ERZEKELOK ES' BEAVATKOZOKI:
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Dr. Soumelidis Alexandros
2020.10.22.
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Mivel foglalkozunk?

A beagyazott szamitastechnika ‘1_1’

alkalmazasa mechatronikai oo | [ cpy | [ e :
feladatok megoldasara. )

32-bites, korszeru architekturaju, RISC mikro-
vezerlok (mikroszamitogepek) alka g

Miert ARM?

* Ma a legelterjedtebb mikroszamitogée

* Minden jelent6s félvezetogyarto ceg
mikrovezerloket - Tl, NXP, Freescale ‘Sl

« Ara Osszemérhet6 a 8-bites mlkrovezerlok aravat.
« Teljesitmenye, kepessegei messze meghaladjak a 8-bites

SIA mikrovezeérlokeét.



ARM® architekturaju processzorok

ARM - Advanced RISC Machine CI I'm

RISC - Reduced Instruction Set Computing

32 / 64 bites processzor architekturak sorozata, amelyet a
brit ARM Holdings ceg fejleszti - 1983 ota.

Az egyes architekturak licencét félvezeto gyarto cegek
megvasarolhatjak, és beéepithetik terméekeikbe

(Intellectual Property - IP). -+ Szamtalan gyarto, pl. Tl,

. . L, NXP, ST, Samsung, Toshiba,
Ma a legelterjedtebb mikrovezerlo / ] Nec, Fijitsu, stb.

mikroszamitogép architekturak. + 2017-ig =100 milliard db
. ARM processzor keszult

AN
G 3



ARM?® architektura

“Torténelmi” architekturak:
ARM1, ARM2, ARM3, ARM7, ARM 9, ARM11

Ma: ARM® Cortex® cortex = kéreg (utalas az agykéregre)

« ARM Cortex-M: kis meret, kis fogyasztas

« ARM Cortex-R: gyors reagalas, kis valaszido,
“real-time” alkalmazasokhoz

« ARM Cortex A: nagy teljesitmeny, operacios
rendszerek kiszolgalasara
 SecureCore: biztonsagi alkalmazasokhoz



ARM szoftver-fejleszteés

Cortex Microcontroller System Interface Standard

Application Code

Middleware

37 Party
CMSIS Software Pack

CMSIS-DSP B CMSIS-RTOS CMSIS-Driver

DSP Library API API

RTOS Kernel Device HAL

3rd Party Silicon Vendor

CMSIS-CORE CMSIS-SVD | CMSIS-DAP

Access Functions, SIMD Intrinsics, Peripheral & Interrupt Definitions

Cortex-M Core Peripherals Other
CPU Core SysTick Timer, NVIC, SAU, Debug & Trace Peripherals

CoreSight

Microcontroller

https://developer.arm.com/embedded/cmsis



CMSIS

CMSIS komponensek:

e CMSIS-CORE: Consistent system startup and peripheral access.
o CMSIS-RTOS: Deterministic Real-Time Software Execution.
o CMSIS-DSP: Fast implementation of digital signal processing.

o CMSIS-Driver: Generic peripheral interfaces for middleware and
application code.

o CMSIS-Pack: Easy access to reusable software components.

o CMSIS-SVD: Consistent view to device and peripherals - System View
Description format.

e CMSIS-DAP: Connectivity to low-cost evaluation hardware - Debug

Access Port.
CMSIS

COMPLIANT

ARM* Cortex” Microcomtrobber
Software Inforface Standard



STM32 ARM® Cortex®

Az ST Microelectronics ARM Cortex mikro- ‘_
vezerloivel foglalkozunk részletesebben. m@.ozmeéd

ST Microelectronics: Europai (francia-olasz alapitast) multinacionalis
cég, elektronika- és félvezeto gyarto.

Miért ezt valasztottuk? (mas elényei mellett)

Barki szamara elérhetd, jol hasznalhaté = |-
HW/SW fejleszto- és prototyping eszkozok. ~T-T-T-T-

Initialization code

Embedded software for STM32
Exa imples and demos
\ddieware com pov\en

mmmmmmmmmm
S]KEIL
Tools by AR

SYSTEMS =




STM32 ARM® Cortex®

High performance

Mainstream

Automotive

STM32 H7

STM32 F7
ARM® Cortex®
STM32 F4

STM32 F2 MO
MO+
M3
M4
M7

STM32 F3
STM32 F1
STM32 FO

§ SPC56 Power
; Architecture® €200z

32-bit 32-bit



Ay

STM32 ARM® Cortex®

FO
F1

F2
F3
F4
F7
H7

LO
L1
L4

ARM® Cortex®-MO - 48 MHz

ARM® Cortex®-M3 (DSP + FPU) - 72 MHz

ARM® Cortex®-M3 - 120 MHz

ARM® Cortex®-M4 (DSP + FPU) - 72 MHz

ARM® Cortex®-M4 (DSP + FPU) - max. 180 MHz
ARM® Cortex®-M7 (FPU) - 216 MHz

ARM® Cortex®-M7 (FPU64) - 400 MHz

ARM® Cortex®-M0+ low power - 32 MHz
ARM® Cortex®-M3 low power - 32 MHz
ARM® Cortex®-M4 (DSP + FPU) low power - 80 MHz

FPU - Floating Point Unit - lebegbpontos aritmetika
DSP - Digital Signal Processing - digitalis jelfeldolgozasi tamogatas



STM32 System Workbench

Ingyenes szoftver fejlesztési kornyezet, Eclipse alapu, C/C++ prog. nyelv acs

© SWASTM32 - Debug - Eclipse - EAST\en.stm32cubef4\STM32Cube_FW_F4_V1.16.0\Projects\STM32F401RE-Nucleo\Examples\GPIO\GPIO_|OToggle\SWASTM32
File Edit Source Refactor Navigate Search Project Run Window Help

5 : = : : 5 d = Lo : H ]
R @S ;I8N RRPIRHFE-0-Q-IOE £~ AR SRR Ao R |Quick Access] || g5 | BB (3]
[ Project Explorer 52 “ = B | [g mainc 2 = B Z= Outline 2 = m|
@fﬂ’o’ - 628 /** A lazg\s.gﬂég -
63 * @brief Main program & 3
* = mainh
64 @param None s g .
> 65 * @retval None ® ° GPIO_InitStruct : GPIO_InitTypeDef
> Y Includes 66 xy 45 SystemClock_Config(void) : void
> (= Debug 57= int main(void) 4% Error_Handler(void) : void
> (= Doc o - @ main(void) : int
Diivers 692 /* This sample code shows how to use STM32F4xx GPIO HAL API to toggle PA@S IOs o § SystemClock_Config(void) : void
> & 7@ connected to LED2 on STM32F4xx-Nucleo board s Y S 9 =
> [rE} Example 71 in an infinite loop. @ ° Error_Handler(void) : void
[X] NUCLEO-F401RE.xml 72 To proceed, 3 steps are required: */ ,0’ assert_failed(uint8_t*, uint32_t) : vo
[T3 STM32F401VEHx_FLASH.Id 73
2 STM32F4xx-Nucleo Debug.cfg 742 /* STM32F4xx HAL library initialization:
= 75 - Configure the Flash prefetch, instruction and Data caches
76 - Configure the Systick to generate an interrupt each 1 mseg
77 - Set NVIC Group Priority to 4
78 - Global MSP (MCU Suppert Package) initialization
79 *
80 HAL_Init();
81
82 /* Configure the system clock to 84 MHz */
83 SystemClock_Config();
84
85 /* -1- Enable GPIOA Clock (to be able to program the configuration registers) */
86 _ HAL_RCC_GPIOA CLK_ENABLE();
87
88= /* -2- Configure PA@5 IO in output push-pull mode to
89 drive external LED */
9@ GPIO InitStruct.Pin = GPIO PIN 5: X
< > < >
B) Console £2 7| Tasks [®] Problems () Executables 3 ﬁ‘%l EBBE = @| mEB-ty= 0
CDT Build Console [STM32F4xx-Nucleo]
e e e e
make all e}
make: Nothing to be done for “all'.
16:59:06 Build Finished (took 298ms)
v

(www.openstm32.org)
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STM32 System Workbench

Hogyan juthatunk hozza?

€ OpenSTM32 Community Site | F X

+

& - C @& openstm32org/HomePage

Search:

Find

in Entire Site v

o I

O Advanced

Menu =

Home

System Workbench for
STM32

Contact Us

My user details
My login details
Wiki ~

Blogs ~
Forums v

File Galleries »

CAGS. — T
https://www.openstm32.org/System%2BWorkbench%2Bfor7%2BSTM32 [l

~ Blogs~ FAQs~ Forums Documentation ~  Service ~

SW4STM32 and SWA4Linux fully supports the STM32MP1 asymmetric multicore Cortex/A7+M4 MPUs

-

With System Workbench for Linux, Embedded Linux on the STM32MP1 family of MPUs from ST was never as simple to build and
maintain, even for newcomers in the Linux world.
And, if you install System Workbench for Linux in System Workbench for STM32 you can seamlessly develop and debug asymmetric
applications running partly on Linux, partly on the Cortex-M4.
You can get more information from the ac6-iools website and download two short videos (registration required) highlighting:

« Motor control by gestures (image processing on Cortex-A7/Linux, real-time on bare metal Cortex-M4).

« Simultaneous debug of Linux and bare-metal applications.

« You can also view the recording of the System Workbench for Linux on the STM32MP1 SoC webinar.

IN]

<
w

Location : OpenSTM32 Community Site » HomePage HomePage

HomePage

Welcome to the STM32 Community

<

Welcome to the STM32 Community site, developped and managed by Ac6 » in partnership with ST Microelectronics > . The goal of this site is to create
a knowledge hub for everyone who is interested in building STM32-based embedded systems to participate and collaborate together.

hin i alon tha nlnca to

find

fem Workhench for STI32" the free Intearated Develonment Fnvironment for STM32 micronrocessors develonbed by

~

Newest Forum Posts

. Conditon watchpoint

not work by
egan.fryazino@gmail
com, 2020-10-20
20:37

. Package gksu is

missing while installing
System Workbench on
Ubuntu 18.04 by
rakshita10@, 2020-
10-10 09:09

. recipe for target

'Middlewares/USBH_L
ibrary/Core/usbh_core
o' failed by siranjeevi,
2020-10-07 11:53
Eclipse CDT
nullpointerException
compiling by
keithsw1111, 2020-10-
02 09:20

Eclipse CDT
nullpointerException
compiling by

Keihsw1111, 2020-10-

www.openstm32.org

* Installalas tetszbleges szamu gépre
« Automatikusan jelentkezo update-ek

* Ingyenes regisztracio utan letolthetd Setup program

11


http://www.openstm32.org/

STM32Cube

User
application

Application level demonstrations

Middleware level'"

CMSIS

Utilities

HAL and LL APIs

Board Support Package (BSP) Low-layer APIs (LL) AL abs(t;a::;on L)

(1) The set of middleware components depends on the product Series.

MS44715V2

« HAL: Hardware Abstraction Layer - a hardware komponensek egységes

kezelését megvalosito réteg

o LL: Low Layer APIs - alacsony szintl perifériakezelés egyes periferiakra

e Middleware components: RTOS, USB, TCP/IP, grafika

SIA
B/




STM32Cube

Teljes ANSI-C konformitas 6;5}
MISRA-C 2004 konformitas (MISRA - Motor Industry T
Software Reliability Association) A

GammaTech CodeSonar statikus analizis eszkozzel (SAST)
ellenorzott szoftver

@ GRAMMATECH

Eljarasok, specifikus adatszerkezetek a teljes |/0 és periféria-
rendszer kezelésére

Eljaras-konyvtarak, pl. digitalis jelfeldolgozasi (DSP) eljarasok,
grafikus eljarasok (STemWin - ST, SEGGER)

Open-source TCP/IP stack, FAT fajlrendszer

USB Host és Device konyvtar (ST)

Erintd-érzékeld kezelési eljarasok

FreeRTOS valos idejli operacios rendszer opcionalis alkalmazasa
Peldak, sablonok (template) a programiras megkonnyitésére

13



STM32Cube

Hogyan juthatunk hozza?

Letolthetd6 a www.stm.com weblaprol minden ARM Cortex-M platformra
(pl. F3, F4, stb.) - egyszeri ingyenes regisztracio szikséges hozza.

De még egyszer(ibb:

Az ST System Workbench-ben - Internet kapcsolat megléte esetén -
automatikusan letoltodnek egy legeneralt projekthez sziikséges Cube
allomanyok.

Az ST System Workbench-ben automatikusan jelentkez6 update Gtjan
juthatunk hozza a legfrissebb kiadasu Cube fajlokhoz.

Normal installacio esetén a Cube allomanyok az aktualis User konyvtaraban az
STM32Cube konyvtar alatti ,Repository’-ban talalhatok, pl.
C:\Users\<user>\STM32Cube\Repository\STM32Cube_FW_F4_V1.24.2

Ebben a konyvtarban a ,Projects’ alkonytarban talalunk

A programozasi példakat.
&S 1


http://www.stm.com/

STM32CubeMX

Konfiguracios és kodgeneralo program - ingyenes,
letoltheto a www.st.com weblaprol.

mat

am Windows

& mac0S®
s B

................. Embedded soﬂ{/vareforSTM32
Examples and demos
Middleware components
Hardware abstraction layer

Initialization code

0S* is a trademark of Apple Inc., registered in the U.S. and other countries

15
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STM32CubeMX

Megvalosithato funkciok:

A kivant mikrovezerlo platform és tipus kivalasztasa.

Konfiguralas: a mikrovezérlo kimeneti-bemeneti labai
(pin) funkcioinak beallitasa (Output, Input External
Interrupt, Peripheral).

A hasznalni kivant perifériak kivalasztasa, ki- es
bemenetekhez rendelése, paramétereik beallitasa.
Az orajel eloallitas sémajanak konfiguralasa, orajel-
forrasok, frekvenciak beallitasa.

Kodgeneralas: egy projekt eloallitasa, amely
tartalmaz minden olyan komponenst, amely a
konfiguracionak megfelelo program futasahoz
szukséges.

16



STM32CubeMX

m STM32CubeMX SensAct00.ioc: STM32F401RETx NUCLEO-F401RE

3
STM32 ﬁ i i
ChbaMX File Window Help

Clock Configuration
Additional Software

v Pinout

I : {E Pinout view

Project Manager

£ System view

SWCLK

Categories
System Core >
Analog >
Timers >
BLUE_SW
Connectivity > RCC_OSC32_IN
RCC_0SC32_0UT
Multimedia > RCC_OSC_IN
RCC_OSC_OUT
Computing >
Middleware >
VCP_TX

vss |
oo |

VCP_RX |35

STM32F401RETx
LQFP64

) vl o

GREEN_LED [30'5

SWDIO

- (] X

Loy x &/

FAD1RE SensAct00.ioc - Pinout & Configuration GENERATE CODE

@ O @ @ 4o Q[ ]

17



STM32CubeMX

m STM32CubeMX SensAct00.ioc: STM32F401RETx NUCLEO-F401RE

»
s @ i
CubeMX e

Home

Pinout & Configuration

Window Help

Clock Configuration

)

ick Issues

Tools

Input freque..
" et

s LSIRC
|

‘i;‘ RTC {KHz)

32 KHz

HSI RC

- -]1 To IWDG {KHz}

System Clock Mux

\\\
O

SYSCLK (MHz)AHB PrescalddCLK (MHz)

HULN T0 AHD DUS, core,
] 5
— /1 v To Cortex System timer (MH

FCLK Cortex clock (MHz)
APB1 Prescaler

i

PLL Source Mux

Llion

bl 14 v

{X84 v /12 v

Input fregue.. HSE
o[HSE|* @) /m
; |

1-50 MHz

N e

1
)84 [ 12 ~vl— k:c'l:':ﬁ- - 42 APB1 peripheral clocks (M|
o ~o{X2 |-# 84| APt Timer clocks iz}

APB2 Prescaler

“’L’J APB2 peripheral clocks (M
APB2 timer clocks (MHz)

> 48MHz clocks (MHz)

MainPLL | o

—E:zs clocks {MHz)

)

X

Loy < &G/

SensAct00.ioc - Clock Configuration GENERATE CODE

Project Manager

18



STM32CubeMX

[ STM32CubeMX SensAct00.ioc: STM32F401RETx NUCLEO-F4D1RE

N
s’ @ i
CubeMX i

Window Help

inout & Configurati

Clock Configuration
Additional Software

- (] X

oy < L;

Project Manager

Vv Pinout

v Advanced Parameters
Data Direction
Over Sampling

Receive and Transmit
16 Samples

USART2 Mode and Configuration {05 Pinout view == System view
Categories Mo | :
System Gore 5 Mode IAsynchronous % | <
Hardware Flow Control (RS232) [Disable v| E
Analog >
Timers *
Connectivity N BLUE_SW !
N RCC_OSC32_IN SWDIO
12¢1 RCC_0SC32_0UT
12C2 RCC_OSC_IN
12C3 RCC_OSC_OUT
SDIO
SPI
SPI2
SPI3
USART1
USART2
USARTE
Lo S : STM32F401RETx
-7 Reset Configuration LQFP64
Multimedia *
VCP_TX
Computing > o
b b
Middleware 2  Basic Parameters él ﬁl
o
Baud Rate 115200 Bits/s 9 i
w
Word Length 8 Bits (including Parity) =
Parity None
Stop Bits 1

Q|




STM32CubeMX

Hogyan juthatunk hozza?

https://www.st.com/en/development-tools/stm32cubemx.html

,Licence Agreement” elfogadasaval vagy elozoleg véghezvitt
regisztracioval ingyenesen letoltheto.

Az STM32CubeMX egy Java alapu program, futtatasahoz szikség
van egy Java futtato kornyezetre.

Letoltheto a https://www.java.com/en/ laprol.

Alternativa (Uj):
Az ST cég nagyon ajanlja a STM32CubelDE alkalmazasat, amely egyben tartalmazza a

programfejlesztési kornyezetet és a konfiguralo programot (Integrated Development
Environment).

(A jelen kurzusban - tapasztalatok hianyaban - nem ezt vessziik alapul)

20
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STM32 alapu rendszerfejlesztés

Programfejlesztés: ST System Workbench és STM32CubeMX

felhasznalasaval.

1. lépés: Konfiguralas STM32CubeMX-szel, eredményeként eloall
egy ,,ures” fejlesztési projekt.

2. lépés: Az ST System Workbench editoraval kiegészitjik a
legeneralt kezdeti kodot (main.c, main.h allomanyok),
hozzaadunk Uj forrasnyelvi fajlokat, stb.

3. lépés: leforditjuk a forrasnyelvi fajlokat és letoltésre alkalmas
binaris format allitunk elo (Build funkcio).

4. lépés: megfelelo eszkozzel letoltjlk a binaris kodot a hardver
eszkozre.

Tovabbi lépések: programfuttatas, hibakeresés, a kod modositasa,

ismételt futtatas, stb.

21



STM32 alapu rendszerfejlesztés

Programletoltés, ellenorzott programfuttatas, hibakereseés,
hibajavitas: valamilyen Debugger eszkozzel:
Az STM32 rendszerben az erre alkalmas standard eszkoz az ST-LINK.

USB interfésszel
kapcsolodik a
programfejlesztési
kornyezetet tartalmazo
PC-hez.

Az USB kommunikacio
driver-ei részét képezik
az ST System Workbench-
nek.

G 2



STM32 alapu rendszerfejlesztés

Nem sziikséges minden esetben ST-LINK debugger-t venni. Szamos
kisérleti panel (Evaluation board) integraltan tartalmazza:

Integralt ST-LINK debugger

Magaban foglal tovabba
egy USB soros profilt
megvalosito virtualis
kommunikacios vonalat
(Virtual COM Port - VCP),
amellyel konnyen
létesithetilink
informaciokapcsolatot egy
PC-vel.
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STM32 ARM® Cortex® M4

példaként az STM32F401xE e |

processzort tanulmanyozzuk

- tobb valtozatban kaphato

UFQFPN4s UFBGA100

Nucleo-64 panel
STM32F401RE
processzorral

LQFP64 tokozas
84 MHz orajel
512 kB flash, 96 kB RAM
FPU + DSP

6 16-bites Timer
2 32-bites Timer
16 12-bites ADC
50 1/0 vonal
312C, 3SPI, 2 1S
1 OTG FS USB

3 USART

1 SDIO interfész

24



STM32 ARM® Cortex® M4

STM32F401xE
- FPU Floating Point Unit
%"ﬁ%”ﬂm s cg. JTAG Joint Test Action Group
o Amafm“l‘r":: swW Serial Wi
Ru 3 erial Wire
K— :
; ETM Embedded Trace Macrocell™
oz [l |_;$ MPU Memory Protection Unit
o [ RET NVIC Nested Vectored Interrupt Controller
- — AHB Advanced High-Performance Bus
o e APB Advanced Peripheral Bus
e — B DMA Direct Memory Access
B — b amaa FIFO First-In-First-Out
S o B
ai - = RCC Reset & Clock Controller
— | PLL Phase-Locked Loop (faziszart hurok)
I it s e T T S RTC Real-Time Clock
ouncx B o0 T2 [perempeerm] [T el e WDG Watchdog
‘mq'p::m‘u“"mc:"li;: TR /P B
e PWR Power controller
FYramm—— TMZ @ R e
— :::, =) [ s : EE Eﬂ:“:.:-* - POR Power-On Reset
L e gl § 2 b PDR Power-Down Reset
R [mrrca o g e ‘4;:,5 E 3 M L, A, SMEa e A
o = : e BOR Brownout Reset
) : PVD Programmable Voltage Detector
e e CRC Cyclic Redundancy Check




STM32 ARM® Cortex® M4

STM32F401xE

PR
Py
PO g
Poyma)

PEpE

upkn BUAF

2
ML, CH = AF

& conp L chosrel x TINE_CHI] A,

TAGATW | ey
o] | wc

| R Core 4
a4

==

e
BHE b -mattx TEM

Az rﬁx

[
[ ATA | Fa

CRMOPORT A

G IOPORT B
ORID PORT C

o0 PORTD

G0 PORT E

OPI0 PORT H

EXTIT WELF

SO MMC | =

4 charnsis TINE_ CHIE SETR, Tl /PN B
BN ax AF
2 chorm o AF TG &
o ch v AF TRID e
! channalas & T M e
O, T, O 54 T [f=
TS, ATSans =1 1
X, T, OO e g e S=8
MOS0
SOK, NSS A =n
MO, W0
5K, NS m AF )
WOOEEF_ADC anwﬂ@
" ] HE=R

AFIZ 34 M

AT a2 W e

MOS0, MIACD i, SORCK
e NSNS, MK o AF

MOS0, MDDk, SOROK
— S, N A

GPIO General Purpose Input/Output

TIM Timer

SPI Serial Peripheral interface

usB Universal Serial Bus

oTG On-The-Go*

FS Universal synchronous/asynchronous receiver/transmitter
SDIO Secure Digital input/output interface
ADC Analog-to-digital converter

usB Universal Serial Bus

oTG On-The-Go

FS Full Speed

PHY Physical layer

* USB OTG periféria: HOST/DEVICE szerepet m(ikodés
kozben (on the fly) képes valtani
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STM32 ARM® Cortex® M4

Busz-matrix

ARM
Cortex-M4

DMA_MEM2

S0 ST S S3 . Sa
_4 V0] | Leiehl= o
G| Flash
m1[|PCODE] Q 512 kB
1 I I SRAM1

R | 96 Kbytes

M3 AHB I
I I | periph1 JAPB1 I
M4 AHB
Bus matrix-S

[-bus: instruction bus

D-bus: data bus

S-bus: system bus
DMA_P: DMA peripheral bus
DMA_MEM: DMA memory bus

e AHB: Advanced High-
Performance Bus

e APB: Advanced Peripheral
Bus
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STM32 ARM® Cortex® M4

Regiszterek

—

Low registers <

High registers <

Stack Pointer
Link Register

Program Counter

RO

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

General-purpose registers

SP (R13)

PSP* || MSP*

LR (R14)

PC (R15)

PSR

PRIMASK

FAULTMASK

BASEPRI

CONTROL

Program status register

Exception mask registers

CONTROL register

R0-R12 Altalanos célu regisztrerek
SP (R13) Stack Pointer
MSP Main Stack Pointer
PSP Process Stack Pointer
LR (R14) Link Register
PC (R15) Program Counter
PSR Program Status Register
PRIMASK Priority mask register
FAULTMASK | Fault mask register
BASEPRI Base priority mask register
CONTROL Control register

*Banked version of SP

Special registers
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STM32 ARM® Cortex® M4

Memoria terkep

Memory Register
7 0
31 | 2423 | 16115 | 8|7 |
Address A BO Isbyte B3 B2 B1 BO
A+1 B1
A+2| B2

A+3 B3 msbyte

JLittle-endian”
formatum:

Az alacsonyabb
helyiérték( byte-ok
helyezkednek el
Kisebb cimeken

Ox43FFFFFF

0x42000000

0x400FFFFF

0x40000000

0x23FFFFFF

0x22000000

0x200FFFFF
0x20000000

Vendor-specific

memory 511MB

Private peripheral

bus 1.0MB

Extemal device 1.0GB

32MB Bitband alias

External RAM 1.0GB

[1MB  Bitband region

Peripheral 0.5GB

32MB Bitband alias

SRAM 0.5GB

IMB Bit band region

Code 0.5GB

OXFFFFFFFF

0xE0100000
OxEQOOFFFFF

0xE0000000
OxDFFFFFFF

0xA0000000
OX9FFFFFFF

0x60000000
OxX5FFFFFFF

0x40000000
0x3FFFFFFF

0%20000000
OX1FFFFFFF

0x00000000
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STM32 ARM® Cortex® M4

32MB alias region

“p - ”
B It band | oxesrrrrrc | oxosrrrrre [ oxesFrrrFs | ox2sFFFRFO | 0x3FFFFEC | 0x23FFFFES [ 02aFFFrEd | oxasrrrreo | |ar-specific 511MB
/ o
. . /| 0x2200001C | o0xz2000016 | 0x22000014 | oxzz000010 | oxez000006— 0x22000008 | 0x22000004 | 0x22000000 | !bp:SripheraJ 1.0MB
A periféria regiszterek
minden egyes b|tjének \ 1MB SRAM bit-band region \
teljes (32_bites) Szo’ra \7 6 5‘4I3I2 1 DEG\STAI\EIZ 10 7 6 5 4 3 21 07 6 5 4 3 2 10 "laldEVioe 1-UGB
|eképezése I | |Dx‘2ODrFFII:F| ‘ I | ‘WDDTFFTM DQODFFFFD‘ | | ‘ nxzonFFFFc ‘ |
[T o [ T T Lo [ T[] [ [ I [t [ T
A cimtartomany két 1 MB-0S  ousrrerer External RAM .08
teriletének leképezése 32MB Bit band alias
egy-egy 32 MB-os RAM 0x42000000
terlletre - |
0x400FFFFF 1MB Bit band region TT— renehere nece
Minden egyes bit Ox40000000 T
.. . Ly 0x23FFFFFF
fiiggetlendl a tbbitdl " o e SRAM  05GB
allithato, nincs szukség =
) ) 0x22000000 -
Read-Modify-Write e o
miveletkombindciora.  0x00rEr g |

SIA
B/

OXFFFFFFFF

0xE0100000
0xEOQOFFFFF

0xE0000000
OXDFFFFFFF

0xA0000000
OX9FFFFFFF

0x60000000
OxSFFFFFFF

0x40000000
0x3FFFFFFF

0%20000000
OX1FFFFFFF

0x00000000
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STM32 ARM® Cortex® M4

Periféria elérés:
memoriaba agyazott
Minden perifériahoz
tartozik egy memoria-
tertlet, amely

tartalmazza a periféria
regisztereit.

Periféria regiszterek:
» Parancs (command)
- Allapot (status)

» Adat (data)

A

Y

Boundary address Peripheral Bus Boundary address Peripheral Bus
0x5000 0000 - 0x5003 FFFF USBOTGFS  |AHB2 0x4001 4800 - 0x4001 4BFF i
0x4001 4400 - 0x4001 47FF TIM10
0x4002 6400 - 0x4002 67FF DMA2 0x4001 4000 - 0x4001 43FF TIM9
0x4002 6000 - 0x4002 63FF DMA1 7A001 3000 ~ 0001 I Er v
0x4002 3C00 - 0x4002 3FFF F'asrzgl?;f;ace 0x4001 3800 - 0x4001 3BFF SYSCFG
0%4002 3800 - 0x4002 3BFF RCC 0x4001 3400 - Ox4001 37FF SPi APB?
%4002 3000 - Dxd003 337 F pys 0x4001 3000 - 0x4001 33FF SPI
e e GPIOH AHB1 0x4001 2C00 - 0x4001 2FFF SDIO
0x4002 1000 - 0x4002 13FF GPIOE 0x4001 2000 - 0x4001 23FF ADCT
%4005 DC00 - 0003 OFFF SPIoD 0x4001 1400 - 0x4001 17FF USART6
54005 0500 0x2003 OBEF aPIoC 0x4001 1000 - 0x4001 13FF USARTI
x4005 0200 - 0x2002 07FF GPIOB 0x4001 0000 - 0x4001 03FF TIM1
0x4002 0000 - 0x4002 03FF GPIOA 0x4000 7000 - 0x4000 73FF PWR
0x4000 5C00 - 0x4000 5FFF 123
0x4000 5800 - 0x4000 5BFF 122
0x4000 5400 - 0x4000 57FF 12¢1
F un kC|ék 0%4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF 12S3ext
° Alaphelyzetbe é” I’ta’s 0x4000 3C00 - 0x4000 3FFF SPI3 /1253
0x4000 3800 - 0x4000 3BFF SPI2 /1252 -
sy e g , 0x4000 3400 - 0x4000 37FF 12S2ext
¢ M u kOd esl mOdOk 0x4000 3000 - 0x4000 33FF IWDG
0x4000 2C00 - 0x4000 2FFF WWDG
o SZ| N kron iZéCi é 0x4000 2800 - 0x4000 2BFF | RTC & BKP Registers
0x4000 0COO - 0x4000 OFFF TIMS5
o Ad at I'rés / OlvaSéS 0x4000 0800 - 0x4000 OBFF TiM4
0x4000 0400 - 0x4000 O7FF TIM3
0x4000 0000 - 0x4000 03FF TIM2
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STM32 ARM® Cortex® M4

GPIO T T T T T T 7

To on-chip 5“3109

| |
peripheral o |
Alternate function input
b . | on/off |
* |Input s 3 | |
PRLLCC = . ' v v (1)
° Output Ej : e | DD DD_FT
@ @ ] chmi .
° Analog %‘: E_ | trigger u::n.-’c:l‘lJ Pr?;‘ggmn
Input / Output Write g 5 - | Inputdriver g I/O pin
@ ‘™ M e e e -~ - T T T T T
* Alternate 3 —L 2 |°”":’““’”“E' Voo onloff Protection
' = 5 P-MOS diode
function sl ] } outour ] | Vs o
Read/write o | contro —[_n-mos |
| |
; v
E‘r:ir;h{:;hlp Alternate function outpui = P”:::ﬁ;:}’n or |
' L————————cjlsa—ble{j———l.i\nalog
* Low speed
_ * PP — push-pul  PU—pullup
* Medium speed _
* OD - open-drain * PD — pull-down
» Fast speed _ o
_  Disabled « ST — Schmitt-triggered
» High speed
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STM32 ARM® Cortex® M4

Oftset | Register |5 3125/ 8|8/ 3| 2/8| |8 2|2| {22 2| o|e £ g olw|r 0w <o o< of  GPIO port
(where k= ALE teEEEEEklelkigleklelelelg| configuration lock
0x1C and H) Reserved i T A e e A e i e o -t
Reset value ojojojo|jo|o|ojojo|olo|jolololo|ol0 register
GPIOX_AFRL
o0 | (Wherex=A.E | AFRLT[30] | AFRL6[30] | AFRLE[30] | AFRL4[30] | AFRL3[30] | AFRL2[30] | AFRLI[30] | AFRLO[30] GPIO alternate
and H) . .
Resetvalue |0]0]0]0|0]0]0[0|0J0J0]0|0]0]0]0]0[0[0]0]0]0[0[0[0]0]0]00]0]0]0O function lOWreg'lster
GPIOX_AFRH
s | (Wherex=A.E | AFRH1S[3:0] | AFRH14[3:0] | AFRH13([3:0] | AFRH12[3:0] | AFRH11[3:0] | AFRH10[3:0] | AFRHS[3:0] | AFRHB[3:0] GPIO alternate
and H) N N .
Resetvalue |[0[0]0[0|0[0[0[0|0[0[0[0[0[0[0[0[0[0[0[0[0[0[0[0[0[0[0[0[0[0]0]0O function h'lgh reg1ster

GPIO port-ok: GPIOA, GPIOB, GPIOC és GPIOH az STM32F401RE mikrovezerlon,
GPIOA...K mas F4 csaladhoz tartozo mikrovezérlokon

GPIO port-ok mukodtetése - a GPIO regiszterek programozasaval:
 Beallitasok (kezelési mod, lizemmod, stb.)

 Port-bitek irasa / olvasasa, modositasa
« Kiils6 megszakitasok kezelése

SA
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Programozas: STM32Cube

Evaluation Discovery STM32 Nucleo Dedicated User
boards boards boards boards application

Application level demonstrations

Middleware level'" Utilities

Board Support Package (BSP) Low-layer APIs (LL) AL abs:;a::;on L)

HAL and LL APIs

CMSIS

(1) The set of middleware components depends on the product Series. MS44715V2

« HAL: Hardware Abstraction Layer - a hardware komponensek egységes
kezelését megvalosito réteg

o LL: Low Layer APIs - alacsony szintl perifériakezelés egyes periferiakra

e Middleware components: RTOS, USB, TCP/IP, grafika

AN
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STM32Cube példa: GPIO programozas

HAL: Hardware Abstraction Layer LL: Low Layer APlIs
Adatstrukturak:
GPIO_InitTypeDef LL_GPIO_InitTypeDef
uint32_t Pin uint32_t Pin
uint32_t Mode uint32_t Mode
uint32_t Pull uint32_t Speed
uint32_t Speed uint32_t OutputType
uint32_t Alternate uint32_t Pull

uint32_t Alternate

A konfiguracios regiszterekkel konform adatszerkezetek.
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STM32Cube példa: GPIO programozas

HAL:

Pin

GPIO _PIN_0
GPIO_PIN_1
GPIO_PIN_2
GPIO_PIN_3
GPIO_PIN_4
GPIO_PIN_5
GPIO_PIN_6
GPIO_PIN_7
GPIO _PIN_8
GPIO _PIN_9
GPIO_PIN_10
GPIO_PIN_11
GPIO_PIN_12
GPIO_PIN_13
GPIO_PIN_14
GPIO_PIN_15
GPIO_PIN_All

LL:

LL_GPIO_PIN_0O
LL_GPIO_PIN_1
LL_GPIO_PIN_2
LL_GPIO_PIN_3
LL_GPIO_PIN 4
LL_GPIO_PIN_5
LL_GPIO_PIN_6
LL_GPIO_PIN_7
LL_GPIO_PIN_8
LL_GPIO_PIN_9
LL_GPIO_PIN_10
LL_GPIO_PIN_11
LL_GPIO_PIN_12
LL_GPIO_PIN_13
LL_GPIO_PIN_14
LL_GPIO_PIN_15

LL_GPIO_PIN_ALL Select all pins

Select pin 0
Select pin 1
Select pin 2
Select pin 3
Select pin 4
Select pin 5
Select pin 6
Select pin 7
Select pin 8
Select pin 9
Select pin 10
Select pin 11
Select pin 12
Select pin 13
Select pin 14
Select pin 15
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STM32Cube példa: GPIO programozas

HAL: LL:

Pull

GPIO_NOPULL LL GPIO PULL _NO No Pull-up or Pull-down activation

GPIO_PULLUP LL_GPIO_PULL_UP Pull-up activation

GPIO_PULLDOWN  LL_GPIO_PULL_DOWN Pull-down activation

Speed

GPIO_SPEED FREQ_LOW LL_GPIO_SPEED_FREQ LOW

GPIO_SPEED_ FREQ_MEDIUM LL_GPIO_SPEED_FREQ MEDIUM

GPIO_SPEED_FREQ_HIGH LL_GPIO_SPEED_FREQ HIGH

GPIO_SPEED_FREQ_VERY_HIGH LL_GPIO_SPEED_FREQ VERY_HIGH
LOW 1O works at 2 MHz
MEDIUM range 12,5 MHz to 50 MHz
HIGH range 25 MHz to 100 MHz
VERY_HIGH range 50 MHz to 200 MHz

SA
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STM32Cube példa: GPIO programozas

HAL:

Mode

GPIO_MODE_INPUT Input Floating Mode

GPIO_MODE_OUTPUT_PP Output Push Pull Mode

GPIO_MODE_OUTPUT_OD Output Open Drain Mode

GPIO_MODE_AF_PP Alternate Function Push Pull Mode
GPIO_MODE_AF_OD Alternate Function Open Drain Mode
GPIO_MODE_ANALOG Analog Mode

GPIO_MODE_IT_RISING External Interrupt Mode with Rising edge trigger detection
GPIO_MODE_IT_FALLING External Interrupt Mode with Falling edge trigger detection
GPIO_MODE_IT_RISING_FALLING  External Interrupt Mode with Rising/Falling edge trigger detection
GPIO_MODE_EVT_RISING External Event Mode with Rising edge trigger detection
GPIO_MODE_EVT_FALLING External Event Mode with Falling edge trigger detection

GPIO_MODE_EVT_RISING_FALLING External Event Mode with Rising/Falling edge trigger detection
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STM32Cube példa: GPIO programozas

LL:
Mode

LL_GPIO_MODE_INPUT
LL_GPIO_MODE_OUTPUT
LL_GPIO_MODE_ALTERNATE
LL_GPIO_MODE_ANALOG

OutputType

LL_GPIO_OUTPUT_PUSHPULL
LL_GPIO_OUTPUT_OPENDRAIN

Select input mode

Select output mode

Select alternate function mode
Select analog mode

Select push-pull as output type
Select open-drain as output type
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STM32Cube példa: GPIO programozas

HAL:

Alternate

GPIO_AF0_RTC_50Hz

GPIO_AF0_MCO

GPIO_AFO0_TAMPER

GPIO_AF0_SWJ

GPIO_AF0_TRACE

GPIO_AF1_TIM1
GPIO_AF1_TIM2
GPIO_AF2_TIM3
GPIO_AF2_TIM4
GPIO_AF2_TIM5
GPIO_AF3_TIM8
GPIO_AF3_TIM9
GPIO_AF3_TIM10
GPIO_AF3_TIM11
GPIO_AF4_|2C1
GPIO_AF4_[2C2

SIA
B/

GPIO_AF4_I2C3
GPIO_AF5_SPI1
GPIO_AF5_SPI2
GPIO_AF5_SPI3
GPIO_AF5_SPl4
GPIO_AF5_SPI5
GPIO_AF5_SPI6
GPIO_AF5_I2S3ext
GPIO_AF6_SPI3
GPIO_AF6_I2S2ext
GPIO_AF6_SAl1
GPIO_AF7_USART1
GPIO_AF7_USART2
GPIO_AF7_USART3
GPIO_AF7_I2S3ext
GPIO_AF8_UART4
GPIO_AF8_USARTG6
GPIO_AF8_UARTY7
GPIO_AF8_UARTS

GPIO_AF9_CAN1
GPIO_AF9_CAN2
GPIO_AF9_TIM12
GPIO_AF9_TIM13
GPIO_AF9_TIM14
GPIO_AF9_LTDC
GPIO_AF9_QSPI
GPIO_AF10_OTG_FS
GPIO_AF10_OTG_HS
GPIO_AF10_QSPI
GPIO_AF11_ETH
GPIO_AF12_FMC
GPIO_AF12_OTG_HS_FS
GPIO_AF12_SDIO
GPIO_AF13_DCMI
GPIO_AF13_DSI
GPIO_AF14_LTDC
GPIO_AF15_EVENTOUT
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STM32Cube példa: GPIO programozas

LL:

Alternate

LL_GPIO_AF_0
LL_GPIO_AF_
LL_GPIO_AF
LL_GPIO_AF
LL_GPIO_AF
LL_GPIO_AF
LL_GPIO_AF
LL_GPIO_AF
LL_GPIO_AF_8

LL_GPIO_AF_9

LL_GPIO_AF_10
LL_GPIO_AF_11
LL_GPIO_AF_12
LL_GPIO_AF_13
LL_GPIO_AF_14
LL_GPIO_AF_15

SIA
Y,

1
2
3
4
5
6
7

Select alternate function 0
Select alternate function 1
Select alternate function 2
Select alternate function 3
Select alternate function 4
Select alternate function 5
Select alternate function 6
Select alternate function 7
Select alternate function 8
Select alternate function 9
Select alternate function 10
Select alternate function 11
Select alternate function 12
Select alternate function 13
Select alternate function 14
Select alternate function 15



STM32Cube példa: GPIO programozas

HAL:

HAL_GPIO_Init
HAL_GPIO_Delnit
HAL_GPIO_ReadPin
HAL_GPIO_WritePin
HAL_GPIO_TogglePin
HAL_GPIO_LockPin
HAL_GPIO_EXTI_IRQHandler
HAL_GPIO_EXTI_Callback

Fliggvények
LL:

LL_GPIO_SetPinMode
LL_GPIO_GetPinMode
LL_GPIO_SetPinOutputType
LL_GPIO_GetPinOutputType
LL_GPIO_SetPinSpeed
LL_GPIO_GetPinSpeed
LL_GPIO_SetPinPull
LL_GPIO_GetPinPull
LL_GPIO_SetAFPin_0_7
LL_GPIO_GetAFPin_0_7
LL_GPIO_SetAFPin_8_15
LL_GPIO_GetAFPin_8_15
LL_GPIO_LockPin
LL_GPIO_IsPinLocked
LL_GPIO_IsAnyPinLocked

LL_GPIO_ReadInputPort
LL_GPIO_IsInputPinSet
LL_GPIO_WriteOutputPort
LL_GPIO_ReadOutputPort
LL_GPIO_IsOutputPinSet
LL_GPIO_SetOutputPin
LL_GPIO_ResetOutputPin
LL_GPIO_TogglePin
LL_GPIO_Delnit
LL_GPIO_Init
LL_GPIO_Structlnit
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STM32Cube: GPIO programozas

HAL fliggvény példa

HAL_GPIO_WritePin
void HAL_GPIO_WritePin (GPIO_TypeDef * GPIOx, uint16_t GPIO_Pin, GPIO_PinState PinState)

Function description  Sets or clears the selected data port bit.

Parameters GPIOx: where x can be (A..K) to select the GPIO peripheral for STM32F429X device or
x can be (A..]) to select the GPIO peripheral for STM32F40XX and STM32F427X
devices.

GPIO_Pin: specifies the port bit to be written. This parameter can be one of
GPIO_PIN_x where x can be (0..15).
PinState: specifies the value to be written to the selected bit. This parameter can be
one of the GPIO_PinState enum values:

GPIO_PIN_RESET: to clear the port pin

GPIO_PIN_SET: to set the port pin

Return values None:

Notes This function uses GPIOx_BSRR register to allow atomic read/modify accesses. In this
way, there is no risk of an IRQ occurring between the read and the modify access.

AN
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STM32CubeMX: GPIO konfiguralas

% STM32CubeMX SensActl.ioc: STM32F401RETx NUCLEO-FA01RE = 0 X

File Project Pinout Window Help
£l - P

B BUE & &5 [CHreepcuentsgnasplacement = 9 o L] = @ 4  Fnd| v | showuseriabel - o (L A A A A d
2P

@

Pinout - Clock Configuration  Configuration  Power Consumption Calculator

~

g
TIM3_2_IH2_A
TIMZ_1_THL_A

USR_TRIG

TCx

=- 4\ ADC1 BLUE_SW
- % CRC RCC_OSCR2IN
- 4 a1 RCC_OSC32_0UT
rec_osc v BB
RCC_OSC_oUT

#--B #-8-8-8
B

usaRT_Tx fF

4\ 1M
A TIM2
A Tma § g
o TIMg
A, TIMS
A, TIM9
o TIM10

B

USR_LED?Z
Usk_LeD1 [N

ADCI 1 ST
ADCI_INIS |28
TIMG 3 TRIG =

B R S B O I R O B B G R R GRS B
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STM32CubeMX: GPIO konfiguralas

% STM32CubeMX SensActl.ioc*: STM32F401RETx NUCLEO-F401RE =
File Project Pinout Window Help

1P

0 -Hkb ‘ég [ Keep Curent SignalsPlacement = 9 & L] = @ 4  Fnd| v: [ Show User Label “Ad A Ad P nunk
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STM32CubeMX: GPIO konfiguralas

! ® STM3IZCubeMX SencActlioc™: STM32FI01RETx NUCLEG-RSDIRE

|File Project Window Help
BoRBRER &5 +=- 29 ¢ Y nunk
Pnout  Clock Configuration  Configuration  power Consumption Calaulator
Configuration ~ )
|- Additional Software & Pin Configuration X
12 MiddleWares
U 5 6 FATFS f P10 S a0t FRCC of S¥S f M3 o USARTZ of NVIC
[] user-defined
= ® FREERTOS Search Sgnais
[7] Enabled 1 Seaveh (CrobF, [[] Show anly Modified Pins
= # UBIPEG X 1 ' T T 1
0O Pin Name Sgnalonfin  GPIQoutputl... GPIOmode  GRPIOPUlup/... Maximumout.., User Label Modified
PAS nfa Low Qutput Push Pul No pull-up and ... Low |GREEN_LED | M
1 % MBEDTLS PB1 nia Low ‘Output Push Pull No pull-up and ... kow USR_LED2 %
| [[] nabled P82 nia Low Dutput Push Pull No pull-up and ... kow USR_LED1 %
(= Peripherals PB12 nia n/a [External Interr... No pull-up and ... nja USR_SW1
= 4\ ADCY PB13 nie nia [External Interr.... No pullup and ... p/a IUSR_SW4 %
IN14: Set P14 nis /s [External Interr,... No pull-up and ... n/a USR_SW3 %
IN1S: St PB1S nfa n/a External Interr... No pull-up and ... nfa USR_SW2 M
= # CRC nfa kow No pull-up and ... how %
T PC7 n/a Low fow %
[[] Actvated
= & IWDG a
~[[] Activated
= 8 RCC =
 High Speed Clock (S i Pesiosniesinte’s ,
LB clock (ae) | 0wt ILow <]
=4\ svs
L acane G10m0te (i <]
= 4\ nim i — I
Clock Source :Internal | ‘GPIO Putip/Pul-down {10 pul-o and no pull-down v
=4\ TIM3 = :
2! : Maximum cutput speed {Low =
Channel1:PWM General
Channel2:Pv/M Generat {UsR_1ED8 |
Channel3:PVW General tew Libg i
- @ USART2
Mode:Asynchronous o [ Group By Penpherals [ m* P *&Erj
< >
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STM32CubeMX: GPIO konfiguralas

GPIO_Output

GPIO_Input

f P10 of Ct o REC o SYS o TIMZ of USART2 off NVIC

Search Signals

[] show only Modified Pins

Pin Name SignalonPin  GPIOoutputl.. GPIOmode  GPIOPullupf.. Maximumout.. — UserLabel Modified
PAS Infa lLow (Output Push Pull |Ne pull-up and GREEN_LED =]
= Infa lLow Output Push Pull Ne pull-up and USR_LED2 =]
B2 Infa lLow Output Push Pull Ne pull-up and USR_LED1 =]
PE12 Infa Infa Excternal Interr.... No pull-up and USR_Sw 1 4
PE13 Infa Infa Excternal Interr.... No pull-up and USR_Sw4 =]
PE14 Infa Infa Excternal Interr.... No pull-up and USR_SW3 =]
PB1S Infa Infa Excternal Interr.... No pull-up and USR_Sw2 =]
PCE Infa lLow Output Push Pull Ne pull-up and USR_LEDS =]
pCc7 Infa lLow Output Push Pull Ne pull-up and USR_LED3 =]
PCa nfa lLow Output Push Pull No pull-upand ... USR_LED& =]

]
PD2 Infa Low [Output Push Pull No pull-up and ... Low USR_TRIG

PC13-ANTI_TAMP Configuration

GPIO mode | Inputmode

GPIO Pull-up/Pull-down [No pul-up and o pul-down -
User Label BLUE sw
[ Group By Peripherals

GPIO_EXTIn

# Pin Configuration X | ® Pin Configurstion X | ® Pin Configuration X
fGPI0 f aDCt ofRCC o S¥S o TIM3 of USART2 o NVIC fGPI0 o aDC1 off RCC of SYS o TM3 off USARTZ of NVIC o/ GPI0 o aDC1 o/ RCC off TS of/ TIM3 off UsarT2 o NVIC

Search Signals Search Signals Search Signals

[ show anly Modified Pins (Crt [ show orly Modified Fins ] show orly Modified Pins
Pin Name SgnalonPn GPIO output | GPIOmode  GPIOPul-upf... Maximum out. User Label Modified Pin Name SgnalonFin  GPIO outputl..  GPIOmode  GPIOPulupf.. Maximumout.. — User Label Modified Pin Name: SgnalonPin  GPIOoutputl...  GPIOmode  GPIOPulup/.. Maximumout.. — User Label Modified
Pas n/a Low [utput Push Pull [No pull-up and ... [Low [GREEN_LED = PAS nja Low (Output Push Pull [No pul-up and ... [Low [GREEN_LED & pas nja Low (output Push Puil [No pull-up and ... GREEN_LED “
PEL nfa Low [utputPush Pull [No pull-up and .. [Low USR_LED2 = ||Ppe1 nja Low ‘Output Push Pul [No pull-up and ... [Low lUsk_LEDZ “ PaL nja Low (Output Push Pull [No pull-up and . USR_LED2 =
PEZ nfa Low [GutputPush Pull [No pull-up and .. [Low USR_(EDT = ||Ppe2 nja Low ‘Output Push Pul [No pull-up and ... [Low lUsR_LEDL “ pa2 nja Low (Output Push Pull [No pull-up and . USR_LEDT =
PB12 nfa nfa [External Interr. Infa lUSR_sW1 = ||pe12 nja nfa External Interr... No pul-up and ... [n/a lUSR_sw1 = B2 nja nja External Interr .. [No pull-up and . USR_SW1 =
PB13 nfa nfa [External Interr. Infa lUSR_sw4 = S nja nfa External Interr.... No pul-up and ... [n/a [USR_swa = PEI3. nja nja External Interr...[No pull-up and . USR_SW/4 =
PB14 nja nfa [External Interr. nfa USR_SW3 ] ||Pe1= nja nfa External Interr... No pull-up and ... |nfa. USR_SW3 4 PE14 nfa n/a External Interr...[No pull-up and . USR_SW3 M
PB15 nja nfa [External Interr. nfa |USR_SW2 ] ||Pe15 nja nfa External Interr... No pull-up and ... |nfa. lUSR_sw2 - PB1S nfa n/a External Interr...[No pull-up and . USR_SW2 M
PC6 nja Low |output Push Pull [No pull-up and ... [Low USR_LEDS ] ||Pcs nja Low iOutput Push Pull No pull-up and ... |Low USR_LEDS M Pce nfa Low loutput Push Pull [No pull-up and . USR_LEDS M
PC7 nfa Low [Gutput Push Pull [No pull-up and .. [Low USR_LED3 =] pcT n/ja Low ‘output Push Pul [No pul-up and ... [Low USR_LED3 = = nja Low Output Push Pull [No pull-up and ... USR_LED3 %
y utput Push Pull I % . =

PC13-ANTI_TA...|n/a nfa Inputmode __[No pull-up and ... [nfa [BLUE_SW PC13-ANTL_TA... n/a nfa Inputmode  |Nopul-up and ... [nfa lBLUE_SW PCL3-ANTI_TA... n/a nja nputmode |Nopul-upand...|n/a BLUE_SW
PD2 Infa Low |output Push Pull [No pull-up and ... [Low USR_TRIG | PD2 Infz [tow Joutput Push Pull No pull-up and .. [Low USR_TRIG PD2 Infa JLow |output Push Pull [No pull-up and ... [Low USR_TRIG

PC8 Configuration : PC8 Configuration : PC8 Configuration :

GPIO outputlevel [Low v GPIO outputlevel [Low v || ePo cutputievel [Low v/

GPIO mode Output Push Pul > GPIO mode | utput Push Puil v || sPromode |output Push Pl v|

GPIO Pul-up/Pul-dovn {Cutput Open Bran I || ep10 pulupfpuila No pull-up and no pull-down ||| eProPul-uppuil-down [No pul-up and o pul-dovin <]

o pull-up and no pull-down
Maximum output speed [Low ] Masdmum output speed [Pull-up Maximum output speed
[Pull-down
User Label |usr_tEDs | ||| usertabel USR_LEDG | | userLabel
[[] Group By Peripherals [[] Group By Peripherals [] Group By Peripherals
% Pin Configuration X # Pin Configuration X

PO of aDCL o RCC of SYS o TM3 o USART2 off NVIC

Search Signals

[ show only Modified Pins

Pin Name SgnalonPin  GPIO outputl..  GPIOmode  GPIOPul-upf... Maximumout...  User Label Mocified
PAS |n/a [Low |output Push Pull |No pull-up and . |GrEENLED |

[Low |Cutput Push Pull |No pull-up and .

External Interr...[No pull-up and . USR_SW4

nfa [External Interr... N pull-up and . USR_SW3 =

nfa [External Interr.... N pull-up and . USR_Sw2 =

Low [Gutput Push Pul [No pull-up and . USR_LEDS =

Low [Gutput Push Pul |No pull-up and . USR_LED3 =

Low [Gutput Push Pul |No pull-up and . USR_LEDS =

PCIZ-ANTLTA... nfa nputmode  |No pulup and . BLUE_SW =

P02 Low [Cutput Push Pull |No pulup and ... USR_TRIG =

PB12 Configuration

GPIO mode |External Interrupt Mode with Rising edge trigger detection -]
GPIO Pull-up/Pull-down [No pull-up and o pull-down ]
User Label usR_sw1 |

[ Group By Peripherals
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STM32 ARM® Cortex® M4: NVIC

Nested vectored interrupt controller (NVIC)

52 maszkolhatdo megszakitas

1 nem maszkolhatdé megszakitas (NMI)

16 programozhato prioritasi szint

A prioritasi szinteken beliil al-prioritasok adhatok meg
» Gyors, kis lappangasi idejl (latancy) megszakitas kezelés

o A megszakitasi eljarasok (ISR-ek) kozonséges szubrutinok

Megszakitas forrasok:
 Belso er6forrasok (FPU, MPU, PWR, WDG, CRC, stb.)
« Belso perifériak

« Bemeneti vonalakra kapcsolt kiils6 perifériak (EXTI)

SIA
B/
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STM32 ARM® Cortex® M4: NVIC

STM32CubeMX — Configuration — NVIC Configuration

Qf? MVIC Q;'? Code generation

Priority Group |4 bits for pre-emption priority 0 bits for subpriority v | [] sort by Premption Priority and Sub Prority

Search | search (CrtHF)

| E IE‘ [[] Show enly enabled interrupts

% NVIC Configuration X

Enabled

Interrupt Table

MNon maskable interrupt
|[Hard fault interrupt
|[Memary management fault
|[Pre-fetch fault, memary access fault
”Undeﬁned instruction or ilegal state
|[5ystem service call via SWI instruction
|[pebug monitor
|[Pendable request for system service
”Tlme base: System tick timer
|[PVD interrupt through EXTI line 16
|[Flash global interrupt
RCC global interrupt
ADC1 global interrupt
TIM1 break interrupt and TIMS global interrupt
TIM1 update interrupt and TIM10 global interrupt
TIM1 trigger and commutation interrupts and TIM11 global interrupt
ITIM1 capture compare interrupt
TIM3 global interrupt
USART2 global interrupt
EXTI line[15:10] interrupts
FPU global interrupt ]

Preemption Priarity Sub Priority

(=] = =] === =00= == 0=1N=00= =N =00=00 =R

I

[=1 =) =] N=1 =]} =T FIY ] ) o] e ] ] e ] e e ) ) ]

0

[#] Enabled  Preemption Priority Sub Priority

[ ety |[ o

|| Cancel

Példa: 16 prioritasi szint
alprioritasok nélkul

Példa: GPIO_EXTIn megszakitas

Engedélyezésiltiltas - prioritas
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STM32 ARM® Cortex® M4
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