SILICON LABS

Project Configurator & Gecko Platform - Lab

This lab procedure walks through the steps to create a new project
utilizing Simplicity Studio 5s Gecko Platform and Project | «evronts

Configurator Wizard. The lab highlights the new process action _ _
programming model, a few of the software components available | * &ecke Platiorm and Project Configurator
within Project Configurator, and goes into detail about integrating | . seftware component installation and con-
application code available through our peripheral examples figuration

repository on GitHub o Addition of application code (ADC exam-
' ple)

There are four project stages throughout the lab signifying a | ® RTOS andBluetooth project integration
different software addition to the demostration, with each stage
building upon the last.

The first part shows how to build a new project which uses the CLI interface and onboard sensor of the
Thunderboard Sense 2, starting with an Empty C project generated by the Project Configurator Wizard.
The second part demostrates how to integrate the ADC peripheral with the use of example code
provided in our GitHub repository. The third part outlines the addition of a real-time operating system
and the changes in project model with this addition. The fourth and final portion of this lab adds
Bluetooth to the project.

silabs.com | Building a more connected world. Rev. 0.1



| Gecko Platform & Project Configurator - Lab
Prerequisites

1 Prerequisites

For this lab you will need the following:

e EFR32MG12 Thunderboard Sense 2 (SLTB0O04A)
e  Micro-USB to USB Type-A cable (Not included with Thunderboard)
e  Simplicity Studio v5
o Bluetooth SDK 3.1.0.0 or later
o Gecko SDK Suite 3.1.0 or later
e BLE Scanner mobile app (or other generic Bluetooth scanning application for Bluetooth demo)

e Accompanying lab source code provided in compressed zip - https://www.dropbox.com/s/4xbz4uzxq9163nc/v5_ProjectConfigu-

rator Lab.zip?dl=0
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2 Creating a bare-metal project

2.1 Create an empty project using Silicon Labs Project Wizard
Run the installation of Simplicity Studio v5 and navigate to the Simplicity IDE perspective.

From the project explorer window, click on the link “Create a project”
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A “New Project” window will pop up. Select the Silicon Labs Project Wizard and click “Finish”.

A “New Project Wizard” window will now display. In the “Target Boards” text entry field, enter the board used for this demo — BRD4166A
(If the Thunderboard Sense 2 is already connected to the PC and is the only development kit detected by Simplicity Studio, this field will
auto-populate).

Verify that the latest Gecko SDK 3.1.0 or later is selected in the SDK drop-down menu.

Click “Next” to move on to the next configuration window.
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Under “Example Project Selection”, click “Empty C Project”. This example project is typically located at the top of the list; filtering by the
“Platform” Technology Type will narrow the selection options. Depending on the various packages installed with Simplicity Studio, there
may be a different list of available examples than captured in the provided screenshot.

In the “Project Configuration” window:

e Enter a project name — for the purposes of this lab, “demo” is used as the project name
e Use the default project location, or specify a new location

e Make sure the “Link SDK and copy project sources” radio button is selected
e  Click “Finish”

The Simplicity Studio Project Wizard will begin to auto-generate the necessary project structure and files
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2.2 Explore the new project structure

After the Simplicity Studio Project Wizard completes, the new project directory structure and source will display in the “Project Explorer”
window located on the left side in the “Simplicity IDE” perspective.

The *.slcp file will automatically open in the main window; three tabs are now available when viewing the project *.slcp file:
e Overview — Displays information about the target device, SDK selection, and some project details
e Software Components — Project Configurator for simple integration of software tools/drivers for easy intergration of peripherals

e Configuration Tools — Quick access to additional configuration tools, depending on installed components (Pin Tool, e.g.)
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Exploring main.c gives a glimse of the new high-level project model utilized with Simplicity Studio v5’s Gecko Platform and Project Con-
figurator.

int main(void)

{
// Initialize Silicon Labs device, system, service(s) and protocol stack(s).
// Note that if the kernel is present, processing task(s) will be created by
// this call.
sl_system_init();

// Initialize the application. For example, create periodic timer(s) or
// task(s) if the kernel is present.
app_init();

#if defined(SL_CATALOG_KERNEL_PRESENT)
// Start the kernel. Task(s) created in app_init() will start running.
sl_system_kernel_start();
#else // SL_CATALOG_KERNEL_PRESENT
while (1) {
// Do not remove this call: Silicon Labs components process action routine
// must be called from the super loop.
sl_system_process_action();

// Application process.
app_process_action();

#if defined(SL_CATALOG_POWER_MANAGER_PRESENT)
// Let the CPU go to sleep if the system allows it.
sl_power_manager_sleep();

#endif

#tendif // SL_CATALOG_KERNEL_PRESENT
}
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The main() function is simple: top-level initialization routines and a main while loop or “super loop” which utilizes process action routines
for a bare-metal application. With the presence of a real-time operating system, the kernel is started and a task based action model is
used.

In the high-level initialization there are two initialization function calls:
« sl_system_init() - within this function, Silicon Labs software components are initialized in a particular order (discussed in training)

» Silicon Labs (sl_*) initialization functions are located in sl_event_handler.c, and include errata fixes, default pin states,
initializing interrupt vector, board specific settings, DCDC/energy mode settings, and clock settings, etc.

« sl_internal_app_init() will also hold initialization code for software components. Currently blank, as we have not yet
installed any software components

» app_init() — located in app.c — this is where the user can add initialization routines specific to their particular project and applica-
tion. This function will be modified periodically throughout the demonstration.

In the main while loop (super loop), two process action routines are called:
* sl_system_process_action() - Silicon Labs components process action routine

» sl _internal_app_process_action() — located in sl_event_handler.c; again, currently blank but will hold software compo-
nent specific process actions

« app_process_action() — located in app.c; application specific process action routines

Because this is an empty project, most initialization routines are currently empty. Adding certain components using Project Configurator
will autogenerate new code in the appropriate inits and process action routines.

2.3 Adding Software Components

For this next step, the Command Line Interface (CLI) will be added, which in this case will also use the USART and Virtual COM port
onboard the Thunderboard Sense 2. The Power Manager software component is also added to manage energy modes for the application.

Go back to viewing “demo.slcp” in the main window, or re-open this file from the “Project Explorer” window if it was closed.
In the main window, navigate to the “Software Components” tab.
From here, install the following Software Components:
e Services > 10 Stream > 10 Stream: USART
o Create Component Instance name: vcom
e Services > CLI > CLI: Command Line Interface
o Create Component Instance name: vcom

e Services > Power Manager
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While still viewing “demo.slcp” in the main menu, navigate again to the “Software Components” tab and to the IO Stream: USART (Ser-

vices > |O Stream > |0 Stream: USART).

Click on the “Configure” button in the right section of the main window, or the gear icon in the Software Components tree view

B0 5_cemo - dema/demesicp - Simpiiciy Stusbo™
Eie Edit Newgete Search Pro
$-B-in-

t Bun Window belp
= {8 Welcome © Recent B Tools & Install D Preferences

- o X

 Launcher{} Simpliity IDE

Project Exploser A gemosip
iy demo SOFTWARE COMPONENTS
Y Fiver: o 0O stalled O

» Micrium 0S

» Platform

» RTOS

v Services
» L
» File System

» 10
81 Detug Adspters 7 | 3 Outine % o~
Thunderbosed Sence 2 100142815

v 10 Stream
» 10 Stream: USART
@10 stream

10 Suream: USART (veom

10 Stream: USART (vcom)

»
USART settings
Baud rate Parity mosde to use
115200 No Parity

Receive buffer size Convert o \nn

vou [ Q

| 10 stream: usarT

Quality
PROBUCTION

10 Stream USART

Description

——> [

Number of stop bits to use. Hardware flow conrol

1 stop bits - None -

Restrict the energy mode 1o allow the reception.

3z » L ]
SL_IOSTREAM_USART_VCOM
Selected Module CLK cs CTs
USARTD - None - Nane - PAZ -
&TS RX ™
pa3 - Pa1 - P -

silabs.com | Building a more connected world.

Rev. 9|6




| Gecko Platform & Project Configurator - Lab
Creating a bare-metal project

Within the USART configuration window USART settings and pin configurations can be modified. The pin configurations defaut to the
pins specified bythe hardware selected when createing the new project (refer to the schematic for Thunderboard Sense 2).

For custom configurations, users will want to modify these settings based on their custom PCB to reflect specific pin routing.

From the USART configuration window, the generated source code can also be viewed by clicking the “View Source” button in the upper
right corner.

Changes to pin allocation/routing can also be made in the Pin Tool, available under the “Configuration Tools” tab when viewing
“demo.slcp”.
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Changes made in the USART configuration GUI, source code, or Pin Tool propagate to the other tools when saved. Thus all three
configuration tools are linked. Similar configuration tools/options are available for many of the other software components. The same
GUI/source/pin tool relationship applies, and configuration changes can be made to any of the three tools.

No changes need to be made in this example, as the default settings apply.
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2.3.1 Explore project additions

In the “Project Explorer” window, expand the autogen and config folders. New source files have been added to the project which corre-
spond to the additional software components added through Project Configurator.

Additional initializations are also added within sl_event_handler.c.
Third party printf functions have also been added (a dependency for the CLI interface).

There is also a new process in sl_service_process_action for the CLI interface.
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Power Manager has now been added to the project, and the source file s|_power_manager_handler.c is now added to the project under
the autogen directory.

sl_power_manager_is_ok_to_sleep() and sl_power_manager_sleep_on_isr_exit() callback functions are implemented which allow soft-
ware to cancel going to sleep in case of a last-minute event and validate whether the MCU can return to sleep after processing an interrupt
when the system was sleeping. The CLI interface and 10 Stream software instances have hooks into these functions to properly manage
the lowest possible energy mode.

Application code can also be used to overwrite weak functions app_is_ok_to_sleep() and app_sleep_on_isr_exit() so that application
code can also perform these tasks.

Power manager manages energy modes for the application:

+  Ensures that when the system enters sleep, it does so at the lowest energy mode possible. (For this example, because we are
using the UART, the lowest energy mode is set to EM1)

* Lowest energy mode allowed is selected based on requirements set by different modules (drivers, stacks, application, etc.)

«  Also applies some control on the HFXO (SYXO)

*  No support for EM4.
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2.4 Empty project with CLI interface
At this point, the project can be built and run, but won'’t really do anything besides show the default CLI interface.

Connect the Thunderboard Sense 2 to your PC using a micro-USB cable (if you haven’t done so already)
When the device is connected to your PC, you should see it listed in the Debug Adapters window in Simplicity Studio
In the Debug Adapters window, right-click on the device to display the options window and select “Launch Console...”

A wbdhpE

Build the project and flash the project to connected Thunderboard Sense 2 using the “Debug” button * in the top menu.
a. Simplicity Studio will automatically shift views to the Debug perspective and halt at the MCU at the start of main()

b. Press F8 or click on the “Resume” button '~ to resume program execution
In the main window, navigate to the console window and select the “Serial 1” tab; this corresponds to the VCOM port
6. Inthe console input text field type “help” and press Enter
a. CLl interface output will display the received command and a blank prompt
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Build the project and flash to connected Thunderboard Sense 2 to display the bare CLI interface (help is the only command currently
available).

2.5 Add Sensor Components

In this step the onboard relative humidity and temperature sensor is added to the project. The onboard sensor uses 12C for communica-
tion, therefore the addition of an I12C driver is also required. Disconnect from the Thunderboard Sense 2 and return to the Simplicty IDE
perspective. In the main window, navigate back to the “demo.slcp” or re-open the file by double-clicking in Project Explorer

Again, navigate to the “Software Components” tab.
From here, install the following Software Components:
e Platform > Driver > 12CSPM
o Create Component Instance name: sensor

e Bluetooth > Sensor > Relative Humidity and Temperature sensor
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NOTE: occasionally the Assert software component does not get pulled in, though it is a dependency of this component; Navi-
gate to Bluetooth > Utility > Assert in the Software Component tree view and install if this is not installed with the last step.
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2.6  Enable onboard sensor
An additional step is required to toggle the enable pin for the onboard sensor.

Again, from the “Software Components” tab, navigate to Platfor > Board > Board Control and click the gear to open the Board Control
configuration window.

In the “General” section, click the slider below “Enable Relative Humidity and Temperature sensor”.

The slider will change color to blue and a notification will pop up (green) that the changes have been saved.
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» + Saved Changes x

aaaaa 0 Simplicity IDE % Debug 4 Network Analyzer

| General

Enable Relative Humidity and Temperature Enable Hall Effect sensor Enable Barometric Pressure sensor Enable Light sensor
sensor

» » »
demosips L ]

Enable Air Quality sensor Enable Inertial Measurement Unit Enable Microphcne Disable SPi Flash

> » » » °

| SL_BOARD_ENABLE_SENSOR_GAS
8 Debug Adapters 12 | Outine % o~

Trundemoand Sense 2 (10440142815 Selected Module

PF14 -

Port Pin

Custom Pin Name

o ot e 0

The default GPIO configuration associated with the Thunderboard Sense 2 hardware selection will route the appropriate pin for enabling
the sensor.

2.7  Adding Application Specific Code

Download the accompanying lab source code provided in compressed zip — https://www.dropbox.com/s/4xbz4uzxq9l63nc/v5 Pro-
jectConfigurator Lab.zip?dI=0

Extract the files in the compressed zip to a known location and open the “demo1” folder. Take note of the extraction location. The remain-
ing files will be used through the lab.

Drag-and-drop the files within this folder into the demo project’s top directory in Simplicity Studio’s “Project Explorer” window.

| vs_ucuP - ger

- 8 X

| Preferences o | # Launcher () SimplicityIDE © Debug & Network Analyzer
& demosicp 3 |8 I-Link Silicon Labs (440142815) | d maine
SOFTWARE COMPONENTS
'Y Filter: Configurable Components [] Installed Components ] Components Installed by You [] Q, searchk .
| ¥ < | demol - O x
Home Share View o
v P » ThisPC » Documents » v53_ProjectConfigurator_Lab > demol v & Search de.., @
~
Name Date modified Type Size
drag—and—drop app.c C Source 5KB
i epph C/C++ Header 2KB S
app_cli_command_table.c C Source 4KB
app_humidity_temp_cli_cmds.c C Source 2KB
<
Woevghdepten [ Fowte | SXOANND T “| 4items  4items selected 10.7 KB = |
hunderboand Sense 2 (0440142815
EJ File Operation X | i Quality
o PRODUCTION
Select how files should be imported into the project: [l Question *

‘e dema/app.c exists. Do you wish to overwrite?

(O Link to files . ¢
Lreate link locations relative to: [ Overwrite Don't Overwrite Cancel

Configure Drag and Drop Settings

@ - Cancel
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In the “File Operation” window, select the “Copy Files” radio button and press OK.
When prompted about overwriting app.c/app.h, select “Overwrite All”.
The following files should be added to the project:

e Updated app.c/app.h
e |Initialization

= Initializes RHT sensor
=  Configures sleeptimer to wake every 2 seconds; ISR sets measurement flag
= Adds CLI commands to CLI instance
e  On wake, main()’s super loop calls app_process_action():
= Checks for measurement flag
= Reads relative humidity and temperature
= Stores values in global variable
e NEW app_cli_command_table.c
e CLI command structs for sensor readout over VCOM
e NEW app_humidity_temp_cli_cmds.c
e Function calls by the CLI interface to print command responses

The provided app.c file utilizes #if !defined(SL_CATALOG_KERNEL_PRESENT) in order to include different portions of the code when
running with/without an RTOS kernel.

For this first portion, the code is utilizing the programming model with process actions. For the third part where software component
FreeRTOS is added to the project, code will utilize the RTOS kernel and task actions.

2.8 Build and test

The project can now be built and run to demonstrate the relative humidity and temperature sensor readout. Additional commands are
now available through the CLI interface.

Connect the Thunderboard Sense 2 to your PC using a micro-USB cable (if you haven’t done so already)
When the device is connected to your PC, you should see it listed in the Debug Adapters window in Simplicity Studio
In the Debug Adapters window, right-click on the device to display the options window and select “Launch Console...”

»p wbhpRE

Build the project and flash the project to connected Thunderboard Sense 2 using the “Debug” button * in the top menu.
a. Simplicity Studio will automatically shift views to the Debug perspective and halt at the MCU at the start of main()

b. Press F8 or click on the “Resume” button ' to resume program execution
In the main window, navigate to the console window and select the “Serial 1” tab; this corresponds to the VCOM port
6. The following commands are now availabe in the console window:
a. help — general help; returns other command syntax
b. help sensor — help using the sensor command
c. sensor temp [unit] (C or F) — returns temperature reading
d. sensor humidity — returns humidity reading
e. sensor all [unit] (C or F) — returns temperature and humidity
7. Inthe console input text field type “help” and press Enter
a. CLl interface output will display the received command and “sensor”
b. Type “help sensor” to display CLI command information pertaining to the onboard sensor readout
c. Type “sensor all F” to display the temperature in degrees Farenheit and humidity as a percentage
d. Try any of the other commands

o
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- a X

Qe ® v & v & fAWelcome O Recent 8 Tools & Install % Prefelgites i | # Launcher {) Simplicity IDE % Debug

ﬂ v5_demo - Adapter: J-Link Silicon Labs (440142815) - Simplicity Studio™ .
Console Window
file Edit Navigate Search Project Run Window Help

Project Explorer & cemosicp |8 J-Link Silicon Labs (440142815) £ (< mainc
v & demo ©/[No nator: |CR-LF (DOS, 0S/2.MS Windows) | Butter size: | 100000 Serial 1, 55 bytes out.
& Binaries
 Includes Serial Admin Debug
help
autogen I o
config halp seasor .
Tons Get ssnsor tenperature value
gecko_sdk 3.1.0 [string) rature unit (C or F)
GNU ARM v72.1 - Debug Hyasd Cot: aesmcs valuse
& app_cli_command_table.c ; (string] teaperature unit (C or F)
sensor teap
2 app_humidity_temp_cli cmds.c Te 9.0 ¢
aidity
3 appc y: 37,00 :
al
& apph Relat Hunidity: 37 00 X
2 mainc Temperature 80 50 F
@ demopintoo
& demosicp
demosips
< >
i Debug Adapters | Outiine

PEEE L=
¢ Thunderboard Sense 2 (ID:440142815) [Simplicity Debugg

e Console input text field

a nght-cllck for menu .: PruAble’msv ! ySeaf(h 3 Call Hierarchy | © Console x 1] ~Bvrv =

SiiMer 5

Disconnect from the Thunderboard Sense 2 debug connection and return to the Simplicty IDE perspective before moving on to the next
part of the lab.
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3 Adding the ADC peripheral and application code

For this portion of the lab we will be adding the ADC peripheral and using example code provided on our GitHub repository to populate
the necessary functions within our application to take a software triggered measurement of the DCDC output voltage.

3.1 Add the ADC software component via Project Configurator

In Simplicity Studio, back in the Simplicity IDE perspective, navigate to the demo.slcp in the main viewing window and open the “Software
Components” tab.

From here, install the following Software Components:
e Platform > Peripheral > ADC

This will add the necessary source files from the emlib library which is required for running code provided through our Peripheral Examples
repository on GitHub.

3.2  Adding application specific code

From the previously extracted compressed zip in step 2.7, open the “demo2” folder.

Drag-and-drop the files within this folder into the demo project’s top directory in Simplicity Studio’s “Project Explorer” window.

| v5.UCUP - demo/demassicp - Simplicity Studio™ - o X

In the “File Operation” window, select the “Copy Files” radio button and press OK.
When prompted about overwriting app_cli_command_table.c select “Overwrite”.
The following files should be added to the project:
e UPDATED app_cli_command_table.c
e Adds CLI command structs for ADC readout over VCOM

e app_adc_demo.c/.h

e Skeleton functions for ADC -> will be utilizing peripheral example code from GitHub to populate routines

silabs.com | Building a more connected world.

gate Sear ct Bun Window Help
© v O v & fWeiome O Recent i Tooks & Install # Launcher () Simplicity IDE © Debug A, Network Analyzer
o s (440142815)
S0 E COMPONENTS
'Y Filter : Configurable Components [} installed Components ] Components Installed by You [] Q
ik ebug | [+ <+ | demo2 - m] x
Home Share View om
« v » ThisPC » Documents » v5_ProjectConfigurator_Lab » demo2 v O Search de.. @
P
~
[ Name Date modified Type Size
drag-and-d rop \E| [ app_adc_cli_cmds.c 1112/ 19 PM C Source 2KB
[ app_adc_demo.c C Source 4 KB
) app_adc_demo.h C/C++ Header 3KB
[ app_cli_command_table.c C Source 5KB
-
4ditems 4 items selected 11.9KB =l
a File Operation > | Quality
PRODUCTION
Select how files should be imported into the project: B3 Question x |
9 demo/app_cli_command_table.c exists. Do you wish to overwrite?
O Link to files g
PROJECT_LOC Overwrite All Don't Overwrite Cancel
Configure Drag and Drop Settings
@ — cance
0 items seletrea 1212M of 14508
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e NEW app_adc_cli_cmds.c

e Function calls by the CLI interface to print command responses

3.3 Implement source for ADC functions

In the “Project Explorer” window, open app_adc_demo.c. There are three function definitions: sl_adc_int(), s|_adc_start_measure(), and
sl_adc_measurement_get().

The source from GitHub ADC Single Polled example is used to populate the three function definitions, with some slight modification. This
source is located at https://github.com/SiliconLabs/peripheral_examples/blob/master/series1l/adc/adc_single polled/src/main_s1.c and is
also provided in the previously downloaded zip file under the folder “GitHub_ADC_Single_Polled_Src”.

Copy the initialization code from the GitHub source’s initADC() function into sl_adc_init() in app_adc_demo.c. Modify the positive input
selection (initSingle.posSel) from APORT 2 channel 9 to DVDD (adcPosSelDVDD) to measure the DCDC output, which is regulating at
1.8V.

Copy or add the ADC single conversion start function to sl_adc_start_measurement().

Copy or add the code polling the ADC status and then retrieving the single conversion to sl_adc_measurement_get().

a B X

\cl app_adc_demo.c =
) #include "em_adc.h" PN

#include "app_adc_demo.h"

14 #define adcFreq 1690000d

Enable ADCO® clock

CMU_ClockEnable(cmuClock_ADCO, true);

Declare init structs
ADC_Init_TypeDef init = ADC_INIT_DEFAULT;

ADC_InitSingle_TypeDef initSingle = ADC_INITSINGLE_DEFAULT;
Init Code from

GitHub source

dify init structs and initialize

init.prescale = ADC_PrescaleCalc(adcFreq, 0); Init to max ADC clock for Series 1
initSingle.diff = false;
initSingle.reference = adcRef2V5;
initSingle.resolution = adcRes12Bit;
initSingle.acqTime = adcAcqTimed;

Select ADC input. See README for orresponding neader
initSingle.posSel = adcPosSelODVDD; ¢—
init.timebase = ADC_TimebaseCalc(9);
Modify to adcPosSelDVDD to monitor

DCDC output

ADC_Init(ADCO, &init);
~—7 ADC_InitSingle(ADCO, &initSingle);
13}
'S~ void sl_adc_start_measurement(void)
{
/ Start ADC cor
Start Single conver- ————=¥ ADC_Start(ADCO,
sion }

adcStartSingle);

1-void sl_adc_measurement_get(uint32 t *adcData)

{

T e TR nversion to be complete

Wait for conversion to while(!(ADCO->STATUS & _ADC_STATUS_SINGLEDV_MASK));

complete; store value // Get ADC result
*adcData = _DataSingleGet(ADCO);
}
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The ADC measurement is split in this example into two functions, one to kick off a conversion, and another to retrieve the conversion
data, however the two could be combined. The benefit of splitting this up is while the ADC conversion is taking place, other code can be
executing (relative humidity and temperature sensor measurement over 12¢, e.g.).

3.4  Modifiy app.c init and process action calls

The ADC measurement and implementation need to be added to the application. In the “Project Explorer” window, open app.c.

At the top of the file, include the new app_adc_demo.h header file — suggested insertion on line 33 -> #include "app_adc_demo.h"

Add global uint32 variable “adcData” to store ADC result — suggested insertion on line 62 -> uint32_t adcData = 0;

In app_init(), add the ADC initialization function sl_adc_init() — suggested insertion on line 83.

Add ADC measurement calls to the process action

e sl _adc_start_measurement() prior to RHT sensor readout to start ADC conversion - insertion on line 122
e sl _adc_measurement_get(&adcData) after RHT sensor readout to retrieve ADC conversion - insertion on line 124

E v5_demo - demo/app.c - Simplicity Studio™

gecko_sdk 3.1.0
(& GNU ARM v7.2.1 - Debug
& app_adc_cli_cmds.c
«l app_adc_demo.c
A app_adc_demoh
£ app_cli_command_table.c
& app_humidity_temp_cli_cmds.c
< app.C
W apph
£ mainc
@ demo.pintool
o demossicp
demosips

< >

¥ Debug Adapters &3 | & Outline
“ % 1 X B-ORBEE
Thunderboard Sense 2 (1D:440142815)

—
—

Program Outy

File Edit Source Refactor Navigate Search Project Run Window Help

#e@-iQy % v & v @ Welcome O Recent HiTools & Install % Preferences
 Project Explorer ¢ = “ O ddemosicp | idappc i
v & demo P
¥ Binaries
a Includes ; - )
autogen void app_init(void)
(@ config

s1_sensor_rht_init();

s1_adc_init();

| #if |defined(SL_CATALOG_KERNEL_PRESENT)

Set up periodic mea
s1_sleeptimer_st.
#else
osThreadAttr_t attr;

attr.name = "si7013 app task";
attr.priority = 25;
attr.stack_mem = task_stack;
attr.stack_size = STACK_SIZE;
attr.cb_mem = thread_cb;
attr.cb_size = osThreadCbSize;
attr.attr_bits = Ou;
attr.tz_module = @u;

thread_id = osThreadNew(&task, NULL, &attr);
EFM_ASSERT(thread_id != NULL);

)1 #endif

s1_cli_command_remove_command_group(

s1_cli_command_add_command_group(sl_cli_vcom_handle, &s1_cli_app_command_group);

}

10 #if |defined(SL_CATALOG_KERNEL_PRESENT)

14~ void app_process_action(void)

CORE_DECLARE_IRQ_STATE;

CORE_ENTER_CRITICAL();

if (measurement_flag) {
measurement_flag = false;
CORE_EXIT_CRITICAL();
s1_adc_start_measurement();
s1_sensor_rht_get(&rhData, &tempData);
s1_adc_measurement_get (&adcData);

} else {

CORE EXIT CRITICAL();

&l Problems |4’ Search | 3* Call Hierarchy | @ Console

Writable Smart Insert
T T

s1_cli_vcom_handle, &s1_cli_vcom_command_group);

33:1025]

- u] X

# Launcher {} Simplicity IDE % Debug

A

e e
art_periodic_timer_ms(&measurement_timer, MEASUREMENT INTERVAL MS, measurement_callback, NULL, @, 0);

While adding the ADC measurement calls, this is an opportunity to also add the calls to the kernel task, which currently is not compiled
with the code, but will be necessary in the next demo. Use the same steps to straddle the RHT sensor readout function in the kernel task
with the two ADC measurement calls (insertions on lines 144 and 146).
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35 Build and test

The project can now be built and run to demonstrate the relative humidity and temperature sensor readout along with DCDC output
voltage readout via the ADC peripheral. Additional commands are now available through the CLI interface.

1. Connectthe Thunderboard Sense 2 to your PC using a micro-USB cable (the Thunderboard Sense 2 may require the USB cable
to be unplugged and reconnected...sometimes when the USB bus puts the device to sleep it does not wake the VCOM port)
When the device is connected to your PC, you should see it listed in the Debug Adapters window in Simplicity Studio

3. Inthe Debug Adapters window, right-click on the device to display the options window and select “Launch Console...”

4. Build the project and flash the project to connected Thunderboard Sense 2 using the “Debug” button # in the top menu.
a. Simplicity Studio will automatically shift views to the Debug perspective and halt at the MCU at the start of main()

13

n

b. Press F8 or click on the “Resume” button to resume program execution
In the main window, navigate to the console window and select the “Serial 1” tab; this corresponds to the VCOM port
6. The following commands are now availabe in the console window:
help — general help; returns other command syntax
help sensor / help adc — help using the group command
sensor temp [unit] (C or F) — returns temperature reading
sensor humidity — returns humidity reading
sensor all [unit] (C or F) — returns temperature and humidity
adc raw — returns temperature and humidity
adc voltage — returns temperature and humidity
adc all —returns temperature and humidity
7. In the console input text field type “help” and press Enter
a. CLl interface output will display the received command along with “adc” and “sensor”
b. Type “help sensor” or “help adc” to display CLI command information for each command group
c. Type “sensor all F” to display the temperature in degrees Farenheit and humidity as a percentage
d. Type “adc all” to display the raw ADC data (displayed in hexadecimal) and conversion to mV.

o

se~ooooTe

Bl v5_demo - Adapter: J-Link Silicon Labs (440142815} - Simplicity Studic™ - [u] x |
File Edit Navigate Search Project Run Window Help C0n50|e W|nd0W
v B - - ® ~ & = f Welcome O R ols & Install] 8 Preferences [ | # Launcher {} Simplicity IDE % Debug
i Project Explorer [ = ¢ = 0O ||dudemoslcp J-Link Silicon Labs (440142815) &1 =B
v '"5":’““ N AR Ch © No translation v| Line terminator: (CR-LF (DOS, 0S/2, MS Windows)  ~  Buffer size: | 100000 Serial 1,42 t
4 Binaries
w Includes SerwaHJ Admin Debug
& autogen haégc
= config );e?eurl
& gecko_sdk_3.1.0 rav Get ADC Tav comversion

. 1t Get ADC t volt,
(& GNU ARM v7.2.1 - Debug ot Cor ADC neloueasnt voltage
> help sensor
< app_adc_cli_cmds.c tenp Get sensor temperature value
& app_adc_demo.c [string] temperature unit (C or F)
- hunidity Get sensor humidity value
h app_adc_demo.h all et sensor values
. string tenperature unit (C or F)
4 app_cli_command_table.c > adc all ! a1 tenes
ADC Raw Value: Oxblc

< app_humidity_temp_cli_cmds.c ADC Voltage; 179400 m¥
& appe > sensor all F
Relative Humidity: 37
W app.h Temperature: 80 &0 F
€ mainc !
@ demo.pintool
& demosicp
demosips
< >
B Debug Adapters &1 | 5= Outline =0
% XB-CBEE

¥ Thunderboard Sense 2 (ID:440142815)

e l Console input text field
©

RIght-CIICk fOr menu (2! Problems ¥ Search 3= Call Hierarchy B Console T B &E k| =B~~~ =0
(CDT Build Console [demo]
.debug_aranges 6720 (4] =
.debug_ranges 9576 (]
.debug_macro 273035 <]
.debug_line 223213 o
.debug_str 1522765 o
.debug_frame 19564 @
Total 2820331
v
< >
806Mof1410M

Disconnect from the Thunderboard Sense 2 debug connection and return to the Simplicty IDE perspective before moving on to the next
part of the lab.
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4 Adding RTOS

With Project Configurator and the application code already provided, adding a real-time operating system is straight forward.

4.1  Add the RTOS Kernel software component via Project Configurator

From the Simplicity IDE perspective and viewing demo.slcp in the main window, navigate to the “Software Components” tab.

From here, install the following Software Components:

=  RTOS > FreeRTOS > FreeRTOS

In sI_event_handler.c, the process action has been replaced with function sl_kernel_start().

In the project folder, CMSIS>RTOS?2 is included automatically

The “super loop” in main() has been replaced by the RTOS kernel start, and app_init() now creates a kernel task to handle timed meas-
urements every 2 seconds. Sleeptimer is no longer utilized.

Bl v5_demo - demo/app.c - Simplicity Studio™

file Edit Source Refactor Navigate Search Project Run Window Help

& Project Explorer
v & demo
¥ Binaries
# Includes
& autogen
config
gecko_sdk 3.10
@ GNU ARM v7.2.1 - Debug
2 app_adc_cli_cmdsc
2 app_adc_demo.c
B app_adc_demoh

-8~y ® v & v % A Welcome O Recent i Tools & Install % Preferences

& demosicp | (@ mainc
#include "s1_system_init.h"
#include "app.h"
#if defined(SL_CATALOG_POWER_MANAGER_PRESENT)
21 #include "s1_power_manager.h"
#endif
#if defined(SL_CATALOG_KERNEL_PRESENT)
4 #include "s1_system kernel.h"
25 #else // SL_CATALOG_KERNEL PRESEN
#include "s1_system process_action.h"
#endif // SL_CATALOG_KERNEL_PRESENT

void app_process_action(void)

CORE_DECLARE_IRQ_STATE;

CORE_ENTER_CRITICAL();
if (measurement_flag) {

measurement_flag = false;
CORE_EXIT_CRITICAL();
s1_adc_start_measurement();
s1_sensor_rht_get(&rhData, &tempData);
s1_adc_measurement_get(&adcData);

} else

4 app_cli_command_table.c 29- int main(void)
app humidity temp_cli_cmds.c

s1_system_init();

CORE_EXIT_CRITICAL();
demo.pintool :
& demosicp Initialize the applicatior xample ate periodic ti }
demossips task if th t
app_init(); static void measurement_callback(sl_sleeptimer_timer_handle_t *handle, void *data)
{
#if defined(SL_CATALOG_KERNEL_PRESENT) (void)handle;
tart the kerne k(s) created i t (void)data;
———— P2 sl_system kernel start(); s1_atomic_store(measurement_flag, true);
Welsa // SL_CATALOG_KERNEL_ PRESENT 3
while (1) {
< 2 Do not r on Labs components process action routine #else L
1 Debug Adapters i | 2 Outline * RB-O B B = must be
& Thunderboard Sense 2 (ID:440142815) sLsysten_pi 108 static.vold task(void:tang)
Application process 12 (void)arg;
app_process_action(); 4
14 while (1) {
#if defined(SL_CATALOG_POWER_MANAGER_PRESENT) —> s1_adc_start_measurement();
Let the CPU go to sleep if the system allows it s1_sensor_rht_get(&rhData, &tempData);
s1_power_manager_sleep(); —P s1_adc_measurement_get(&adcData);
#endif 13 osDelay(((uint64_t)osKernelGetTickFrea() * MEASUREMENT_INTERVAL_MS) / 1000);
} }
#endif KERNEL_PRESEN
} > #endif M
< >
2! Problems ¥ Search | 3= Call Hierarchy @ Console 5 TR =ks
COT Build Console [d
.debug_aranges 6720 0 ~
.debug_ranges 9576 )
.debug_macro 273035 0
_debug_line 223213 0
.debug_str 1522765 [
.debug_frame 19564 )
Total 2820331
< >
Wiitable Smart Insert 1:1:0 BOSME ! 1410M

If the ADC functions were not added to the kernel task as suggested in step 3.4, the ADC functions s|_adc_start_measurement() and
sl_adc_measurement_get(&adcData) must be added surrounding sl_sensor_rht_get() in app.c

NOTE: For this demo, we use FreeRTOS, but either the FreeRTOS or Micrium Kernel will work with the provided application code.To

switch to the Micrium OS, first uninstall FreeRTOS in the Software Components, then install RTOS > Micrium OS > Kernel > Micrium OS
Kernel.

4.2 Build and test

The project can now be built using an RTOS kernel and tasked based programming model. The CLI interface will have the same command
list and appear no different functionally from the CLI console. Build and run using the same steps outlined in 3.5.

Again, be sure to disconnect from the Thunderboard Sense 2 debug connection and return to the Simplicty IDE perspective before
progressing to the final part of the lab.
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5 Adding Bluetooth to the project

5.1 Add the Bluetooth software component via Project Configurator

In Simplicity Studio, back in the Simplicity IDE perspective, navigate to the demo.slcp in the main viewing window and open the “Software
Components” tab.

From here, install the following Software Components:

e Bluetooth > Bluetooth Default Features
e RTOS > FreeRTOS > FreeRTOS Heap 4
e Bluetooth > Service > Simple timer service for FreeRTOS

@ - o
e O fecent 3 Toon & bt  Prefreces P11 2 Lscrr ) Sy 06 Ot
& domascp
demo SOFTWARE COMPONENTS
¥ Fer: Confiqurabie Components [ Instated Components [] Components Instatied by You [ -1
> Advanced Configurators | Bluetooth Default Features D —— m
P
» Appication
GATT
» No
Quality
» NV i
» o
5Dy s 1 5 Ot % We-cece
P — e

" 10

5.2  Update Device Name via GATT configurator

While still viewing demo.slcp in the main window, navigate to the “Configuration Tools” tab and open the Bluetooth GATT Configurator
tool.

lep - Simplicity Studic™ - o X ‘

ject Bun

+ | ® i Welcome © Recent 5 Tools & Install % Preferences # Launcher () Simlicity IDE # Debug

£ emosicp.
':}vau‘ Deougl (EFRIMIPIIN | o o CONFIGURATION TOOLS
o
Bluetooth GATT Configurator —_) G Open

Description

Pin Tool °¢ Open
< > Description
Bl Debug Adapters 1% & Outine caphical t
# Thunderboard Sense 2 (ID440142615)

& Problems Seach |3+ Call Hierarchy | @ Console a®Ovre

10:20:04 **** I
make -38 all
nake: Nothing to b

onfiguration GNU ARM v7.2.1 - Debug for project demo ****

10:20:12 Build Finished. 0 errors, @ warnings. (took 8s.45ms)
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Within the Bluetooth GATT Configurator tool window, select from the GATT tree Custom BLE GATT > Generic Access > Device Name.

In the configuration window to the right, modify the Device Name characteristic from “Silabs Example” to “FAE_TRAINING” and uncheck
the overwrite auto calculated length checkbox. Also consider adding a unique numeral or any unique name in order to identify with mobile

device.

© gatt_configuration.btconf

Bluetooth GATT Configurator

[F] custom BLE GATT

A E Generic Access

@ (= &= #

«

I I Device Name

Appearance

v [5] Device Information

Manufacturer Name String

System ID

5.3

Add new GATT characteristics to Device Info service

= 8
Device Name
Characteristic 0
Name uuiD
Device Name 2A00
. D SIG type
v device_name org.bluetooth.characteristic.gap.c
Value settings UTF-s
1D Constant 1D Variable length
Initial value Value length
FAE_TRAINING 12 byte
Characteristic capabilities - User description

Select the “Device Information” Service in the GATT tree view and then click on the “+” icon to add some standard GATT items to display

the sensor information

Select “Characteristics” tab in the main GATT configuration window; add the following characteristics:

e Temperature
e  Humidity
e Analog

Bl v5_demo - demo/config/btconf/gatt_configuration. btconf - Simplicity Studio™

Flle Edit Navigate Search Project Run Window Help
v Qowisy ® v & v # A Welcome O Recent i
1 Project Explorer & e
“ & demo
42 inaries
& Includes
& autogen
& config
& gecko_sdk 3.1.0
& GNU ARM v7.21 - Debug
@ app_adc_cli_emdsc
& app_adc_demo.c
B app_adc_demoh
2 app_bluetooth demo.c
@ app_cii_command_table.c
@ app_humidity_temp_cli_cmdsc
@ appc
B apph
& mainc
© demopintool
& demosicp
demosips
& demo4_new [G1
v & soc_thermometer
o Includes
& autogen

~ = confin

<
G-0BE
2 Thunderboard Sense 2 (ID440142815) [Simplicity Debugger]

Bt Debug Adapters 52 | g Outline & %

Is & Install % Preferences

§ = O (& demosicp

>

=]

 gatt_configurationbtconf *

Bluetooth GATT Configurator
BIEIBIO)E + |8

[E] Custom BLE GATT

~ [5] Generic Access
Device Name:
Appearance

~ Device Information
Manufacturer Name String
System ID

Temperature
| Humidity

Analog

£ Problems |+ Search

Program Output Console

3+ Call Hierarchy | @ Console
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Add Standard Bluetooth Services, Characteristics, Descriptors
Drag and drop services, characteristics and descriptors from the right side panel to Custom Bluzetooth GATT profile

«
pottes e [ esrr

.

v

= Filter
SPOr 1ype Tor Aerobic and Anaerobic
Thresholds
Supported New Alert Category
Supperted Unread Alert Category
System D
TDS Control Point

emperature

+

Temperature Measurement
Temperature Type

Three Zone Heart Rate Limits
Time Accuracy

Time Source

Time Update Control Point
Time Update State

Time with DST

Time Zone

True Wind Direction

True Wind Speed

Two Zone Heart Rate Limit
Tx Power Level

Uncertainty

- X

& |  Launcher () Simplicity IDE #: Debug

View Manual |
l lE Alert Notification

Profile

Name: Alert Notification

Type: org bluetooth profile.alert_notification

Source: BT

Abstract:

This profile enables a client device to receive different types of alerts and event
information, as well as information on the count of new alerts and unread items, which
existin the server device.

Summary:

The Alert Notification profile allows a device like a watch to obtain information from a
cellphone about incoming calls, missed calls and SMS/MMS messages. The information
may include the caller ID for an incoming call or the sender’s ID for email/SMS/MMS but
not the message. This profile also enables the client device to get information about the
number of unread messages on the server device.

Services of the profile:
Service
Name: Alert Notification Service
Type: org bluetooth.service.alert_notification
uuID: 1811
Source: BT
Declaration: PRIMARY

H006Mof 1850M |
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Adding Bluetooth to the project

Click “Back” to view the new characteristics in the main view

For the Temperature Characteristic: a o x|
8 gatt_configuration.bteonf &1 =
e change the value length value to 5 bytes Bluetooth GATT Configurator (E) CustomBLEGATT > (8] Devicenformation [ view M
e turn on the “indicate” property glulaiojulal) « | [£] Temperaue o
[F] Custom BLE GATT Characteristi
For the Humidity Characteristic: M s e eaure e
Appearance
= (5] Device Information temperature org bluetooth characteristictempr
e change the value length value to 4 bytes S s e
e turn on the “indicate” property | Kl Valu setings (oo e
Humidity 1 Constant
For the Analog Characteristic: Anlog it val 5 byte
e change the value length value to 7 bytes Characterisiic capabilties [ User description
. turn on the “indicate” property Propertes Adhenticated  Bonded  Encrypted
P Read (m] [m] a
» wiite a [} a
B Write without response (] (] O
B Reliable write (] (] a
B Notify O [m} [m]
—’ ® noicae a O m]

5.4  Add application specific code
From the previously extracted compressed zip in step 2.7, open the “demo4” folder.

Drag-and-drop the file app_bluetooth_demo.c within this folder into the demo project’s top directory in Simplicity Studio’s “Project Ex-
plorer” window.

| v5.UCUP - demo/demasicp - Simplicity Studio™ - <] X

Bun Window Help
+ # f Wekcome O Recent B Tools & lnstal &

# Launcher () Simplicity I0E © Debug A, Network Analyzer
& I-Link Silicon Labs (440142815) mainc

SOFTWARE COMPONENTS

Y Filter: Configurable Components [] Installed Components [7] Components Installed by You [] Q

UNAURYV v
(% < | demod - O X f
Home Share View [7]
€« v g » ThisPC » Documents » v5_ProjectConfigurator_Lab » dermod v O Search de... @
drag_and_drop [ MName - Date modified Type Size
[ app_bluetooth_demo.c 11/20/2020 1:14 PM C Source 14 KB

Titem 1 item selected 13.0 KB =)

Quality
RTC driver PRODUCTION
SPIDRV - -
EJ File Operation x
SPIDRV Core

Simple - . .
ol Select how files should be imported into the project:

Simple Button Core

Simple LED

£ Problems Search 2 Cail H| O Link to files X/ &5 ~Ovr~

s relative to: | PROJECT_LOC

Configure Drag and Drop Settings.

@ — conce

0 items selected

In the “File Operation” window, select the “Copy Files” radio button and press OK.
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55 Build and flash to device; Use BLE Scanner to locate Thunderboard Sense 2 and readout sensor data

Build and flash the latest project configuration using the same methods as used previously in steps 2.8
Open BLE Scanner on your mobile device.

Locate your demo device by device name (FAE_TRAINING) programmed in step 5.2 and click connect
Expand the “Device Information” service and navigate to the “Temperature” characteristic

Click the “Indicator” button next to the characteristic to enable indications and observe the sensor value
Follow step 5 above for “Humidity” and “Analog” to view these sensor value

1.
2.
3.
4.
5.
6.

naelB~xRG $ O W 66% m 2:28 NnoBl~xmG 3 O W 66% m 2:30
=8 BLE Scanner (* @ N < FAE_TRAINING DISCONNECT

nasl~MmG % O W . 66% @ 2:30

< FAE_TRAINING DISCONNECT

Status: CONNECTED Status: CONNECTED

Near By History Favorites

NOT BONDED NOT BONDED
DEVICE INFORMATION HUMIDITY Py
0x180A

UUID: 00002A6F-0000-1000-8000-
PRIMARY SERVICE 00805FOB34FB

MANUFACTURER NAME STRING 9 - -
UUID: 00002A29-0000-1000-8000
FAE_TRAINING CONNECT 00805F9B34FB - e
00:0D:6F:20:D2:0C bropertics: READ o

Apx Dist: 0.06 m  Adv: 237 ms

E RAWDATA lav" SYSTEMID 0 Client Characteristic Configuration 0
UUID: 00002A23-0000-1000-8000- UUID: 0x2902
00805F9B34FB ANALOG o
Properties: READ
TEMPERATURE o UUID: 00002A58-0000-1000-8000-

00805F9B34FB
B nartiae bl AT E

Value:1793 mV

UUID: 00002A6E-0000-1000-8000-
00805F9B34FB
Ripiielbel

V6D56

Descriptors:

200
. Client Characteristic Configuration 0
Descriptors:
UUID: 0x2902
Client Ch, teristic Confi ti
ST P ient Characteristic Configuration G GENERIC ATTRIBUTE
UUID: 0x2902
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