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SILICON LABS
INTEGRATING SILICON LABS SiM3xxxxX DEVICES INTO

THE KEIL UVISION® IDE

1. Introduction

This application note describes how to configure and use the Keil puVision® Integrated Development Environment
(IDE) with Silicon Laboratories Precision32™ 32-bit microcontrollers (SiM3xxxx).

2. Key Points

Key points described in this application note include:

Generating a blank project in Keil pVision

Configuring a pVision project for use with Silicon Laboratories SiM3xxxx devices
m Using the pVision IDE to build, download, run, and debug a project

m Using the System Viewer Windows and Debug (Print) 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 pVision:

1. Under the Project menu, select New pVision Project. After naming your new project, select SiLabs
SiM3x Devices in the Select a CPU Data Base File dialog and click OK.

2. Expand the Silicon Laboratories data base to open a list of supported MCUs, select the appropriate MCU,
and click OK.

A Options for Target 'SIM3U167-A-GQ' 5

Device lTarget ] OLrtput] Listing] User ] C,-’CHI Asm ] Linker] Debug] Util'rties]

Database: |SiLab5 SiM3x Devices j

Vendor: Silicon Laboratories, Inc.
Device: SiM3U167
Toolzet: ARM

m Silicon Laboratories, Inc. Cortex-M3 based USE Microcontroller -
..... £ SiM3U134 - 256KB Hash ROM, 32KB SRAM. 80-pin

----- £ s5iM3U136
----- £3 simMau44
----- £ siM3u146
----- £3 siM3U154
----- £3 5iM3uU1s6
----- £3 5iM3U1sT
----- £3 5iM3UTe4
----- £1 siM3U166
----- £3 siM3uteT

oK | ol | Defaus | Help
Figure 1. Selecting a SiM3x Device

After creating your blank project, there will be an empty project in the Project Window. The next step is to configure
the project options.
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4. Configuring Options for Target

Specific configurations are required in order to communicate with the MCU using pVision. Some of the options are
preconfigured after selecting a device under the Device tab, but some modifications are required. This section
describes the required settings in all of the configuration tabs within the Project—Options for Target dialog; tabs
that do not require any changes are explicitly noted.

4.1. Target

m Check the Use MicroLIB option in the Code Generation section.
Note: Adding the correct scatter file in "Section G: Linker" will override the options in Read/Only Memory Areas and Read/

Write Memory Areas on this tab.

i Options for Target 'SIM3U167-A-GQ' ==
Device Target ]Output ] Listing ] User ] DCH] Asm ] Linker ] Debug] Litilties ]
Silicon Laboratories, Inc. SiM3U167
Code Generation
Yal (MHz): |20.0
Operating system: |None j ™ Use Cross-Module Optimization
System-Viewer File (.Sfr): -
|SFD\siIabs\SiMSU\SiMBU1G?-ﬁ_SVD.5fr J
Read/Only Memory Areas Read/Write Memory Areas
default  off-chip Start Size Startup default  off-chip Start Size Maolnit
[~ ROMI: . r RAM1: r
[~ ROMZ: " r RAMZ: r
[~ ROM3: " r RAM3: r
on-chip on-chip
v IROM7: |&D (be40000 ol "2 IRAM1: |2<20000000  |CxB0OO0 r
[~ IROMZ: . [~ IRAMZ: r
0K | Cancel |  Defauts | Help
Figure 2. Target Tab
4.2. Output
m No changes needed on this tab.
kA Options for Target 'SIM3U167-A-GQ' @

Device | Target Output | Listing | User | C/C++ | Asm | Linker | Debug | Utities |

Mame of Executable: [SIM3U167-A-GQ

Select Folderfor Obiects... |

& Crgate Executable: build\SIM3U167-A-GQ

[v Debug Information [ Create Batch File
[” Create HEX File
[v Browse Information

" Create Library: build‘SIM3U167-A-GQ.LIB

0K | Cacel | Defauts |

Figure 3. Output Tab
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4.3. Listing
m No changes needed on this tab.

-

Options for Target 'SIM3U167-A-GQ"

Device I Targetl Output  Listing | User | C."C-l—!-l Asm I Linker | Debug | LHiI'rtiesl

Page Width: IT-'H _I:j

Select Folder for Listings. .. |

Page Length: IBG _I:j

¥ Assembler Listing: build\* Ist
|+ Cross Reference

[~ C Compiler Listing: build"” b

[~ C Preprocessor Listing: build\"i

¥ Linker Listing: build\5IM3L167-AGQ map

¥ Memary Map ¥ Symbals ¥ Size Info

v Callgraph v Cross Reference v Totals Info
v Unused Sections Info
¥ Veneers Info

ok | Cancel |

Defaults |

Help

Figure 4. Listing Tab

4.4. User
m No changes needed on this tab.

-

Options for Target 'SIM3U167-A-GQ'

Device I Target I Output I Ligting User IC."CHI A=m I Linker I Debug I Litilities I
— Run User Programs Before Compilation of a C/C++ File
I Run#t: | L] posts
I~ Run #2: I u I” Dos16
—Run User Programs Before Build/Rebuild
I Run#t: | L] posts
I R | |.]r pose
— Run User Programs After Build/Rebuild
I Rt | || poste
I R | |-]r posis
[v Beep When Complete [~ Start Debugging
ok | Cancel | Defauts | Help

Figure 5. User Tab
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4.5. C/C++
m Add NDEBUG to the Define text box.

m Add include paths by clicking the "..." box to the right of the Include Paths text box.
m Add -c99 -gnu to the Misc Controls text box.

kA Options for Target 'SIM3U167-A-GQ'

25|

Preprocessor Symbols

Device ] Target ] Output ] Listing ] User C/Ce+ lﬂsm ] Linker ] Debug ] Litilties ]

geﬁnel INDEBUG |

Undefine: |

Language / Code Generation

Optimization: |Level 0{-00)

[ Optimize for Time
[ Split Load and Store Multiple
[™ One ELF Section per Function

[~ Strict ANSIC

[~ Enum Cortainer always int

[ Plain Charis Signed

[ Read-Only Position Independent
[ Read-Write Position Independent

Wamings:
<unspecified> -
-

Include |_:genen:|ted:C:\SiLEIbs\SZb'rt\s.iE’.Z—ﬂ.?\siSZHal\CPU:C:\SiLabs\&&:'rt\si&?—ﬂ.?\si.’ﬂHal\SI32_I'U'Iodu|es:i I

s

Paths

isc I—cﬂﬂ -gnu -I
Controls
Compiler

control
string

¢ —cpu Cortex-M3 -D__MICROLIB g 00 ~apcs=interwork -1, -lgenerated -IC\Silabs"32bijki32-
0.2si32Hal\CP U -IC:M\5ilabs\32bit"si32-0.2\si32Hal\5132_Modules -IC:\Silabs\32bit"s]

ok | caned |  Defauts | /
y 4

Folder Setup

Setup Compiler Include Paths:

.genemted

CA\Silabs'\32bit\ei32-0.2\ei 32Hal\CPU
C:A\Silabs'\32bit\si32-0. 261 32Hal 5132 _Modules
C:\Silabsh32bithsid2-0.2%si32Hal sim 3u Tox

0K |  Cancel |

Figure 6. C/C+ and Include Path Tabs
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4.6. ASM

m No changes needed on this tab.

4.7. Linker

i Options for Target 'SIM3U167-A-GQ' [

Device ] Target ] Output ] Listing ] User ] C/C++ Asm l Linker ] Debug ] Lkilties ]
Condttional Assembly Control Symbols

Define: |

Language / Code Generation

™ Read-Only Position Independent
™ Read-Write Position Independent

™ Thumb Mode
™ No Wamings
Include
Paths | D
Misc |
Controls
Assembler | —cpu Cortex-M3 -g —apes=interwork —pd *__MICROLIB SETA 1" - "C:\Keil\ARM\CMSIS\Include™ |«
control  ["C:\Kei'ARMWINCHSilicon Laboratories, Inc.” —ist "build\* Ist" —aef © 0" ~depend " d"
string -

I~ Split Load and Store Multiple

oK | Cancel |  Defaus | Help

Figure 7. ASM Tab

m Uncheck Use Memory Layout from Target Dialog.

m Add the correct scatter file by clicking '..." to the right of the Scatter File text box and selecting the
corresponding scatter file.

A Cptions for Target 'SIM3U167-A-GQ' [

De\rice] Tanget ] Output ] Listirlgl User ] C."C-l—l-] Asm Linker ] Debug] Ltilities ]

I ™ Use Memory Layout from Target Dialog I

[ Make RW Sections Position Independent B/0 Base: ’W
[ Make RO Sections Position Independent R/W Base ,W

[~ Dont Search Standard Libraries
[v Report ‘might fail' Conditions as Emors

Scatter
File

Misc
controls

Linker
cantrol
string

disable Wamings: |

C\GiLabs' 32bit'si32-0.2\si 32Halsim 3u ocinker_sim3a Toe_amn sct El Edt...

a

—cpu Cortex-M3 * o —ibrary_type=microlib —strict —scatter "C:Silabs"32bit'sid2-0. 2si32Hal\sim3u ol »
—summary_stder —info summarysizes —-map -xref —callgraph —symbols

-

ok | Cancel | Defautis | Help

Figure 8. Linker Tab

SILICON LABS
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4.8. Debug

m Select SiLabs UDA Debugger in the drop-down menu on the top right-hand side and select Use.

E Options for Target "SIM3U167-A-GQ'

o]

Dem’ce] Targe‘t] Output] Listing] User ] C."C-I—l-l Asm ] Linker Debug lUtiI'rties]

" Use Simulator
™ Limit Speed to Real-Time

v Load Application at Startup

Initiglization File:

v Run to main{)

| B

Restore Debug Session Settings

Settings

(% Use: |Silabs UDA Debugger

=l

Settings

[ Runto main)

o ea |

Iv Load Application at Startup

Initialization File:

Restore Debug Session Settings

[V Breakpaints v Toolbox [V Breakpoints vV Toolbox

[v Watch Windows & Peformance Analyzer [v Watch Windows

v Memory Display [+ Memory Display
CPU DLL: Parameter: Driver DLL: Parameter:
SARMCM3.DLL SARMCM3.DLL
Dialog DLL: Parameter: Dialog DLL: Parameter:
DLM DLL -pEMBER |TLI'u'I.DLL |-pEMEEH

Cancel | Defaubs | Help

Figure 9. Debug Tab
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4.9. Utilities

m Select SiLabs UDA Debugger in the drop-down menu under the Use Target Driver for Flash
Programming.
m Check the Update Target before Debugging option.

kA Options for Target 'SIM3U167-A-GQ' [

Device l Target l Output ] Listing ] User l [:,"EH] Asm l Linker ] Debug

Corfigure Flash Menu Command

(*+ |se Target Driver for Flash Programming

|SiLabs UDA Debugger |l Settings ‘ | ¥ Update Target before Debugging |

i File: J Ed...

" Use Extemal Tool for Flash Programming

Cornmand:| J

Argumernits: |

-

ok | Cancel \ Defaults \ Help

Figure 10. Utilities Tab
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4.10. UDA Debug Adapter Settings

The UDA Debug Adapter options can be accessed by clicking the Settings button on the right-hand side of SiLabs
UDA Debugger on the Utilities or on the Debug tab.

4.10.1. Debug

m Verify that the correct USB Debug Adapter is select in the Unit dropdown menu. For more information on
the Debug section of the tab, see the pVision help. In pVision, select Help—puVision Help. On the
Contents tab of the pVision help file, select ULINK2 User's Guide—Setup ULINK2—Configure pVision for
Debugging—>Cortex-M Debugging—>Debug Driver Configuration—>Debug.

Cortex-M Target Driver Setup @

Debug ]Tmce ] Flash Download]

Silabs USBE Debug Adapter SW Device
[ unit: [upa o001 13- v -]

Serial Number: |UDA0000113 MNum Devices Before: |0 Mum IR Bits Before: |0
Num Devices After: |0 Num IR Bits After: [

¥ SWJ  Port: |SW -

Debug
Connect & Reset Options Cache Options Download Options
Connect: | Normal | Reset:|SYSRESETREG +| | | ¥ Cache Code [~ Verify Code Download
[v Reset after Connect v Cache Memory

Cancel |

Figure 11. Debug Adapter Settings—Debug Tab
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4.10.2. Trace

m [f any of the trace tools will be used (including the Debug (Printf) Viewer), check the Trace Enable box. In
addition, the Core Clock setting must be correct in order to use any of the trace tools. For more

information on the trace options, see the pVision help. In pVision, select Help—uVision Help. On the
Contents tab of the pVision help, select ULINK2 User's Guide—Setup ULINK2—Configure pVision for
Debugging—Cortex-M Debugging—>Trace Configuration.

Cortex-M Target Driver Setup ﬁ

Debug Trace ] Flash Download ]

I Core Clock: | 20.000000 MH:I I v

Trace Port Timestamps Trace Events
|Seria| Wire Output - UART/NRZ J [ Enable Prescaler: [1  « ™ CPI: Cycles per Instruction
SWO Clock Prescaler: [ 50 PC Sampling L BN Exoepion ceshesd

| SLEEP: Sleep Cycles
v Autodetect Prescaler: | 1024*16 -

™ LSU: Load Store Unit Cycles
SWO Clock: | 0.400000 MHz [~ Periodic Period: | <Disabled> [~ FOLD: Folded Instructions

[ on Data RAW Sample | EXCTRC: Exception Tracing

ITM Stimulus Ports

31 Port 24 23 Port 16 15 Port 8 7 Port 0
Enzble: |FFFFFFFF WMV MVY MRVVVVRY RRVVEVY VRV

Privilege: | k00000003 Port 31.24 [+ Port 23.16 [ Port 15.8 [ Pot 7.0 [

ok | cancel |

Figure 12. Debug Adapter Settings—Trace Tab
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4.10.3. Flash Download

m A Flash download algorithm must be selected to download a code image to the MCU. The Flash
programming algorithm temporarily resides in RAM and is used by the Debug Adapter to program the

Flash.

m On the Flash Download tab, click Add and select the appropriate SiM3x algorithm. Next, click Add and
then click OK.

-

Cortex-M Target Driver Setup

[t

Debug | Trace Fash Download I

— Download Function

LOAD " Erase Ful Chip ¥ Program
_Fi % Erase Sectors W Verfy
" DonotErase [~ Reset and Run

RAM for Algorithm

Start: IMDDD'IDDD Size: IMBJDD

— Programming Algerithm

Description

| Device Type | Device Size |

Address Range

Start: I Size: I

Remowe |

\

ok | Cancdl |

&pply |

A

LS

-
Add Flash Programming Algorithm

==

Description

Device Type | Device Size |A

5iM2¢ 64kB Flash
STM32F 10 XL-density Flash
STM3IZF10x Med-density Flash
STM3IZF 10 Low-density Flash
STM3Z2F 10 High-density Flash
STM3IZF 10 Connectivity Lin...
S5TM32F 1 M25P64 5P1 Fla...
STM3IZF10x Fash Options
STM32F 2ec Flash

STM32F&ec Flash
STM3ZL15¢ Low Power Flash
STM3IZL15x Aash Options
TMPM32Fx 1024kB Flash

On-chip Flash
COn-chip Flash
On-chip Fash
On-chip Aash
On-chip Flash
On-chip Flash
BExt. Flash SFI
On-chip Flash
On-chip Flash
On-chip Fash
On-chip Fash
On-chip Aash
On-chip Flash

Add l Cancel |

Sil e 128kE Flash On-chip Hash 128k
[ SiM&c 256kB Flash COn-chip Aash 256k |
M2 325 Hasl Un-chip Has ki

Gk

™
128k

16k
2k

—
[=r]

™ -

latm,|

A

Figure 13. Debug Adapter Settings—Flash Download Tab
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5. Managing Files Within the Project

To add files to a project, add a Group in the project tree structure first. To add a Group, right-click on the root folder
in the Project Window and select Add Group. After adding a Group, add files to the group by right-clicking on the
Group and select Add Files to Group. To modify the overall project structure or file ordering, right-click on the root
folder in the Project Window and select Manage Components.

6. Building the Project

Build a project by selecting the Rebuild icon in the Build Toolbar or by selecting Project—Rebuild all target
files. To compile individual files, click the Translate icon in the Build Toolbar or select Project—Translate. Any
build-related errors or warnings will appear in the Build Output window. If the Build Output window is not visible,
select View—Build Output Window.

&

EANEE | E':::.:<'| Target 1 |Z| £\| n

Figure 14. Build Toolbar

7. Running the Code and Debugging

After successfully building a project, clicking the Start/Stop Debug Session icon or selecting Debug—Start/Stop
Debug Session will initiate a debug session. If the project has been changed in any way since the last build,
starting a debug session will initiate a download of the updated firmware image to the device. The pVision tools will
not automatically download a firmware image when initiating a debug session if the IDE did not detect any
changes. If this behavior is not desired, clicking the Download icon or selecting Flash—>Download will manually
initiate a Flash download.

After the Flash download, initiate a debug session to start debugging. During a debug session, Run, Step Into,
Step Over, Stop, or Reset the code by clicking the corresponding button in the Debug Toolbar or in the Debug
Menu. To stop a debug session, click the Start/Stop Debug Session icon or select Debug—Start/Stop Debug
Session.

Debug
HE O &ed o » [ORa=EaE-[E

Figure 15. Debug Toolbar

Add variables to the Watch Window or Memory Window by right-clicking on a variable, selecting Add
to...—Watch or Add to...—»Memory. The pVision IDE has two Watch Windows and four Memory Windows. To
view a specific memory location, open a memory window by selecting View—Memory Windows. After opening a
Memory Window, manually enter a location in the Address box. This will also work when viewing the contents of
Special Function Registers (SFRs).

Rev. 0.1 11
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8. System Viewer

The System Viewer Window allows users to easily view and modify SFRs of the MCU. Each modifiable field
within the System Viewer Window contains a field description, which can also be helpful for debugging. To open a
peripheral's system viewer window, select View—System Viewer—>(Select Peripheral). After selecting the
desired peripheral, the System Viewer Window will appear. Bit fields that changed while stepping through code
will be highlighted in green in the System Viewer Window. Figure 16 shows an example of the Clock Control
(CLKCTRL) System Viewer Window.

[l
Property Value
- conTRoL
AHBSEL 0: LPOSCO = AHE clock source is the Low-Power Oscillatar, .
AHBDIV |0: DIVL = AHB clock divided by 1.
APBDIV . 0: DIV1 = APE clock is the same as the AHE clock (divided by 1),
EXTESEL 1: RIS.ING_I'DNL‘?' = External clock generated by only rising edges of the ... .
OBUSYF [0: NOT_SET = AHB and APB oscillators are not busy. |
RAMCEN 1: EMABLED = Enable the AHB clock to the RAM (default).
DMACEN ' 0: DISABLED = Disable the AHE clock to the DMA Controller (default).
FLA&SHCEN |1: EMABLED = Enable the AHE clock to the Flash (default).
EMIFOCEN | 0: DISABLED = Disable the AHB clock to the External Memory Interface ... |
USBOBCEM . 0: DISABLED = Disable the AHBE clock to the USB0 Buffer (d éfaultjl.
APBCLEGD
= APBCLKGL
MISCOCEN 0: DISABLED = Disable the APB clock to the VMONO, VREGD, LDO, lﬂ
MISCICEN |1: ENABLED = Enable the APB clock to the Watchdog Timer (WDTIMER...
o o
MISCOCEN

[Bit 0] RW (@ 0x4002D030)

Miscellaneous 0 Clock Enable.

0 : DISABLED = Dhsable the APB clock to the VMONO, VREGO, LDO, EXTQOSCO, LPOSCO, EXTVREGD, and
RTCO modules (default].

1: EMABLED = Enable the APB clock to the WMONGD, VREGD, LDO, EXTOSCO, LPOSCO, EXTVREGD, and
RTCD modules.

Figure 16. Clock Control System Viewer Window

Note: Individual peripheral bit-fields cannot be modified if the clock control bit for the peripheral is disabled. Before manually
modifying bits in the System Viewer Window for a peripheral, enable the corresponding clock enable bit for the periph-
eral.

12 Rev. 0.1

SILICON LABS



ANGG69

9. Debug (Printf) Viewer

The debug printf function allows for firmware to use printf() functions to print characters or strings to the Debug
(Printf) Viewer. The Debug Viewer uses the Serial Wire Output (SWO) pin of the MCU to send data back to the
pVision IDE. To use the Debug Viewer:
m Configure the SWO port pin to push-pull mode (this is done in firmware).
m Select the Trace Enable option in the Trace tab within SiLabs UDA Debugger settings (this is done in the
project settings; see "4.10.2. Trace" on page 9 for more information).
m Configure the Core Clock in the Trace tab within the SiLabs UDA Debugger settings (this is done in the
project settings; see "4.10.2. Trace" on page 9 for more information).
m Open the Debug (Printf) Viewer window within the pVision IDE. To open the Debug Viewer, select
View—>Serial Windows—>Debug (Printf) Viewer.

Debug (printf) Viewer @
Debug (printf) sample output...

Figure 17. Debug (Printf) Viewer Window

10. Evaluation Tools

An evaluation version of the Keil pVision tool is available for download at https://www.keil.com/demo/eval/arm.htm.
The free evaluation tools, called MDK-Lite, are 32 kB limited (debugger, compiler, and assembler-limited). More
information on MDK-Lite can be found at http://www.keil.com/arm/selector.asp.

11. 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\Examples, where x is the major revision number
and y is the minor revision number. Within each example folder, the folder labeled ARM contains the pVision
project files. The src folder contains the source files for each example.

Rev. 0.1 13
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Simplicity Studio

One-click access to MCU and
wireless tools, documentation,
software, source code libraries &
more. Available for Windows,
Mac and Linux!

loT Portfolio SW/HW Quality Support and Community
www.silabs.com/loT www.silabs.com/simplicity www.silabs.com/quality community.silabs.com

Disclaimer

Silicon Labs intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software implementers using or
intending to use the Silicon Labs products. Characterization data, available modules and peripherals, memory sizes and memory addresses refer to each specific device, and "Typical"
parameters provided can and do vary in different applications. Application examples described herein are for illustrative purposes only. Silicon Labs reserves the right to make changes
without further notice and limitation to product information, specifications, and descriptions herein, and does not give warranties as to the accuracy or completeness of the included
information. Silicon Labs shall have no liability for the consequences of use of the information supplied herein. This document does not imply or express copyright licenses granted
hereunder to design or fabricate any integrated circuits. The products are not designed or authorized to be used within any Life Support System without the specific written consent of
Silicon Labs. A "Life Support System" is any product or system intended to support or sustain life and/or health, which, if it fails, can be reasonably expected to result in significant personal
injury or death. Silicon Labs products are not designed or authorized for military applications. Silicon Labs products shall under no circumstances be used in weapons of mass
destruction including (but not limited to) nuclear, biological or chemical weapons, or missiles capable of delivering such weapons.

Trademark Information

Silicon Laboratories Inc.® , Silicon Laboratories®, Silicon Labs®, SiLabs® and the Silicon Labs logo®, Bluegiga®, Bluegiga Logo®, Clockbuilder®, CMEMS®, DSPLL®, EFM®, EFM32®,
EFR, Ember®, Energy Micro, Energy Micro logo and combinations thereof, "the world’s most energy friendly microcontrollers”, Ember®, EZLink®, EZRadio®, EZRadioPRO®,
Gecko®, ISOmodem®, Precision32®, ProSLIC®, Simplicity Studio®, SiPHY®, Telegesis, the Telegesis Logo®, USBXpress® and others are trademarks or registered trademarks of Silicon
Labs. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or registered trademarks of ARM Holdings. Keil is a registered trademark of ARM Limited. All other products or brand
names mentioned herein are trademarks of their respective holders.

®

Silicon Laboratories Inc.
400 West Cesar Chavez
Austin, TX 78701

USA

SILICON LABS http://www.silabs.com
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