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Overview
Aim
To demonstrate the unique features of RealView Microcontroller Development Kit (RealView MDK).

e Ease of Use
e Benefits of Complete Device Simulation
o Core, peripherals, registers and memory
e Logic Analyzer
e Code Analysis
o Coverage, profiling and trace analysis

Requirements
e RealView MDK v3.15 or higher

MCBSTM32 Evaluation Board.
e ULINK2

Note: MCBSTM32 and ULINK2 are only required for the final part of the demo when the program
is downloaded to the target device Flash. The demo can be run entirely in simulation if required
and omit step 4.

Note: This demo works with the evaluation version of MDK. When running the evaluation version it
displays a warning message that the maximum code size of the project is limited to 16KByte.

Conventions

@ Box shows actions for demonstrator or user of demo.
Icon represents the button controls to be used.

Set-up
Before running the demo for the first time.

Make a copy of the folder
../KeillARM/Boards/Keil/MCBSTM32/STLIB_Blinky
Into a new demo folder
../KeillARM/Boards/Keil/MCBSTM32/Demo
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4 Steps...it's easy!

Step 1: Select Device & Specify Target Hardware

é’ The Device Database™ has more than 150 ARM based microcontrollers. The database is
- available in pVision and at www.keil.com/dd.

Step 2: Create & Build Application

Preconfigured device start-up code
A built-in configuration wizard simplifies device setup
Extensive project templates, program examples and applications notes are included in

RealView MDK.

Step 3: Analyze Program with pVision Device Simulator

@ Use the pVision Simulator to accelerate your project development cycle.
Develop software before hardware is available.
Verify and optimize your application using advanced features like instruction trace, code

coverage, execution profiling and the pVision Logic Analyzer.

Step 4: Flash Download and Final Testing in Target

s Download code to the Flash ROM of your target system easily using the Keil ULINK2 USB-
JTAG Adapter.
ULINK2 supports Flash programming, single-stepping, real-time program execution with
breakpoints, access to memory and CPU registers, and real-time trace using Serial Wire

Viewer (SWV).



Step 1

Step 1: Select Device & Specify Target Hardware

Open and Clear RealView MDK

|V. Project > Close Project

k2 Blinky - p¥ision3
File Edit Wew |Project| Debug Flash Peripherals Tools SWCS Window Help

2 e plision Project. ..
g g . !

Iew Project workspace. ..

E@ Import w¥isionl Project...
[EAEL] Open Project...
Project Worksnace' Close Project
=¥ Simulator
Open an Example Project
v Project > Open Project...
H Navigate to ../Keil/ARM/Boards/Keil/MCBSTM32/Demo/Blinky.Uv2

File Edit View |Project| Debug Flash Peripherals Tools SvCS Window Help
2 Mew pision Project.
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Mew Project Wor

Select Project File
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Project Workspace Cpen Project, .
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Startup Code

The example project ‘Blinky’ contains pre-configured target settings and start-up code for the STM32
microcontroller used on the MCBSTM32. This is more than 350 lines of code which the developer

does not have to write!

v_ Double Click STM32F10x.s to open the start-up code

@Eile Edit ‘jews Project Debug Flash Peripherals Tools SWCS Window Help

EHG N [l

& ¥ ¥4 4X|STM32 Flash A
Project Waorkspace x

DD‘I I.IJ*:G:(-é*é*é*éf*f*f*f*é*é*i—*éf*
=223 STM32 Flash 002 /% STM3Z2Fi0x.s: Startup file

DDB f-f/*f*é*é*é*éf*f*f*f*é*é*é*éf*

004 /% cx Use Configuration Wiz

=5 Inkerropts 11 PR R

IRQ.C 006 /% This file is part of the I
=& Retarget 007 /* Copyright fo) 2005-2007 K4
Retarget.c 008 /% This software may only be
--£5 Source Code g 5% end user licernce from KET]Y
Setup.c Mg /% development tocls. Nothing
*] Blinky.c il PR
-5 Library m2
STM32FL0GR. 1B 3
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The Configuration Wizard allows the customer to easily select parameters related with a source file.

A/

Click on the Configuration Wizard tab
Show the default settings for the size of the software stack and heap

@EIB Edit Miew Project Debug Flash Peripherals Tools

Kz Blinky - pVision3 - [C:WKeil\ARM\Boards\Keil\MCBSTM32\Demol\S TM32F10x.5]

SYCS Window Help

- I |

@ = Q @ m
S E o 1 8 4X|STM32 Flash

Bk

=l=lx]|

forkspace
[ =853 sTM32 Flash
=5 Startup Cods
- [#] STM3ZFI0xs
=24 Interrupts
i RQ.c

=55 Retarget

STMIZF10xR.LIB
LCD_4bit.c
Setial.c

=I-£5 Documentation

Expand All Collapse all

Help

Setion:
[=) Stack Configuration
H Stack Size {in Bytes)
5 Heap Configuration
‘. Heap Size {in Bytes)
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Step 2

| Step 2: Create & Build Application

Project Targets

A/

Select the Simulator project target

@

QEEHG @ A
«= @ & QB[R o4

[ #
Project Workspace
= 24 Simulator
=-£3 Startup Code
STM32FLOX.5
E-£3 Interrupts

RQ.c

STM32 Trace A
STM32 Trace B
STM32 Trace C

@Eile Edit “iew Project Debug Flash Peripherals Tools SWCS Window Help

&

=5 Retarget
Retarget.c

-3 Source Coda

- XTLL
- BY¥ICLK
- HCLE

'Blinky' proj
ng Keil 'MCESTI
errupt functio

ple functiona
Clock Settings

E Blinky - p¥ision3 - [C:WKeil\MARM\Boar ds\Keil\MCBS T3 2\Demo\A bstract. txt]

EXE

Project targets allow customers to have different build options for a common set of source files. The

Simulator target’s build and debug options are pre-configured for software simulation.

Target Options

All options for the device configuration can be examined and changed to the user’s requirements.

v
ng

Click ‘Options for Target’ button
Click on the ‘Device’ Tab

This dialog shows the microcontroller used on the MCBSTM32 Evaluation Board.

The CPU speed and memory mapping options are shown in the Target tab.

Options for Target "Simulator®

D atabase: | J

Wendor:  STMicroelectronics
Device: STM32F103RE
Toolzet: ARM

Device l Target] Dutput] Listing] Uzer ] E.-'E++] Aszm ] Linker] Debug] Utilities]

£ STM32F103MRETE
£3 STM3I2F103RE6
TaFs

A

£3 STM3IZF103MCETE A |ARM 32-bit Cortex-M3 Microcontioller, 72MHz, 128kB Flash, 20kB SRAM,
~ |PLL. Embedded Internal RC 8MHz and 32kHz, Real Time Clock,

Mested Intermupt Controller, Power S aving Modes, JTAG and 5'WD,

3 Spnch. 16-bit Timers with Input Capture, Output Compare and P/,
1E-bit B-ch Advanced Timer, 2 16-bit Watchdag Timers, SyzTick Timer,

£l 28PI, 212C, 3USART, USE 2.0 Full Speed Interface, CAN 2.0 Active,
£3 5TH 03RCTE 2 12-bit 16-ch &4/D Converter, Fast /0 Ports

£1 STM3ZF103RETE

£3 STM3I2F103TE

The Debug tab allows the customer to select simulation or connection to real targets, as well as the

settings for eac

Write Applicat

h type of connection.

ion Code

For the demonstration we will use an existing application program.

<

Double click on Blinky.c in the Files Panel




Step 2

Kz ky - pVisiond WKeil\MARM\Boar ds\Keil\MCBS 2\Demo\Blinky.c]

Bl File Edit View Project Debug Flash Peripherals Tools S¥CS Window Help

ER=1=N- I P = ~lga) 4 B & aBE] 0 e m

= ¥ gqsimulalur j & =
Project Workspace T
=523 Simulator 02| s# BLINKY¥.C: LED Flasher
= 55 Startup Code [ T LR PR PP S PP
{3 STM32F10x.5 04| /% This Ffile is part of the uVision/ARM development tools.
= &3 Interrupts 05 | /* Copyright {c) 2005-2007 Keil Software. All rights reserved.
A E it 06 |./* This software may only be used undsr the terms of a valid, current,
=& Retarget 07.| /* end wuser licemce from KEIL for a compatible version of KEIL software
o [#] Retarget.c 08 | /* development tools. Nothing else gives you the right to use this sofiware.
= £5 Source Code L T L LT PR R PP P

1o
11 | #include <stm32£10x lib. he /* STM32F10x Library Definitions
12 | #include "LCD.h" S# LOD Function prototypes

#] STM3ZF10xR. LIB 13 | #include <stdio.h>

[ LCD_shit.c 14
e [#] serialc 15 | /* Import Ffunctions from Setup.c
=-£5 Documentation 16 | extern void ZJetupClock (void);
- [a] Abstract.tzt 17 | extern void SetupiDC (void) ; =
L [« | »
B Feus LT I Blinkyc

x/Build target 'STH3Z Trace C!' :
ol TAT o To N\ Build £ Command J, Findin Files / )|« | »
Ready Simulation | Li47 Cil In

Blinky.c includes a main() function, which is executed after the system configuration following a reset.

V:

Declare a new variable " inside main()
Type CTRL+S to save the document

Elﬁi\e Edit View Project Debug Flash Perjpherals Tools SYCS Window Help — & _)ﬂ
S-E = AT R B -] 4 i=RE= B Rl [= []ISUR- el
£ 3 b+ ‘QQ{Simulator j &= =
Progect Worl X 19 | extern void SetupUART (void) ; j
= ¥4 Simulator 20
=5 Startup Code 2l | extern unsigned short int ADC_ConvertedValue;
[#] sTM3zF10xs 2
=23 Internupts 23 | extern unsigned char Clockis;
- [#] R 24
=l £ Retarget 25 | int AD DhgVal;
- [#] Retarget.c 26t
=5 Source Code Zint wain (void] {
- [#] Setup.c int i, i
- [ #] Blinky.c i i
=5 Library int AD_scaled ex = -1;

[#] sTM3zF10:R.LIB
[#] Lco_dbit.c
- [#] serial.c
= £ Documentation
(2] Abstrack.txt

int AD scaled;

_—

SetupClock() ;
FetupldDC ()}

SetupLED ()
| :J_‘

Sreps | (Do (M. B %

EiTo o P e e g e »
Simulation | |Lizs Ci11 [
Build Program
Build Project using ‘Build Target’ button.
The example project builds but reports a warning.
meveniiny SRS . B

Cutput indow

compiling IRQ.c...
compiling Retarget.c...
compiling Setup.c...
compiling Blinky

compiling LCD 4bic.c.
compiling Serial.c...
linking. ..
Program Size: Code=4952 RO-data=468 RW-data=258 ZI-data=700
"4 Flash\Blinky.axf" - 0 Error(s), 1 Warningis).
| ‘ ‘ ’\Build Command Find in Files | 4 3

Simulation L1126 Cil

The error

message shows that the variable j declared on line 28 is not used in the code.
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Correct Program Error and check the Code Size
You can go directly to the code which has caused the error by double clicking the error message.

Double Click ‘Blinky.c (28)’
Delete variable ‘j’ from the source code
Type CTRL+S to save the document

Once the error is corrected the project can be rebuilt with no errors.

Rebuild Project
Build Project using ‘Build Target’ button

After compiling building without any error messages, the code size is reported to be 4,992 Bytes in the
build window.

*|Build target 'Simulator' -
compiling Blinky.c...
linking...
§ o Code=4992 RO-data=465 Ril-data=28 ZI-data=700
-§g " \Flash\Blinky.axf" - 0 Error(s), 0 Warning(s).
‘g -
z ‘ ‘ ‘ [\Build Command Find in Files | Ll »
Simulation Li28 Ciz4

Use the MicroLib Library

MicroLib is a highly-optimized library for ARM-based embedded applications written in C. When
compared to the standard C library included with the RealView Compilation Tools, MicroLib provides
significant code size advantages required for many embedded systems.

o Click ‘Options for Target’ button
,Q& Target Tab > use MicroLib
Click OK to close Options

Rebuild Project
Build Project using ‘Build Target’ button

After building, the code size is reduced to 4,512 Bytes. Using the MicroLib library to compile Blinky.c
results in a 10% reduction in the size of the compiled code.

Examine Variables with the Source Browser

The source browser collects and displays information about program variables. yVision tracks where
variables are defined as well as where they are used and how. In addition to displaying and arranging
program symbols, the source browser allows you to jump between an object’'s name (in your source
code) and its definition.

g‘i Click ‘Options for Target’ button
Output Tab > Browse Information
Click OK to close Options

Options for Target ‘Simulator® @

Device] Target Output l Listing] User ] EI.-’EI++] Asm ] Linker] Debug] Utilities]

| Select Folder for Objects... | Mame of Executable: |B|iNk.'r'

* Create Executable: \FlashBlinky

[+ Debug Information [ Create Batch File

Teate HEX Filg
[V Browse Information




Step 2

E@ Highlight the function SetupClock at line 16 of Blinky.c
Click on the source browser window icon

Vi Blinky - pVision3 - [C:\KeilARM\Boar ds\Keil\MCBSTM32\DemolBlinky.c]

ElEle Edit view Project Debug Flash Peripherals Inols SVCS Window Help

=l=lx

=

)

DEEG LBE o EE N — @_@N, "
& [F Y ¥ A\JSimulalur j;ﬁ = =
Froject Workspace x 0
=-#23 simulator ~ 11 | #include <stm3Z£10x_lib.h> /* STM3ZF10x Library Definitions
=l &4 Startup Code 12 | #include "LCD.h'" /* LCD function prototypes
4] sTMazF1Dx.s 13 | #include <stdio.h>
=5 Inkerrupts 14
+ 8 RQc 15
(=l Z5 Retarget 16
- [#] Retarget.c 17
= 3 Source Cade 18 | extern void SetupLED (void) ;
- (%] Setup.c 13 | extern void SetupUART  (void);
- [F] Blinky.c 20
= &5 Ubrary 21 | extern unsigned short int ADC_ConvertedValue;
[#] sTMIZF10:R.LIE . 22
- [ LCD_4bit.c 73 | extern unsigned char Clockis;
- [4] serial.c e 4
El Fites | Sregs | [, [MEru. | B e Blinky.c

"lEuild target 'Siwulator'
o1 ] Build £ Command A Findin Files [ IR

Simnulation LA 16-E2T

=]

This opens up the source browser window.

EE Click on the Symbol box and hit ‘Enter’ to use SetupClock as a filter
Click on SetupClock in the Browse window to update the references

iz Blinky - pVision3 - [Browse - C:\Keil\ARM\Boar ds\Keil\MCBS T3 2\Demo\F las iBlinky]

[EEI‘E Edit View Project Debug Flash Perpherals Took SYCS MWindow Help

- [%] STM3ZF10xR LIB
- B[] LCD_dbite
e [E) Serisle

1Dl T Decursnk skine o £ 2

ST AR : ¢ % <[ [ & @ mEFE o e
By 2L $ A [Simulator &=

e -

r_u_]z_cj il ID‘?F?: z Symol: |SetupClock «| Memory Spaces: ¥ eram

== 4 Simulator ~ ¥ data
5 Starhup Code Fiteron: | W&oes | Data (i
] [£] STM3ZF10%.5 Functions ShriBits) B
=l Interrupts Paiameters Types W code
- B[] RO
-1 £ Retargst I File Dutline: l(all files> Lj
| E [#) Retarget.c A nlame. [ Class [ Twpe | 5pace | Uses Definitions and References - SetupClock
=) ﬂ S'_Durce Code SetupClock ) function func code 3 = C:\keil|aRM|Boardsi kel MCBSTM32\Demo)| Setup.c
L 'rtj Setup.c it id? [ D] Line 24
| 2] Binkyc = B C:Keil ARMBoards\KeilMCBSTM3Z DemolBlinky.c
=154 Ubrary idf [R]Une 15

g [R LN 33

____ = . (% || Abstract, et Blirky.c uBlowse—C..,

*

B R

J | ‘ ‘[\Huild Cornmand )\Flr_!dlnflle_s

| K8}

or”

Simulation

=

The right part of the Browse window shows where the function is defined [D] and where it is being
used [R]. Double click on ‘Line 24’ to go to the function definition.

Going to the definition of SetupClock can also be done directly from the ‘Blinky.c’ editor window by
right clicking on the function name and selecting “Go to definition of ‘SetupClock™.



Step 3

Step 3: Analyze Program with pVision Device Simulator

The application can be built, run, analyzed and debugged all within pVision and the Device Simulator.

Start Debug Session

@ Start Debug Session by clicking ‘Start/Stop Debug Session’ icon

The processor executes the start-up code and stops at main() under control from uVision.

Examine Peripherals

Before running the application program, it is a good idea to look at the peripheral views, this will help
you to confirm correct program operation when running, as you will be able to examine and change
peripheral registers.

@ Open A/D Converter Peripheral Window
Peripherals > A/D Converters > ADC1

7 Blinky - p¥ision3 - [C:\Keil\MARM\Boar ds\Keil\MCBS TM3 2\Demo\Blinky.c]

Bl Fle Edit View Project Debug Flash {Pegiphera\si Tools SWCS Window Help — |5 X
- % Reset CPU I -

2eHg £ gz | R Reset s T @ w & @ EE o e o

HEO BTG D EE  coreperpheas B A

Project workspace Power, Reset and Clock Control char Clockls; j

Fegister | Value APE Eridges ]

oA
BKP

- General Purpose 1jo 3 J
e} Ezternal Interrupts
1 Watchdog »lex = -1;
] 07 Real-Time Clock
A 000 7 ’
R7 0400000000 et
“Re 000000000 LERTS i |
. R3 (00000000 SPI » ﬂ
F = m B %3 @ 4 12C Interfaces »
can e
= | &/ converters (@) * [ Home Vislue:
N | S |
% LSSIGN EBreakDisable EBreakEnable BreakKill BreakList | = 3 _F‘J‘
B I [, Buld ), Command /, Findin Fiies JLe o 2 AT TF T, Lords j watch #1  watch #2 J, Call Stack_
Simulation bl 0.00010650 sec [Li27 C:1 b

This opens the A/D Converter Peripheral Window.

@ Open GPIO Peripheral Window
Peripherals > General Purpose 1/0 > GPIOB

a Click on the Serial Window #1’ icon
This opens a window to display messages sent to UART #1

Run Program

Run Program
Using Run Button

Blinky reads the value of a potentiometer approximately every 10 seconds. It sends this value to
UART #1 and toggles LEDs with a frequency related to it.

With the program running it is possible to examine the peripherals to confirm correct program
operation.

10



Step 3

GPIO

On a hardware target, GPIOB would be connected to LEDs, allowing the Blinky program to active the
individual LEDs. In simulation you can see this is functioning correctly with GPIOB_ODRJ[15:8]
changing in a set sequence.

General Purpose I/0 B (GPIOB) X
8

Floating Input
FB1 Floating Input
FB.2  Floating Input
PB.3  Floating Input
PB4 Floating Input
PB5  Floating Input
PB.6  Floating Input

PE.7  Floating Inpul v
Selected Port Pin Configuration

MODE: [0 Input | CNF:[1: Floating Input =]
Configuration & Made Settings

GPIDB_CRH: |0x33333333 GPIOB_CRL: |0x44444444

GPIDe

GFIOE IDF: [5,00004000 Bt Crr e
GPIOB_ODR: [0x00004000 T
GPIDB_LCKR: [0+00000000 P

Fine: 00004000 TRl [T FTT T

Settings: |Clock Enatled

A/D Input

The input voltage of the A/D can be changed to any value up to its maximum. In this case the
microcontroller can convert analog inputs between 0 and 3.3V to a digital value between 0 and OxFFF.

The inputs are 5V tolerant, but analog values over 3.3V are read as OxFFF. Analog values over 5V will
result in an error message from pVision. Try it!

@ A/D Converter Peripheral Window
Enter a value of 6.0V in the ADC1_IN1 box and press TAB
pVision displays an error message

@ Enter a value of 3.0V in the ADC1_IN1 box and press TAB

Analog / Digital Converter 1 (ADC1) X
Cortrol & Status
ADCI_CR1: [1:00000100 [~ AWDEN | J4WDEN [ JDISCEM [ DISCEN [ JAUTO
ADCI_cRz [GmoiEmns | AWDSGL W OSCAN [TUEQDE [ AWDE [ EOCE
™ T5PD ™ SWSTART T JSWSTART ¥ EXTTRIG [ JEXTTRIG
ADE1SR: [0:00000010 [ ALIGH W DMA T RSTCAL [ CAL ¥ CONT
¥ ADON ¥ STAT I JSTRT [ JEOC I EOC I AWD
DUALMOD: |0: Independent ~|  exsew 7. swsTaRT ~l
DISCHUM: [0: 1 charmel | Jexrsew: |0 Timer 1 TRGO event ~|
AwWDCH; {00 Ch ADCT_IND -
Regular Sequence Sample Time Injected Sequence & Channel
Seq Num | Channel [~ SMPNum_| Sample Cycles | 4 ADC1_JSR; |0x00000000
501 Chanmel 1 SMFD 15 cpcles I [
502 Channel 0 SHPT 55,5 cycles
503 Channel 0 ShiF2 15 oycles ssarfochD -
304 Channel 0 ShF3 15 cycles -
505 Channel 0 SEd 16 oycles Jsnzjocho
506 Channel 0 SMPS 15 cpcles Js0zfocho -
507 Channel 0 SMPE 15 cpcles o :
508 Chanhel 0 SMP7? 15 cpcles
s09 CharnelD SMPE 15 cpcles ~ Analog Inputs Yoltages
Selected Ch Flogula Serpience i i Zggjgi:‘z ADCT_IMG: (00000 ADCI_IM4: (00000 ADCI_IME: (00000 ADCI_IM12 |0.0000 WREFP: [3.3000
satfichl v SMPR[0 15 ciles = o
I = apci Jorral | ADCT_IET: (20000 ADCI_ING: |0.0000  ADCI_INS: (0.0000 ADCI_IN13:|0.0000 WREFM: |0.0000
ADC1_JOFR4:
#DEL SQR1| 00000000 £EEL S HERE1000000000 - ADCY_INZ: 00000 ADCT_IME: |0.0000 ADCT_|N10:|0.0000  ADCT_IN14: |0.0000 YTEMPT: |3.2000
LT1 ~] conversions | | ADCT_sMPR2: [oxoo000028 L
ADC1_53R2 Groce000mn T e ADC1_IN3:|0.0000  ADC1_IN7: |0.0000 ADC1_IM11:|0.0000 ADCIT_IN15: |0.0000 WREFINT: |3.3000
ADC1_S0R3 [0x00000001 ADC1_DFR: [0-00000E 88 ADC1_JDRZ
Walchdog beshold spciiorzfl Settings: |C|ock Enabled, ADCCLE: 18.00 MHz, Converting channel: 1
ADC1_HTR: ‘EleIEII]EIEIEIl]EI ADC1_LTR: |0x00000000 ADC1_JDR4
Analog Inputs Voltages
ADEING: {00000 ADCI_INA:[0.0000  ADCI_ING 00000 ADCI_IN1Z [0.0000 VREFP: [3.3000
ADC1INY:[3.0000 ADCI_ING[0.0000 ADCTINS:[00000 ADCI_IN13:[0.0000 WREFN: [0.0000
ADCT_INZ: (00000 ADCT_INE:|0.0000 ADC1_IM10: /00000 ADCI_IN14: |0.0000 YTEMP1: [3.3000
ADCT_ING [0.0000 ADC1_INF:[0.0000 ADC1IN11:00000 ADCI_INTS: [0.0000 VREFINT: [2.3000
Settings: ‘E\ntk Enabled. ADCCLK: 18.00 MHz. Corwverting channel 1

The next AD value displayed in the UART #1 window changes to OxOESB.
In the GPIOB window you can see how the speed at which the outputs toggle has been reduced.
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Step 3

Logic Analyzer

pVision includes a logic analyzer window which enables you to examine and manipulate peripherals in

a visual, interactive manner.

Open Symbol Window using

IS Expand ‘Simulator VTREG’

Open Logic Analyzer Window

Drag and drop ADC1_IN1 and PORTB from Symbol Window

N7 Blinky - pVision3

File Edit Miew Project Debug Flash Peripherals Tools SVCS Window Help

-1 Logic Analyzer

| Min Time: Max Time:

AsH@ tE : ¢ % % ¥ -1[a]
wlEenrel s aEvEEsmBERT >

| Project Workspace ax

Register

Range

|
@
5]

& (@ k) e m

Gid | Zoom | Code: | Selup

Auto

g

=.. | Qe [*pr. [
Symbols “x|
Mask: [* I~ Case Sensiive

Name:

ADCT_INTT
ADCT_IN12
ADCT_INTZ
ADCT_INT4
ADC1_INTS float
ADCT_INZ
ADCT_ING
ADCT_ING
ADCI_ING
ADC1_ING float

Setup .| Export .|| [0:106500 me (0106500 ms | 20,00000 m |1.000000 e | In | Out| A1 <ol Show

20.00000 ms|
|

A
10.00000 ms

CTCLLLELTCTLTTD

ADCT_INF

o | & veRT#1 BR LogicAnal

> :_j

| AS2IGN BreakDisable BreakEnable BreakKill Breaklist BreakSet |,
3

put

Hame Value

< |||

T DT e command frranees 7 L]

out

Ready

| [istches « x

in} I kot
e Tyrocals f wiatch #1 } wtch #2 ) Callstack [

Simulation b1 000010650 sec | MM [ Ry

B

The Logic Analyzer shows the voltage on ADC1_IN1

and the digital value of GPIOB.

Blinky toggles the LEDs connected to GPIOB at a frequency determined by the level of ADC1_IN1.

Select the A/D Converter 1 Window
Change ADC1_IN1 value to

)

1.0 and press TAB

In the logic analyzer window you will see ADC1_IN1 decrease to 1.0V and following a short delay, the

frequency of PORTB reduces.

Select the Logic Analyzer Window

Use the Zoom buttons to focus on the right side of the window

K7 Blinky - pVision3 - [Logic Analyzer] [[=11E3]
M¥cie £dt view Project Debug Flash Peripherals Took SwCS Window Help _ = _X_j
CEl- - W (g & o 17
B EOnTe | e aFvBeelEET >

[Project Workspace. == | MinTme:  MaxTime:  Range:  Gid | Z | Code: | Setup Min/Mar
Register | value |2 | Setup . | Evport | [0138385 me | B53343 5 | G00G0OD s | 0.25000S [n] ow s - au || il | Urda
| = Core = =
| | H H T i i T H T H p—— H H i T

RO 0-00000034 | & N

L I TT— | || : I

S =5 =i T x H H
J‘:"" We. [*or. (=1 1) | ! | ! K
(= ! N i
Symbils = - 1
Mask: " I Lase Sensiive OWFFFF—
Name | Address j Type [ 4] L ! !
@ DsC32 ulong = i :
L@ POLKT ulong = ] ;
- POLK2 ulong : : :
4 FORTA ushort NG e ” Al o L
-9 Fooly et | AR 1.500000 5 4000000 5 6.500000 5
- @ PORTC ushort |
- @ PORTD ushort &l | x
- RTCCOLK ulong S =
T o el | Blinkyc |8 UART#1 B8 Logicdnal..

x A35IGN BreakDissble BreakEnable BreakKill BreakList Breakdet = "‘1 Mame Walue —_
gl ] ]+ Buld A command A Findin Files [« v = [T Locals b watch #1 4 watch #2 | Call Stack.

Bl Hilhy, praes b g |t1: 6.53334907 sec | In 2
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Step 3

Analyze Performance
Whilst running the program in simulation you are able to optimize its performance by using the

pVision’s Trace and Profiling tools.

Open Performance Analyzer Window
Double-click Blinky to show running processes

iz Blinky - pVision3 - [Performance Analyzer]

rﬁ\e Edit Miew Project Debug Flash Peripherals Tools SY¥CS Window Help

EEX
=1=lx

For Help, press F1

Simulation

gz B =l[#] @ & 4o 17
EEOBREU e AR vEEEEER D »
Project Workspace = * | || ModulerFunction | calls | Time{Seq) | Time(z]
Register |~ = Binks 10337s 100
=~ Core — + 321 O_dma 13986 ps 0z |
. RO + - Fietarget S58.056ps Oz |
“ Rl #1321 0_usart 17.778 ps oz |
- R2 e stmd2 On_ro E.436 ps (1= |
i i~ R3 - + - stm32f10x_gpio N.7E0ps (02 |
B = - e 32 De_ade 2069ps (0% |
Fies  ERegs | Y6 | * . | Bre. - LCD_abit %m0z |
= - shm32A1 0_systick, 0542 pe oz |
Symbols - - Serial 54 p o ] 1
Mask:  |" I Case Sensitive = Blinky 32 JUiEY E——— |
 mein 1 03 o
Mare | dddiess | Type [+ B e 19 0% |
~ @ MCO uleng - IRE 1084ms (0% |
@ 0sC ulong - S TMIZF O nogps 0% |
- 05C32 ulang I T =
- @ PCLK1 ulong
@ FCLK2 dong |
- ¢ PORTA ushirt [T |
- @ FORTE kot Show: |Modules - Sort descending ] Fleset
@ PORTC ushort
| - @ PORTD ushott - Blinky.c | UART#1 [ Pedomanc..
i |
‘g: AZSIGN BreakDisable BreakEnable BreskKill BreakList BreakBet BreskiAccess COVERAGE DEFINE DIR Display Enter
21T Build ,Command { Findn Files 1L | »

|k1: 10,35765126 sec |

By doubile clicking ‘main’ you go to the code view for this function, allowing easy editing and

optimization.

When running Blinky the microcontroller spends most of the time in an infinite loop in main(), waiting
for the interrupt service routine to update the value read from ADC1_IN1.
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Step 4

Step 4: Flash Download and Final Testing in Target

0 @ Halt Program
Move to Build View by clicking ‘Start/Stop Debug Session’ icon

Hardware Setup

Connect a USB cable from your computer to the MCBSTM32 board
Connect a USB cable from your computer to ULINK2
Connect ULINK2 to the 20-pin JTAG connector on the board

h—— 1 —

[——

Potentiometer

LED bar

E 3 %

SIKEIL  ULINK2

S e iy

Project Target
v. Select the STM32 Trace C project target
o
Ele Edit View Project Debug Flash Peripherals Tools SWCS Window Help
e = R- RNy & i Jwl# @ & a BE
& [F 9 4¢[STM32 Trace C e
Project Workspace Simulator
=320 STM3R Trace C STM32 Flash s ! Yauldd =
=2 Startup Code STM32 RAM T (" www.keil.com ") "
STM3FLOx.s | STM32 Trace A
-5 Inkerrupts race B 0; i < 10000000; i++): S# Wait for in
- [#] IRQ.c aLe
-5 Retarget 46 while (1} { /% Loop Fforeve
+ Retarget.c 47 AD_walue = ADC ConvertedValue; /#* Read AD val
=25 Source Code 48 LD_scaled = AD_wvalue / 52} A* AD walue sc
[+ Setup.c 49 if (AD scaled !'= AD_scaled ex) { F# IF pew AD ¥
o G el - cn AT st me o an mmeaean

The STM32 Trace C target’s build and debug options are pre-configured for program execution from
internal Flash with trace enabled.

Rebuild Program and Download to Flash

Rebuild Project using ‘Rebuild all Target Files’ button.

The example project builds without errors or warnings.

LOAD Download program to Device Flash
s Click ‘Load’ button

The program will download to the on-chip Flash within a few seconds, yVision will confirm that it has
loaded correctly.
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Step 4

Debug your Program on the Target Board

@ Start Debug Session by clicking ‘Start/Stop Debug Session’ icon

The processor executes the start-up code and stops at main() under control from uVision.

When connected to the STM32 microcontroller pVision can read and write variables in memory while

the processor is running. This is done in hardware, so the microcontroller does not need to run a
debug agent application in the background.

@ Click on the ‘Watch and Call Stack Window” icon

Click on the Watch #1 Tab of the watch window
Click on the first entry, press F2 and write AD_DbgVal
Click on the second entry, press F2 and write GPIOB_ODR

K Blinky - pVi

| Register

[Project Workspace

isiond

File Edit Wew Project Debug Flash Perpherals Tools S¥CS Window Help

EEg T T e ~] #h o4 w & @ (EBE o e m

mEOBBPOHUG

[Ex |

| value

= Core

28
23
30

26 =
27 lint main (veid) {

3

extern void SetupUART iroid) ;

extern unsigned short int ADC_ConvertedvValue;
extern unsigned char Clockis;
int 4D DhgVal:

int i:

int AD valus:

int AD scaled ex = -1:
int AD scaled;

E. e (M B Bbstract it Binkpe | 1T Viewer | BB Logic Anal..

_WDWORD {OxEQO42004, 0x00000027) >

DebugSetup () ;

=y <o0l.12> DBG_TIM3_STOP <i» Timer 3 Stopped when Core is hs,j %

‘|¢¢  <oi.13>  DBG_TIN4_STOP <i> Timer 4 Stopped when Core is hal |4

/¢ <01.14>  DBG_CEN_STOP <i> CAN Stopped when Core is halred <
™~

/¢ DEGHCU_CR

/4 Debugger Setup

Name
"AD_DbaVal
- GPIDB_ODA

B <tyo= 25 st

>

ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet

Output Window

Far Help, press F1

T TP Buld_ Command f FindinFies |

iskches

|« =

C[ATPTHT Locals j watch #1 f watch#z }, cal Stack [

ULIMK Corbesx Debugger [k1: 0.00000939 sec  L:27 Cil i (MU 2

AD_DbgVal is a variable in Blinky.c that contains the potentiometer value read from the A/D

Converter.

GPIOB_ODR is the output port that drives the LED bar. The LEDs are driven by bits [15:8] of

GPIOB_ODR.

Run Program
Using Run Button

The value of variable AD_DbgVal changes as you rotate the potentiometer. The value of GPIOB_ODR
changes all the time as the LEDs are updated by the software.

)

In the Watch #1 window click on the value of GPIOB_ODR
Press F2 and write a new value 0x0000FF10

When you update GPIOB_ODR the microcontroller flashes the 8 LEDs for an instant before the

running software overwrites the value of GPIOB_ODR.
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Step 4

Trace Data Accesses

Trace allows customers to record exceptions and accesses to memory, sample the program counter,

and count processor events. All this is done while the processor is running, so it is not intrusive.

Open a Trace Records Window
Peripherals > Trace > Records

)

Kz Blinky - pV¥ision3 - [C:\Keil\ARM\Boarnds\KeillMCBSTM 3 2\DemolBlinky.c]
Bl Fie Edt View Project Debug Flash |Peripherals| Tooks SYC5 Window Help _l=|x
= 2% ResetCpU T
G- N - el <] b o | & [@EE o e m
HIEO B PEU|>E Core Peripherals | B 2
Project Workspace Power, Reset. and Clock Control j
Feqister ‘Va\ue APE Bridges » thar Clockls;
= Core DM
"I BKP
General Purpose [jO 4
External Inkerrupts
Watchdog 4
feal-Time Clock a.
Timers »
USARTs 4
Pl 4
12C Interfaces »
0x00000000
£ = can ’
AJD Converters 4
Trace Records | Lt
o Target Settings Exceptions v
- System o i | e Counters
= Intemnal 44 for (i = 0; i TTTIOOOOOOOUTTEG) A* Wait For initiel display *7
Made Thread 43 . |
- Privilege Privileged < |l - T ) el o e |
B. E. Qs % R Blirkpe | (TM Viewer | B8 Logio Anal. .|
*|A33IGH BreakDisahle BreakEnsble BreakKill BreakList Break3et | Hame [ alue =
o 2 ) =
sl [/}, Buid ), Command £ Findin Files f |K r =[] Locals ) wakch g1 f watch #2 ), Call Stack [
Trace: Communication Error ~ [ULINK Cortex Debugger bl 000000551 sec HUL

The trace records window shows the data trace: processor accesses to external memory. It includes
the address of the variable in memory, the type of access (read or write), the data read or written and

the time when the access happened.

Trace Records | |

[iata ‘wiite
Data Read

00000005H
Data wiite 20000004H 00000006H
Data Read 20000004H 0000000EH
D ata wirite 20000004H 00000007H
Data Read 20000004H 00000007H
Data'white 20000004H 00000003H
Data Read 20000004H 00000003H
D ata wihite: 20000004H 00000003H
Data Read 20000004H 000000034
Data 'wihite 20000004H 00000002H

L O e 4

Type | 0f | furn | Addresz | Diata | PC | Dy | Cucles | Time{z]

Data Read 20000004H 00000000H 709353 0.00985268
D ata WWrite 20000004H 00000001H H 710603 0.00336343
[ata Read 20000004H 00000001H 1423401 0.019285279
D ata ‘write 20000004H 00000002H X 1430609 0.01986957
Data Read 20000004H 00000002H 2145409 0.029852390
D ata white 20000004H 000000034 ® 2150615 0.02926365
[ata Read 20000004H 00000003H 2669417 0.03585301
D ata ‘Wiite 20000004H 00000004H bt 2870621 0.03986974
[ ata Read 000000044 3583425 0.04335312

4310633 0.05386330
5023441 006325335
5030639 0.06386333
5743449 0.07385346
5750645 007357007
E463457 0.08385357
E470E51 0.08387015
7183465 0.09335368
7190657 0.09937024

(<]

-

Ll

Select the Logic Analyzer Window

The window shows a trace of variable AD_DbgVal. As you turn the potentiometer the processor
updates this variable in memory and the value of the variable is displayed in the Logic Analyzer

Window.
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Step 4

4+ Logic Analyzer,

Min Time: Max Time: Range:

Giid: Zoorm:

Code: Setup Minddax:

O4FFF—

gv'al

AD_Db

D_
100—

WROMSpeTick_Handlerticks

B i
-
28.00000

Setup .| Expart .. 00s 4357838 ¢ | 20.00000 ¢

1.000000 5

Anfod al ool son] oo | e

SR R
48.00000 5
| =

Display Instrumentation Trace

@ Select the ITM Viewer Window

In the “STM32 Trace C” target the printf function is redirected to the Instrumentation Trace Macrocell

(ITM).

= |TM Viewer

AD walues = OxO02A4R
AD walue = OxO02A4R
AD walue = Ox02A4R
LD walue = Ox02ZAR
AD walue = OxOZAE
AD walus = Ox0A4BS
AD walues = 0Ox08533
LD walue = Ox0000
LD walue = Ox0000

B[(=1[E3

This allows the processor to print data in the ITM Viewer Window in real time, without stopping
program execution and without requiring the use of communication ports such as UARTSs.

Congratulations!

You have created a new embedded application, verified it in simulation and on a target device in just

4 Steps.
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