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PORTE E
REGISTRI

LSS

Pinnofl
port x

PORTx.n

Inside the
AVR chip

Quitside the
AVR chip

I/OPortin AVR microcontrollers

>

PINx.n

PORTD - The Port D Data Register

Bit T 6 5 4 3 2 1 0
0x0B (0x2B) I PORTDT | PORTDE PORTDS PORTD4 PORTD3 PORTD2 PORTD1 PORTDO I PORTD
Read/\Write RW R RIW RW R RW RW R
Initial Value 0 0 0 0 0 0 0 0

DDRD - The Port D Data Direction Register

Bit 7 6 5 4 3 2 1 0

ox0A(x24) [ DDD7 | DDD6 | DDD5 ]| DDD4 | DDD3 | DDD2 | DDD1 | DDDO ] DDRD
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Initial Value 0 0 0 0 0 0 0 0

PIND - The Port D Input Pins Address

pin n of

port x

Outside the
AVR chip

Bit 7 6 5 4 3 2 1 0
009 @x29) [ PIND7 PINDG PIND5 | PIND4 PIND3 PINDZ PINDT | PINDD ] PIND
Read/Write R R R R R R R R
Initial Value NIA NIA NIA NIA NIA NIA NA NIA
VvCC
1 = Close
waaes PORTXN
0 = Open
PINX.n

inside the
AVR chip

Pull-up Resistor




DETTAGLI SUI REGISTRI

DDRx

Data Direction bit in DDRX register (read/write)
PORTXxn

PORTXn bit in PORTx data register (read/write)
PINxn

PINxn bit in PINX register (read only)




ACCESSO DIRETTO Al REGISTRI

Accedere direttamente ai registri del microcontrollore ha degli svantaggi

« difficolta di manutenzione del codice
« perdita di portabilita
° errori

Ma anche dei vantaggi
« facilita/velocita di accesso

* Alcune volte serve di impostare diversi pin nello stesso momento
PORTB |=B1100;

(digitalRead() and digitalWrite() sono composte a molte righe di codice)




ESEMPIO:

vold digitalWrite{uintd_t pin, uintd_t val} |]

¥

uints_t timer, bit, port, oldSREG;
volatile uintd_t *out;

Aftimer = digitalPinToTimer{pin;

timer = pon_reod_byte{digital_pin_to_timer_PGM + pin };
Afbit = digitalPinToBitMazkipin;

bit = pon_tead_byte{ digital_pin_to_bit_mazk_PGM + pin );
Afport = digitalPinToPortipin’;

port = pgm_tread_byte! digital_pin_to_port_PGM + pin };

if (port == NOT_A_PIMY
return;

AAIF the pin that support PWH output, we need to turn it off
Afbefore doing a digital write.
if (timer != MOT_OM_TIMER}

turnOf fPYMItimer ;

Afout = portOutputReqister{port’);

DIGITALWRITE

out ={volatile uint8_t *{pgm_read_word{ port_to_output_PGM + pin 30

oldSREG = SREG;
cliC);

i val == LOWY

¥out &= bit; Afclear bit
elze

¥out |= hity; /et bit

SREG = old3REG;

Risultato
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... port manipulation

PORTB =0;
PORTB =B100000;

Risultato

FIGON STOF [BEN Feroocghoreceere] L F 2,561
ETT -

Importante: inizializzazione delle variabili

e 0 A e 0 W ey
S0 1 5 W A A R R

A =B00000101 -> B binario
A =0x05 ->0x esadecimale

A =5 ->decimale
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Confrontando...
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ACCENDERE UN LED CON PORT MANIPULATION

“void setup
pinMode{?, OUTPUT };
pinMode{s, OUTPUT);
pinMode{s, OUTPUT );

¥

void Loop
AfdigitalWrite]?, HIGH);
sédigitalWrites, HIGHY;
sédigitalWrites, HIGHY;
PORTD = PORTD | BlilG86EE;
delow (1ARA Y ;

Jdigitalirited?, LOWY;
sedigital¥riteds, LOW);
fidigitalriteds, LOW);
PORTD = PORTD & BBAE11111;
delow (1ARA Y ;




MASCHERE BITWISE - ACCENDERE UN BIT

Accendere uno specifico bit di una stringa (o il pin di una porta)
Voglio ottenere xxxxxx11 (accendere gli ultimi due bit)

Esempi:

Stringa: 00000000

00000000 | 00000011 -> 00000011

Stringa: 11111111

11111111 | 00000011 -> 11111111

Stringa: 10101011

10101011 | 00000011 -> 10101011




MASCHERE BITWISE - SPEGNERE UN BIT

Accendere uno specifico bit di una stringa (o il pin di una porta)

Voglio ottenere xxxxxx00 (spegnere gli ultimi due bit)

Stringa: 11111111

11111111 & 11111100 -> 11111100

Stringa: 00000011

00000011 & 11111100 -> 00000000

Stringa: 01010111

01010111 & 11111100 -> 01010100




COMUNICAZIONE SERIALE
ASYNCHRONOUS SERIAL INTERFACE (UART)

Questo € quello che avete usato finora per «parlare» con Arduino

Asynchronous
UART interface Peripheral
X » RX
Data
RX |« X
RTS f-—-——m——————— »| CTS
Optional Handshake
CTS |¢----—-----——- RTS

Molto lento e poco robusto, ma molto semplice da implementare e utilizzare

Al computer

—

USB STANDARD:
D+, D-, GND (5v)

Atmega 328p
(ARDUINO)

USB PHY
(FT232)




SYNCHRONOUS SERIAL INTERFACES

Utilizzati per parlare con periferiche esterne

12C

SPI

I“C Peripheral

I°C interface Clock (SCL)
(Master) Data (SDA) (Slave)
SPI Peripheral
SPI interface
Clock
SCK SCK
SDO » SDI
Data
SDI SDO




SPI BUS

Composto da:

« CLOCK

« SLAVE DATA IN

« SLAVE DATA OUT
 SLAVE SELECT

Vantaggi

 Bidirezionale

e Solitamente non richiedono resistenze di pullup

Svantaggi

* Una linea (filo, pista) necessaria per ogni slave

SPI interface

SCK

SDO

SDI
Cs1
Cs2

CSN

SPI SPI
Peripheral Peripheral
(Slave #1) (Slave #2)
SCK SCK
SDO SDO
SDI SS SDI SS
T f 1 ¢




ESEMPIO: 25LC256 SERIAL EEPROM

// 25LC256 Serial EEPROM commands

#define CMD_WRSR 1 // write status register
#define CMD_WRITE 2 // write command

#define CMD_READ 3 // read command

#define CMD_wDI 4 // write disable

#define CMD_STAT 5 // read status register
#define CMD_WEN 6 // write enable

<—— instruction -
s ' o o 0o 0 IIJ/ 1\ o0/ 1

data from STATUS register
high-impedance g

s0 o) 0 —




WRITING TO THE EEPROM

// send a write command

CSEE = O; // select the Serial EEPROM
wWriteSPI2( CMD_WRITE); // write command
writeSPI2( addr_MSB); // address MSB first
writeSPI2( addr_LSB); // address LSB (word aligned)
writespi2( data); // send 8-bit of data
// continue writing more data..
CSEE = 1;

// wait until any work in progress is completed
while ( ReadSR() & 0x1); // check the wip flag

READING FROM THE EEPROM

// perform a read sequence
CSEE = 0; // select the Serial EEPROM
wWriteSPI2( CMD_READ); // read command
writesPI2( addr_MSB); // address MSB first
writeSPI2( addr_LSB); // address LSB (word aligned)
data = writespP1i2( 0); // send dummy, read msb
// continue reading a second byte, a third..
CSEE = 1;




1°C (INTER-INTEGRATED-CIRCUIT) BUS

12C is a two wire serial interface.

Vdd
1510K Microchip 24LC515 V 0.3
SCL ® SCL A2 4]
Vdd
Al
% 10K
SDA ® SDA A0

SCL —clock line SCL A2 j]

SDA — data (bidirezionale

ma non simultaneo) Al

AO

SDA




I°C FEATURES

Una singola linea richiesta anche in presenza di molti slave
- Ogni transazione inizia con I'indirizzo del ricevente

- Tutti | ricevitori ascoltano e confrontano con il proprio indirizzo

Vengono utilizzate due line:
 SDA (data)
 SCL (clock)

* Bidirezionale ma non full-duplex (o trasmetti o ricevi)




NUCLEO F401RE - HW
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NUCLEO F401RE - SCHEMA
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NUCLEO F401RE - SCHEMA

R7 R4
Esv} I||.
K7 4K7 |
#3V3 ST UINK —2E 3
L R3 10K R6
R i :
Board Ident: PC13=0 2 i
R2 , JOKIN/A] 2|5
|5 S
BIE
2|0
—]+3v3 ST LINY |
) o fe
Fs[eisizizigisigizl i) -
= e STM32F103CBT6
H A BEEZEED
(&) Cc3 o - Sapei =t
S¢ R I CN7 CN6
20pF 20pF iy a &
3
o e [lser L] vBaT 2 VDD 2 e 13V3_§7 LINK
ST D 3+ pCi3 VS 2 e [IF
R14 SMHz(12pF) 8 [ Lo o Ut e T Y [t
100K : 3| OSCIN PAIl |32 USSOM
0SC OUT 6 | ecour PALD |l _LSWO Clo
STM RST 7.1 NRsT PA9 | S0_LED STUINK 20pFIN
I M | s e 29 R2S, 100 2
A . .|| =1 Vvssa PA8 I3 SH
-TIV3 S DD/ 5 o=
(son0 TS UK — | VPPA IS |
| 00nF 5 | 26T JICK
827 .. ak? — | Pal PBI3 foe—t it b
- =] PA2 = PBI2 |+ -
e g _- " Lrstoo s Jo
- e as2=ya
2T2E% %a
a B O 8. 8 -
oo o
STLK TX I
Bl 2 3
5[8 5 R A e Wired on Solc 333
S1S15 35 3
353
STLK_RX SILINKRE ] +h-Ir- CNII = =
373
JP4 CNI2
2 N/A -
||'__C F-BARANAL 1oy st LNk
- A —_— _—
usy Not Fitted
3IV3 ST LINK
_ SR12
USB ST-LINK 10K
Usv Tl 2 RIL 100 USB RENUMn
9013 5
ONI RI0 £3V3 ST LINK
voe ) R16,, 1KS 336K
D. -2 [[RI§.0 USB DM
Db Lad J RIT0 USB_DP L
D -3 RIS 100K = Cl11 C4
LA RISI0K
<
GND  ——

SHELL
S07SBMR-05-SM

l 100nF 100nF

NUCLEO-F401RE

CN5 CN10
PC9
D15 PB8
D14 PBS
AVDD AVDD
GND GND
D13 PAS
D12 PAB
D11 PA7
D10 PB6
D9 PCY
D8 PA9
D7 PA8
D6 PB10
D5 PB4
D4 PBS
D3 PB3
D2 PA10
D1 PA2
D0 PA3

. Morpho




NUCLEO F401RE - SCHEMA
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NUCLEO F401RE - ESEMPIO

BLINK LED INTEGRATO

File -> new -> project -> STM32project -> board selector -> nucleo F401RE

5 STM32 Project | e

Target Selection
Select STM32 target

Board Selector

¢Board Filters

[E& Eﬁ O Features Large Picture Docs & Resources El Datasheet [ Buy
Q. —
Part Number Search v e NUCLEO-F401RE
Q |NUCLEO—F4UIRE ~ STMicroelectronics NUCLEO-F401RE Board Support and Examples
Unit Price (US$):13.0
>

Vendor Active
Type 5 Productis in mass production Mounted device” STUIZF401RETx

MCU/MPU Series > The STM32 Nucleo-64 boards provide an affordable and flexible way for users to iry out

new concepts and build prototypes by choosing from the various combinations of
Other v performance and power consumption features, provided by the STM32 microcontroller.

For the compatible boards, the external SMPS significantly reduces power consumption in
Run mode.
The Arduino™ Uno V3 connectivity support and the ST morpho headers allow the easy

Price =13.0
L

Oscillator Freq. = 0 (MHz)
P

L
Boards List: 1 item
- | overiew | Part lio
Peripheral v
@ 1% Nucleo6d Active 13.0
@
@
@
@
@
Button 0
@
@
@
@

® < Back Finish Cancel




NUCLEO F401RE - ESEMPIO

BLINK LED INTEGRATO

Assegnare nome - e poi yes

e
o Project Setup

Setup STM32 project

o
P

pwm_led

Use default location

C:/Users/mikym/STM32CubelDE/workspace_1.0.2 Browse...

Options

[ R N R R RN ]
@ W0~ AW

Targeted Language
C C++

Co G0 0 00
BN E

Targeted Binary Type
25 Executable Static Library

Targeted Project Type
STM32Cube Empty

Perform Project Creation. Please Wait For Completion ...

2) 1= HAL_OK)
T

(?; < Back Next > Finish Cance

E Board Project Options: X

@ W0 WYL Wwioio o
@O~ N BEWN e

'e Initialize all peripherals with their default Mode ?
° 4

e e ®
TR WN R

=l ™




NUCLEO F401RE - ESEMPIO

BLINK LED INTEGRATO

HAL_GPIO TogglePin(LD2_GPIO Port,LD2 Pin); //Toggle LED

HAL Delay(1000); //Delay 1 Seconds




NUCLEO F401RE - ESEMPIO

BLINK LED INTEGRATO

Programmare il target

lavigate Search Project Run Window Help
i i@y~ rooro-|@
% 7= 8 [DtimerlEDioc | [ mainc 2
70 =/
- 719int main(void)
72 {
73 /* USER CODE BEGIN 1 */
74
75 /* USER CODE END 1 */
76
77
78 J* MCU Configuration-------------ommmmmmm
79
80 /* Reset of all peripherals, Initializes the Flash interface
R 81 HAL_Init();
- . 82
dase_tim.c = 83 /* USER CODE BEGIM Init */
| 34
= 85 /* USER CODE END Init */
86
. g7 /* Configure the system clock */
=~ 838 SystemClock_Config();
80
| 99 /* USER CODE BEGIN SysInit */
o
+ld 92 /* USER CODE END SysInit */
Id 93
94  /* Initialize all configured peripherals */
95 MX_GPIO_Init();
9 MX_USART2_UART_Init();
97  MX_TIM2_Init();
98 /* USER CODE BEGIN 2 */
99
/* USER CODE END 2 */
//HAL_TTM_PWM_Start(&htim2, TIM_CHANNEL_1);
- /* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{
/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */
}
/* USER CODE END 3 */
4ld ¥
Id x

{

* @brief System Clock Configuration
* @retval None

*/

void SystemClock_Config(void)
RCC_OscInitTypeDef RCC_OscInitStruct = {@};
RCC_C1kInitTypeDef RCC_ClkInitStruct = {@};

[ Edit Configuration [m] X
Edit launch configuration properties ﬁ'\
Name: ‘ }timerLED‘elf
[E Main| %> Debugger  Startup | & Source| ] Common
C/C++ Application:
‘ Debug/timerLED.elf Search Project... Browse...
Project:
‘ timerLED Browse...
Build (if required) before launching
Build Configuration:  Use Active =
O Enable auto build O Disable auto build
(@) Use workspace settings Configure Workspace Settings..
Revert Apply
@ OK Cancel




NUCLEO F401RE - ESEMPIO

BLINK LED INTEGRATO

Avviare il target

1.0.2 - timerLED/Src/main.c - STM32CubelDE
urce Refactor Navigate Search Project Run Window Help
FERL AR S A S 2 SRR W I T TR |

&| %[+ =5 [Mtimeedioc  [&mainc =

@

elf {STM32 MCU Debugging]
(ED.elf [cores: 0]
wead #1 [main] 1 [core: 0] (Suspended : Breakpoint)

main() at mainc81 0x8001e20
/STM32CubelDE_1.02/STM32CubelDE /plugins/comststm32cube.idemcu.externa
NK (ST-LINK GDB server)

int main(void)

/* USER CODE BEGIM 1 */

SRR

/* USER CODE END 1 */

/* MCU CONFAEUPAtEON ==~ === m = mmm e /

AN

3

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL Init();

/* USER CODE BEGIN Init */

GRERSS

/* USER CODE END Init */

/* Configure the system clock */
SystemClock_Config();

SESILR

/* USER CODE BEGIN SysInit */

/* USER CODE END SysInit */

/* Initialize all configured peripherals */
MX_GPIO_Init();

MX_USART2_UART_Init();

MX_TIM2_Init();

/* USER CODE BEGIN 2 */

WD A0 10 L0 10 0 10 10 0 L0 00 00 00 0O 00 00 00 00 0 @ S N N N N W N N N %
GRORR 2

SBe9s

/* USER CODE END 2 */
//HAL_TIM_PWM_Start(&htim2, TIM_CHANNEL_1);
/* Infinite loop */
/* USER CODE BEGIN WHILE */
104 while (1)
1 {

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

3
/* USER CODE END 3 */

* @brief Svstem Clock Configuration

& Console 52
timerLED.elf [STM32 MCU Debuaainal ST-LINK (ST-LINK GDB server)




NUCLEO F401RE - ESEMPIO

USIAMO IL PULSANTE PER ACCENDERE E SPEGNERE IL LED INTEGRATO

if (HAL_GPIO_ReadPin(GPIOC, GPIO_PIN_13)) {
HAL_GPIO_WritePin(GPIOA, GPIO_PIN_5, GPIO_PIN_RESET);
} else {
HAL_GPIO_WritePin(GPIOA, GPIO_PIN_5, GPIO_PIN_SET);

}

osDelay(100);




NUCLEO F401RE - ESEMPIO

AGGIUNGERE UN TASK A PARTE PER LA SERIALE

char *msg = "Hello from Nucleo!\n\r";

HAL_UART_Transmit(&huart2, (uint8 t*)msg, strlen(msg), OXFFFF);
osDelay(100);




NUCLEO F401RE - ESEMPIO

RICEVERE DALLA SERIALE

HAL _StatusTypeDef HAL_UART_Receive(UART_HandleTypeDef *huart, uint8_t #*pData,
uint16_t Size, uint32_t Timeout);

where:

« huart: it is the pointer to an instance of the struct UART_HandleTypeDef seen before, which
identifies and configures the UART peripheral;

- pData: is the pointer to an array, with a length at lest equal to the Size parameter, containing
the sequence of bytes we are going to receive. The function will block until all bytes specified
by the Size parameter are received.

« Timeout:is the maximum time, expressed in milliseconds, we are going to wait for the receive
completion. If the transmission does not complete in the specified timeout time, the function
aborts and returns the HAL_TIMEOUT value; otherwise it returns the HAL_OK value if no other
errors occur. Moreover, we can pass a timeout equal to HAL_MAX_DELAY (0xFFFF FFFF) to wait
indefinitely for the receive completion.
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RICEVERE DALLA SERIALE

printMessage:

printWelcomeMessage();

while (1) {

opt = readuserInput();
processUserInput{opt);

if{opt == 32)

goto printMessage;

h

H

void printwelcomeMessage(void) {
HAL T_Transmit{&huartz, (uints_t*)"\e33[e;eH", strlen{"\833[@;8H"), HAL_MAX_DELAY);
HAL_UART_Transmit(&huartz, (uinte_t*)"\e2z[23", strlen{"\@33[21")}, HAL_MAX_DELAY);
HAL_UART_Transmit{&huartz, (uints_t*)WELCOME_MSG, strlen{WELCOME_MSG), HAL_MAX_DELAY);
HAL_UART_Transmit(&huart2, (uints_t*)MAIN_MENU, strlen({MATIN_MENU)}, HAL_MAX_DELAY);

H

uints_t readuserInput(:
char readBuf[1];

Hal_UART_Transmit{&huart2, (uint3_t*)PROMPT, strlen{PROMPT), HAL_MAX_DELAY);
HAL_W receive(&huart2, (uints_t*)readeuf, 1, HAL_MAX DELAY);
return atoi(readBuf);

uints_t processUserInput({uints_t opt) {
char msg[3e];

if(lept || opt » 3)

return 8;

sprintfimsg, "Ed", opt);

HAL AT_Transmit(&huartz, (uints_t*)msg, strlen{msg), HAL_MAX_DELAY);

switch{opt) {

case 1:
HAL_GPIC_Togglerin{GPIDA, GPIC_PIN_S);
break;

case 2:
sprintf{msg, "\r\nUSER BUTTOM status: s, HAL_GPIO_ReadPin(GPIOC, GPIO_PIN_13) == GPIO_PIN_RESET ? "PRESSED" : "RELEASED™)
AL_UART_Transmit{&huart2, {(uints_t*)msg, strlen{msg), HAL_MAX_DELAY);
break;

casze 3:
return 23

i

return 1;

https://github.com/cnoviello/mastering-stm32/blob/master/nucleo-f091RC/src/ch8/main-exl.c



https://github.com/cnoviello/mastering-stm32/blob/master/nucleo-f091RC/src/ch8/main-ex1.c

NUCLEO F401RE - ESEMPIO

USIAMO IL TIMER PER FAR BLINKARE IL LED INTEGRATO

E workspace_1.0.2 - Device Configuration Tool - STM32CubelDE -
File Edit MNavigate Search Project Run Window Help

R R Y B PR R PRy [Quckacess] | 21 &

&5 Project Explorer & = B[4 mainc |§] startup_stm32f401rebcs | tasks.c [c] 0x8005ea8 ¢l main.c ¢ stm32f4xx_hal_msp.c L.l stm32f4xx_hal_uart.c | system_stm32f4xx.c £ sysmem.c [¢] timersc [ *pwm_led.ioc 2
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Target is not responding, retrying...
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Additional Software

ME: TIMZ Mode and Configuration : £F Pinout view
3ystem Core 5 Slave Mode |Dlsab\e V‘
Trigger Source ‘Dlsab\e V‘
Analog ’ Clock Source |D|sab\e V‘
TS hasndb P\ Generation CH1 ]
- Channel2 |D\sable
RTC Channel3 Disable
TIM1
ChannaMlD\sable
TIM3
Tiv4
TIME
TiMg 1 XOR activa
TIMA0
TV [1 One Pulse Mode
B1 [Blue PushButton]
RCC_0SC32_IN 1
Sonnectivity > RCC_0SC32_0UT
RCC_OSC_IN
Vultimedia >
RCC_OSC_OUT
Computing >
WViddleware >

Reset Configuration

STM32F401RETx
LQFP64

Q|Se tHF) O] ® [ ]
~ Counter Settings
E Psr (PSC - .83 -3
Counter Mode Up ~ E
ermterFee (. 999999 >
Internal Clock Div... Mo Division
auto-reload preload Disable
~ Trigger Output (TRGO) P___
Master/Slave Mo... Disable (Trigger input effect ...
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~ PWM Generation Chann...

TINR_GH1

Mode PWM mode 1
Prtre-i32-Ps val... 500000

Fast Mode Disable

CH Polarity High
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Nel main.c inserire:

HAL_TIM_PWM_Start(&htim2, TIM_CHANNEL 1);

Private a cambiare period (e pulse in accordo)

Additional Softwar

TIM2 Mode and Configuration

v Pinout

System vie

Slave Mode [Disable

SystemCore > o —.
Tiigger Source [Disable <
Analog ’ Clock Source [Disable <
fimers v Channel1 [PWM Generation CH1 <
. Channel2 [Disable v
RTC Channel3 [Disable -
1
Ghanneld]Disable <
M3 .
iMs i :
i 0 X0R o
o
T O One Puise Mode
81 (Blue PushButon]
Rec_oscazm )
Sonnectivty > Ros_oseaz_our
Roc_ose_m
Wultimedia > e
Somputing >
Viddleware >

Reset Configuration

[Contgur th below parametes —

* Counter Settings
Prescaler (PSC - 83 3 B
CounterMode  [Up g g’
Counter Period (... 999999 2
Intemal Clock Div... No Division
auto-reload preload Disable
+ Trigger Output (TRGO) P.
Master/Slave Mo... Disable (Trigger input eflect
Trigger Event Sel... Reset (UG bit from TIMx_E.
~ PWM Generation Chann

Mode PWM mode 1
Pulse (32 bits val... 500000
Fast Mode Disable
CHPolaity  tigh . .
@ S} Q|
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LEGGIAMO IL VALORE DI TENSIONE DA UN POTENZIOMETRO

Adc: canale O e 84 cicli a conversione

ration Tool - STM32CubelDE - x

:ct Run Window Help
Brigvilivivtayov @ |Quick Access| ;| g | i 4
<l main.c l.£] system_stm32fdwocc €| sysmem.c [¢ timersc [ *pwm _led.ioc &3 = g

8] startup_stm32f401retxs l¢ tasks.c  [c]0x8005ea8 L¢l mainc e stm32f4xx_hal_msp.c ¢ stm32f4xx_hal_uart.c

Pinaut & Configuration

v Pinout

Additional Software

ADC1 Mode and Configuration : 5 Pinout view
1
4

System Core hd INo
. O g %
DA O '
IWDG
NVIC 714
B1 [Blue PushButton]
WWDG O NG REC_05032_0UT
RGC_OSC_IN )
Analog ~ Reset Configuration
: ® NVIC 5 ® DI in ® GPIO Settin
Ak ADCA
Configure the below parameters - STM32F401RETx
LQFP64
Timers Ml | EEEEICTEI — — >
N Number Of Conversion 1 PN
RTC External Trigger Conversion .. Regular Conversion launched by softw. .
USART_TX
External Trigger Conversion . None
v Rank 1
TIM3 Channel Channel 0
parer) » & I
[ E 5
TIMS ~ ADC_Injected_ConversionMode E g
Tima Number Of Conversions 0
Iml? ~ WatchDog
Enable Analog WatchDog M. [
Sampling Time
Connectivity > SamplingTime o
Parameter Description: Q L C’)\ m ﬂl Q

i biman i >
P e S — —
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LEGGIAMO IL VALORE DI TENSIONE DA UN POTENZIOMETRO

Adc: canale O e 84 cicli a conversione

Inizializza ’ADC

Aspetta la conversione del valore
Utilizza il valore per il PWM

Scrive le informazioni sulla seriale

{

?ur(;;)

HAL _ADC Start(&hadcl);
HAL _ADC PollForConversion(&hadcl, HAL MAX _DELAY);

float rawValue = HAL ADC GetValue(&hadcl);
rawvalue = ((float)rawValue) / 4095 * 10000,

htim2.Instance->CCR1 = (uintl6e_t) rawValue+10@;

char msg[10];
sprintf(msg, "%d\n", (uintl6_t)rawValue);

1. 8.3V =>Pin 16 CN7
2. AINO => Pin 28 CN7

3. Ground
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USIAMO UN POTENZIOMETRO PER REGOLARE LA LUMINOSITA DI UN LED IN PWM

PWM => per pilotare il LED
Timer 2 Channel 1 - PWM mode ¢ 100Hz »

ADC => per variare la luminosita del LED variando proporzionalmente al valore

analogico acquisito il Duty Cycle del PWM
 ADC1 INO - Single and regular conversion
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N CN7 CNe PCS CN5 CN10
PC10 PC11
USIAMO UN POTENZIOMETRO PER REGOLARE LA LUMINOSITADIUN LED IN | =; ]
VDD ESV
BOOTO GND AVDD AVDD
GND GND
NC NC NC D13 PAS
NC IOREF IOREF D12 PA6
PA13 RESET RESET D11 PA7
PA14 +3V3  +3V3 D10 PB6
PA15 +5V +5V D9 PCT
GND GND GND D8 PA9
PB7 GND GND
AD H PC13 VIN VIN D7 PA8
H “ I |er PC14 NC D6 PB10
h rl ' | In PC15 PAD  AD D5 PB4
PHO PA1 A1 D4 PB5S
PH1 PA4 A2 D3 PB3
VBAT PBO A3 D2 PA10
onfi i PC2 PC1 A4 D1 PA2
‘onfiguration Tool - STM32CubelDE £z ECT o &

Project Run Window Help
i difvidvilv i mEro @
B

B Arduino B Momho

EUILR HL

[¢ mainc  [3] startup_stm32f401retx.s 2al mainc [ stm32f4xx_hal_msp.c [¢ stm32f4xx_hal_uvart.c [¢] system_stm32fdonc € sysmem.c timers.c

[ pwm_led.ioc &

- Pinout & Configuraticn
Additional Software v Pinout
{E Pinout view
Categories
System Core
Analog
Timers >
ASH.I
Cannectivity > B1 [Blue PushButton]
M.Id RCC_0SC32_IN
Multimedia > RCG_05C32_0UT
RCC_DSC_IN
Computing > RECC_0SC_OUT
Middleware >

STM32F401RETx
LQFP&4

v

USART_TX

USART_RX.
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Proprieta del timer: prescaler 83, period 9999 (100hz), pulse 5000 (50%)

tion Tool - STM32CubelDE - X
Run Window Help

“igeilc v oro @ [auick Access} | a9 | il #

main.c startup_stm. retx.s tasks.c X ea main.c stm. hoo_hal_msp.c stm o_hal_uart.c system_stm. 30.C Sysmem.c timers.c pwm_led.ioc
i 5] 327401 <] tasks. [£]0x8005ea8 (¢ mail [ stm32f4c_hal <) stm32f4xc_hal g 3274, lg] Ll ti uly led.ioc &2 =0

Pinout & Configuration

nmguration

Additional Software Vv Pinout

& TIM2 Mode and Configuration : 40 Pinout view
:
System Core N Slave Mode|D|sab\e V‘
Trigger Source |D\sable v ‘
Analog ” Clock Source |D|sab\e ~ ‘
Timers ~ Channel1 |F‘WM Generation CH1 V‘
- Channel2 |D\SEb|E ~ ‘ B1 [Blue PushButton]
RTC Channel3 |Dwsable V‘ ROC_O5C32_IN
TIM1
Channeld |Disable ~ Rec_oses_our
A TIM2 | ‘ REC_OSC_IN
3
Tim4
TIM& Reset Configuration
TimMg
TI10 L]
TIM11

Configure the below parameter: STM32F401RETx
LQFP64
Connectivity > e b

~ Counter Settings

Multimedia > Prescaler (PSC - 16 bits val... 83
UsART_TX [
Counter Mode Up
Computing > Counter Period (AutoReload... 9999
Internal Clock Division (CKD) No Division
Middleware > auto-reload preload Disable !

USART_RX
ThE_CHI

~ Trigger Output (TRGO) Parameters
Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)

Trigger Event Selection Reset (UG bit from TIMx_EGR)
~ PWM Generation Channel 1
Mode PWM mode 1
Pulse (32 bits value) 5000 @
Fast Mode Disable r = “y ¥
CH Polarity High ®\ - Q |L J Q

| Console X% BHEREE 2By 10
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Adc: canale O e 84 cicli a conversione

[ | | @
(|

[ “pwm_led.ioc 2 =

ration Tool - STM32CubelDE
:ct Run Window Help

Lvigvidw AR ERCR SN i ]

8] startup_stm32f401retxs l¢ tasks.c  [c]0x8005ea8 L¢l mainc e stm32f4xx_hal_msp.c ¢ stm32f4xx_hal_uart.c l.£] system_stm32fdwocc ¢ sysmem.c ¢ timers.c

¢} main.c

Pinaut & Configuration

v Pinout
4 5 Pinout view

Additional Software

ADC1 Mode and Configuration »
1
1 4
System Core hd INo
. Ot g %
DA O
IWDG
NVIC 714
B1 [Blue PushButton]
WWDG O NG REC_05032_0UT
RGC_OSC_IN
Ree_ose_our
: . ‘ - ’
Ak ADCA
Configure the below parameters - STM32F401RETx
LQFP64
Timers N Ql:l @ @
N Number Of Conversion 1 ADGT_IND
RTC External Trigger Conversion .. Regular Conversion launched by softw. .
External Trigger Conversion . None USART_TX
v Rank 1
TIM3 Channel Channel 0
TiM4 Sampling Time g 5‘
TIMS ~ ADC_Injected_ConversionMode E g
Tima Number Of Conversions 0
o ~ WatchDog
T Enable Analog WatchDog M. [
Sampling Time I
Connectivity > SamplingTime
Parameter Description: (D\ [ ] C’)\ m ﬂl Q

i biman i >
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Middleware - Freertos

uration Tool - STM32CubelDE

- X
ject Run Window Help
Beigeile T oo o]0 e | | i
l< main.c 8] startup_stm32f401retxs ] tasks.c [c]0x8005ea8 (€] main.c ¢ stm32f4xx_hal_msp.c le] stm32f4xx_hal_uart.c | system_stm32fdxx.c ¢ sysmem.c (g timers.c [ “pwm_led.ioc 2 = O

Pinout & Configuration

Additional Software v Pinout

Q & FREERTOS Made and Configuration N

) 5 Pinout view System view
AL g
Interface [CMSIS_V2 v
Analog
Timers hd
RTC
TIMA 81 [Blue PushButton]
RCC_OSCIZ_IN
TIM3 RCC_05C32_0UT
TIM4 RCC_0SC_IN
Tis Rec_osc_ouT
TIM3
TIM10 Reset Configuration
TimM11
Connectivity 5 STM32F401RETx
Configure the following parameters: LQFP64
> | eierm ] 0 o 3
. ~ APl
Computing > eeRTOS AP USART_TX [
Middleware ~ ¥ Versions - . o
FreeRTOS version 10.0.1 _
* CMSIS-RTOS versian 2.00 ; z
FATFS ~ Kemel settings 4 H
~~ FREERTOS USE_PREEMPTION Enabled
II\_II\EJE%ETES CPU_CLOCK_HZ SystemCoreClock
TICK_RATE_HZ 1000
MAX_PRIORITIES 56
MINIMAL_STACK_SIZE 128 Words

MAX_TASK_NAME_LEN 16

USE 16 BIT TICKS Disabled @ - a = e Q -
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Freertos - creazione task

iration Tool - STM32CubelDE - X

:ct Run Window Help

Hrigeilivivtaoy o0 3@\%m#
|

<l main.c 8] startup_stm32f401retxs le tasks.c  [c]0x8005ea8 ¢l main.c e stm32f4x_hal_msp.c ¢l stm32f4xx_hal_uart.c l.£] system_stm32fdwocc ¢ sysmem.c [¢ timerse [ *pwm _led.ioc &2 =

Pinaut & Configuration ( figuration

Additional Software v Pinout

Q {@} FREERTOS Mode and Configuration : 0F Pinout view
Categories M :
Interface [CMSIS_V2 ~|
Analog
Timers v
RTC
TIMA New Task x B1 [Blue PushButton]
Task Name myTask02 RGC_DSC32_IN
TIM3 Priority osPriorityLow ~ RGC_0SC32_ouT
Tiha Stack Size (Words)  |128 Roe_ose
TIM& RCC_OSC_OUT
TIMg . Entry Function IADCtask
TIV10 Reset Configuration Code Generation Option |Default ~
TIM11 Parameter NULL
Allocation Dynamic ~
3 Buffer Name STM32F401RETx
Connectivity >
Control Block Name —I il
M Thread buffer (will be in the generated code, an array - uint. buffer] stackSize ]) #
Multimedia ’ default... osPrio... 128 StanD... Default MULL  Dyna.. N Cancal o |
Computing > USART_TX |pack
Middleware ~
N Delete 3 =
] 3
FATFS g ?
 FREERTOS Buffer Nama
LIBJPEG
MBEDTLS
ra
Add [EDEES @ Ca Q Ik &l ol ]
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Freertos - systick

Jration Tool - STM32CubelDE - X
ect Run Window Help

Brid-iliilreeror@ [auick Access|| w | &

[¢] main.c [5) startup_stm32f401retx.s [¢tasksc  [€]0x8005¢a8 [¢] main.c [¢ stm32f4xx_hal_msp.c [¢ stm32f4xx_hal_uart.c [€] system_stm32f4xx.c [¢ sysmem.c [4 timers.c B *pwm_led.ioc = 0

onfig

Pinout & Configuration ation
Additional Software ~ Pinout

2 SYS Mode and Configuration : 4EE Pinout view

Categorias

Debug ‘SEHE| Wire ~ ‘
[ System Wake-Up

System view

va

System Core hd

DMA Timebase Source [TIM1 ~ ‘
GPIO
IWDG
NVIC

81 [Blue PushButtan]

Fe e
V

WWDG RCC_0SC32_0UT
RCE_OSC_IN

Configuration RCC_DSC_OUT

Analog hd Warning: This IP has no parameters to be configured.

ADC1

STM32F401RETx
LQFP64

Timers >

RTC

TIM3
Tia é
TIMS §
TIMS

TIM10

TIM11

ThE_CHI

Connectivity >

Bl iimnadin b
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Generate project

e Configuration Tool - 2CubelDE

Window Help

R SR AR R A CRCR R N i |

= B [dmainc |8 startup_stm32f407retx.s L] tasks.c [c]0x8005¢a8 main.c L€ stm32f4xx_hal_msp.c L stm32f4xx_hal_uart.c system_stm32f4xx.c L¢l sysmem.c Lo timers.c [ *pwm_
atian

v Pinout

TIM2 Mode and Configuration : 5% Pinout view System view
Slave Mode ‘D\sable ~ |
Trigger Source |Disab\e V|
Clock Source ‘Disable ~ |
Channel1 |PWM Generation CH1 V|
Timers v
ELASH.I Channel2 |D|sab\e V|
RAM.Id RTC Channel3 |Dlsab\e V|
Ehanneld|Disable ~]
A TIM2
TIM3
TiM4
TIMS Reset Configuration
TIMS 5 >
TIM10
TIM11
Search Constants
Comectity | s T
*
12C1
@ 12C2 3
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SDIO 3 5
@ SPI § E'
SPI2 =
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Aprire main.c

m workspace_1.0.2 - pwm_led/Src/main.c - STM32CubelDE -
File Edit Source Refactor Navigate Search Project Run Window Help

]

il [ B-R @ di@ I Y Gy~ 0
5 Project Explorer = = 0 [@Mpwm_ledioc | [ mainc 2
BES - 82 /* USER CODE BEGIN 1 */
IZ adct 83
& blink 84 /* USER CODE END 1 */
~ [Z pwm_led :f
& Includes 87 /* MCU Configuration-------------------oo */
& Drivers 28
& Middlewares 89 /* Reset of all peripherals, Initializes the Flash interface and the Systick. */
v (2 Src 90 HAL_Init();
[€] freertos.c 91
B 92 /* USER CODE BEGIN Init */
93
[8 stm32f4ix R <€ 94  /* USER CODE END Init */

[8] stm32f4xx_hal_timeba
[€] stm32fdxx_it.c

96 ; figure the system clock */
[£] syscalls.c 97 SystemClock-Config():
[£ sysmem.c 98
[&] system_stm32fdxx.c 99 /* USER CODE BEGIM Sys */
5 Startup 100 ) o
& Inc 161 /* USER CODE END SysInit */
m pwm_led.ioc

/* Initialize all configured peripherals */
MX_GPIO Init();

MX_USART2_UART_Init();

MX_ADC1_Tnit();

MX_TIM2 Tnit();

/* USER CODE BEGIN 2 */

u STM32F40TRETX_FLASH.I
u STM32F401RETX_RAM.Id
L seriall
U WsenseStructDemo

/* USER CODE END 2 */
osKernelInitialize();
/* USER CODE BEGIM RTOS_MUTEX */

/* add mutexes, ... */
/* USER CODE END RTOS_MUTEX */

/* USER CODE BEGIMN RTOS SEMAPHORES */
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Inizializzare i PWM (questo € un TIMER)

ain.c - STM32CubelDE - X
avigate Search Project Run Window Help

bitsvim oo ror|@ [Quick Access| | & | Bl %
[ pwm_led.ioc Lo mainc g mainc 2 =
s &
defaultTaskHandle = osThreadNew(StartDefaultTask, MULL, &defaultTask attributes);
/* definition and creation of myTaske2 */
const osThreadAttr t myTask®2 attributes = {
.name = "myTask@z",
.priority = (osPriority_t) osPrioritylow,
.stack_size = 128

b

myTask@2Handle = osThreadNew(adcTask, NULL, &myTask@2_ attributes);
/* USER CODE BEGIN RTOS_THREADS */
/* add threads, ... */
/* USER CODE END RTOS_THREADS */
/* Start scheduler */
MAL TTM PWM Start(&htim2, TIM CHANNEL 1);
osKernelStart();

/* We should never get here as control is now taken by the scheduler */

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */

¥
/* USER CODE END 3 */

* @brief System Clock Configuration
* @retval None
x4 b
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Inserire il task

Inizializza ’ADC

Aspetta la conversione del valore
Utilizza il valore per il PWM

Scrive le informazioni sulla seriale

.C - STM32CubelDE
gate Search Project Run Window Help

R R S RUR R R A CRCR R Al i

[ pwm_led.ioc mainc  [g *mainc 2

397 * @brief Function implementing the myTask®2 thread.
398 * @param argument: Not used

399 * @retval None

498 */

@1 /* USER CODE END Header_adcTask */
02=void adcTask(void *argument)

03 {
@4  /* USER CODE BEGIN adcTask */
Q5 /* Infinite loop */

06 for(;;)

HAL_ADC_Start(&hadcl);
HAL_ADC_PollForConversion(&hadcl, HAL_MAX_DELAY);

float rawValue = HAL_ADC_GetValue(&hadcl);
rawValue = ((float)rawValue) /[ 4095 * 10000;

htim2.Instance->CCR1 = (uintl6_t) rawValue+100;
char msg[1@];

sprintf(msg, "%d\n", (uint16_t)rawValue);
HAL_UART Transmit(&huart2,msg, strlen(msg), @xFFFF);

22}
2 /* USER CODE END adcTask */
424}
425
4260 [
427 * @brief Period elapsed callback in non blocking mode

*
* @note  This function is called when TIM1 interrupt took place, inside
* HAL _TIM IRQHandler(). It makes a direct call to HAL IncTick() to increment
430 * a global variable "uwTick" used as application time base.
* @param htim : TIM handle
* @retval None

*




NUCLEO F401RE - ESEMPIO

USIAMO UN POTENZIOMETRO PER REGOLARE LA LUMINOSITA DI UN LED IN PWM

Programmare il target

lavigate Search Project Run Window Help
Bit-im - HH-F a0
e S [T Edit Configuration [m] X
% B [MtimerlEDioc | [d mainc 2 i
78 */ Edit launch configuration properties .
- 719int main(void)
72 {
73 /* USER CODE BEGIN 1 */
7 Name: ‘ }timerLED‘elf ‘
75 /* USER CODE END 1 */
76 [E Main| %> Debugger  Startup | & Source| ] Common
77 i
78  /* MCU Configuration------------------oomm e s Tezivan:
79 . . . ‘Dehug/timerLED‘elf Search Project... Browse...
80 /* Reset of all peripherals, Initializes the Flash interface
R - 81 HAL_Init(); Project:
= Y "
. timerLED Browse...
dase_tim.c = 83 /* USER CODE BEGIM Init */ ‘
. K7 Build (if required) before launching
.85 * N it *
. ; {7 USER CODE END Init =/ Build Configuration:  Use Active =
| 87 /* Configure the system clock */ O Enable auto build O Disable auto build
- gi systemClock_Config(); (®) Use workspace settings Configure Workspace Settings.
| 90 /* USER CODE BEGIN SysInit */
o
+ld 92 /* USER CODE END SysInit */
Id 93
94  /* Initialize all configured peripherals */
95 MX_GPIO_Init();
9 MX_USART2_UART_Init();
97  MX_TIM2_Init();
98 /* USER CODE BEGIN 2 */
99
/* USER CODE END 2 */
//HAL_TTM_PWM_Start(&htim2, TIM_CHANNEL_1);
- /* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{
/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */
Revert Apply
}
/* USER CODE END 3 */
+ld ¥ (?:‘ OK Cancel
Id x

* @brief System Clock Configuration
* @retval None
*/

void SystemClock_Config(void)

{
RCC_OscInitTypeDef RCC_OscInitStruct = {0};
RCC_ClkInitTypeDef RCC_ClkInitStruct = {@};
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Avviare il target

1.02 - timerLED/Sr¢/main.c - STM32CubelDE
urce Refactor Navigate Search Project Run Window Help
GRS L S I - 23 Gitrvi®m P [HYrH ooy O

&| %[+ =5 [Mtimeedioc  [&mainc =

@

elf {STM32 MCU Debugging]
(ED.elf [cores: 0]
wead #1 [main] 1 [core: 0] (Suspended : Breakpoint)

main() at mainc81 0x8001e20
/STM32CubelDE_1.02/STM32CubelDE /plugins/comststm32cube.idemcu.externa
NK (ST-LINK GDB server)

int main(void)

/* USER CODE BEGIM 1 */

SRR

/* USER CODE END 1 */

/* MCU CONFAEUPAtEON ==~ === m = mmm e /

AN

3

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL Init();

/* USER CODE BEGIN Init */

GRERSS

/* USER CODE END Init */

/* Configure the system clock */
SystemClock_Config();

SESILR

/* USER CODE BEGIN SysInit */

/* USER CODE END SysInit */

/* Initialize all configured peripherals */
MX_GPIO_Init();

MX_USART2_UART_Init();

MX_TIM2_Init();

/* USER CODE BEGIN 2 */

WD A0 10 L0 10 0 10 10 0 L0 00 00 00 0O 00 00 00 00 0 @ S N N N N W N N N %
GRORR 2

SBe9s

/* USER CODE END 2 */
//HAL_TIM_PWM_Start(&htim2, TIM_CHANNEL_1);
/* Infinite loop */
/* USER CODE BEGIN WHILE */
104 while (1)
1 {

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

3
/* USER CODE END 3 */

* @brief Svstem Clock Configuration

& Console 52
timerLED.elf [STM32 MCU Debuaainal ST-LINK (ST-LINK GDB server)
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collegamenti

1. 3.3V => Pin 16 CN7
2. AINO => Pin 28 CN7
3. Ground




