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Carte NUCLEO 144 - F446/E

ST-LINK / Nucleo selector PWR-EXT ST-LINK USB Micro-B connector RESERVED DEFAULT
(CN4) (JP1) (CN1) (SB102, SB104, SB106, SB109) (SB101, SB103, SB105, SB108)

COM red/green LED
(LD4)

Namd £5n

SWO

SWD connector
ST-LINK/\V/2-1 red LED (SB110)

(CNB) |

.[(:

power over-current alarm A
(LDS) SBilOD SWO P
NGO, © © @
Power green LED sl "TW e o Rx ¢ ®
User LEDs (LD6) MCO —— =
(LD1, LD2, LD3) (SB112) .
Power source selection  P— o @ WS
(JP3) 4 ®® ‘.‘: : yew “0® ‘:‘
lop measurement___ g e emyy - 813wy ® o&
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B1:PCI13

Block diagram

ST morpho extension header

MCU part

ST morpho extension header

ST-LINK part Micro-B
USB
connector
Embedded
ST-LINK/V2-1
e -
(1’
B =
LEDs
LD2/3
| 10 STM32 10
microcontroller
§ B1 LED (=
S || USER LD1 || @
C c
— RESET o
O (@)
ke B2 fo)
N RST USB RMII N
Micro-AB
USB RJ45
connector
connector

LD1 : vert, PBO/PAS
LD2 : bleu, PB7
LD3 : rouge, PB14



PiNS

VCC, VDD, V+ : dlimentation (+)

VEE, VSS, V-, GND : alimentation (-) ou masse
BOOTO/BTO : sélection de zone de déemarrage
RESET/NRESET : reset du circuit

PXN (X = lettre, N = chiffre) : GPIO



Microcontroleur

STM32F444RE

Arm® 32-bit Cortex®-M4 CPU with FPU
512 Ko mémoire flash, 128 Ko SRAM

3 x ADC 12-bit, jusqu’a 24 channels

2 x DAC 12-bit

17 timers

JTAG/SWD %’”

114 GPIO avec inferrupt )

4 x |2C LQFP64 (10 x 10mm)  WLCSP 81  UFBGA144 (7 x 7 mm)

4 x USART + 2 x UART tg';ggg 212‘8 - ;g mn”:; UFBGA144 (10 x 10 mm)

4 x SP]

2 x SAl

2 x CAN

USB 2.0 device/host/OTG
RTC

YRR R IR SR SR T T T T SR St



Clocks

JTRST, JTDI,
| CLK, NE[3:0), A[23:0), D[31:0]
JTD(.;;I'SC\,:I(IDS\{YE!;S JTAG & SW MPU FPU ™ EXT MEM CTL (FMC) < NOEN, NWEN, NBL{1:0]
TRAGECK ETM™ Nvic 5[] SRAM PSRAM NOR-FLASH o SOl
TRACED(3:0) ARM w NAND-FLASH, SDRAM NWAIT, INTN
CORTEX M4 8USK=—Dr = QuadSPI |<—>I:cu<. CSa, CSb, D[7:0]
180MHz D-BUS K=Dx
] S - I WFLASH 512kB
alesls,
x 3=
(4 w
Voouse=33TO 36V EK=>
< o| CAMERA HSYNC, VSYNC
D+, D- > USB | pma = |«—[SRAM1 112KB
. . e PIXCK, D(13:0)
ULF: CLK. D(T:0) ::#E OTGHS | FIFOk——t o = ITF
» S “ | @ K=>| SRAM2 16KB Voousa = 3.3 TO 3.6V
o GP-DMA2 | S Ke==D1 @ 2 0+, D-
FIFO ) II §4ﬁ_ AHB2180MHZ ™ ID, VBUS
8 Streams [ : 1 ‘I- POR
GP-DMA1 | kiro KHF AHB1 180MHz o,
nt Vooa , Vesa
NRESET
/ @VDDA
— LT RCHS
PA(15:0) GPIO PORT A e |- [
5 —| L Vpp =1.8to 3.6V
PB(15:0) GPIO PORT B PLLUPLLZPLLY :> Ves
PC(15:0) GPIO PORT C Popit Vosr
CTRL :
PD(15:0) - XTAL OS OSCIN
GPIO PORT D I T 4-16MHz 0scouT
PE(15:0) GPIO PORT E $Id3 T% 1 woesk [
2 GPIO PORTF wx EE Ng_. Standby interface Vasar =1.8 to 3.6V
é oo mg @VE,_Y
PG(15:0) GPIO PORT G 22 33 FpESEaEaEEE: i [03032 N
I | : ,..| XTAL 32kHz X
oHt 0 q | 0OSC32_0ouT
3 GPIO PORTH 4 : RTC i
| I - AU : ALARM_OUT
B E b, STAMP1
Lo el STAMP2
14KB BKPRAM l
TIMER2 & 4CH,ETR as AF
e
TIMER3 ' 4CH,ETR as AF
14 AF EXT IT. WKUP <=>— GPDMAZJ GPDMA1 TIMER4 '6° 4CH,ETR as AF
D(7:0) S A Y 1\ 32 4CH asAF
CMD, CK as AF splo/mmc | & K> TIMERS as
AHB/APB2 |AHB/APB1 —
4 PWM, 4 PWM, &b 2CH asAF
ETR, BKIN as AF TIMER 1/ PWM <:> & as
4 PWM, 4 PWM, 160 TIMER13 '®° 1 CH asAF
e . EEDET = L; —
<:> TIMER14 1CH as AF
2CHasAF TIMER 9 16b4
ST RX, TX, SCK,
1CHas AF TIMER10 16b ¢> USART2 IrDA (;;S,Tf;rzg:AF
smcard »
1CHas AF TIMER11 160 <=> M CTS, RTS as AF
WIinWATCHDOG ¢ ]
RX, TX, SCK, T UART4 RX, TX as AF
CTS, RTS as AF USART 1 £
DA KD
RX, TX, SCK., 'smmm = UARTS RX, TX as AF
=
CTS, RTS as AF DA USART 6 @ : SPDIF SPDIF_RX(3:0) as AF
[
MOSI, MISO ANID
SCK. NSS as AF SPI/2S < HDMI-CEC HDMI_CECa sAF
MOSI, MISO € ——— MOSI, MISO, SCK
SCK, NSS as AF = TIMER6 69 < SPI2/12S NSSWS, MCK as AF

16b
SD, SCK. FS TIMER? SPINZS MOSI, MISO, SCK
MCLK as AF NSS/WS, MCK as AF
SD, SCK.FS A
MCLK as AF
< 12C1/SMBUS SCL, SDA, SMBAL as AF
Vossar e 2
12C2/SMBUS & SCL, SDA, SMBAL as AF
8 AIN common g*
1o the 3ADCs 12C3/SMBUS SCL, SDA, SMBAL as AF
8 AIN common @VDDA
to the ADC1 & 2
d | | DAC1 FMPI2C1 SCL, SDA, SM BAL as AF
BAIN10ADC3 ¢ <:;
DAC2 bxCAN1 o X, RX
j ﬁ bxCAN2 w X, RX

DAC1 as AF DAC2 as AF



OXFFFF FFFF

0xE000 0000
OXDFFF FFFF

0xD000 0000
OxCFFF FFFF

0xA000 0000
0x9FFF FFFF

0x8000 0000
OXTFFF FFFF

0x6000 0000
0x5FFF FFFF

0x4000 0000
0x3FFF FFFF

0x2000 0000
Ox1FFF FFEF

0x0000 0000

Memory map

512-Mbyte
Block 7

Cortex-M4
Internal

peripherals

512-Mbyte
Block 6
FMC

512-Mbyte
Block 5
FMC/QuadSPI

512-Mbyte
Block 4
FMC bank 3
and QuadSPI

512-Mbyte
Block 3
FMC bank 1

512-Mbyte
Block 2
Peripherals

512-Mbyte
Block 1
SRAM

Reserved

Cortex-M4 internal

peripherals

AHB3

Reserved

AHB2

Reserved

AHB1

Reserved

Reserved

0x2003 0000 - 0x3FFF FFFF

512-Mbyte
Block 0
SRAM

Reserved

APB2

0x2002 0000 - 0x2002 FFFF

Reserved

SRAM (16 KB aliased
By bit-banding

0x2001 C000 - 0x2001 FFFF

SRAM (112 KB aliased
By bit-banding

0x2000 0000 - 0x2001 BFFF

Reserved

0x1FFF C008 - 0x1FFF FFFF

Option Bytes

0x1FFF C000 - 0x1FFF CO0F

Reserved

x1FFF 7A10 - Ox1FFF 7FFF

System memory

ONEFF 0000 - 0x1FFF 7AOF

Reserved

Option bytes

Reserved

Reserved

Reserved

Flash memory

Reserved

Aliased to Flash, system
memory or SRAM depending
on the BOOT pins

0x0020 0000 - 0x07FF FF

APB1

0x0000 0000 - 0x001F FFFF

0xE010 0000 - OxFFFF FFFF

0XE000 0000 - OXEOOF FFFF

0x6000 0000 - 0XDFFF FFFF

0x5006 0CO0 - 0x5FFF FFFF
0x5006 OBFF

0x5000 0000
0x4008 0000 - Ox4FFF FFFF
0x4007 FFFF

0x4002 0000
0x4001 6CO0 - 0x4001 FFFF
0x4001 6BFF

0x4001 0000
0x4000 8000 - 0x4000 FFFF
0x4000 7FFF

0x4000 0000



Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued

PINs

Pin number
e
© © Pin name 4 %
§ § § = g g § N |(functionafter | & B § Alternate functions ‘:dd't'.onal
o | o g 5 a |l | & g resot)(" E|lwn |2 unctions
e e | 218 (|38 |& oo
Glg|e|@|6g|S|6|m .
12C2_SDA, FMC_AQ,
- | 10| F2|E2 |16 |F11]16]| D2 PFO o | FT N TOUT
12C2_SCL, FMC_A1,
1| Fa|H3 |17 |E9 |17 ] E2 PF1 o | FT Y
12C2_SMBA, FMC_A2,
- | 12| ces | H2 |18 [F10] 18| G2 PF2 vo | FT ot
LCD_HSYNC,
N I A TR = PI12 vo | FT ST
LCD_VSYNC,
el - - -] - 20| 63 PI13 o | FT CVENTOUT
T -1 -1T-1T- 121 ns P14 wo |Fr| [Lco cLk, EvENTOUT
- 13 ea| 92 [19 [e11] 22| H2 PF3 o | FT || FMC_A3, EVENTOUT | ADC3_IN9
- |14 e3| s |20]|Fa|23] u2 PF4 o | FT | 8| FMC_A4, EVENTOUT Alzfi—
|15 | H3 | k3 |21 | F8 |24 | K3 PF5 o | FT |8 | FMC_As, EVENTOUT Aﬁfg—
10|16 | 67| G2 |22 | H7 | 25 | H6 Vs s
11|17 | G8 | G3 [23| - |26 Hs Voo s
TIM10_CH1,
SPI5 NSS,
NC SAI1 SD B
) (5) _SD_B,
18 | N5 | k2 |24 |G10| 27 | K2 PF6 vo | FT . ADC3_IN4
FMC_NIORD,
EVENTOUT
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O, 0] pocs

< Programming En

Language Reference

Functions
Variables

Structure

v

Arduino SDK

https://docs.arduino.cc/language-reference/

Q,  search on Docs / o) ARDUINO.CC [Z

Home / Programming / Language Reference

Language Reference

Arduino programming language can be divided in three main parts: functions, values (variables and constants), and structure.

Functions Variables

For controlling the Arduino board and performing computations.

Digital 170 Math Bits and Bytes
digitalRead() abs() bit()
digitalWrite() constrain() bitClear()
pinMode() map() bitRead()

max() bitSet()

min() bitWrite()

pow() highByte()

sq() lowByte()

sqrt()
Analog I/0 Trigonometry External Interrupts
analogRead() cos() attachinterrupt()
analogReadResolution() sin() detachinterrupt()
analogReference() tan() digitalPinTolnterrupt()

analogWrite()

analogWriteResolution()


https://docs.arduino.cc/language-reference/

Arduino IDE

& sketch_sep12a | Arduino IDE 2.3.2

¥ Nucleo-144 v

sketch_sepi2a.ino

setup()

Code d'initialisation

loop() {

Code qui s'exécute en boucle

Ln 3, Col1 Nucleo-144 on /dev/cu.usbmodem4011103 [not connected] £




Librairie

® sketch_sep12a | Arduino IDE 2.3.2
Nucleo-144

sketch_sep12a.ino

Preferences X

Settings Network

Sketchbook location:
/Users/tom/Documents/Arduino

B Show files inside Sketches
Editor font size: 12

Interface scale: ¥ Automatic 100 %
Theme: | Dark v

Language: | English v | (Reload required)

Show verbose output during [l compile [l upload

Compiler warnings ‘ None V‘

W Verify code after upload

¥ Auto save

M Editor Quick Suggestions
Additional boards manager URLs: https://github.com/stm32duino/BoardManagerFiles/ra... 6

() @D

® N [;

Ajouter

https://github.com/stm32duino/BoardManagerFiles/raw/main/package stmicroelectronics index.json



INnstaller la collection de cartes

¢  Nucleo-144

BOARDS MANAGER

STM32 MCU based boards CherCheZ cecl

Type: |All v|

STM32 MCU based
boards by...

Boards included in this package:
Generic STM32US series, Generic
Flight Controllers, Generic...

‘2.8.1 v’ REMOVE




Configuration de la carte

@ ArduinoIDE File Edit Sketch Tools Help

& Auto Format

: Archive Sketch
¥ Nucleo-144 Manage Libraries...

Serial Monitor

test.ino
Serial Plotter
setup() {
pinMode (PA5, OUTPUT); Firmware Updater
} Upload SSL Root Certificates )
loon() Famille
e P . Board: "Nucleo-144"
digitalWrite(PAS, HIGH
} Port: "/dev/cu.usbmodem4011103" Port
Get Board Info
Debug symbols and core logs: "None"
Optimize: "Smallest (-Os default)" CGrTe

Board part number: "Nucleo F446ZE"
C Runtime Library: "Newlib Standard"
Upload method: "Mass Storage"

Méthode de

USB support (if available): "HID (keyboard and mouse)" programmc’rlon

U(S)ART support: "Enabled (generic 'Serial')"
USB speed (if available): "Low/Full Speed"

Burn Bootloader




Exemple

Compilation Ca compile

& test | Arduino IDE 2.3.2 O ® test | Arduino IDE 2.3.2

¥ Nucleo-144 SO ¥ Nucleo-144

setup() { setup() {
pinMode(PA5, OUTPUT); 7 pinMode(PA5, OUTPUT);
}

loop() { ' loop() {

digitalWrite(PA5, HIGH); digitalWrite(PA5, HIGH);
} j }

Output

Sketch uses 95408 bytes (18%) of program storage space. Maximum is 524288 bytes.
Global variables use 4744 bytes (3%) of dynamic memory, leaving 126328 bytes for

Compiling sketch...

Ln1, Col1 Nucleo-144 on [dev/cu.usbmodem4011103 [not connected] (21 B Ln1, Col1 Nucleo-144 on [devfcu.usbmodem4011103 [not connected] (21 B




General purpose Input Output

Digital : bit en Inpuf ou Output

Analogique :

+ Input: ADC

+ Output : DAC

GPIO

111
110 —
101 _
9
(3 100 —
QO
Q 011 —
<
010 —
001 —
000 | T I T T I T
0 LSB 0.25 0.5 0.75 1.0
(Vin — VRefLo)/ EFsr
http://en.wikipedia.org/wiki/Analog-to-digital _converter
A
f(t):::::: X & 2 8 3
r - S - I
ST T - TR
| |} | 1 ] 1 L} | L} | | |



http://en.wikipedia.org/wiki/Analog-to-digital_converter
http://en.wikipedia.org/wiki/Digital-to-analog_converter

Ports et registres

Data

+ Input

+  Output
Configuration

+ Mode

+ Output type

+ Output speed

+ Pullup/pull down
+ Write

+ Lock

+ Alternate function

Bus AHB1

0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0X4002 0CO0O0 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA




Utilisation - Arduino

Configuration

pinMode(pin, mode)

+ mode : INPUT, OUTPUT, ou INPUT_PULLUP

Ecriture

digitalWrite(pin, value)

+ Value : HIGH ou LOW

Lecture

digitalRead(pin)

+ retourne HIGH ou LOW

Interruption

attachInterrupt(digitalPinToInterrupt(pin), callback, mode)

+ mode : LOW, CHANGE, RISING, ou FALLING



Exemple output : LED

void setup() {
pinMode(PB@, OUTPUT);
}

void loop() {
digitalwrite(PBO, HIGH);

}



Exemple input : bouton

const int buttonPin PC13;
const int ledPin PBO;

int buttonState = 0;

void setup() {
pinMode(ledPin, OUTPUT);
pinMode(buttonPin, INPUT);

void loop() {
buttonState = digitalRead(buttonPin);
digitalWrite(ledPin, buttonState);



Exemple input : bouton

const int buttonPin PCS8;
const int ledPin PBO;

bool buttonPressed = false;

void buttonCallback() {
buttonPressed "= true;

void setup() {
pinMode(ledPin, OUTPUT);
pinMode(buttonPin, INPUT_PULLUP);
attachInterrupt(digitalPinToInterrupt(buttonPin), buttonCallback, FALLING);

void loop() {
digitalWrite(ledPin, buttonPressed?HIGH:LOW);



Autres fonctions

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
Port SPI2/3/ SAl/ CAN1/2 SAIl2/ EMC/
TIM8/9/10/11 | 12C1/2/3 SPI2/3/4/ | USART1/2/3 | USART6/ | TIM12/13/ | QUADSPI/
SYS TIM1/2 TIM3/4/5 CEC J4ICEC SPI1/2/3/4 SAI JUARTS5/ UART4/5/ 14/ OTG2_HS/ OTG1_FS ofg;o::s DCMI - SYS
SPDIFRX SPDIFRX | QUADSPI | OTG1_FS -
TIM2_CH1/ USART2_ | UART4_ EVENT
PAQ ; TIMZErR | TMS_CH1 | TIMe_ETR . . ; il A - . ; - . - oor
USART2. | UART4_ | QUADSPI_ |  SAl2_ EVENT
PA1 - TIM2_CH2 | TIM5_CH2 - - - - RTS RX BK1 103 | MCLK B - - - - ouT
USART2_ SAI2_ EVENT
PA2 ; TIM2_CH3 | TIM5_CH3 | TIM9_CH1 ; - ; R SOk B ) ) ] ] ) ) VEN
SAI_ USART2_ OTG_HS_ EVENT
PA3 ; TIM2_CH4 | TIM5_CH4 | TIMQ_CH2 . - =g o - - VLFL DG ; ; - ; oor
oA ) ) ) ) ] spi1_Nss/ | SPRNSS | ysarra_ ] ) ] ) OTG_HS_ | DcmI_ ) EVENT
25TWS | bes we CK SOF HSYNC ouT
oAS | Tim2_cHu ) TIM8_ ) SPI1_SCKII ) ) ) ) OTG_HS_ ) ) ) ) EVENT
TIM2_ETR CHIN 257 _CK ULPI_CK ouT
TIM1_ TIM8_ 1282 DCMI_ EVENT
PAG ; B TIM3_CH1 BT . SPI_MISO | |29% ; - TIM13_CH1 ; ; - POLK ; oor
SPI1_MOSI
TIM1_ TIM8_ - FMC_ EVENT
PA7 ; Chng | TM3_cH2 ohrs . 7 ; - - TIM14_CH1 - ; SDNWE . - oor
A 12S1_SD
12C3_ USART1_ OTG_FS_ ) ) ) ) EVENT
PA8 | MCO1 | TIM1_CH1 - - 203, - ; = - - osF o
12c3_ | SPI2_SCK | SAI_ USART1_ EVENT
PA9 - TIM1_CH2 - - SMBA | /12S2 CK | SD.B X - - - - - DCMI_Do - ouT
USART1_ OTG_FS_ EVENT
PA1D | - TIM1_CH3 - - ; - ; o~ - - - ; ; DCMI_D1 - ot
USART1_ OTG_FS_ ) ) ] ) EVENT
PA11 ; TIM1_CH4 - ; . . ; il - CAN1_RX o oy
USART1_ SAI2_ OTG_FS_ ) ) ) ) EVENT
PA12 | - TIM1_ETR - - . - ; L P 5 | CANITX 2 oy
JTMS- EVENT
PA13 | swpio - - - - - - - - - - - - - - ouT
JTCK- EVENT
PA14 | sweLk ) ) ) ) ) . . ) ) ) } . ) . ouT
TIM2_CH1/ HOMI_ | SPi1_Nss/ | SPIS_ UART4_RT EVENT
PA15 | JTDI — - - - - NSS/ ; - ] ) } ] ] )
TIM2_ETR CEC | 12STWS | haoss s ouT




Timers

+ Compteurs sous forme de registre
+ Fréquence (fixe)
+ Pre-scale

+ Taille de registre : propre a chaque timer

+ Usages:
+ PWM : générer un signal sur un pin

+ Output compare : programmer des actions



Timers

DMA | Capture/ Max Max
Timer . Counter Counter | Prescaler P Complementary | interface | timer
Timer . request compare
type resolution type factor eneration | channels output clock clock
9 (MHz) | (MHz)"
Up, Any integer
Ai‘ﬁf;d' TTI||:\A/|18’ 16-bit Down, | between 1 Yes 4 Yes 90 180
Up/down | and 65536
TIM2 Up, Any integer
TIM 5’ 32-bit Down, between 1 Yes 4 No 45 90/180
Up/down | and 65536
TIM3 Up, Any integer
TIM 4 16-bit Down, between 1 Yes 4 No 45 90/180
Up/down | and 65536
Any integer
TIM9 16-bit Up between 1 No 2 No 90 180
General and 65536
purpose TIMA0 Any integer
TIM11’ 16-bit Up between 1 No 1 No 90 180
and 65536
Any integer
TIM12 16-bit Up between 1 No 2 No 45 90/180
and 65536
TIMA3, ‘ Any integer
TIM14 16-bit Up between 1 No 1 No 45 90/180
and 65536
TIV6E Any integer
Basic TIM7’ 16-bit Up between 1 Yes 0 No 45 90/180
and 65536

1.

The maximum timer clock is either 90 or 180 MHz depending on TIMPRE bit configuration in the RCC_DCKCFGR register.




Timers

b

F =
prescale x (count + 1)

+ Chaque signal de clock incrémente le compteur de prescale

+ Sile compte est atteint, retour a 0 et incrémentation du count

+ Sile compte est atfteint, retour a O, interruptions, efc.

Prescale = 2, count =4

Clock 1 2 3/ 4/5/06/7!/89(10/11(12/13|14/15|106
Prescale 1/0/ 10 1T/0/1]0  1T/0 10 1T/0|1 60

Count o1 1,223/ 3[/4/4/0/0/ 11,22 3



Fr = 180MHz

Taille de registre 16 bifs :

count max : 65535

prescale max : 65535

On veut 10Hz

Timers

Exemple

F =

b

prescale x (count + 1)



Fr = 180MHz

Taille de registre 16 bifs :

count max : 65535

prescale max : 65535

On veut 10Hz

Timers

Exemple

F= r
prescale x (count + 1)
. 180.10°
prescale = 1o 1

prescale ~ 300

180.10°
300 x 10

count = 59999

count =



Fr = 180MHz

Taille de registre 16 bifs :

count max : 65535

prescale max : 65535

On veut 10Hz

Timers

F = s
prescale x (count + 1)
Exemple
. 180.10°
prescale = 1o 1

prescale ~ 300

180.10°
300 x 10

count = 59999

count =

prescale = 300, count = 59999
ou

prescale = 600, count = 29999
ou

prescale = 1200, count = 14999



PWM

+ Pulse-Width Modulation (Modulation de Largeur d’'Impulsion)

+ Rapport cycligue : ON / (ON + OFF)

+ DAC en gjoutant un filtre passe-bas

Amplitude

+ un haut parleur a une impédance suffisante pour se passer de filtre passe-bas

2T 2T+t

1 1
T T+t
Temps

http.//frwikipedia.org/wiki/Rapport_cyclique

Desired signal

P

Low-pass
filtered signal

R


http://fr.wikipedia.org/wiki/Rapport_cyclique

OCRNA/OCRNB

registres de comparaison

OCNnA/OCnB

sorfies

Rapide

La phase varie

Fast PWM

255

Timer

|
Outputs ] B B M M | ocs

255
Timer W /l/ /I/ OCRnA
0

OCnA

Outputs m M M M . M [[] OcnB
Toggle OCnA on Compare Match




Plus lent

La période est fixe

Phase correct PWM

255
Timer 1CRnA
0
R | OcnA
Outputs  — T - ot
255

| | | OCnA

]
Outputs =1 ] BR T ocnB




Utilisation - Arduino

PWM (simple)

analogWrite(pin, value)

+ valeur: entre O et 2565

Librairie HardwareTimer

hitps://github.com/stim32duino/Arduino_Core STM32/wiki/HardwareTimer-library

HardwareTimer(timer)

+ timer: TIMT1, TIM4, TIM7, TIM8, TIM12, TIM13, ou TIM14

PWM (détaillé)

setPWM(channel, pin, frequency, dutyCycle, periodCallback, compareCallback)

+ dutyCycle : entre 0 et 100
+ periodCallback et compareCallback : optionnels (interrupts)

Beaucoup d'autres fonctionnalités
+ Prescale, count, pause/resume, ...
+ Cfdoc


https://github.com/stm32duino/Arduino_Core_STM32/wiki/HardwareTimer-library

Exemple PWM - simple

const int pwmPin = PB7;

void setup() {
pinMode(pwmPin, OUTPUT);

void loop() {
analogWrite(pwmPin, 64);
delay(1000);
analogWrite(pwmPin, 255);
delay(1000);



Exemple PWM - détaillé

#include <HardwareTimer.h>
const int pwmPin = PB7;
HardwareTimer *MyTim = NULL;
void setup() {

MyTim = new HardwareTimer(TIM4);
MyTim—>setPwM(2, pwmPin, 10, 50);

void loop() {
}



Exemple interrupt

#include <HardwareTimer.h>

const int pwmPin = PB7;
bool ledOn = false;

HardwareTimer *MyTim = NULL;

void ledCallback() {
ledOn "= true;

void setup() {
MyTim = new HardwareTimer(TIM&);
MyTim—>setPwM(1, PB6, 10, 50, ledCallback);
pinMode(ledPin, OUTPUT);

void loop() {
digitalWrite(ledPin, buttonPressed?HIGH:LOW);



Exemple interrupt 2

#include <HardwareTimer.h>

const int pwmPin = PB7;
bool ledOn = false;

HardwareTimer *MyTim = NULL;

void on() {
ledOn = true;

void off() {
ledOn = false;

void setup() {
MyTim = new HardwareTimer(TIM4);
MyTim—>setPwM(1, PB6, 2, 80, on, off);
pinMode(ledPin, OUTPUT);

void loop() {
digitalWrite(ledPin, buttonPressed?HIGH:LOW);



ADC

+ Convertisseur analogique = numérique

+ Capteurs simples

+

+ 4+ 4+

Micro
Potentiometre
Joystick

Photorésistance




Utilisation - Arduino

Lecture

analogRead(pin)
+ refourne une valeur uint32_t
Précision

analogResolution(bits)



Exemple ADC

const int inputPin = PA3;
const int ledPin = PB7;

void setup() {
pinMode(inputPin, INPUT);
pinMode(ledPin, OUTPUT);
analogReadResolution(8);

void loop() {
uint32_t value = analogRead(inputPin);
analogWrite(ledPin, value);
delay(100);



BUS

+ Communication entre MCU
+ Communication avec un PC

+ Sérialisation / parallélisation



UART/USART

Universal (Synchronous/)Asynchronous Receiver Transceiver

Protocole RS 232 (port série PC)

+ RX:récepftion
. RX TX
* .
TX : fransmission T oY
+ RTS : prét a écouter Master |CTS R1S|  Slave
AL s RTS CTS
+ CIS : prét a envoyer

RTS/CTS optionnels

Le maitre et I'esclave doivent étre configurées de la méme facon



Utilisation

Initialisation

Serial.begin(speed)

+ Speed : typiguement 2600

Test

Serial.available()

+ Retourne le nombre d’'octets
disponibles

Lecture

Serial.read()

+ Retourne le prochain octet, -1 si erreur

Serial.readBytes(buffer, length)
+ Dbuffer : tableau ou insérer les octets lus
+ length : nombre max d’'octets a lire

+ Retourne le nombre d’'octets écrits

- Arduino

Ecriture

Serial.write(byte)

+ Retourne -1 si erreur

Serial.print(val, format) / Serial.println(val, format)

+ val: plusieurs types possibles

+ Format : DEC, HEX, OCT, BIN, pour les
nombres seulement

+ La version In gjoute \r\n



Exemple UART - écriture

int 1 = 0;

void setup() {
Serial.begin(9600);

}

void loop() {
Serial.println(i++);
delay(100);

}



Exemple UART - lecture/écriture

void setup() {
Serial.begin(9600);
}

void loop() {
if (Serial.available()) {
int v = Serial.read();
Serial.write(v);
}
delay(100);
t



SP]

Serial Peripheral Interface

+ SS/CS :slave select

+ SCK: horloge SCLK » SCLK
, SP| MOSI » MOS SP|
+ MISO/SDO : master in slave out Master MISO |« MISO Slave
. 55 » SS
+ MOSI/SDI : master out slave in

Rapide
Bi-directionnel
SCLK > SCLK
: : MOSI » MOSI SPI
Pefites distances SPI MISO |« MISO Slave
Master SS1 p SS
552
. S53
Nouvelles conventions de nommage 3l sclk
» MOSI SPI
Master — Controller MISO Slave
, 55
Slave — Peripheral >
MISO — CIPO : Controller In, Peripheral Out L »l sclk
, L—» MOsI SPI
MOSI — COPI : Controller Out Peripheral In MISO Slave
. » 5SS
SS — CS : Chip Select

hitps://frwikipedia.org/wiki/Serial_Peripheral_Interface



https://fr.wikipedia.org/wiki/Serial_Peripheral_Interface

Mode CPOL CPHA
0 (0,0)

1(0,1)

2(1,0)

3(1,1)

SPI : phases

CPOL=0 [ L]

SCK  cpor=1 =\

—

~—~

—

—~—

SS )\
Cycle# IN1 )2
CPHA=0 MISO =z 1 Y2
MOSI =1 Y2
Cycle # 1 X
CPHA=1 MISO =X 1 X

[
>

MOSI 2XX

<R




Utilisation - Arduino

Initiatlisation

SPI.begin()

Configuration
SPI.setMOSI(pin), SPI.setMISO(pin) SPI.setSCLK(pin), SPI.setSSEL(pin)

SPI.setClockDivider(divider)

+ divider : SPI_CLOCK_DIVx (x =2, 4, 8, 16, 32, 64, ou 128

SPI.setDataMode(dataMode)

+ dataMode : SPI_MODEQ, SPI_MODE1, SPI_MODE2, ou SPI_MODE3

SPI.setBitOrder(dataOrder)

+ dataOrder : MSBFIRST oo LSBFIRST

SPI.beginTransaction(SPISettings(speedMaximum, dataOrder, dataMode))

Lecture + écriture

SPI.transfer(val)
+ val: valeur a envoyer

+ Retourne la valeur lue



Exemple SPI - conftroller / CS hardware

#include <SPI.h>

const int ledPin = PB7;
int 1 = 0;

void setup() {
pinMode(ledPin, OUTPUT);

SPI.setMOSI(PA7);
SPI.setMISO(PA6);
SPI.setSCLK(PA5);
SPI.setSSEL(PC9);

SPI.begin();
SPI.setClockDivider(SPI_CLOCK DIV16);
SPI.setDataMode(SPI_MODEQ);
SPI.setBitOrder(MSBFIRST);

void loop() {
SPI.transfer(i++);
delay(100);



Exemple SPI - controller / CS software

#include <SPI.h>

const int ledPin = PB7;
const int CSPin = PC9;

int 1 = 0;

void setup() {
pinMode(ledPin, OUTPUT);

SPI.setMOSI(PA7);
SPI.setMISO(PA6);
SPI.setSCLK(PA5);
pinMode(CSPin, OUTPUT);
digitalWrite(CSPin, HIGH);

SPI.begin();
SPI.setClockDivider(SPI_CLOCK DIV16);
SPI.setDataMode(SPI_MODEQ);
SPI.setBitOrder(MSBFIRST);

void loop() {
digitalWrite(CSPin, LOW);
SPI.transfer(i++);
digitalWrite(CSPin, HIGH);
delay(100);



Inter Integrated Circuit

+ SDA : données

+ SCL: horloge

Masse commune
Plus lent que SPI
Peu de fils
Adresses

Jusqu’'a 256 périphérique par bus

12C

|

SDA

Maitre
n°l

Maitre
n°2

Esclave
n-1

Esclave
n

hitp://frwikipedia.org/wiki/I2C



http://fr.wikipedia.org/wiki/I2C

Utilisation - Arduino

Initiatlisation

Wire.begin(address)

+ Address : périphérigue, inutile pour un
contrdleur

Configuration

Wire.setClock(frequency)

+ frequency : 100000 (standard), 400000
(fast)

Test

Wire.available()

+ Retourne le nombre d'octets
disponibles

Communication controleur

Wire.beginTransmission(address)

+ Address : destination
Wire.endTransmission()

Wire.requestFrom(address, nb)

+ Address : destination

Communication périphérique

Wire.onReceive(callback), Wire.onRequest(callback)

Lecture

Wire.read()

+ Retourne le prochain octet, -1 si erreur

Ecriture

Wire.write(byte)

+ Retourne -1 si erreur



Exemple 12C - conftroller

#include <Wire.h>
const int ledPin = PB7;

void setup() {
pinMode(ledPin, OUTPUT);

Wire.begin();
Wire.setClock(400000);

void loop() {
Wire.beginTransmission(0x42);
Wire.write(0x01);
Wire.endTransmission();

Wire.requestFrom(0x42, 1);

if (Wire.available()) {
char test = Wire.read();
digitalWrite(ledPin, test=0x01?HIGH:LOW);
t
delay(100);



Exemple [2C - peripheral

#include <Wire.h>
const int ledPin = PB7;

void setup() {
pinMode(ledPin, OUTPUT);

Wire.begin(0x42);
Wire.onReceive(receiveEvent);
Wire.onRequest(requestEvent);

void receiveEvent() {
if (Wire.available()) {
char test = Wire.read();
digitalWrite(ledPin, test=0x01?HIGH:LOW);

void requestEvent() {
Wire.write(0x01);

void loop() {
delay(100);
}



USB

Universal Serial Bus

+ VCC
+ GND
+ D+

+ D-
Classes

Mass storage
Media Transfer Protocol
Human Interface Devices (HID) : claviers, souris, joysticks, etc.

Virtual com port



|ICM-20649

6-DoF IMU Accelerometer and Gyro icm.getGyroRange()
+ https://qgithub.com/adafruit/ + range:
Adafruit_Sensor ICM20649_GYRO_RANGE_x_DPS (x =

500, 1000, 2000, 4000
+ https://qgithub.com/adafruit/ )
AderUi’r |CM20X/ icm.getAccelRateDivisor(), icm.setAccelRateDivisor(rate)

icm.getGyroRateDivisor(), icm.setGyroRateDivisor(rate)

Handle

Adafruit_ICM20649 icm; Lecture

icm.getEvent(accel, gyro, temp)

Initialisation
+ Accel, gyro, temp : sensors_event_t

icm.begin_12C() _
accel.acceleration.x

Sensibili’ré accel.acceleration.y

icm.getAccelRange(), icm.setAccelRange(range) accel.acceleration.z
+ range : ICM20649_ACCEL_RANGE_x_G SYXO0- 810X
(x =4, 8, 16, 30) gyro.gyro.y
gyro.gyro.z

temp.temperature


https://github.com/adafruit/Adafruit_Sensor
https://github.com/adafruit/Adafruit_Sensor
https://github.com/adafruit/Adafruit_ICM20X/
https://github.com/adafruit/Adafruit_ICM20X/

