VCOM circuit.

10. Power supply circuit.

silabs.com | Building a more connected world.
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3.2 Available Pins

Table 3.1 Some of the internal Development Board signals are available for user on breakout pads

Peripheral GPIO Name

Function PAO PA1 PC8 PC9 PFO PF1 PF2 ‘ PF3 PF4 PF5
Pin Number 4 5 6 7 15 14 12 11 10 9
5V Tolerant N N Y Y Y Y Y Y Y Y

UART CTS | RTS RX | TX
12C SCL SDA
ADC Input ADC_CHO | ADC_CH1 ADC_CH2
. SWCLK/ | SWDIO/ | SWO/
Programing Interface TCK ™S DO TDI

3.3 Programming via J-Link

Once the USB connection is established between the PC and Development Board, the computer should detect the new port as a J-Link
CDC UART Port. The BGTool can then be used to upload new firmware, as explained in chapter 5.

The main method of uploading the software to the BT122 module is through the J-Link (SWD) interface. This process is effective and
most comprehensive. It allows complete module erase and upload of the bootloader and firmware to the flash memory. It also allows one
to repair a crashed bootloader (for example, when user would flash, by mistake, firmware-only variant of binary file to the bootloader
memory range of MCU flash). Proper connection of the J-Link (SWD) is shown in Figure 3.2.

Development board for BT122 — BRD4315A — got the J-Link (SWD) interface available and already connected as the on-board program-
mer for BT122.

+3V3
uuTL U1
vop |12 V1 | VTARGET
RESET [-16 RST | peset E
N Pro/sweLk/Tck |15 SWCLK gyeik ek g
E PF1,/SWDIO/TMS |14 SWDIO | g\pi0/TMS 2
PF2/5W0/TD0 |12 SWO | o /10O -_"-\
GND ﬁﬂﬂ GND
GND

Figure 3.2 BT122 Firmware Update via J-Link Debugger and SWD Interface
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UG497: BT122 User’s Guide
Preparing the Board

3.4 Programming via Mini Simplicity Connector

Additionally, the mini-simplicity connector is also available on the Development board.

v

Figure 3.4 Finished Setup

First, the Silicon Labs WSTK board should be prepared to be used as a standalone J-Link debugger. The power switch should be set to
USB. Plug the STK/WSTK Debug Adapter (SLSDAOO1A) into the debug connectors (two connectors near the RESET button). Connect
the BT122 Development Board and STK/WSTK with J-Link tape using Mini Simplicity Connector (on BT122 side) and the Debug Adapter
(on WSTK side). Both boards should be connected by USB to the power supply. The whole setup should look like the image in Figure
3.4.

silabs.com | Building a more connected world. Rev.1.0 |7
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3.5 Programming via UART DFU

Device Firmware Update (DFU) programming mode is meant to be used when J-Link programming is not available. When the BT122
module/device is booted up in DFU mode, the new program can be uploaded through UART. In such cases, it is a Bootloader’s respon-
sibility to handle writing the application into the flash memory. Once the upload is completed, the bootloader will start program execution.

Comparing to the J-Link method, user needs to make sure that the proper bootloader is flashed into the BT122 module before starting
the update procedure.

To upload through the UART DFU, while the device is configured to use BGScript and is not responding to the BGAPI commands, it is
necessary to implement a specific sequence in the application which would allow the module to be booted into DFU mode (for example
in some GPIO interrupt handler).

To enter DFU mode in BGScript, use dfu_reset (1) command.
Remember that during the DFU procedure, UART baud rates of the device and the PC must match. Flow control must be used as well.

Development board for BT122 — BRD4315A — got the UART/USB bridge with interface called VCOM - available on-board and already
connected to BT122 module.

On-board UART/USB bridge FW can be updated to support baud rate setting up to 3 Mbps. This can be done using Commander program
(available under the SDK package directory ...\BT122-x.x.x\bin\commander) in two different ways:

e Using command line and typing “commander adapter fwupgrade -s <kitserial> <path_to_emz_file>"
e Or by using GUI (run commader.exe)

e Go to the Kit-tab in Commander.

e Select browse in the “Installation package”-pane.

¢ Navigate and select the emz-file (.emz file with improved FW is available under SDK package directory ...\BT122-x.x.x\fw\).

e Select “Install package”

For special applications that require the highest performance of UART/USB connection, user can choose to connect the external

UART/USB bridge to use with BRD4315A instead of the built-in VCOM interface — for example CP2102 UART/USB bridge. To do so,

please follow the steps below:

1. Desolder 0 ohm resistors on RX, TX, CTS and RTS lines that connect BT122 module with on-board debugger - R202, R203, R207,
R208.

2. Connect your external bridge lines to corresponding lines available on the left breakout pad.
3. Connect the power supply to your external bridge.

silabs.com | Building a more connected world. Rev. 1.0 |8
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4 BGTool

The BGTool lets users communicate with the module using BGAPI commands or a more user-friendly graphical interface, and to build
projects using the BGBuild compiler, and then upload them to the module via the J-Link. Program can be found in the SDK directory after
installation (latest SDK package can be found on the module’s website). To open the BGTool, go to the bin folder and run bgtool.exe.
BGTool uses the Simplicity Commander application and BGAPI-based DFU application to execute the update process. Both are included
separately into the SDK package to be used by more advanced users outside the BGTool according to ones needs.

For Alpha delivery, all BT122 Development boards have the following VCOM settings: baud rate 115200 bps, handshake: auto (no flow
control). Changes can be made according to the application needs.

Memory of BT122 modules must be considered as erased, so they must be flashed with proper application (bootloader and firmware)
using J-Link (SWD) interface, before starting to use them for the first time. DFU cannot be used here because there is no DFU bootloader
present in the module.

If you have prepared/selected the application to be uploaded to the BT122 memory and you use built-in VCOM solution, you need to
configure the on-board UART/USB bridge settings according to your application settings — that will be most likely required, since all
example apps use RTS/CTS based flow control (handshake).

41 VCOM configuration

To make sure that you will be able to connect to the board in the Interactive view and use all flashing options in Upload tool view it is
needed to configure VCOM options. This can be done under the Development board VCOM tab (Figure 4.1).

Note: In case of external UART bridge, this subchapter can be skipped.

Development board’s VCOM bridge does not use flow control by default, so to correctly connect to BGTool, first it is needed to check
what settings the desired application has and set the same in mentioned tab. After correctly selecting Serial Number, baud rate and
RTS/CTS option, press the Set button and if any system prompt will arise (such as telnet connection request), accept them. Telnet
connection is done locally, is safe and is a part of the process.

Note: Once set, the baud rate is permanently stored in memory (until it is changed again).

o ~

SILICON LABS

Interactive view Development board VCOM Upload tool RF regulatory test view

J-Link Device

Serial Number: | no device detected

VCOM Settings

Baud Rate: | 115200
| RTSICTS
Set
v

Figure 4.1 BGTool in Development board VCOM mode

The firmware does not support configuration over USB-CDC (although this may change in the future), nonetheless it is recommended to
set the baud rate in the PC-side driver.

Additionally, for changing the VCOM bridge baud rate through CLI as an alternative to previously mentioned BGTool GUI method:

Silink can be found under the SDK package directory ...\BT122-x.x.x\bin\silink

Start silink from the CLI with the following command: “silink -sn <kitserial> -automap 49000”.
Choose telnet localhost 49002

Configure baudrate with “serial vcom config speed <baudrate> handshake rtscts”

ote: Once set, the baud rate is permanently stored in memory (until it is changed again).

Z e wn =
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4.2 Programming the Device
At the top of the BGTool's window there is a tab named Upload tool (Figure 4.2).
First, select a Project File. It is a *.xml file which contains the project configuration of features, such as hardware peripherals configuration,

BGScript file path (if used), or GATT services and characteristics. Everything is already configured in the examples’ directory. More
information about it can be found in BT122 Project Configuration Guide. Browse for the desired project configuration file and select it.

SILICON LABS

Interactive view Development board VCOM Upload tool RF regulatory test view

Select Project File

Select File
Binary File:

Select Upload Method
Upload Method: (@) J-Link UART
Select Binary Variant
Binary Variant: (@ Bootloader and Firmware Bootloader only Firmware only

J-Link Device

Serial Number: | no device detected m

+| Erase al
Upload Status:
m“w
-
~—_—

SO -

Figure 4.2 Upload Tool

To build the project, call the BGBuild tool by pressing the Build button. BGBuild checks all configuration files, compiles them, and generate
firmware binaries.

After this step three .bin files should be created and placed in the same folder as the project.xml file:

e Firmware only variant — that consists only of the FW part of the build, suitable if you want to keep bootloader intact and update only
firmware part of the application.

¢ Bootloader only variant — that consists only of bootloader part of the build.
e Combined firmware and bootloader variant — classic approach, suitable for updating whole module (for example after full erase).

After the compilation, a Binary File with firmware and bootloader combined will appear automatically in the Binary File field. Keep in mind,
that BGTool only supports .bin files.

You do not have to build the project every time. If a binary file is already generated, you can browse for it and select it manually.

silabs.com | Building a more connected world. Rev. 1.0 | 10
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«== Build result — | x

Build has been completed successfully.

Hide details

-mcpu=cortex-m4 -mthumb -TC./SiliconLabs/BT122-0.3. 1-5/bin/. /fw/build/bt122 Id -Xlinker —gc-sections - ~
mfpu=fpv4-sp-d16 -mfloat-abi=softfp —specs=nano.specs -o C./Users/dabrzezilAppData/LocalTemp/

bgbuild. H20292 -IC:#SiliconLabs/BT122-0.3.1-5/bin/../fw/build -LC:/SiliconLabs/BT122-0.3.1-5/bin/../fw -

Ibt1 22 -lcommon -lubt gatt_db.c -Wl —start-group -lgce -lc -Inogys -Wl —end-group
C:/SiliconLabs/BT122-0.3.1-5/bin/. /fw/libbt122.a

in : CiUzers/dabrzezilAppData/LocalTemp/bgbuild. p20292

UART

timeout  : 0.996264ms
baudrate 115200

actual T 1535

error 1 0.100%

flowcontral © true

parity :none

stop bits  : 1

BGAPI s true
USART1_CTRL : Ox00000000
USART1_CLKDN: Ox00001058
USART1_FRAME : 0x00001005
USART1_TCMP1 : 0x00240073 i

Figure 4.3 Project Building

Next, it is necessary to choose a way of Upload Method — meaning the update interface:

421 J-Link

Selected binary variant will be uploaded through J-Link — this method is faster and can - by selecting “Erase All” option - perform a “clean”
firmware installation. Make sure that you select the correct J-Link device (its serial number in case there is more than one device con-
nected).

4.2.2 UART

Used when the device is in DFU (Device Firmware Update) mode. Selected binary variant will be updated through UART, using selected
Port, Baud rate, and flow control. Flow control is selected with the RTS/CTS checkbox. Normally, the device must be set in DFU mode
by BGAPI command or in the BGScript, but the BGTool will automatically send the dumo_cmd _dfu_reset (1) command, putting the
device in DFU mode.

Note: If a new module is use, first upload an example (e.g. bt122 from SDK package). This should be done via the J-Link interface as
there is no DFU bootloader in the module yet.

For DFU update, user needs to make sure that the proper bootloader is flashed into the BT122 module before starting the update proce-
dure. Also, when using BGScript, it must have an option to boot into the DFU mode. Remember that during the DFU procedure, VCOM
baud rate UART baud rates of the device and the PC must match. Flow control must be used as well.

After selecting the interface option, you need to specify the variant of the built binary you want to upload to the module. It is a very
important selection, since this option selects not only the correct file, but also the address range that this file will be written into. So, you
need to select the variant that corresponds to the binary file content that you have selected. Please double check the selected file and
options to avoid restoring the device. It is worth mentioning that it is good to keep the names of the files generated by BGBuild, because
thanks to them, BGTool will suggest the correct options (Binary Variant and filename/path) automatically.

At the end of the process, select the Serial Number/Port and appropriate settings — such as erase all (clear whole FLASH) for J-Link and
RTS/CTS, baud rate for UART. If all necessary fields are filled, click Upload. After the process is over, the "Done!" message should
appear in the Upload Status field. If this does not appear, analyze the logs, and check the steps again.

To be able to connect to the board in the Interactive view, and use all flashing options in Upload tool view, make sure that all UART/USB
bridge options are the same for VCOM, uploaded application and in the Interactive view connection options or DFU upload options.

Note: Each UART/USB connection settings change done with API commands, must be done also for VCOM settings in the BGTool to
keep the ability to connect to the module.

silabs.com | Building a more connected world. Rev. 1.0 | 11
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4.3 Opening a Connection
Once the BT122 firmware is uploaded, the BGTool can be used to communicate and to test the module.

Select Interactive View. Connect with the JLink CDC UART Port using the Baud Rate configured in the project.xml file. Press Open to
initiate a connection with the module.

Interactive view Upload tool RF regulatory test view

Connection

Connect with: | JLink CDC UART Port (COM4) w
Baud Rate: | 115200

Figure 4.4 Opening a Connection

After that, a console will appear through which commands can be sent and responses (green highlighted)/events (blue highlighted) will
be received in the log at the bottom of the window. The BGTool will automatically send a dumo_cmd_system get bt_address com-
mand and then the device should respond with a dumo_rsp_system get bt _address response containing the device’s address. If
this happens, this means that everything works.

== BGTool - O *

File Kit Connection View Help

o ~

SILICON LABS

Bluetooth Low Energy Bluetooth BR/EDR Security Manager stent storage Hardware

Bluetooth Low Energy

Generic Access Profile

Show: (@) Basic settings
Advanced settings

Advertise (Slave) -
Discoverable mode Mon-discoverable Connectable Mode Non-connectable
JLimited discoverable ® Undirect-connectable
@) General discoverable Scannable-not-connectable
Broadeast
: - - “ - Start Stop
Note: To advertise as a Dual-Mode Bluetooth device, BR/EDR mode must also be set as "Connectable” and "Discoverable™
Discover (Master) A
Scan type Limited
®) Generic

Observation

Address - RSSI., Bonding handle | Advertising data Scan Response
(dBm) v
-——
08:57:12_ 0599 dumo_cmd_system_get bt address

Device Details | Connected (COMB) —di—

Figure 4.5 BT122 Responding with its address

silabs.com | Building a more connected world. Rev. 1.0 |12
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44 Sending Commands Manually in Interactive View

The commands should be entered in the BGAPI commands text box on the bottom of the window, which the program will send to be
executed by the device. They can be also selected using arrows on keyboard and pressing Tab. If the command expects arguments,
they must be added in parentheses in the right order. For instance, if dumo_cmd_system_hello () command is sent, the device should
answer with an implemented dumo_rsp_system_helloresponse. If dumo_cmd system get local_name () is sent, the device will

answer with dumo_rsp_system get_local name response, which also includes local name of the device in an array of ASCII char-
acters in hexadecimal format.

== BGTool - O X

File Kit Connection View Help

SILICON LABS

Bluetooth Low Energy Bluetooth BR/EDR Security Manager Persistent storage Hardware

Bluetooth Low Energy

Generic Access Profile

Show: (@) Basic settings

Advanced settings

Advertise (Slave) -
Discoverable mode Mon-discoverable Connectable Mode | ) Non-connectable
Limited discoverable @ Undirect-connectable
®) General discoverable Scannable-not-connectable
Broadcast
. ; ; . N amyi - Start Stop
Note: To advertise as a Dual-Mode Eluetooth device, BR/EDR mode must also be set as "Connectable” and “Discoverable™.

Discover (Master)

Scan type Limited
® Generic

Observation

N

e

10:38:47,0642 ‘!_cmd;‘m _get_local_name()

Device Details Connected (COM4) ==

Figure 4.6 Sending Commands Manually

silabs.com | Building a more connected world. Rev. 1.0 | 13
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4.5 Interactive View Options

Interactive view lets users configure the BT122 Bluetooth settings in a more user-friendly manner. The BGTool will then send appropriate
commands to the device.

The Bluetooth Low Energy tab will give you access to the BLE settings. For example, advertising packets can be sent to nearby devices
or devices can be discovered (the tab will show discovered device’s address, RSSI, etc.) by pressing the Start buttons under the appro-
priate tabs.

Note: While switching the UART baud rates via BGAPI commands, it is also necessary to modify the related parameters on the devel-
opment board VCOM bridge.

= BGTool - O X

File Kit Connection View Help

Bluetooth Low Energy

Generic Access Profile

Show: (@) Basic settings

Advanced settings

Advertise (Slave) -

Discoverable mode Mon-discoverable Connectable Mode [ ) Mon-connectable
Limited discoverable . Undirect-connectable
@) General discoverable _) Scannable-not-connectable
Broadcast
. ; ; . B “myi - Start Stop
Note: To advertise as a Dual-Mode Eluetooth device, BR/EDR mode must also be set as *Connectable” and "Discoverable™.
Discover (Master) -~

Scan type Limited
® Generic

Observation

Raw data: 0x020106020a000303
255 (=not 0d181107cc77baf142274d8e0b4
bonded) Gebe76616d50b Connect

b & 4
)

dumo_evt_le_gap_scan_response rssic  -32 (Oxffffffe0) packet_type: 0 (0x00)
09:05:56,0325 address:00:17:¢9:91:80:bb address_type: 0 (0x00) bonding: 255 (Oxff) data.len:28
== data:020106020a0003030d181107cc77baf142274d8e9b46cbe76616d50b

00:17:9:91:80:bb -32

dumo_evt_le_gap_scan_response rssi:  -32 (Oxffffffe0) packet_type: 0 (0x00)
09:05:56,0632 address:00:17:¢9:91:80:bb address_type: 0 (0x00) bonding: 255 (0xff) data.len:28

data:020106020a0003030d181107ccT7baf142274d8e9b46cbe76616d50b

N LS
Device Details Connected (COMB) ==l ==

Figure 4.7 Example — Scanning for BLE Advertising Packets
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The Bluetooth BR/EDR tab will give access to Bluetooth Classic settings. As with BLE, you can start a server, set GAP mode, discovery
mode, and discover devices. For example, choosing option with RSSI and name discovery mode and then pressing start will show devices
with their address, RSSI, and their name.

= BGTool - O X
File Kit Connection View Help

Bluetooth BR/EDR

Server: | RFCOMM Streaming destination: ART Start Server

Generic Access Profile

Mode: Connectable

Discoverable
Limited

Tadl ; .
Note: To advertise as a Dual-Mode Eluetooth device, advertisements must be enabled in BLE mode. P B =g
Discovery mode: | With RSS .

Seek devices: (@) General discovery mode (GIAC)

Limited discovery mode (LIAC)
( = Bnndlnu nande e

cas4eu6IIBe g 255 (=not Uncategortzed ocor (D
c bonded)

Settings -

~

iscu‘asun bd_addr:c4:64:3:63:98:ec
ode: 1 (0x01) class_of_device: 7936 (0x00001f00) rssi:  -60

(0xff) name.len:0 name:

08:27:50,0000 g *no m\ discovery_complate status:0x0000 'No Error
———

Device Details Connected (COM4) ===

Figure 4.8 Example - Bluetooth BR/EDR Discovery
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The Security Manager tab allows you to set and check Security details (MITM, LE Security Manager options, Bondable mode) and MAC
addresses of bonded devices.

= BGTool

File Kit Connection View Help
: ~

SILICON LABS

Bluetooth Low Energy Bluetooth BR/EDR Security Manager Persistent storage Hardware

Security manager
Security details -~

Device capabilities: Display only
Display Yes/No
Keyboard only
® Mo input, no output
Keyboard and display

Configure flags: Authentication required (Man in the middle)
Encryption requires bonding
Secure connections required (otherwise also allow legagy pairing)
Bonding request confirmation required

Accept connections from bonded devices only

Set configuration

Set bondable mode

Bonded devices -~
I W

& 4
Settings -
PRI — — —
¥ T W A

10:06:26.0749 ﬂ - evt_s bonding_entry bonding: 0 (0x00) address:c4:64:¢3:63:c1:a5

S — . & type: (0x00)
10:06:26,0863 Q ‘}_a‘n_llst_all_bondings_mmplela .
e

Device Details Connected (COM17) == ==

Figure 4.9 Security Manager

Bondable mode: (@) 0On

Rev. 1.0 | 16
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Persistent storage tab displays currently saved PS keys in the device.

== BGTool - O X

File Kit Connection View Help

SILICON LABS

Bluetooth Low Energy Bluetooth BR/EDR y e Persistent storage Hardware

UTF-8 value Hex byte value .

16383 0x 010000000c00000000000000

32776 Dx 0000000001000000 y N x
32777 0x bbB091e91700 4 . N p 4
32778 OX 65005497820d61407dc00642580¢3037 A V%

- .
Setings _ ~

dumo_a\rl sh_ps_k Muralue len:16 value:

ﬁbtlb5497 6149 asascab

dumo_e\rl_ﬂas‘sy\ 32776 (Dxaﬂﬂs) value.len:8 value:0000000001000000
dumo_ \m‘sas (0xffff) value.len:0 value:

Device Details Connected (COMB) ==

Figure 4.10 Persistent Storage Tab

09:27:33,0423

09:27:33,0441

09:27:33,0442
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4.6 RF Regulatory Test

The RF regulatory test window can be opened by pressing View at the top of the window and then selecting RF regulatory test. The
loaded view allows the User to test BLE and BR/EDR RF capabilities of the BT122 module. Keep in mind that sending BGAPI directly
will give you more control.

s BGT = BGTool [} ®

File KitConnection View Help File KitConnection View Help

SILICON LABS SILICON LABS

RF test mode for regulatory testing RF test mode for regulatory testing

Bluatooth Low Energy Blustooth Low Energy

= 2422 MHz = 2422 MHz

®) PRESS (GFSK ®) PRESE (GFSK)

10
Unm

Packet length: S— 10 Packet length. (@ a

Number of packets: ¢ gy 1000 Number of packels (g [

Low energy raceive @) Low enermy receive

sopont [T soree (TN

- ume_evi_test_dtm_sompleted result0x0000 Mo Errcr’ number_of_packets: 0 ~
5:38,022 R
dumo_cmd_test_dim_tx  packet_type: 0 (0x00) length: 10 (0xDa) channel: 10
(0x0a) number_ol_packets: 1000 {0x0348) 15:42,0419 “""—"“
E dumo_rap_test_dim_tx  result00000 No Error 45:42,04 D uw reaul:00000 ‘o Error
P dumo_evt_test_dim_completed resulEORO000 Wo Error number of packes: 0 14:45:42,0423 dumo_evt_test_dim_sompleted result0x0D00 No Error number_of packess: 945
e . (0x0000) ¥ R (0x03e3) v
RF regulatory test view Device Details Connected (COME) — Device Details Connected (COM11) —lib—

Figure 4.11 DTM tes

In the Bluetooth Low Energy tab, BLE connection can be tested by connecting two BT122s and opening two BGTools. One module will
transmit Low Energy packets, and the other will receive Low energy packets. First, Start test on the receiving device and then on
the transmitting one. After that, press Stop test on the receiving device. In the Log it should be visible how many packets were received
during the test.

In the Bluetooth BR/EDR tab one can test the transmission and reception of packets. The easiest method to test whether one device is
receiving packets is to measure its current consumption (if the module is receiving, current consumption increases).

Connect two BGTools to two BT122 devices. One device will transmit packets chosen in Packet type field, using either Hopping or
Single Frequency Mode. The size of the packets is set by the Packet size slider; transmitter power is set by the Transmit power slider.
Make sure to Select Tx/Rx Frequencies on both devices to be equal when using Single Frequency. Data Whitening can be enabled
or disabled. On the transmitter side, one can Enable Rx for transmit test, which will make the device receive packets while transmitting.
The other device will only receive packets.
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= BGTool

= =} X | et mcn
File Kit Connection View Help File Kit Connection View Help

SILICON LABS SILICON LABS

Bluetooth BRIEDR

Bluetooth BRIEDR

Select Tx frequency: (@ a = 2402 MHz Select Tx frequency: (@ o = 2402 MHz
Select Rx frequency: (@ a = 2402 MHz |v| Enable Rx for transmit test Select Rx frequency: (8, a = 2402 MHz |v|Enable Rx for transmit test
® BRIEDR transmit

BR/EDR transmit
Frequency mode: | ) Happing Frequency mode: ) Hopping
@) Single Frequency ®) Single Frequency

Packel type: )1

Packet size: (@ 0

Packet lyps:  pyy

t A L]
Packet size () 1

Transmit power: SE———— ) 5 Transmit powar: (@ o
Whitening: | Enable

Whitening: () Enable
@ Disable @ Disable

BRIEDR receive

® BR/EDR receive

Start tast Start test

Setings W
dumo_cmd_test_packe!_test mode: 3 (0x03) tx_freq: 0 {0x00) rx_freq: 0
‘pmn),-q_qp. 0(0x00) acl_Jen: 10 (0xD00a) power: 15 (0xDf) disable_whitening:

BGAPI commands  dume_emd_

BGAP commands ORI

R "
Figure 4.12 Bluetooth BR/EDR Packet Test
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5 Quick Example Guide

To upload an example into the module, follow the instructions in section 5.2, where it is shown how to browse for desired project.xmil file.
For instance, to upload the bridge example, select example/bridge/project.xml file, build, and upload it afterward.

5.1 BRIDGE

This example “converts” transparently Bluetooth Classic SPP (Serial Port Profile) to Bluetooth Low Energy Serial. When a device sends
arbitrary data through SPP, the module resends it through BLE Serial to the other device back and forth. A BRIDGE project is implemented
to work with the LE_CABLE_REPLACEMENT_CLIENT example.

Build and upload a LE_CABLE_REPLACEMENT_CLIENT example using BGTool to one device, and BRIDGE to the second device.
BGScript code is designed in such a way, that the Client and the Bridge will connect with each other.

Go to Bluetooth & other devices settings on your PC and turn the Bluetooth on. Next, click Add Bluetooth or other device. An Add a device
window will appear. Select the Bluetooth option, and wait for Bridge BT devices to be discovered. Click it and wait until the device is
ready.

Bluetooth & other devices

+ Add Bluetooth or other device

Bluetooth
@ o

Add a device

Add a device

Make sure your device is turned on and discoverable. Select a device below to
connect.

E Bridge

Figure 5.1 Adding a Bluetooth Device

Additional two serial COM ports should now appear in the Device Manager:

v @@ Ports (COM & LPT)
W
"

# Standard Serial over Bluetooth link (COME)

E Standard Serial over Bluetooth link (COMT)
Figure 5.2 Bluetooth Serial Ports
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Next, open three instances of a serial port terminal application (such as PuTTY, RealTerm, etc.) and connect to the two BT122 already
programmed BT121 modules with 115200 baud rate. The third terminal should be connected to the first listed Bluetooth link in order (for
example, COMS6 in Figure 5.3). Restart both the BRIDGE and LE_CABLE_REPLACEMENT_CLIENT.

B RealTerm: Serial Capture Program 2.0.0.70 - [m] X | ®m RealTerm: Serial Capture Pregram 2.0.0.70 - [m) X | B RealTerm: Serial Capture Program 2.0.0.70 - [m} *
WText sent from ngmcﬁ

Connected to Bridge
LE_SERIAL LISTENw: Towt sent Fron LE"GRBLE REPLACEMENT CLIENT
ADUERTISING.

B CONNECT 1oR" OBENED I

LE_SERIAL CONNECTIONCiFislt

|
SPP CONNECTEDstr
RFCOMM ENDPOINI CLOSED(ilf
SPP CONNECTEDIsLe

C R E PP : E N
LE CABLE_REPLACEMENT_CLIENT BRIDGE Dlu:tooLh serial port from BRI
Display Fort | Capiure | Pins | Send | EchoPort] 122 | 1202 | Anl Cleﬂdﬁrﬂl _| Display Fort | Capure| Pins | Sand | EchoPart| 120 | zc2 [Anl C_'Eg'lﬂﬂ,ﬂl _| Display Part | Capture| Pins | Send | EchoPor| 120 | 1zc2 [n] Clear] Freeze _I
Baud [115200 =] port [4 <] [open See| | @ Change JDwscnnnec Baud [115200 _~]por [5 =] [open Sew| | o Changs Jnnscumec Baud [115200 v Part [6 =] Jopen Spy| [ @ Change JDlscur\nec
i TP T Soltware Flow Conlio—| j ?:g [[;1 ~r SFerT e Software Flow Contro—| j?}fg [[;1 " T oy S aftware Flow Cantra—| j?:g §
s e P D
& None || & gbis || # 10t € 2bio ™ Fessive on G [IT | .ETS[B] @ tions || & b || & T r o2t I Recsivs on tha [17 .US[S] @ None || @ abic|| @ 160 € 2bie ™ Receivs 3o Cher [17] Tiots [[E]]
(~ pdd o T | e F\owtor\lvo I Tramsmit staf Char 19| pepy ) P € T | ade F\awtonlla I Tremsmi 22lfChar 18]~y ) 088 || 7tits| ~Hawars Fow Como I Toarsi i Chr [18] 7o )
~ iven | e b || Hone wwmm Bosh @ e | e Gbis| | & Nome RTS/CTS oo | I DSR &) - Mo || € 8Bt r Hone € RTS/CTS k| TosrE
 Space || C 5tis|| © DTH/DSH(‘ Haaas i IRing8)  Spece | C 5bs| | £ DTH/DSF\(‘ F\5485ns r' oo | I ing () = Some|| € Gbils r‘ DTR/DSRA ( RS4851s Faw | _|Ring (3]
(‘ Bt TIBREAK r Telsl | RREAK % fa, IBREAK
Tener TJEn ClEna
[char Count:4a [ceso [char Caunt:314 [ceso | [Char Count:126 cps0

Figure 5.3 Sending Text with LE Serial and SPP

Now, when you type arbitrary data in the LE_CABLE_REPLACEMENT_CLIENT terminal, the same text should appear in the Bluetooth
serial port terminal.

5.2 BT122

This is an empty example without any BGScript code, and it configures the BGAPI to be available over the UART interface. This is typically
used for controlling the module using the BGTool. The hardware.xml file can be modified to test different peripherals and features, such
as sleep modes, GPIO, I12C, or ADC. One can consider this example as the starting point of developing your own application, as it is an
unmodified and default project. Guidelines on how to include the necessary resources in the project and how to configure the hardware
interface settings for the modules are described in the Project Configuration Guide.

An example hardware configuration, where the sleep functionality of the module is disabled and UART with BGAPI protocol is enabled
along with appropriate UART parameters is shown below. PF2 pin (LED1) is configured as GPIO output pin, and PF3 pin (BTNO) is
configured as GPIO input with pullup.

enabled="false"

baud="115200" flowcontrol="true" bgapi="true"

index="2" output="0x0004"

index="2" input="0x0008" pullup="0x0008"

Figure 5.4 BT122 Project Hardware Configuration .xml file

Open the Upload Tool tab in BGTool, and select the BT122 example project file, build it and upload the generated binary file into the
module. Next, connect with the device in the Interactive View.

Now, use the dumo_cmd_hardware_read gpio (2, 0x0008) command to read the state of the BTN1. In the response, received data
will show which pins are in the high state. If BTN1 is released, data will be equal to 0x0008; if BTN1 is pressed, data will be equal to
0x0000.

Using the dumo_cmd_hardware_write_gpio(2, 0x0004, 0x0004) command, LEDO can be turned off. With the dumo_cmd hard-
ware write gpio(2, 0x0004, 0x0000) command it can be turned on again.
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5.3 CLASSIC_HID_MOUSE_DEMO

In this example, the device is configured as a Human Interface Device (HID) mouse device. BGScript code will take control over the
device — BGAPI commands sent to the module will not be processed.

Upload example to the device. Go to Bluetooth & other devices on your computer and enable Bluetooth. Click Add Bluetooth or another
device. An Add a device window will appear. Select the Bluetooth option, and wait for the BT122-HID-Mouse to be discovered. Click it
and wait until the device is ready.

Now, when BTNO (PF3) is pressed while a HID connection exists, a debug message is sent to UART, and a HID report is sent indicating
a left mouse button click. If BTN1 (PF2) is pressed, a debug message is sent, and mouse pointer will move down 5 pixels. If HID connec-
tion does not exist, the device will enter the DFU mode.

Bluetooth & other devices

Add Bluetooth or other device

e

Bluetooth
@ o

Add a device

Add a device

Make sure your device is turned on and discoverable. Select a device below to
connect.

o BT122-HID-Mouse

Input

Cancel

Figure 5.5 Adding HID Device

54 BT122_HID_BGAPI

In this example, the device is configured as a HID — a mouse or keyboard, just like in the previous example. No BGScript is uploaded,
and HID reports can be sent via the BGTool and appropriate commands. This example is very similar to the BT122 example, but with
a pre-configured HID.

silabs.com | Building a more connected world. Rev. 1.0 | 22




UG497: BT122 User’s Guide
Quick Example Guide

5.5 LE_CABLE_REPLACEMENT_CLIENT/SERVER

These examples should be used together, where one device is a Client and the other a Server. The devices will stream serial data through
the first device’s UART, LE Serial service, and the second device’s UART.

Using the BGTool, build and upload the LE_CABLE_REPLACEMENT_CLIENT example to one device, and the
LE_CABLE_REPLACEMENT_SERVER example to the second device. BGScript code is implemented in such a way that the Client and
the Server will connect with each other. Open two serial port terminals (such as PuTTY, RealTerm, etc). Connect with both devices with
115200 baud rate. Now, when type any text in one terminal, the same text will appear in the other terminal.

& COMS - PuTTY - a x| g2

Figure 5.6 Terminals Connected to Appropriate COM Ports

5.6 LE_SI7021

In this example, the module reads temperature and humidity from an on-board Si7021 sensor. Data is sent through BLE by notifications
to connected devices.

Upload the LE-SI7021 example to one device and open some application which allows searching BLE devices (for example in PC can
be used Bluetooth LE Explorer) and try to search device (should be visible as BT122 Si7021 Sensor) like in Figure 5.7.

Bluetooth LE Explorer — O X

(nt  Discover and Pair Start

G TR D Continuous Enumeration
da Dher:

Filter: 4

{(a} Virtua oard

Total Device Count: 5

Figure 5.7 Found BT122 with Le Si7021 example

Next try to establish connection with modules. If devices are correctly connected all implemented services and characteristics should be
visible for user like in Figure 5.8.
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BT Address: cd:64:e3:63:c1:a5
MNumber of Services: 3
BT 4.2 Secure Connection: True

Refresh

Service Name: GenericAccess
Service UUID: 00001800-0000-1000-8000-00805f9b34fb

Characteristic Name: DeviceName - User Description: - Handle: 2 - Value: BT122 5i7021 Sensor

Characteristic Name: Appearance - User Description: - Handle: 4 - Value: 40-03

Service Name: Devicelnformation
Service UUID: 0000180a-0000-1000-8000-00805f9b34fb

Characteristic Name: ManufacturerNameString - User Description: - Handle: 7 - Value: Silicon Labs

Characteristic Name: ModelNumberString - User Description: - Handle: 9 - Value: BT122

Service Name: EnvironmentalSensing
Service UUID: 0000181a-0000-1000-3000-00805f9b34fb

Characteristic Name: Temperature - User Description: Temperature - Handle: 13 - Value: 18

Characteristic Name: Humidity - User Description: Humidity - Handle: 17 - Value: 1A

Figure 5.8 Services and characteristics of example visible in remote device

Next characteristics from EnviromentalSensing service can be notified to instantly read data if its value will be changed. Also, value can
be read manually by read options. The temperature is measured in ‘C and the relative humidity in %. More details regarding the Si7021
sensor can be found in the product datasheet.

5.7 LE_TEMPERATURE_SENSOR

In this example, ADC will measure the supply voltage or temperature of the module MCU. These results will be stored in GATT charac-
teristic which can be read by the other device.

Upload the LE_ TEMPERATURE_SENSOR example to one device, and the BT122 example to the other device. With the BGTool, connect
to the device with the BT122 example. In the Bluetooth Low Energy tab, press Start in the Discover (Master) tab. When “BT122 Ther-
mometer” is found, Stop the discovery procedure, and Connect to the device.
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= BGTool - ] x
File Kit Connection View Help
~
Generic Access Profile
Show: (@) Basic settings
Advanced seftings
Advertise (Slave) -
Discoverable mode () Non-discoverable Connectable Mode () Non-connectable
Limited discoverable ®) Undirect-connectable
@) General discoverable Scannable-not-connectable
Broadcast
Note: To advertise as a Smart Ready device, classic mode must also be set as “Connectable” and “Discoverable™. ek
Discover (Master) -
Scan type () Limited
®) Generic
Observation
) ssl ; —— o
Address By | Bonding handle | Adverlising data Scan Response
Name: BT122 Thermometer
D Raw data: 0x020106050308180f
c4:64:03:63:08:0c 48 . d":’“’ 18120042543132322054686572
L 6461865746572
v
GUMO_evi_i5_gap_scan_response TSI %v (UXITITOI) PACKBL RS U (UXUD)
16:58:47.0115 E addressic4:64:03:63:98:ec address_type: 0 (0x00) bonding: 255 (Oxff) data.len:28 &
data:020
dumo_evi_le_gap_scan_response rssl: 49 (Oxfiififcf) packet_type: 0 (0x00)
16:58:47.0320 E addressic4:64:e3:63:98:ec address_type: 0 (0x00) bonding: 255 (Oxff) dm'n:zu
16:58:47,0364 dumo_cmd_le_gap_end_procedure ‘
o R -
Device Detalls | Connected (COM12) =—di—

Figure 5.9 BT122 Thermometer is Discovered

Once the connection is established, press the Discover remote services button to display the Thermometer’s services. Open the Health
Thermometer service and Discover Characteristics. Enable the Notify operation and press Apply. Now, every second the Thermom-
eter device will send the measured temperature in degrees Celsius (hexadecimal format), which you can find in the Hex byte value field.

= BGTool = [m] x

File Kit Connection View Help
Master/Slave: Master

Service: Generic Access  UUID: 1800

Service: Device Information UUID: 180a

Service: Health Thermometer UUID: 1809

Service handle: 720811 (0xb000)
uuID: 1808
Type: Primary

Characteristic: Unknown characteristic  UUID: 2a3c

Characteristic handle: 14 (Oxe)
UUID: 2a3c

Opratans: Notty v Enabic (ST

| Set Characteristic Configuration with set_characteristic_notification command
Value length- 1

UTF-8 value:

Hex byte valus: Ox1c Discover descriptors

Service: Battery Service UUID: 180f

Current Connection Parameters  Interval: 200 = 250 m: upervision timeout:

Minimum interval: €@ 100 -
Mazimum interval: @@ cal] = 250ms
Timeout: €@, 100 = 1000 ms v
Log
17:10:34,0247 E duma_evt_galt_c value 5 (0x05) 14 A
(0x000e) att_opcode: 27 (0x1b) offset: 0 (0x0000) value len:1 value:ic
17:10:35,0248 g dumo_evt_galt_c ;_value 5 (0x05) 14
‘ (0x000¢) att_opcode: 27 (Ox1b) offset: 0 (0X0000) value.len:1 value:ic
17-10:38,0248 E duma_evt_galt_c value 5 (0x05) 14
(0x000s) att_opcode: 27 (Oxib) offsst: 0 (0x0000) value len:1 value:ic
17:10:37.0245 E dumo_evi_galt_c value 5 (0x05) 14
(0x000¢) att_opcode: 27 (0x1b) offset: 0 (0x0000) value len:1 value:ic v

S o T

Figure 5.10 Health Thermometer Characteristics Updating with Notifications
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5.8 UART_MODES

In this example, the module will ignore or process incoming BGAPI commands, depending on the pushbutton state. As to the first option,
the BGScript has full control over the device, and so the BGTool will not, for example, be capable of exchanging data via the Bluetooth
link. When the BGAPI commands can be received, the user holds some power over the device, but the BGScript will still respond to
events which are handled in the BGScript code.

The device can operate as a master (the device will search for a RFCOMM server with a given address) or as a slave (the device will
start a RFCOMM server, to which other devices can connect to), depending on the value of “script_version” variable. The “slave_address”
buffer in the BGScript code is used only when the device operates as a master and holds the MAC address of the device which has
RFCOMM server configured. You can find more details in the uart_modes.bgs file.

If the device is configured to be a master (script_version = 1), set the MAC address of a slave device in the uart_modes.bgs file (slave_ad-
dress buffer; to find the MAC address of a device use the dumo_cmd_system_ get_bt address () command — see chapter 5.3 ) and
upload this modified script/example/project to the first module and upload the BT122 demo to the other one. On the device programmed
with the BT122 example, go to the Security Manager tab and change Bondable mode to On, and press Set bondable mode. Next, go
to the Bluetooth BR/EDR tab and change Generic Access Profile Mode to Connectable and Discoverable, then, press Set mode. You
can now Start Server. Configuration should look like this:

Bluetooth Low Energy Bluetooth BR/EDR Security Manager sistent storage Hardware

Security manager

Security details -

Device capabilities: Display only
Display Yes/No
Keyboard only
@) No input, no output
Keyboard and display

Authentication required: True

(Man in the middle) ® False

Set configuration

Bondable mode: (@) On

Off Set bondable mode

Bluetooth Low Energy Bluetooth BR/EDR Security Manager Persistent storage Hardware

Bluetooth BR/EDR

Server -~

Server,, RFCOMM Streaming destination: UART Stop Server

Generic Access Profile

Mode

| Connectable
+| Discoverable
Limited

MNote: To advertise as a Dual-Mode Bluetooth device, advertisements must be enabled in BLE modea. Device details

Figure 5.11 BT122 as a Slave Configuration

The device with the UART_MODES example configured as a master should now be able to connect to the BT122 slave, as a Connec-
tion # tab will appear (if it does not connect automatically, reset the UART_MODES device manually using the RESET button).
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e e X =1 BGTool - [m] x
File KitConnection View Help File KitConnection View Help
Servr - B
Server RECOMN Streaming destination: | UAR m Server: | RFCOMY Sireaming destination: | UAR
ction 5 (Ricomm) X onnection 5 (Rfcomm) X
Address: 00:17:29:91:80:bb
Address type: Public
E ave Master/Slave: Master
Bonding: 0 Bonding: 0
Rfcomm endpoint: 6 Rfcomm endpoint: 4
Endpoins -
Data - Data -
BT122 Device UART_MODES Device
*Text sent from BT122 example 1, BGAP| enabled Text sent from BT122 example 1. BGAPI enabled
Text sent from UART_MODES example 2, BGAPI enabled »Text sent from UART_MODES example 2. BGAPI enabled
>Text sent from BT122 example 3. BGAPI disabled >Text sent from UART_MODES example 4. BGAPI disabled
-a
~
[ e -]
= SIATeSU NS U es e el os Ge v A
T T e ST ST B R T
74 2086 72 61 6d 20 42 54 31 32 32 20 65 78 61 6d 70 6o 65 20 32
040232 duma_svi_hardware. interrupts: 2 (0 timestamp: 816225
o D g R TSI T 06T e )
dumo_evt_endpoint_dala endpoint. 6 (0x08) dals len:59 data dumo_cmd_endpoint_send data: 54 65 74 78 20 73 85 e
09:09:28,0846 E 09:08:28,062 74120 66 72 6f 6d 20 55 41 52 54 51 5 1 6d 70 6c 65 20 77 69 74 68 20
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Figure 5.12 BT122 Slave (Left) and UART_Modes Master (Right)

By default, BGAPI is enabled on the UART_MODES device. The first text is sent from BT122 device and it is received by UART_MODES
BGTool. The second text is sent from the UART_MODES device and it is received by BT122 BGTool.

When BTNO is pressed, the UART_MODES device will disable BGAPI mode and will not be able to receive BGAPI commands or send
received data back to the BGTool. The third text is sent from the BT122 device and it is received by UART_MODES device, but the
BGAPI event is not sent to UART_MODES BGTool. The fourth text is sent through the UART_MODES BGTool to the device, but the
BGAPI commands are disabled and the UART_MODES device ignores it.

When BTN1 is pressed, the device will enable BGAPI back again. After reset, BGAPI is enabled by default.

If UART_MODES is configured to be a slave (script_version = 0) device, the BT122 example should have only the Security Manager
configuration set.

To connect to the UART_MODES device, set bonding configuration, as described above, and in the Bluetooth BR/EDR tab in the
Discover section press Start. The UART_MODES device address should appear. Press the RFCOMM button to connect. The exchange
of data is like the one in Figure 5.12.
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Figure 5.13 Connecting to the UART_MODES Slave
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