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SILICON LABS
INTEGRATING SILICON LABS SIiMXXXXX DEVICES INTO

THE IAR EMBEDDED WORKBENCH® IDE

1. Introduction

This application note describes how to configure and use the IAR Embedded Workbench® for ARM (EWARM)
Integrated Development Environment (IDE) with Silicon Laboratories Precision32™ 32-bit microcontrollers
(SIMxXxXxX).

2. Key Points

Key points described in this application note include:
m Generating a blank project in IAR Embedded Workbench
Configuring an EWARM project for use with Silicon Laboratories SiMxxxxx devices
Using the EWARM IDE to build, download, run, and debug a project
Using the Register window and Terminal I/O Viewer

3. Creating a Project
A project is necessary in order to build an example and download the firmware image to the MCU. To create a

project in EWARM:

1. Under the Project menu, select Create New Project. Select a project template and click OK. After naming
the new project, click OK.

2. Under the File menu, select Save Workspace, and then name the workspace.

Create New Project X

Tool chain: A v|

Projecttemplates:

- Empty project

- agm

+ C++

+ C

- DLB

i Externally built executable

Description:

Creates an empty project.

[ (0] ] | Cancel

Figure 1. Selecting a Project Template

After creating the blank project, there will be an empty project in the Project Window. The next step is configuring
the project options.
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4. Configuring an IAR Workspace and Project

The MCU device type and some other specific configurations are required in order to communicate with the MCU
using EWARM. Some of the options will be configured after selecting a device, but some modifications are
required. This section describes the required settings in all of the configuration tabs within the Project—>Options
dialog. Any sections or tabs not mentioned can be left at the default setting.

4.1. General Options

In the General Options section, the Target and Library Configuration tabs need modifications from the default
configuration.

4.1.1. Target

m Select Device—SiliconLaboratories and choose the appropriate MCU type.

Cptions for node "P32_IAR_Blinky"

i
| SilicenLaboratories SIM3C134

IAR ROM-monitor
I4jet/ITAGjet

Figure 2. General Options—Target Tab
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4.1.2. Library Configuration
Select a library type according to the requirement.
Select Semihosted for Library low-level interface implementation.
Set stdout/stderr type to Via SWO. These settings redirect the low-level output (printf, for example) to the
Serial Wire Viewer (SWV, or SWO: Serial Wire Output in EWARM) port and can be viewed in the Terminal
I/O window.

Note: Only devices with the SWV pin can redirect output messages to the IDE.

m Check the Use CMSIS option.

Options for node "P32_IAR_Blinky" [

Categony:

v | GEneral Options
C/C++ Compiler

Assembler - -
Output Converter Target | Output | Library Configuration | Library Options | MISRAC:200 * | *

Custom Build Library: Description:

Build Actions -
Linker Use the nomnal configuration of the C/C++

runtime library. Mo locale intefface, C locale, no

Debugger file descriptar support, no muttibytes in printf and
Simulator scanf, and no hex floats in striod.
Angel
GDB Server
IAR. ROM-monitor
I-jet/ITAGjet STOOLKIT_DIRS\MNC = DLib_Config_Mormal h
J-Link/1-Trace
TI Stellaris Library low-evel interface implementation CMS5IS
Macr.algor i :- Mone _stdoutfstderr
PE micra I-G_-Sernml () Via semihosting
RDI . - [] DSP library
STLINK |AR breakpoint |-9- Wia SWO I
Third-Party Driver
TI ¥DS100
(8]:8 ] l Cancel

Figure 3. General Options—Library Configuration Tab
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4.2. C/C++ Compiler

The C/C++ Compiler section contains settings for the compiler. Settings on the Preprocessor tab should be
adjusted, but all other tabs can be left in their default state.
4.2.1. Preprocessor

m Add any local directories and the Silicon Labs HAL directories to the Additional include directories area.

e C:\SiLabs\32bit\si32-x.y.z\si32Hal\device
e C:\SiLabs\32bit\si32-x.y.z\si32Hal\SI32_Modules

-

Options for node "P32_IAR_Blinky" (E=x
Categon: [ Factory Settings ]
General Options [ Multi-file Campilation
—_— Discard Unused Publics
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(8]:4 ] l Cancel
Figure 4. C/C++ Compiler—Preprocessor Tab
®
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4.3. Output Converter
m Check the Generate additional output to generate a hex or bin file after a successful build.

- .
Options for node "P32_IAR_Blinky" e S
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General Options
C/C++ Compiler

Assembler
— Ouput

Custom Build
Build Actions [¥] Generate addtional output

Linker Output format:

Debugager
Simulator [Intel éended M

Angel Output file

GDE Server [T Ovenmide defautt
IAR ROM-monitor

[-et/ITAGjet P32_IAR_Blinky hex
JinkfI-Trace
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RDI

ST-LINK
Third-Party Driver
TI ¥DS100

Dk, ] l Cancel

Figure 5. Output Converter—Output Tab
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4.4. Linker

m To allocate code or variables to a specific address, check the Override default checkbox in the Config tab
and modify the *.icf file.

m  No other changes needed in this section.

-
Cptions for node "P32_IAR_Blinky"
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Figure 6. Linker—Config Tab
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4.5. Debugger

The Setup and Download Debugger tabs require changes, but all other tabs in this section can be left in the
default state.
4.5.1. Setup

m Select the J-Link/J-Trace driver in the Driver drop-down menu.

m For code to run to a specific function after reset, check the Run to checkbox and input the function name in
the text box. If Run to is not enabled, the code will run to the reset IRQ handler.

Optians for node "P32_IAR_Blinky” =X

Categon: ’ Factory Settings

General Options
C/C++ Compiler
Assembler
Output Converter Setup |Dow1'1load I Images I Extra Cptions I F'Iugins|
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—

Simulator
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GDE Server

IAR ROM-monitor

I-et/TTAGjet

J-LinkfJ-Trace

TI Stellaris

Macraigor

PE micro
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STINK

Third-Party Driver
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Setup macros

Device description file
[ ovemde defautt

——

Figure 7. Debugger—Setup Tab
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4.5.2. Download

m Check the Use flash loader(s) checkbox to download code to flash.

-
Options for node "P32_IAR_Blinky"
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General Options
C/C++ Compiler
Assembler
Ouiput Converter
Custom Build
Build Actions
Linker

T

Simulator
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GDE Server
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J-LinkfJ-Trace

TI Stellaris

Macraigor
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RDI
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Third-Party Driver
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Setup | Download | Images | Extra Options | F‘Iuginsl
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Verfy download
[] Suppress download
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Edit...
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Ok

| |

Cancel

Figure 8. Debugger—Download Tab
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4.6. J-Link/J-Trace

In the Debugger J-Link/J-Trace subcategory, the Setup tab requires some configuration. The Connection and
Breakpoints tabs can retain their default settings.

4.6.1. Setup

Set the Reset drop-down menu to Core and peripherals.
Set the JTAG/SWD speed to Auto.
Set the CPU clock text box to the AHB clock value to set the IDE clock divider for the desired SWO pin

speed.

m Check the SWO clock Auto checkbox.

-~

Options for node "P32_IAR_Blinky"

=
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Figure 9. J-Link/J-Trace—>Setup Tab
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4.6.2. Connection

m  No changes needed on this tab.

m The interface area selects SWD and is grayed out because the stdout/stderr option is set to Via SWO in
the Library Configuration tab (“4.1.2. Library Configuration”).

Options for node "P32_IAR Blinky" S

Category: Factary Seftings ]
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Linker
Debugger
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Figure 10. J-Link/J-Trace—Connection Tab

5. Managing Files Within the Project

To add files to a project, add a Group in the project tree structure by right-clicking on the root folder in the
Workspace window and selecting Add—Add Group.... Add files to the Group by right-clicking on the Group and
selecting Add—Add Files....

5.1. Adding System Files to the Project

A startup file defines the interrupt vectors and is necessary for compatibility between any toolchain and the Silicon
Labs MCU. The IAR template files (startup_device_iar.s) for different MCUs are in the SDK in the ...\si32-
x.y.z\si32Hal\device directory. For example, the template file for the SiM3Ulxx the file is in the
C:\SiLabs\32bit\si32-1.1.1\si32Hal\sim3ulxx\startup_sim3ulxx_iar.s directory by default for the v1.1.1 SDK.
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6. Building the Project

Build a project by selecting Project—Rebuild all from the menu. To compile individual files, right-click the file in
the Workspace window and select Compile. Any build-related errors or warnings will appear in the Build Output
window. If the Build Output window is not visible, select View—>Messages-—Build.

7. Running and Debugging the Code

After successfully building a project, clicking the Download and Debug button or selecting Project—Download
and Debug will a download of the firmware image to the device and start debugging. Clicking the Debug without
Downloading button or selecting Project—Debug without Downloading will start a debug session without
downloading the firmware image. To download firmware to the MCU without debugging, select
Project—Download—Download active application.

Note: If the flash is locked, the IAR IDE cannot communicate with the MCU. Erase the flash using the si32FlashUtility in the
C:\SiLabs\Precision32_vx.y.z\Utilities\FlashProgrammer directory to restore the IDE communication with the device.

oog
e AP P

Figure 11. Download and Debug

During a debug session, the Debug toolbar or the Debug menu has the following options: Reset, Break, Step
Over, Step Into, Step Out, Next Statement, Run to Cursor, and Go. To stop a debug session, click the Stop
Debugging button or select Debug—Stop Debugging.

i o+
= A LEDT|X
Figure 12. Debug Toolbar

7.1. Watching Variables

The EWARM IDE has four Watch windows and various Memory windows. Add variables to a Watch window by
right-clicking on a variable and selecting Add to Watch. To add a variable to the Memory window, open the
Memory window by going to View—>Memory, copy the variable’s name or address to the Go to text box, and
press Enter. To view a specific memory location, open a memory window by selecting View—Memory and
manually enter a location in the Go to text box.

Both methods of variable watching (Watch or Memory windows) are only available when the variable is in scope.
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Figure 13. Memory Window
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7.2. Viewing Registers

The Register window enables the viewing and modification of MCU registers. Hovering the mouse cursor over a
field in the Register window opens a pop-up window with a description, which can also be helpful for debugging.
Select View—>Register to open all registers on the device. Select the desired peripheral from the drop-down box
to view specific registers. Bit fields that changed while stepping through code will be highlighted in green in the
Register window. Figure 14 shows an example of the PBSTD_2 Register window.

Reqister =
FBSTD_2 -
O=z0000FFFF
HPBPIN = 0xz00007FFF
HPBMDSEL = 0=z00007FFF
HFPBSEIPEN = 0x00000000
FH PBOUTHD = OzO00000coo
H PBDRV = Oxz00010000
HPH = O=z00000000
FIPHEH = [Oxz0000000o
FHPBLOCEK = [Oxz0000000o0
H PBPGEN = [Oxz0000000o
HPBPGPHASE = Oxz0000FFFF

Figure 14. PBSTD_2 Register Window

Individual peripheral bit-fields cannot be modified through the register window if the APB clock to the peripheral is disabled.
Enable the corresponding clock enable bit for the peripheral in the CLKCTRL_O module.
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7.3. Trace Configuration
Adding trace capability to projects enables redirecting low-level output functions (like printf) to the debug port,
rather than a peripheral like a UART, adding additional visibility into the code without using an application resource.

Trace (SWO) configuration can be modified after starting to debug the project. Click on the SWO icon in the Trace
Toolbar to open the SWO Configuration window.

S

Figure 15. Trace Toolbar
In the SWO Configuration window:

m The CPU clock setting must be set to the same value as the AHB clock in the firmware.
m Enable the ITM Stimulus Port channel 0.
m Enable channel 0 output to the Terminal /O window.

SWO Configuration l P [
PC Sampling Data Log Events Interrupt Log
In use by Inuse by Ih use by
<none» i <none» o <none
OFF: SW0O Trace Window Forced PC Sampling OFF: Timeline Window Data Graph OFF: Tirneline Window Interupt Graph
OFF: PC Sampling for Power Logs OFF: Data Log OFF: Irterrupt Log
OFF: Code Coverage OFF: Data Log Summarny OFF: Irterrupt Log Sumrmany

OFF: Instruction Profiling
OFF: PC Sampling-based profiling

Rate (samples/s) |v 1220 PConly
@ PC + data value + base addr

Data value + exact addr

Clock Setup Tirnestarnps
[T Owveride project default Fesolution (cycles): \v—1|
CPU clock: 20 MHz ITH Stirmulus Parts

Enabled ports
SWO clock

24 23 ]
Wanted zﬂﬁgtodetect To Terminal 1/ O YWindow: EE EEL [
24 23 16 15 8
kHz To Log File AP BEEFEEEE EEREREEE EEEEEE
Actual: 2000 WHz

$PROJ_DIR$Y T Iog

OK. l ‘ Cancel

Figure 16. SWO Configuration for Trace

For more information on trace capability in IAR, refer to the “Using CoreSight Trace Techniques on Cortex-M3/M4”
article on the IAR website (http://www.iar.com/Global/Resources/Developers_Toolbox/Building_and_debugging/

Using_CoreSight_Trace_Techniques_on_Cortex-M3-M4/Using_CoreSight_Trace _Techniques_on_Cortex-M3-
M4.pdf).

Rev. 0.1 13
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7.4. Terminal 1/O

After setting a project to be Semihosted (described in “4.1.2. Library Configuration”), firmware can use printf()
functions to print characters or strings to the Terminal 1/O window. If the stdout/stderr type is set to Via SWO, the
MCU uses the Serial Wire Output (SWO) pin to send data to the Terminal I/O window in the EWARM IDE. To
output data to the Terminal 1/O window using SWO:

m Configure the SWO port pin to push-pull mode (this is done in firmware).

m Set stdout/stderr to Via SWO (described in “4.1.2. Library Configuration”).

m Set the CPU clock to the firmware AHB clock value (described in “4.6.1. Setup”).

m Open the Terminal 1/O window in the EWARM IDE by selecting View—Terminal 1/O.

Terminal Ij0 x
Clutput; Log file: Oiff
hello waorld *
1.1
1.1

F [;
Input: | Ctrl codes | [nput Mode. |
Buffersize: 0

Figure 17. Terminal I/O Window

8. Code Examples and Source/Include Files

Examples and source/include files for each of the Silicon Labs devices are installed with the Precision32 IDE. The
default location for these examples is C:\Silabs\32bit\si32-x.y.z\Examples, where x is the major revision number
y is the minor revision number, and z is the trivial revision number. The IAR folder contains the EWARM project
files, and the src folder contains the source files for each example.

The example included with this application note, AN749 Example_3U_BIlinky, includes hard-coded paths to the
v1.1.1 HAL. To use this example with another version of the HAL:

1. Open the workspace (eww file) and modify the startup_sim3ulxx_iar.s and system_sim3ulxx.c paths.
2. Modify the include path for compiler as described in “4.2.1. Preprocessor”.
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9. Creating and Building an Example in IAR Embedded Workbench

To create a new project and build it in IAR Embedded Workbench using the SiM3U1xx Blinky example code
included with the Silicon Labs SDK:

1. Create a blank project and workspace (“3. Creating a Project”).

2. Copy the src folder of the Blinky example in the SDK to the new IAR workspace. The default installation
path for the example is C:\SiLabs\32bit\si32-x.y.z\Examples\sim3ulxx\Blinky\, where x is the major
SDK revision number, y is the minor revision number, and z is the trivial revision number.

3. In the Workspace window, right-click on the project name, select Add—Add Files..., and add the files in
the src directory to the workspace.

4. Add a new generated group to the project by right-clicking in the Workspace window and selecting
Add—Add Group.... Add the files in src\generated directory to the generated group.

5. Add startup_sim3ulxx_iar.s to the project (“5.1. Adding System Files to the Project”).

6. Add system_sim3ulxx.c and system_sim3ulxx.h to the project from the SDK (default directory is
C:\SiLabs\32bit\si32-x.y.z\si32Hal\sim3u1xx). The IAR workspace should look as shown in Figure 18.

Note: The example included with this application note, AN749_Example_3U_BIlinky, includes hard-coded paths to the v1.1.1
HAL. Follow the instructions in “8. Code Examples and Source/Include Files” to use this example with another version of

the HAL.
& P32 1AR Blinky - IAR Embedded Warkbench IDE = | E |
File Edit View Project Tools Window Help
D H& 5] BT - EELIIEY
Workspace * | 1AR Information Center for ARM | gCpu.old.c | gCpu.c | system_sim3ulxxh main.c | f) ~ %X
[Debug v] 7/ library T
#include <atdic.h>
i b =T
Files cn g /7 hal
B (G P32_lAR_Blinky - Debug v #include <8132 _device.h>
2 [ generated - #include <5I32_FBHD B Iype.h>
main.c * #include <5I32_FBSTD A Type.h>
myCru.c x // application =
— &1 myCpuh #include "gModes.h"
myPEl.c * #include "myRtcO.h™
— ] myFB.h #include "myCpu.h™
myPicl o .
— [ myRtcl h ii R
fsm startup_sim3ulo_iars « L myipplication.
systerm_sim3ulwcs x g ]
—E_H:IOutput int main()
. {
D Paz_IAR_Blinky.out " // msTicks increments every 1 ms (1 kHz), driven by the low powsr ¢
A4 (myCpu.c)
// msTicks 10 increments every 10 ms (100 Hz), driven by RTCO (myRi
A/ The _l.is‘.: variahles stors the last sesn walue so the loop knows
/7 update.
P32 AR Ellinky uint32 t msTicks last, msTicks 10 laat;
== ] T > |+
e o
Messages
o m Fl-
2 Build [Debug Log x
Ready Errors 0, Warnings 0

Figure 18. IAR Blinky Example

7. Set the options for this project as discussed in “4. Configuring an IAR Workspace and Project”.
8. Build the project by right-clicking on the project name in the Workspace window and selecting Rebuild All.
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& £ myRitch.c

— kI myRtcl.h
fshstartup_sim3uTx_iars
system_sim3ulcc
L1 03 Dutput

[ P32_IAR_Blinky.out

[ P32_1aR_Blinky

x
hMessages

Clean
Stop Build
Add

Remove

Rename...

Version Control System

Open Containing Folder...

File Properties...

Set as Active

myApplication.

E main()

/¢4 msTicks increments every 1 ms (1 kHz)}, driven
A/ (myCpu.c)

/¢ msTicks 10 increments every 10 ms (100 Ez), ¢
¥ | // The _last variables store the last seen value
/S update.

uint32_t msTicks_last, msTicks_l10_last;

/g P321AR Blinky - IAR Embedded Workbench IDE | ol e S
File Edit View Project Tools Window Help
D@ =] | | - EELET Iy
Workspace x gCpu.old.c | aCpu.c | system_sim3utxeh  main.c | f) ~x
Felease - // library o
X N #include <stdic.h>
Files o 4/ hal
Ef&]P32_IAR_Blinky - Release |« [ [ #include <s132_device.h>
[dgenerated | Options... nclude <5I32 FBHD A Type.h>
HH [c] mainc nclude <5I32_FBSID & Type.h>
rryCpu.c Make application
— k] myCpuh Compile pclude "gModes.h”
i nclude "myRtcO.h"
yPB o Rebuild Al B "
— Bl rmyPEh nclude "myCpu.h

main.c

rryCpu.c

myFB.c

rryFitcl.c
starup_sim3ulx_iars
system_sim3ulxcc

I

B

A\ wWaming[Pala2): undefined behavior: the order of volatile accesses is undefined in this statement

'l
Build | Debug Log

5
(=}

Ready

Errors 0, Warnings 1

Figure 19. Building the IAR Blinky Example
9. Setup the hardware (SiM3U1xx MCU card):

a. Connect the debug adapter to

J31.

b. Connect a USB mini cable to J13 to power the board.
c. Move the SW5 SYSTEM Power Select switch to the top USB position. The blue power LED (PWR

LED DS1) should turn on.

10. In the IDE, click the Download and Debug button or go to Project—>Download and Debug.

11. Run the code and observe the blinking LEDs on the board. The code will also print information to the
Terminal 1/0O window (View—>Terminal 1/O).
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