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Programmazione Microcontrollori

Cosa Serve

« PC with Windows (XP / Vista/7/8/...)
* Development board (STM32-XX Discovery)
 MINI USB cable

e Keil uVision IDE for ARM
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Keil uVision IDE for ARM

eDownload the product from:

http://www.keil.com/arm/mdk.asp

eRun the downloaded executable

eFollow the instructions displayed by the
SETUP program

eInstall ST-Link Driver and update ST-Link
Firmware
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Keil uVision IDE for ARM

The MDK-ARM is a complete software development environment for
Cortex™-M, Cortex-R4, ARM7™ and ARM9™ processor-based devices. MDK-
ARM is specifically designed for microcontroller applications, it is easy to

learn and use, yet powerful enough for the most demanding embedded
applications.

/C++ - pVision
ARM C/C CDr‘an ler Project Manager, Editor & Debugger

RTX Real-Time Operating System

CAN Interface

USB Host USB Device

TCP/IP Networking Suite GUI Library

Progettazione Sistemi Elettronici
04/04/2014 2013/2014



Keil uVision IDE for ARM

File Edit View Project Flash Debug

Peripherals  Tools SVCS  Window  Help
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Project n @ e v x
=551 10_Toggle 1E/ " E
system_stm32fxc.c 3 * Bfile
8] meinc 1 * gautnor |
[ stm32fbog it.c 2 * Spsraaon 3
P L] * @date
o TIME S Doy 7 * @borief Main program body
[§] stm324_discovery.c 8 B
.23 STM32F4 StdPeriph Driver o * @attention
[$ stm32fdio_rcc.c 10 *
[33 misc.c L #
[5] stm32fdo_gpio.c 12 =
8] stm32fdoc_exti.c 13 -
5] stm326dsec_syscfg.c i:
25 MDK-ARM = N
[37 stertup_stm32fdcs 17 -
18 * <h2y<center>acopy; 11 5TMicroelectronics</centers</h
1
20 7
.
FILE BROWSER : ;= EDITOR
23 ude "stm32f4_discove: L
24 -
25 []/** @addtogroup STM32F4_Discow: xamples
26 * et B
27 ' 4
28
29 [/** @addtogroup I
30 * 81
33 ' 4
32 -
Project | €3 & <[ m ’
Build Output 1

compiling misc.c...
compiling stm32fdxx gpio.c...
compiling Stm32f4xx_exti.c.

linking
Program Size: Code=700 RO-dart,

«

compiling stm32£4xx syscig.c...
assembling startup_stm32f4xx.s.

OUTPUT WINDOWS

424 RW-data=g ZI-data=1024
".\IO_Toggle\IO Toggle.axf” - 0 Error(s), O Warning(s).

b
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ST-Link (Deprecated Version)
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Keil uVision IDE for ARM

DAALG-2014%Ferrarah Discovenyh stsw-stm3,
File Edit WView Project Flash Debug

S d | B9 |
& [E ¥% | oiscover
Project o @
=32 DISCOVER

23 CMSIS

system_stm32f1
core_cm3.c
=-£5 MDK-ARM

. startup_stm32f10x_
=45 StdPeriph_Driver
strn32f10x_pwr.c
stm32f10%_rce.c
misc.c

- (] stm32f10x_exti.c
stm32f10x_gpio.c
B2 5TM32vidiscovery

g5 User
- [#] stm32f10x it.c
main.c
-5 Doc

STM32vidiscovery.c

my

—

[ ﬂ Project] @E-:n-:nl': {} Func... [].,Temp...

Find Tn Filac
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Core library CMSIS and MDK-ARM
(startup and system)

ST StdPeriph_Driver library (on-chip
devices init and use)

Discovery Library (on-board devices
init and use)

\ User code (main and all the

application code)
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PROGRAMMING

DUE OPZIONI:

-USB / UART / ... connection in
bootloader mode

-JTAG and programmer to write flash
memory

ELF/BIN/HEX USB/UART/ ... » Bootloader Flas

M— - = j -
Togramner '
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DEBUGGING

Build

Target board
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DEBUGGING

Donwload code to device
and start debugging

e,

o
.

o
-
i

Reset device
ima Filip pot Drophood Micred LabtLab & nchstm3 2vidisooeny_ Examples and mmij:cﬁTem\EﬂQ-nmﬁmﬁﬂ'ﬁﬂ.umq Wiisiond.
- b

s

= - 45| [# tsme

- | P
':'{-.-'

3 = y
¢-gn,;.-;.;ﬁ

Dlikassemoly

________.:1

‘ Control execution

‘ Stop execution

"y
‘ Start execution
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DEBUGGING

DAAUG-2014\Ferrara\ Discovery\stsw-stm32078\an3268\stm32vidiscovery_package\Project\Demo\MDK- ARMADISCOVER. uvproj - pVisiond
File Edit View Project Flash Debug SVCS  Window Help

Peripherals Tools

ARM Internal register :

{

/* Enable
ockCmd (RCC_APB1Periph PWR, ENASBLE),

NE - ﬂ‘ CalE L75| ) 4 | T ) ‘ £ ,‘}’:| [# TimingDelay_Decrement [v] =, d"|
FmEe s ol CH- - | -
Registers n Disassembly LN
Register | Value L RCC_APB1PeriphClockCmd (RCC_RPE1Periph PWR, ENABLE): -
4 54:
D /* Initialise LEDs LD3&LD4, both off */ - -
el Disassembly window -
0x0D80005F6 0708 L5LS ro,rl,#$28 |
Ox080005F8 FTFFFEAA BL.W RCC APEl1PeriphClockCmd (0Ox08000350) i
™= v
STM32vidiscovery.c D STM32vidiscovery.h stm32f10_it.c startup_stm32f10x_md_vl.s v X
47 * @retval None B
48 */
29
50 int main(void)

Current instruction location

o4
55 /* Initialise LEDs LD3&LD4, both off */
Sta tl I s h 56 S5TM32vldiscovery LEDInit (LED3):
o2 SIM32vldiscovery LEDInit (LED%);
58
aysiem 2
- Faemd 59 STM32vldiscovery LEDOLL (LED3);
&0 S5TM32vldiscovery LEDCOLE (LED4):
- Mode Thread €1 =
:?:C‘EDE :,‘”S"gaged 62 | /* Initialise USER Button */
States 2672 63 5IM32vldiscovery PEInit (BUTTON_USER, BUTTON_MODE_GPIO):
00046720 64
== 0 65 /* Setup SvsTick Timer for 1 msec interrupts */ =
ot | = Registers | | +
Command 3 [B Ccall Stack ~ Locals 1B
Load "D:\\AUG-2014\\Ferrara\\Discovery\\stsw-stm32078\\an3268\\stm32vldiscavery_pat + | nName Location/Value Type
% main 0x080005F4 int f()

«|

] r

>

ASSIGH BreakDisable BreakEnable BreakKill BreakList BreakSet Breakhccess COVERAGE

Memory 1

l & Call Stack + Locals
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DEBUGGING

ChUsers\Casamassima Filippet\Dropbox\Micrel Lab\LabArch\stm32vidiscovery_Examples and template\Project\Template\MDK-ARM\DISCCVEF

Eile Edit Miew Project  Flash Debug  Peripherals Tools S5WVCS  Window  Help

DS @] 2 B9 o || mnmn| == @ em = 2 @)
%IDI@W{?*{} >y HReEEA-[)2-2- @ @-| -

Registers n Disassembly
int main{void)
. . f
Step: executes next instruction ulé count = 0;
u3Zz b = 0;
int ¢ =0;

C—> ¢ = SumValuess (5, 18);
/* main while +*/
while (1)
{

COUntT++;
| if (count==10000}
I b++:

}

SunValues(int addl, int add:z){

“'_ volatile int sum result = 0;
sum_result = addl + add:2;
return sum result;

1

rFrougycuLiaZiviic oisieilil cieLul vl
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DEBUGGING

ChlUsers\Casamassima Filippo\Dropbox\Micrel Lab\LabArch\stm32vidiscovery_Examples and template\Project\Template\MDK-ARM\DISCCVER
—

Eile Edit View Project Flash Debwg Peripherals Tools SVCS  Window  Help
JL':%‘EI@I B[ |- |mnn "-|:f:fv_ff|@fsmc EREERAEY

> E@eEDA-C

Registers o [ Disassembly

int main (void)
{
uleé count = 0;
w32 b= 0:
Intico=0g
//-|::> c = SumValues (5, 18):
/* main while */
k\_ while (1)
{

Step Over: executes next line

countc++;
if ({count==10000})
b++:

}
SumValues (int addl, int addZ) {
volatile int sum result = 0O;

sum result = addl + addi;
return sum result;
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DEBUGGING

ChUsers\Casamassima Filippot\Dropbox\Micrel Lab\LabArchstm32vidiscovery_Examples and template\Project\Template\MDK-ARNM\DISCCVEF

Eile Edit Niew Project Flash Debwg Peripherals Tools SVCS  Window Help
DS @ & B[99 o || BB NN FFE G B e~ EERIEN
.ﬁﬁl EM:Z?ITH ﬁ*::)*{] ¥ l!ﬂﬂﬁ!_ﬁil%il!!gﬂ o |

Ragisters n Disassembly

I int main (void)
Step Out: Exit from the {uJ_E count = 0;
current function o

int o =0;
c = SumValues (5, 18);

f* main while */

while (1)

i
count++;
J if (count==10000)
f b+
}

b

SumValues (int addl, int addz) {
- volatile int sum result = 0;
sum _result = addl + add?2;
return sum result;
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EXAMPLES: led

The STM32 is well served with general purpose 10 pins, having
up to 80 bidirectional 10 pins. The 1O pins are arranged as five
ports each having 16 10 lines.

—1 cn&-&u PCLKZ2 — : Stendzy I
Intartace -

gat = 1.8Vt 3.6V

!
L |I

05532 N
QECA2_0OUT

TAM PER-ATC
[ALARM OUT)

] =] ﬁ
Em
]
l“-‘
I
M HE, rmt 24 hHz
Bai
=
d
=

4 channels:
as AF
4 channels:

- AHB2 AHE2
—; = APEZ2 APS1

PO[E0) T2 GPID portD

PEHED] LELN e porte (T @‘Ch {\‘ b :ﬁc:;nea
2 channals, 1 comgl = =
channel and BKING —— > TIMIS By ﬁ} = FOCTX, CT=, ATS,
B3 AF g CKlas:'.F I
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EXAMPLES: led — come usare i
GPIO

Which bus GPIOs are connected to?

=GPIO ports are always on the APB2 bus

Which port are we going to use?
= Green LED is connected to the I/0O Port C of STM32F100RB

= Blue LED is connected to the I/O Port C of STM32F100RB
Which PINs the LEDs are connected to?

= Green LED is connected to the pin 9 of Port C

= Blue LED is connected to the pin 8 of Port C
What do | need to do with this GPIO? (input, output, ...)

=| need to write (output)
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EXAMPLES: led — Informazioni sulle
connessioni

= The datasheet contains all the information we need

=| ook at the UM0919 User Manual

https://www1.elfa.se/datal/wwwroot/assets/datasheets/STM32_discovery
_eng_manual.pdf
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EXAMPLES: led - Accensione

We need to enable the High Speed APB (APB2) peripheral.

= void RCC_APB2PeriphClockCmd(uint32_t RCC_APB2Periph,
FunctionalState NewState);

(Look at: stm32f10x_rcc.c)
We need to configure the GPIO Port

= Fill up a GPIO_InitTypeDef structure (Look at:
stm32f10x_gpio.h)

=Init the GPIO Port with void GPIO_Init(GPIO_TypeDef*
GPIOx, GPIO_InitTypeDef* GPIO_InitStruct);

(Look at: stm32f10x_gpio.c)
Turn ON the LED (Look at :stm32f10x_gpio.c)
=void GPIO_SetBits(GPIO_TypeDef* GPIOX, uint16_t GPIO_Pin)
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EXAMPLES: led

main.c (green LED)

#include "stm32f10x.h"

#include "stm32f10x_conf.h" —| must include stm32f10x_gpio.h |

int main{void)

GPIC_InitTypeDef GPIO_InitStructure;

/* Enable the GPIO_LED Clock */
RCC_APB2PeriphClockCmd({RCC_APB2Periph_GPIOC, ENABLE): Enable APB2 bus Port C |

I* Configure the GPIO_LED pin */

GPIO_InitStructure GPIO_Pin = GPIO_Pin_9- . .
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_Out_PP: ‘4{ Configuration for Pin 9 Port C as 0U1pUt|

GPIO_InitStructure GPIO_Speed = GPIO_Speed_S0MHZ;
GPIO_Init(GPIOC, &GPIO_InitStructure);

™ Turn OM = W . n
GPIO_SetBits(GPIOC, GPIO_Pin_9); | And Ilght was made |

while{1);
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SYSTick

SysTick is used to schedule periodic events

When the SysTick expires an IRQhandler is called

How can | use SysTick?
We need to setup the SysTick (Look at core_cm3.h)
mstatic _ INLINE uint32_t SysTick_Config(uint32_t ticks)

ticks: the number of ticks between two interrupts

= SystemCoreClock is the number of ticks in 1 sec
We need to setup the callback (Interrupt Service Routine)

=The ISR is always define in stm32f10x_it.c

= The name of the ISR for SysTick is void SysTick_Handler (void)
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SYSTick

main.c

#include "stm32f10x.h"
#include "stm32f10x_conf.h"

int main(void)

{
if (SysTick_Config{SystemCoreClock [ 1000}  {
/* Capture error *f
wihile (1);
1

while (1);
}

stm32f10x_it.c

woid SysTick_Handler{void
/* Here goes the code to periodically execute *f}

Progettazione Sistemi Elettronici

04/04/2014 2013/2014

ISR executed every 1 ms




