
Tech Talks LIVE Schedule – Presentation will begin shortly

Find Past Recorded Sessions at: 
https://www.silabs.com/support/training

Topic Date

Multiprotocol Wireless: Real Application of Dynamic Multiprotocol Tuesday, June 9

Wireless Coexistence Thursday, June 11

Bluetooth Software Structure: Learn the APIs and State Machines Tuesday, June 16

Add a Peripheral to a Project in No Time: With 32-bit Peripheral Github Library Thursday, June 18

Low power wireless to the next level: Energy Friendly PMIC + Energy Friendly Radio BG22 Tuesday, June 23

Talk with an Alexa: Using Zigbee to Connect with an Echo Plus Thursday, June 25

Z-Wave Software Structure: Learn about Command Classes and Reference Code Tuesday, June 30

Building a Proper Mesh Test Environment: How This Was Solved in Boston Thursday, July 2
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Fill out the survey for a chance to win a 
Thunderboard BG22 eval board! 

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


WELCOME 

Bluetooth Software Structure: Learn the APIs and State 
Machine



Agenda

1. Application Development Flow 

2. Project Structure

3. GATT Configurator

4. Configuring the stack 

5. Event Handling 
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Bluetooth LE Software

A Bluetooth 5.2 compliant Bluetooth stack, with:
§ Bluetooth 5.2 Dynamic TX power control

§ Bluetooth 5.1 Direction Finding

§ Bluetooth 5.0 standard features

§ Relevant Bluetooth 4.x features

Packed with advanced functionality 
§ Multiple connections and advertisers

§ Concurrent advertising, scanning and LE connections
§ Optimized throughput and power consumption

Built on top of the common EFR32 software platform
§ Gecko bootloader

§ emLib for MCU peripherals and drivers
§ NVM3 key/value pair data storage with wear leveling

§ RAIL radio driver

Application

API

GATT

Security
Manager

GAP
Attribute
Protocol

Bluetooth Link Layer

Platform: Gecko Bootloader | RAIL | NVM3 | emLib



SOC vs NCP System Models
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Source: AN1042: Using the Silicon Labs Bluetooth® Stack in Network Co-Processor Mode 

Network Co-Processor (NCP) architecture

§ Bluetooth stack runs on the Blue Gecko SoC

§ Provides Bluetooth API over UART I/F

§ Host API

§ Host API is 100% identical to SoC API

§ NCP features

§ AES-128 encrypted UART communications

§ 4-wire UART with RTS/CTS

§ 802.11 co-existence interface via GPIO pins

SOC NCP



Where should I start from?
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Empty Soc Example Project

1. Plug Wireless Starter Kit into USB Port.  Click on the kit 
listed under Device Pane in upper left.

2. Click on the Getting Started Tab from the Launcher 
dashboard in Simplicity Studio.

3. Click on the SoC-Empty project listed under Software 
Examples.

4. Click Yes when asked to switch to Simplicity IDE 
perspective and create the project.
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Application Build Flow
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GBL File
(for OTA and NCP DFU)

Source: UG136: Silicon Labs Bluetooth ® C Application Developer's Guide 



Device Memory organization
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Gecko Bootloader

App Loader (Optional)

Bluetooth Stack + Application

Storage area

Bluetooth NVM

Bottom of Flash

Top of Flash

Source: UG136: Silicon Labs Bluetooth ® C Application Developer's Guide 



Project Structure
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Application

Customer Application

GATT
(profiles / services)

Network / 
Transport

Bluetooth
LE Core

Link Bluetooth Link Layer

Physical Bluetooth PHY 
(2.4 GHz)

Platform
RAIL

Gecko Bootloader

Gecko Bootloader

- Distributed as source

- Has its own Project Structure

- NCP – Stand Alone Bootloader

- SOC – Application Bootloader

AN1086 - Gecko bootloader Bluetooth

UG266 – Gecko bootloader user guide

Source: UG136: Silicon Labs Bluetooth ® C Application Developer's Guide 



Project Structure
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Application

Customer Application

GATT
(profiles / services)

Network / 
Transport

Bluetooth
LE Core

Link Bluetooth Link Layer

Physical Bluetooth PHY 
(2.4 GHz)

Platform
RAIL

Gecko Bootloader

Bluetooth Stack and RAIL Binaries

Bluetooth Stack binaries:

libbluetooth.a: Bluetooth stack library. 

binapploader.o: AppLoader, provides the optional OTA functionality. 

libmbedtls.a: mbed TLS cryptographic library for the Bluetooth Stack. 

libpsstore.a: PS Store functionality for the Bluetooth stack

Rail Libraries:

librail_module_<soc family><compiler>_release.a

lib- rail_config<modulename>.a

Source: UG136: Silicon Labs Bluetooth ® C Application Developer's Guide 



Project Structure

12

Application

Customer Application

GATT
(profiles / services)

Network / 
Transport

Bluetooth
LE Core

Link Bluetooth Link Layer

Physical Bluetooth PHY 
(2.4 GHz)

Platform
RAIL

Gecko Bootloader

GATT related files

- User Friendly based GUI that creates gatt_db.c
and gatt_db.h and xml files

- GATT Services and Characteristics need to be
created in compilation time and can only be
updated via device OTA/DFU upgrade

Source: UG136: Silicon Labs Bluetooth ® C Application Developer's Guide 



Project Structure
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Application

Customer Application

GATT
(profiles / services)

Network / 
Transport

Bluetooth
LE Core

Link Bluetooth Link Layer

Physical Bluetooth PHY 
(2.4 GHz)

Platform
RAIL

Gecko Bootloader

EMLIB and EMDRV

- Silicon Labs Peripheral Support drivers and
Libraries

- Usage examples can be found on Silabs
GitHub

- Include and Source files can be found at
<Simplicity Studio Gecko SDK>\platform\.

Source: UG136: Silicon Labs Bluetooth ® C Application Developer's Guide 



GATT Configurator
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Bluetooth SIG 
Defined Profiles

Bluetooth SIG 
Defined 
Services, 

Characteristics 
and Descriptors

For custom 
Services, 

Characteristics 
and Descriptors

It allows for 
importing GATT 
data from XML 

files

Read, Write 
and other 

Characteristic’s 
properties

Value Type



Hardware Configuration – hal-config.h
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It enables the WSTK built-in USB to UART converter. 



Hardware Configuration – hal-config-board.h
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Source: UG136: Silicon Labs Bluetooth ® C Application Developer's Guide 

Board Button Port and Pin Definitions 



Configuring the BLE Stack – main.c
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Max Number of Simultaneous Advertisements

Max Number of Connections

To enable Low Power Modes



Device Initialization
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The initMCU() function is used to initialize MCU core. It Initializes 
clocks , DC-DC configuration and power modes.

The initBoard() function is used to initialize board features, such 
as initializing the external flash. Peripheral initializations can be 
added to this function.
The initApp() function is used to initialize application-specific 
features, such as enabling the SPI display on the WSTK. The 
function must be called after initBoard(). 
The appMain() function is the one that invokes the main 
Bluetooth state machine by passing the stack configurations. 



App.c –>appMain()-> Bluetooth Stack Event Handling
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Built-in enabling user print logs. 
Enabled at app.h.

By default it uses the Blocking Event Listener. 

All the stack events are handled under this switch 
statement 



Soft-Timers
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• 16 Concurrent Soft-Timers 

• Internal Stack Timer of the 32.768Khz oscillator 

• One-shot or continuous operations

Soft-Timer API Command

Soft-Timer Event



GATT Characteristic Read Example (user type)
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Characteristic Handle

Sensor Reading

Response to the client

Read Event



GATT Characteristic Write Example (user type)
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Characteristic Handle

Local variable updated with Central device data

Response to Central device

Write Event



Managing a Hardware IRQ
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TIMER0 IRQ

Adds TIMER0 IRQ to Stack 
External Event Handler

Processes TIMER0 IRQ



Non-Blocking Event Listener
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• The gecko_peek_event() function processes the internal message queue until an event is received or all the 

messages are processed. 

• Advantages:

§ Flexibility for timing critical applications

§ Application tasks Run Continuously

§ Disadvantages:

§ Power managed by the application

§ Prior to sleep Interrupts are disabled

Source: UG136: Silicon Labs Bluetooth ® C Application Developer's Guide 



Documents / User Guides
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Main source of Documents - docs.silabs.com 

Bluetooth Software API - https://www.silabs.com/documents/public/reference-manuals/bluetooth-api-
reference.pdf

UG136: Silicon Labs Bluetooth ® C Application Developer's Guide -
https://www.silabs.com/documents/public/user-guides/ug136-ble-c-soc-dev-guide.pdf

Qsg139: Getting started with Bluetooth - https://www.silabs.com/documents/public/quick-start-
guides/qsg139-getting-started-with-bluetooth.pdf

AN1042: Using the Silicon Labs Bluetooth® Stack in Network Co-Processor Mode -
https://www.silabs.com/documents/public/application-notes/an1042-bt-ncp-mode.pdf 

Silicon Labs GitHub - https://github.com/siliconlabs

Hardware Peripheral Examples - https://github.com/SiliconLabs/peripheral_examples

http://docs.silabs.com/
https://www.silabs.com/documents/public/reference-manuals/bluetooth-api-reference.pdf
https://www.silabs.com/documents/public/user-guides/ug136-ble-c-soc-dev-guide.pdf
https://www.silabs.com/documents/public/quick-start-guides/qsg139-getting-started-with-bluetooth.pdf
https://www.silabs.com/documents/public/application-notes/an1042-bt-ncp-mode.pdf
https://github.com/siliconlabs
https://github.com/SiliconLabs/peripheral_examples


BG22 Virtual Workshop 

Learn how to develop and deploy more powerful, efficient, and secure IoT products with your own 
BG22 Thunderboard – free for all registrants!

New Sessions Open for June

10:00AM –11:30 AM CST - T, W, Th

(Other sessions available for Asia Pacific and Europe)

Register today! https://www.silabs.com/about-us/events/virtual-bluetooth-workshop
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https://www.silabs.com/about-us/events/virtual-bluetooth-workshop


SEPTEMBER 9–10, 2020 | VIRTUAL

TWO DAYS OF TECHNICAL TRAINING
FROM BEGINNER TO ADVANCED

workswith.silabs.com



Q & A Session



Backup Slides



Stack priorities

Silicon Labs Confidential30

Source: Silicon Labs KBA_BT_0407: Bluetooth Radio Task Priorities 



Blocking Event Listener 
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• The gecko_wait_event() is an implementation of a blocking wait function, which waits for events to 
emerge to the event queue and returns them to the event handler. 

• Advantages:
§ It manages the sleep most efficiently and automatically.
§ It manages all the system timing keeping connections in sync

§ Disadvantages:
§ Hardware Interrupts and external events need to be passed to the main event loop and to be processed within 

that loop
§ Applications can not run continuously



Bluetooth Stack required resources

Silicon Labs Confidential34

Source: UG136: Silicon Labs Bluetooth ® C 
Application Developer's Guide 



Device Memory organization and Flash Usage
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Gecko Bootloader

App Loader (Optional)

Bluetooth Stack + Application

Storage area

Bluetooth NVM

Bottom of Flash

Top of Flash

Source: UG136: Silicon Labs Bluetooth ® C Application Developer's Guide 


