Informative, additional content

ARM

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

Sum of two numbers and LED diode blinking

CubelDE (VSCode)
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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 FDCANs
*Board connectors:
 USB FS Micro-AB connectors
e  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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STM32H750XB MCU
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Informative, additional content

ARM Cortex M — Program model

Available on the Cortex-M4 with

FPU only
o ——— . . .
| General registers\ / Floating Point Unit \
| | z com—
I 53 52 D
I 5 B2
| | o
| . — —
I I i 510 DS
: SE S o5
; - -
| I 517 S16 | oe
I I SIS SE 5
: : 1 oo
| = =
I 5 S24 D12
| |
| | 529 S28 D14
I | 1 530 D15
: T———
| [C_FPSCR__] "o2ng POt S'ais
: R12 NG and Control Register _/
I R13 (MSP) | | Main Stack Pointer (MSP),
I R13 (PSP) I Process Stack Pointer (PSP)
I I Link Register (LR)
| R15 I Program Counter (PC)
| Name | Functions
| I Program Status Registers |
I PRIMASK | |
| FAULTMASK | Interrupt Mask \ Special
| | Registers Registers
I BASEPRI |
\ J Control Register
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Informative, additional content

ARM Cortex M — Memory (address) space

Figure 8. Processor memory map

0xFFFFFFFF
Vendor-specifi
Vendor-specific 511MB
memory
0xE0100000
i i OxEODFFFFF
anate;:;npheral 1.0MB
0xEQ000000
0xDFFFFFFF
External device  1.0GB|
0xA0000000
OxOFFFFFFF
External RAM 1.0GH
0x60000000
0x5FFFFFFF
Peripheral 0.5GB
Oed 0000000 e
0x3FFFFFFF
SRAM 0.5GB
Q20000000
0x1FFFFFFF
Code 0.5GH

| 0x00000000
\\Ms?wsﬂ\f‘l
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\

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 Mainlm)[ 1

Usage Fault vector

Bus Fault vector

MemManage vector

HardFault vector

NMI vector

1 Reset vector

I MSP initial value

0x0000003C
0x00000038
0x00000034
0x00000030
0x0000002C
0x00000028
0x00000024
0x00000020
0x0000001C
0x00000018
0x00000014
0x00000010
0x0000000C

_0x00000008
0x00000004 |

0x00000000 I
_____ ’
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Informative, additional content

ARM Cortex M — Vector table — Initial start

Vector Table

Interrupt#239 vector

[1]

Interrupt#31 vector

1]

Interrupt#1 vector

1

Interrupt#0 vector

1

SysTick vector

1

PendSV vector

Not used

Debug Monitor vector

SVC vector

]
u

Not used

Not used

Not used

SecureFault (ARMvE-M Mainline)

Usage Fault vector

Bus Fault vector

MemManage vector

]
1
3]
]

HardFault vector

1

NMI vector

Reset vector

MSP initial value

Vector address

(initial)

0x000003FC

0x000000BC

0x00000044

0x00000040 — Agqress 4 (,Reset vector®) contains the address of
g‘%ﬂ%ﬂ%‘;ﬁg the 1st instruction of the ,initialization” part, i.e. the

X . g . .

initial code is located in the Reset_Handler

Ox00006054 Subroutine -

0x00000030 '

0x0000002C .section .text.Reset_Handler

0x00000028 .weak Reset_Handler

0x00000024 .type Reset_Handler, %function

0x00000020 Reset_Handler:

0x0000001C

0x00000018

0x00000014

= * 5 *

0x00000010 ldr  sp, =_estack /* set stack pointer */
0x0000000C /* Call the application's entry point.*/
_0x00000008

0x00000004/ bl main

0x00000000 | bx 1r

RA — Racunalniska arhitektura 6
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Work on STM32H750B-DK board

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

Figure 5. STM32H7451-DISCO and STM32H750B-DK Discovery board bottom layout

ARDUINO® connectors
(CN2, CN6)

USB power connector
(CN15) 3V3

STLK USB connector _ o3 .
(CN14) LEDI " 51URR" GREEN

Power header (JP8) R232 LD6

LED2 680RK" RED

Ethernet connector _|
(CN1)
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(CN13) STM32H750XBH6
TS [u— plo LAL6 _ LCD G5
ARDUINO® connectors US| bl pl LALS___LCD G6
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HI5 | 0 Cl4___ STMOD#8-MOSIs
(Us) PG3 PI3
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SDRAM eMMC (U11) U3 pGe Ple FAZSAI SDA
PG7 P17 S
u7) Line in connector (CN8) FIS| p6s pig —E4 ARD D7___
Al b plo -EZ LCD _VSYNC
A9 oo F3 MIL_RX_ER
Audio codec (U15) BY ?g:? g}:? F4 STMODZ18
:-}— Line out connector (CN9) 90 pGia pri2 i CCDRHSYNG
D9 pois s 2 LED2
. Dg| FGL PII3 "3 Tcp aIK
wste mﬁvwn nrmm 5 PGl4 Pl14

JCTR N i| O D6 pGis PIl5 2 LEDERD

STMod+ STDC14
connector connector

(P1)  (CN14) LED: red PI13, green PJ2
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Work on STM32H750B-DK boara

Special project for STM32H750B-DK (e-udilnica) :
« 2 IDE environments (both ,,cross-platform?®)

« VSCode (MS):

« Also usefull for other languages,
projects

» Relies on external compilers
« All configurable (configurations)

« Install plugin ,STM32 VS Code Bra v S e
Extension “

MEMOR

« CubelDE (ST): o x|
» Customized za ST boards : e e

VSOTA:  .word

!

LEDSTAT: .word @

« Tools for code generation, libraries =
setup - CubeMX e 5_

type main, ¥function 8
.global main 2

« Based on Eclipse IDE T — - :

Ldr 8, SSTEVI // Wasl - s
e 71, [r0] i
Name : ro
H H H ldr r8, sSTEV2 1 . Hex;oxiooeond
* asiler instaliation e
51 nary - 10200900080000000080098000808

add r3,r1,r2
Dafault: 536870912

ldr ro, =VSOTA ] v
< > < >

OCors... #Probl. OEme. 0 Mem @Debu. UMem.. WSWY_ DSWY.. WSWV_ LSWV . TSWY_ SSWY.. #free. TPwip- + Search

0x20000 Go NewTsh

o <adiional>
2120000080 00 22 00 0918 02 60 22 48 04 08 09 89 02 00 20 86 69 08 62 69 52 80 09 89 22 99 00 08 09 89 ¢ &
£:20008020 80 22 86 50 88 02 00 6 88 64 08 6280 290 2 88 24 13 042509055 39 57 89 43 SB 94 17 B9
Bx20008048 5925 11 640257 CT 52 BF DB €8 72 AF 52 ABAD FB 53 76 £505 54 24 52 FA 05 FS 56 AA 58 4F b.8. 08" -, ved. $REHVA[0,
Bx2000BGE A4 51 AE DS 73529 5273 £7 AL 54 30 3A 4055 F3 67 EE 151815 87 51 5F A% BC £F JECHD0SE BQ0s. .2s¢ | = @Aegl. .. .0 1Y
x20008685 5541 B3 08 55 9F 44 B S F2007C 24 B0 30 FC AASB75D1 15 38 05 86 98 4051 A28 1FED . *E.. D%bb. |00 Kol ;.. @
x20000040 4142 F966 E9 210827292 (D 58 3E 304457 AB51 37 0F ASDA C5 4F 14 48 68CC 16 E6TDBZ ABUTAZ, .. 2[20H. “Q7300N, o1 .x}
©x200080C0 COEA 168509611809 6101 36 FEACEE 780097 2591 2323501427 28 51 CA B8 SF906C 56 A+, Un. . ailgimexy % o, "+Qh _.1
©X2000000 A2520210C 2074 313604 48 27 3941 EBCS 04 7994 7426 9394 24 5F AT €8 75 F5 608884 4...0 21608/9:8M0x. 58, .5_*8d
120008180 4840 FA91 5150 280 D3 £A 6247 99 57 BC 5406 0391 36,28 30 26 49 AB ADDAF 6797 AZFF Hedl.Q*(.Oéb walog. ¢

< > |€x20808120 67 558D 36 2C (701 3339 558D 13 73 83 7F (4.4 55 528495 SAFEEBE F5 7B F1TDES4CEC gV¥6,C.99. 1. 5. . ENUR. IR RA{7} LY v
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Specification of variables

Main.s : // Start of data section

.data // zaletek sekcije s spremenljivkami (v RAM pomnilnik)

.align
STEV1: .word ©x1@ // 32-bitna spr.

STEV2: .word ©0x40 // 32-bitna spr.
VSOTA: .word © // 32-bitna spr.

Differences real board vs. CPULator simulator :

« Simulator (CPULator):
» Variables together with program
» No special .data section

« Simple instruction can be used to set the address in the register, e.qg.:
e adrr0, STEV1

« Board (STM32H750):
» Variables more distant from program
» Variables in RAM memory, program in FLASH memory
» Different instruction needed to set the address or any 32 bit value in the
register, e.q.:
 Idrr0, =STEV1

FFl RA - Racunalniska arhitektura
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Program code

Differences real board vs. CPULator simulator :
» Simulator (CPULator):
« We write pure program only, no ,initialization” part

« Board (STM32H750):
* Main program is actually a subroutine:

» Called from initialization part
(startup _stm32h750xbhx.s)

« initialization® part of the project is always
started first when the system is powered
up or reset key is pressed

« During intensive development, we often store the
program also in RAM memory (to save erase
cycles in FLASH)

« At the end, program is stored in
to stay permanent.

Main.s :

// Start of text section

.text

// zacetek sekcije s

programom (v FLASH pomnilnik)

.type

main, %function

.global main

.align
main:
ldr re, =STEV1 // Naslov od STEV1 -> ro
ldr r1, [reo] // Vsebina iz naslova v r@ -> ri
ldr re, =STEV2 // Naslov od STEV1 -> ro
ldr r2, [r@]// Vsebina iz naslova v r@ -> r2
add r3,rl,r2 // rl + r2 -> r3
ldr re, =VSOTA // Naslov od STEV1 -> ro
str r3,[r0]// iz registra r3 -> na naslov v r@

Region
=RAM_EXEC
=DTCMRAM

stm32h7-asm_RA LED.elf - /stm32h7-asm_RA_LED/Debug - 2. nov. 2022 08:23:53
Memory Regions Memory Details

End addr... Size Free Used
Ox24020... 128 KB 12703 KB 9928
0x20020.. 128 KB 12645 KB 1,55 KB

Start address
Ox24000000
0x20000000

Usage (%)
0,76%
1.21%

FFl RA - Racunalniska arhitektura
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Initializaton part

startup stm32h750xbhx.s:

g_pfnVectors:

.word
.word

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

_estack
Reset_Handler

Informative, additional content

.section .text.Reset_Handler
.weak Reset Handler
.type Reset_Handler, %function

NMI_Handler
HardFault_Handler
MemManage_Handler

—> Reset_Handler:
ldr sp, =_estack /* set stack pointer */

/* Call the application's entry point.*/

BusFault_Handler bl .
maln
UsageFault_Handler
4 bx 1r
0
(%] SysTick vector 1| 0x0000003C
PendSV vector 1| 0x00000038
% Not used 0x00000034
SVC Handler Debug Monitor vector 1| 0x00000030
SVC vector 1| 0x0000002C
DebugMon_Handler Not used 0x00000028
(%] Not used 0x00000024
Not used 0x00000020
PendSV_Ha nd 1e r SecureFault (ARMva-M Mainline) | 0x0000001C
SySTiC k_Handler‘ Usage Fault vector 1| 0x00000018
Bus Faultvector 1 0x00000014
MemManage vector |1| 0x00000010
HardFault vector 1| 0x0000000C
__ NMivector _ Ti| 0x00000008
|' Reset vector 1| 0x00000004
I MSP initial value 0x00000000 |

RA — Racunalniska arhitektura 11


http://www.fri.uni-lj.si/si

Main program — sum of two nhumbers

Main.s :

main:
ldr r@, =STEV1 // Naslov od STEV1l -> r@ (simulator: adr r@,STEV1)
1ldr r1, [re] // Vsebina iz naslova v re -> ri

ldr r@, =STEV2 // Naslov od STEV1 -> r@ (simulator: adr re,STEV2)
ldr r2, [r@] // Vsebina iz naslova v r@ -> r2

add r3,ri,r2 // rl +r2 ->r3

ldr r@, =VSOTA // Naslov od STEV1l -> r@ (simulator: adr ro,VSOTA)
str r3,[ro] // 1z registra r3 -> na naslov v ro

FFl RA - Racunalniska arhitektura
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Main program —LEDs and PA3 blinking

Main.s :

bl INIT // Priprava V/I in sistemskih naprav za kontrolo LED diod in PA3

ldr ri1,=LED1
ldr r2,=LED2
ldr r3,=PA3

mov r4,#0xff // LED(Pin) On value
mov r5,#0 // LED(Pin) Off value

loop:
str r4,[rl] // Vklop LED1 diode
str r5,[r2] // Izklop LED2 diode
str r4,[r3] // Vklop PA3
bl WRITEOUT // Prenesi na prikljucke

@ delay half cycle

str r5,[rl] // Izklop LED1 diode

str r4,[r2] // Vklop LED2 diode

str r5,[r3] // Izklop PA3

bl WRITEOUT // Prenesi na prikljucke
@ delay half cycle

b loop // skok na vrstico loop:

end: b end

Fril RA — Racunalniska arhitektura 13
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Incorrect connection !!!
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Extension board (we will use PA3 pin as digital output)

Connection to STM32H7 : PAS3 pin as digital output (we connect buzzer or LED diode with resistor)

GPIO Type Connector
1 PA3 Buzzer
I‘ GND Buzzer - 5

g L¥VN nas_
b 4) $))oz™
Inojeap AC'C

D O Olo &

A

\8s

= M —_—

AT

a’

4]

071 9A09
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Informative, additional content

Branch instruction (further explanation)

Branch is an instruction of the GOTO label type. Address of the
instruction at the line with label is written to PC register.

b (Branch)
zanka: .
sub rl, rl, #1
b zanka @ GOTO zanka

Fril RA — Racunalniska arhitektura 16
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Informative, additional content

Subroutines (further explanation)

When calling subroutines, we need to remember the return address !
Solution on ARM CPUs:

e On subroutine call :
e return address (in pc) is stored in register r14 (link register = Ir)
e address of the 1st instruction of subroutine is put into pc

e On return from subroutine
e return address restored from r14 (Ir) to r15 (pc)
e Made by push&pop instructions at the start and end of subroutine ->

Instruction to call subroutine:
BL SUBPROGR

e Branch with Link (L = 1) — store return address in r14.

Fril RA — Racunalniska arhitektura 17
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Informative, additional content

Subroutines

Examples of subroutine calls main

PODPROG

Case:

bl PODPROG

end: b end

PODPROG: push {rl, ..., 1lr}
Stack can be temporary storage also for used
e (L, oao, e registers in subroutines, that change the
content. After the return, their content can be
LED ON: restored from the stack.
_push {r5, ré6, 1lr} // Delay with internal SW loop approx. r@ x ms
// Set GPIOx Pins to 1 (through BSSR register) DELAY:
ldr ré, =GPIOI_BASE // Load GPIOI BASE address to ré6 push {ri1, 1lr}
mov r5, #LEDs_ON
str r5, [r6,#GPIOx_BSSR] // Write to BSRR register MSEC: 1ldr ri1,=LEDDELAY
pop {r5, ré6, pc} LOOP: subs ri, ri, #1
bne LOOP
LED_OFF:
push {r5, r6, 1lr} subs ro, re, #1
// Set GPIOx Pins to © (through BSSR register) bne MSEC
ldr ré, =GPIOI_BASE // Load GPIOI BASE address to ré pop {rl, pc}

mov r5, #LEDs_OFF
str r5, [r6,#GPIOXx_BSSR] // Write to BSRR register

pop {r5, ré6, pc}

Fril RA — Racunalniska arhitektura 18
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Informative, additional content

Challenges

e Shorten time of on/off LED state
e Internal delay counter to usec (64000->64)

e Change proportion of on/off LED state

e LED -> Dimmer
Vklop:izklop (10:90 - LED ,temna“ 90:10 - LED ,svetla“)
@ LED dimming (0-100% demo in 10% steps
TABLECNT: .hword 9
@ half blink period in microsecs
TABLE: .hword 90,80,70,60,50,40,30,20,10

e Change period (50% duty cycle)

e Buzzer -> melodies
@ Kuza Pazi Melody on buzzer demo
TABLECNT: .hword 15
@ Kuza pazi c-d-e-d-c (C=262Hz, D=290Hz, E=330Hz)
@ half note period in microsecs
TABLE: .hword
1908,1908,1908,1908,1700,1700,1700,1700,1515,1515,1700,1700,1908,1908,1908
.equ REPEAT, 100
.equ PAUSE,48000*20
@ first&second cycle counter is from TABLE, only period is varied at 50% duty cycle

Fril RA — Racunalniska arhitektura 19


http://www.fri.uni-lj.si/si

	Diapozitiv 1: ARM  Practical project for STM32H7 embedded system (informative, additional content)  Sum of two numbers and LED diode blinking  CubeIDE (VSCode)
	Diapozitiv 2
	Diapozitiv 3: STM32H750XB MCU
	Diapozitiv 4: ARM Cortex M – Program model
	Diapozitiv 5: ARM Cortex M – Memory (address) space
	Diapozitiv 6: ARM Cortex M – Vector table – Initial start
	Diapozitiv 7
	Diapozitiv 8
	Diapozitiv 9: Specification of variables
	Diapozitiv 10: Program code
	Diapozitiv 11: Initializaton part
	Diapozitiv 12: Main program – sum of two numbers
	Diapozitiv 13: Main program –LEDs and PA3 blinking
	Diapozitiv 14
	Diapozitiv 15
	Diapozitiv 16: Branch instruction (further explanation)
	Diapozitiv 17: Subroutines (further explanation)
	Diapozitiv 18: Subroutines
	Diapozitiv 19: Challenges 

