Informative, additional content

ARM

Practical project for STM32H7 embedded system
(informative, additional content)

Blinking LED diode and buzzer melody

Arduino IDE + STM32 extension

N
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STM32H750B-DK Discovery development system

*Arm® Cortex® core-based microcontroller with 128 Kbytes
(STM32H750XBH6) of Flash memory and 1 Mbyte of RAM, in
TFBGA240+25 package

*4.3” RGB interface LCD with touch panel connector
*Ethernet compliant with IEEE-802.3-2002, and POE
*USB OTG FS with Micro-AB connector
*SAl audio codec
*One ST-MEMS digital microphone
*2 x 512-Mbit Quad-SPI NOR Flash memory
*128-Mbit SDRAM
*4-Gbyte on-board eMMC
1 user and reset push-button
*Fanout daughterboard
*2 X FDCANSs
*Board connectors:

* USB FS Micro-AB connectors Wrong connection shown on photo !

*  ST-LINK Micro-B USB connector

* USB power Micro-B connector

* Ethernet RJ45

* Stereo headset jack including analog microphone input

* Audio header for external speakers

* Arduino™ Uno V3 expansion connectors

* STMod+

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
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Informative, additional content

ARM Cortex M — Program model

Available on the Cortex-M4 with

R14 Link Register (LR)

FPU only
- . . .
|~ General registers\ (/ Floating Point Unit —\1
| | = —
I I 53 52 D1
l _ : S oz
| = o
! | — "
: I i 510 D5
| | = cim—_
—= —
I I 517 S | os
I I | St SE 0
| | == = Ton
| = o
I I [ S5 [ S24 D12
| —r
: L =5 i o
| ! T
| | [ FPSCR ] Floating Point Status
: R12 NG and Control Register _/
I R13 (MSP) | | Main Stack Pointer (MSP),
I R13 (PSP) I Process Stack Pointer (FSP)
I |
I R15 I Program Counter (PC)
| Name | Functions
| I Program Status Registers |
I PRIMASK | |
| FAULTMASK | Interrupt Mask s Special
| | Registers Registers
I BASEPRI |
\ J Control Register

- e e = ==
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Informative, additional content

ARM Cortex M — Memory (address) space

Figure 8. Processor memory map

OxFFFFFFFF
Vendor-specifi
Vendor-specific 511MB
memory
0xE0100000
i i OxEOQDFFFFF
anateg:;npheral 1.0MB
OxEQ000000
0OxDFFFFFFF
External device 1.0GB|
0xA0000000
Ox9FFFFFFF
External RAM 1.0GH
0x60000000
Ox5FFFFFFF
Peripheral 0.5GB
Qe 0000000 e
0x3FFFFFFF
SRAM 0.5GB
Q20000000 .,
Ox1FFFFFFF
Code 0.5GH

| 0x00000000 =
\\Msy:}B&QW

Fri

\

4

Memory mapping description — linker

MEMORY

{
FLASH (rx)

: ORIGIN = 0x08000000, LENGTH = 128K

DTCMRAM (xrw) : ORIGIN = 0x20000000, LENGTH = 128K

RAM_D1 (xrw) : ORIGIN = 0x24000000, LENGTH = 512K
RAM_D2 (xrw) : ORIGIN = 0x30000000, LENGTH = 288K
RAM_D3 (xrw) : ORIGIN = 0x38000000, LENGTH = 64K

ITCMRAM (xrw) : ORIGIN = 0x00000000, LENGTH = 64K

}

SysTick vector 1

PendSV vector 1

Not used

Debug Monitor vector |1

SVC vector |1

Not used

Not used

Not used

SecureFault (\RMve-M Mainllu)[

Usage Fault vector

Bus Fault vector

MemManage vector

1
[1]
1
HardFault vector ~ |1]
NMI vector 1
1

I Reset vector

| MSP initial value

0x0000003C
0x00000038
0x00000034
0x00000030
0x0000002C
0x00000028
0x00000024
0x00000020
0x0000001C
0x00000018
0x00000014
0x00000010
0x0000000C
_0x00000008
0x00000004 |
0x00000000 |

_____ 7
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Informative, additional content
ARM Cortex M — Vector table — Initial start

Vector address
(initial)

Vector Table

Interrupt#239 vector |1| 0x000003FC
Interrupt#31 vector 1| 0x000000BC
Interrupt#1 vector 1| 0x00000044
Interrupt#0 vector 1| 0x00000040  Aqqress 4 (,Reset vector) contains the address of
SysTick vector j 0x0000003C the 1st instruction of the ,initialization“ part, i.e. the
PendSV vector |1} 0x00000038 initial code is located in the Reset_Handler
Not used 0x00000034 broutine -
Debug Monitor vector 1| 0x00000030 s '
SVC vector ] 0x0000002C .section .text.Reset_Handler
Not used 0x00000028 .weak Reset_Handler
Not used 0x00000024 .type Reset_Handler, %function
Not used 0x00000020 Reset Handler:
SecureFault (ARMyvE-M Maimine}ﬂ 0x0000001C -
Usage Fault vector |1| 0x00000018
Bus Fault vector 1| 0x00000014
MemManage vector |1| 0x00000010 ldr  sp, =_estack /* set stack pointer */
HardFault vector 11 0x0000000C /* Call the application's entry point.*/
_ _ NMivector _ _[i] _0x00000008 |
, Reset vector 1| 0x000000044 bl main
I MSP initial value 0x00000000 1 bx 1r
N e = = = = = = = = == = = o= = - /J
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Work on STM32H750B-DK board

Connection :
* Micro USB connector above the screen
(arrow!), screen lights up.

Figure 5. STM32H745I-DISCO and STM32H750B-DK Discovery board bottom layout

ARDUINO® connectors
(CN2, CN6)

USB power connector

Ethernet connector (CN15)

(CN1)

Power header (JP8)

USB OTG FS connector
(CN13)

ARDUINO® connectors
(CN3, CN7)

FDCANSs (U21, U22)

He __ eMMC (U11)

; i ;—— Line in connector (CN8)

’ Audio codec (U15)

STMod+ STDC14
connector  connector
(P1) (CN14)
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Work on STM32H750B-DK board

750 Basic GPIO_SpeedTest_Serial | Arduino 1.8.1¢ Special distribution for STM32H750B-DK (e-udilnica) :
Lo et ook ep « Arduino IDE environment with STM32 extension
» portable installation (to D:\RAVINOR)
* https://github.com/LAPSYLAB/STM32Duin
o_for H7/releases/tag/V0.1

TM32H750_Basic_GPIO_SpeedTest_Serial
// #include "stm32h750.h"

3 int 1i,ms,RegisterCMs, RegisterASMMs, WriteFastMs, WriteMs;

int j = 1;

&7

» features:
& // o .
7 HardwareSerial Serial3 (P:ﬁll, Ezilii); * Slmple programmlng
» use of basic I/O devices

. « LED diods
11 void setup() { *  GPIO inputs/outputs
12 // put your setup code here, to run once: ° PWM (play melody on buzzer)
13 inMode (PD 12, OUTPEUT); A :
- (FD_12, OUTEUT) +  https://github.com/LAPSyLAB/STM32Duino_for H7
14 pinMode (PD_13, OUTPUT);
15
16 pinMode (PI_13, OUTPUT);
17 pinMode (PJ_2, OUTFUT); B
18 Datoteka Dejanje Pogled Pomoc
19 Serial3 . begin(115200); )
20} & T HE B
21 v @ Vrata (COM in LPT)
22 COM3 #§ Standard Serial over Bluetooth link (COMS)
23 void leop () { ‘  @ Standard Serial over Bluetooth link (COM6)
24 // put your main code here, to run repeatedly: | [T & STMicroelectronics STLink Virtual COM Port (COM3)
f: . ) e New series of tests : 234
26 Serialld.print("——————— New series of tests : "); .. .
. i digitalWrite [ms]:4410

27 Serial3 . printin(j); . :

. digitalWriteFast [ms]:750
- Registers-C [ms]:750
o . . Registers—ASM [ms]:750
30 // 1. test - T/0 access through Arduino library APT i
2 iz0: T New series of tests : 235
] ' . o , digitalWrite [ms]:4410
32 Serial3 . print ("digitalWrite [ms]:"); L. .

) . digitalWriteFast [ms]:750
33 ms=millis(); .
) i Reglsters—C [ms]:750

34 while (i<1000000) { .

B Reglsters—A3SM [ms]:750
35 // statement (s) .

R o L New series of tests : 236
36 digitalWrite(PD 12. HIGH):

digitalwrite [ms]:4410

digitalWwriteFast [ms]:750

Registers-C [ms]:750

Registers—-ASM [ms]:750 8

rri
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Work on STM32H750B-DK board - Settings

7/

Auto Format

Archive Sketch

Fix Encoding & Reload
Manage Libraries...
Serial Monitor

Serial Plotter

WiFi101 / WiFiNINA Firmware Updater

Board: "Generic STM32H7 Series"
Board part number: “Generic H750XBHx"

Hardware

void s

void

loc

U(S)ART support: "Enabled (generic 'Serial')"
o USB support (if available): "None"
USB speed (if available): "Low/Full Speed”
Optimize: "Debug (-Og)"
Debug symbols and core logs: "None"
C Runtime Library: "Newlib Nano (default)”
Upload method: "STM32CubeProgrammer (SWD)"
Port
Get Board Info
pinMode (PJ_2, OUTFUT);

Serial3.begin(115200);

p () 1

// put your main code here, to run repeatedly: |

Serialld.print("——————— New series
Serial3 . printin(j);

// 1. test - I/0 access through Arduino library API

1=0;

Serial3.print ("digitalWrite [ms]:");

ms=millis();
while (i<1000000) {
// statement (s)
digitalwrite (PD 12. HIGH):

Special distribution for STM32H750B-DK (e-udilnica) :
 Arduino IDE environment with STM32 extension

» portable installation (to D:\RAVINOR)
S * https://github.com/LAPSYLAB/STM32Duin
Cus Shift+M o_for H7/releases/tag/V0.1

Ctrl+Shift+L

Ctrl+T

» features:

> * simple programming

: - use of basic I/0 devices
5 . LED diods

? *  GPIO inputs/outputs

+  PWM (play melody on buzzer)
. https://github.com/LAPSyLAB/STM32Duino_for H7

Datoteka Dejanje Pogled Pomoc

& m Hm B

v @ Vrata (COM in LPT)

cOM3 W Standard Serial over Bluetooth link (COM5)
$  ﬁ Standard Serial over Bluetooth link (COM6)

e W STMicroelectronics STLink Virtual COM Port (COM3)

777777777 New series of tests : 234
digitalwrite [ms]:4410
digitalWriteFast [ms]:750
Registers-C [ms]:750

Registers—ASM [ms]:750

————————— New series of tests : 235
digitalWrite [ms]:4410
digitalWriteFast [ms]:750
Registers-C [ms]:750

Registers—-ASM [ms]:750

————————— New series of tests : 236
digitalwrite [ms]:4410
digitalWwriteFast [ms]:750
Registers-C [ms]:750

Registers—-ASM [ms]:750 S)

of tests : ");
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Basic program for LED blinking and serial communication
STM32H750 Basic LED Serial.ino

int i;

/7 RX TX Keypoints:
HardwareSerial Serial3(PB_11, PB_10); o . .
INt I;

« variables declaration (integer)

void setup() {

// put your setup code here, to run once: ° Setup (){ }:
// initialize digital pins PI13,PJ2 as outputs. o runs once on Startup
pinMode(PI_13, OUTPUT);
pinMode (PJ_2, OUTPUT); « loop (O {...}:
Serial3.begin(115200); * runs permanently

}

void loop() {
// put your main code here, to run repeatedly:
digitalWrite(PI_13, HIGH); // turn the LED on (HIGH is the voltage level)
digitalWrite(PJ_2, LOW); // turn the LED off by making the voltage LOW

delay(1000); // wait for a second
i++;

digitalWrite(PI_13, LOW); // turn the LED off by making the voltage LOW
digitalWrite(PJ_2, HIGH); // turn the LED on (HIGH is the voltage level)

delay(1000); // wait for a second
Serial3.print("Hello World: "); F_unCtlonS: o
Serial3.println(i); pinMode (set pin input/output)

} digitalWrite (set state on pin 1/0)

delay (n) — wait n ms
Serial3 — serial communication object
Print

Println (add newline)
CA - Computer architecture
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Basic program for control of GPIO pins (1/0)
STM32H750 Basic GPIO SpeedTest Serial.ino

Control of GPIO pins on different levels
eHigher level programming language:
digitalWrite(PD_12, HIGH); eArduino API functions (digitalWrite)
digitalWrite(PD_12, LOW); ¢STM32 API functions (digitalWriteFast)
eDirect control of GPIO pins:
ewrite access to registers — higher level
ewrite access to registers — assembler

pinMode(PD_12, OUTPUT);

digitalWriteFast(PD_12, HIGH);
digitalWriteFast(PD_12, LOW);

//Set D12 (HIGH)
GPIOD->BSRR = ©b0001000000000000 << 16; //move to

upper 16 bits @ @~ —————- New series of tests : 519

digitalWrite [ms]:4410
digitalWriteFast [ms]:750

//Set D12 (LOW)
GPIOD->BSRR = 0b0001000000000000; //move to upper 16 bits“\\\‘-\\\\\\\\\§§‘
Registers-C [ms]:750
Registers—ASM [ms]:750
asm ( ‘r//////////’

ldr.w re, = 0x58020C18 \n" // GPIOD->BSRR = (0x58020C00 + 0x18 ) SetReset Register

ldr r3, = 0b00010000VLLLLLVO << 16 \n" // Bit 12

str r3, [ro] \n" // Set port high

ldr r3, = 0b00010000000V0000 \n" // Bit 12 F_u_nctlo_ns. )

str r3, [ro] \n" // Set port low d!g!talwr!te (Ardumo API)

"re", "r3"); digitalWriteFast (STM32 HAL API)

GPIOD->BSRR = (direct write — C++)
str r3, [r0] (direct write — assembler)

rri CA - Computer architecture 11
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void setup() {

Basic program for buzzer control with PWM signal

STM32H750 Basic PWM Melody.ino

Control with square signal, connected to

// put your setup code here, to run once: buzzer:

// initialize digital pins PI13,PJ2 as outputs. e half period h|gh' half period low state
pinMode (PA_3, OUTPUT);

musical tones

e variations of frequency, i.e. period of the signal produces

Serial3.begin(115200); 50% duty cycle
} [ 50% | [
on .
void loo
pO) { | off
// Write PWM signal at frequency to pin e, _
analogWriteFrequency(Frekvenca_Hz); // Set PMW period to Note Hz wote (#0) [Hz]:345%  Duration:
analogWrite(PA_ 3, 128); // Start PWM on Pin, at Frekvenca_Hz with 50% duty cycle Hote (#1) [Azl:3sz Duration:
- - Note (§#2) [Hz):440 Duration:
delay(noteDuration); Note (#3) [Hz]:3%2 Duration:
Mote (#4) [Hz]:440 Duration:
// stop the tone playing: Note (#5) [Hz):466 Duration:
analogWrite(PA_3, ©); // Start PWM on Pin, at melody[thisNote] Hz with ©% duty cycle pitches.h:
// to distinguish the notes, set a minimum time between them. i*ZQZZﬁ;:igil
int pauseBetweenNotes = noteDuration * 0.3; e/
delay(pauseBetweenNotes); -
#define NOTE_DS4 311
#define NOTE_E4 330
=T #define NOTE_F4 349
.“ll:ia::'}.lﬁggv : ;’pp;g_%;k . #define NOTE_FS4 370
| B re:l, Hz . #define NOTE_G4 392
¥ Vave:004v -} Du!=502. FU nCtlonS z #define NOTE_GS4 415
A v H #define NOTE_A4 440
analogWriteFrequency (sets frequency) o0 0 i, i

Fri

analogWrite (pin, 50% duty)

Frequency must be set before the call of analogWrite.

250
250
125
250
125

250

CA - Computer architecture 12
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Informative, additional content

Challenges

e LED blinking
e shorten time of on/off state
e change relation oif on/off duration (,dimmer*, ,PWM-dimmer*)

e Control of GPIO pins on different levels
e high level programming language:
e Arduino API functions (digitalWrite)
e STM32 HAL API functions (digital WriteFast)
e direct control of GPIO:
e write access to registers — higher level
e write access to registers — assembler

e Use of extension board:
¢ set pins on/off on board
e Generate PWM signal to control buzzer:
e connect buzzer to PA3 & GND
e tones, melodies, ...

rri CA - Computer architecture 13
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Challenges — connection of buzzer to extension board 3 3\/ 111
STM32H750B — DISCOVERY StMod+ connector

Proper connection

B . e~ R

GPIO - PH12

|2C4 - PD12

12C4 - PD13
Idl

W
W
<
a
@
g

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

UNOJ3P ACE

Wrong connection shown on photo !
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Challenges — connection of buzzer to extension board 3.3V Il
STM32H750B — DISCOVERY StMod+ connector

Mikrobus connectors

CN11 CN10
STMOD#13 | AN PwM STMOD#14 :
o |l o ol o : STMOD#12 5 | RST INT STMOD#1 | 5
<l g S o) 3 STMOD#1 3| 65 Rx STMOD#3 3
S e o B O XL - STMOD#4 SCK TX STMOD#2
Ll | , [ (¥ . 4 : . 4
R eY: « N~ ol 9 STMOD#9 s | MISO sCL STMOD#7 -
E 1 g — Y% H < 3™ < STMOD#8 p MOSI SDA STMOD#10 6
e — SHRY e
_ P o @ a 33— 7 é‘i%v gﬁ;) sVb— 7
Tl ol S g gl gl
e i ol - 2 ~ —  Socket 8x! —  Socket 8x1
PWM INT' RX ' TX SCL'SDA 5V 'GNU
5
r
sV STMod+
[OD#1-NSS PALS bl O et 10X2 STV
Jj%z;kg:'" E%Zs EE E é JI- I ; 1 : '1'1‘”‘“ i ﬁmg STMOD#11-INT
e o 1= - P FA SOpT
:Tlrvhlfl(()]riz%s}ixl( FD3 B {~ ] . | : {};I STMOD#14-PWM
BT ORI ﬁojz ?131’\('1_ Y ‘;’;113 PH1 AT
o 5 PI3 P11 :
T e e— - it oo
= — 10 20 (OD#20
ATOM FH200210C-12000
2C

. . STMOD SDA _ PD13
|Gl e SO TSTMOD SCL_PDT2 =

AN _RST, CS ,SCKMSQMOS 3v3Gh
NN ==

l--h-l e el ol
D@O@ ) @ O

e © @ ID:EG

i8s

Q1&obus (K

CINO

Ba &

aL”
NO®
=

flocy Mol

4%
we V(S 285

.
i

ADC - PA4
GPIO - PH10
GPIO - PA15

AS

[ 4
@

97 A0
UNDJOP AC'E

aNO
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Informative, additional content

Challenges —Arduino IDE&STM32Duino programming

Language Reference

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

Functions

For controlling the Arduino board and performing computations.

Digital I/0 Math Random Numbers
digitalRead() abs() random()
digitalWrite() constrain() randomSeed()
pinMode() map() Reference > Libraries > Stm32duino examples
max()
) Bits and Bytes .
Analog 10 min | STM32duino Examples
pow() bit()
analogRead() sq0) bitClear()
analogReference() sqrt() bitRead()
analogWrite() bitset() Provides several examples for the Arduino core for STM32 MCUs.
) bitwrite() Arduino STM32 core, libraries and examples are available here: https://github.com/stm32duino

. Trigonometry highByte()
Zero, Due & MKR Family cos) lowByte() Author: several
analogReadResolution() sin()
analogWriteResolution() tan() Maintainer: stm32duino

External Interrupts
Read the documentation
attachinterrupt()

Advanced I/0 Characters detachinterrupt() ) .
noTone() aln Compatibility

This library is compatible with the stm32 architecture.

e https://www.arduino.cc/reference/en/

e plenty other Internet resources
e some specifities for the use of STM32Duino library
e https://www.arduino.cc/reference/en/libraries/stm32duino-examples/

CA - Computer architecture 16
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