ARM Cortex magu mikrovezerlok

1. Labor: CMSIS

Scherer Balazs

- Méréstechnika és
Informacios Rendszerek
Tanszék

Budapest University of Technology and Economics © BME-MIT 2024

Department of Measurement and Information Systems




CMSIS Core

Application Code

Middleware Code Templates

CMSIS Software Pack

CMSIS-DSP CMSIS-RTOS CMSIS-Driver

Code Templates
DSP Library API API

Real Time Kernel Device HAL

Silicon Vendor

CMSIS-SVD

)
4LIh

- Meéréstechnika és
3SME-MIT 2024 Informacids Rendszerek 2.
Tanszék



Mit tartalmaz a reszet vektor?
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Cross compiler kalonbségek, C forraskod

portolhatosag

Altalanos szerkezetekben nincs kiildnbség

o If, switch, for

= A valtozéknal probléma lehet

o Egy Integer lehet 16/32 bites, a float mérete is valtozhat
o Little-Endian Big endian
o Strukturak mashogy csomagolddhatnak

= Standard input/output

o Normal esetben consol, beagyazott esetben lehet sorosport

" |Interrupt kezelés

o Minden target esetében gyakorlatilag mashogy
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Cross Linker/locator

= Normal PC-s esetben
o A helyi gépen tarolddik az elkészilt file, nincs sztkség letoltésre

o Inditaskor az operacids rendszer load-erje betdlti a programot a
megfelel6 memoaria és elinditja.

= Beagyazott esetben
o A programot le kell juttatni a target-re
o Altaldban nincs loader, a kéd |, tisztan” fut

= Cimfeloldas

o Ugroutasitasoknal, valtozéknal, az object file nem tartalmaz konkrét
cimet, csak jelzi a linkernek, hogy toltse ezeket a részeket ki.

= |Locator

o A kdd elhelyezése a ROM/RAM teriletek megadott helyére (Ez csak a
beagyazott rendszerekre jellemzd)
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Forditas folyamata

main.c filel.c

int my_global; int my_function(int x)

{

my_function(my_global);

Cross-compiler

Cross-compiler

main.o filel.o

MOVE R1,(my_global)

CALL my_function my_function:

I

my_project.exe memoria
MOVE R1,2400 MOVE R1,22400
CALL 1520 CALL 21520
:
#1520 MOVE R1, R5 #21520 | MOVE R1, RS
#2400 (my_global) #22400 | (my_global)
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Szekciok

= El kell helyezni a programot kiilonb6z6 RAM/ROM teriletekre
o Programkod ROM
o Valtozok RAM

= Szegmensek

o Program startup
Inicializalt valtozdk
Konstans valtozok
Inicializalatlan adat
Stack

O O O O

= Linker Script
o Hova kerulnek fizikailag a szegmensek
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Szekciok

= El kell helyezni a programot kiilonb6z6 RAM/ROM teriletekre
o Programkod ROM
o Valtozok RAM

= Szegmensek (GCC nevek)
o Program startup: .isr_vector

o Program: .text

o Inicializalt valtozok: data

o Konstans valtozok: .rodata

o Inicializalatlan globalis adat: bss
o Stack

o Heap

= Linker Script
o Hova kerulnek fizikailag a szegmensek
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Szekciok mUkodés kozben

main.c filel.c startup.asm

Cross-compiler Cross-compiler Cross-compiler

main.o filel.o startup.o
main.c .text filel.c .text startup.asm .isr_vector
main.c .data filel.c .rodata startup.asm .bss
main.c .bss filel.c .bss

Ny 1T
@/ Locator >

ROM / Flash RAM
startup.asm .isr_vector startup.asm .bss
main.c .text filel.c .bss
filel.c .text main.c .bss
filel.c rodata

main.c data
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Egy Linker script (egyszerisitett)

/* Entry Point */
ENTRY(Reset_Handler)

/* Highest address of the user mode stack */

_estack = 0x20030000; /* end of RAM */
/* Generate a link error if heap and stack don't fit into RAM */
_Min_Heap_Size = 0x200; /* required amount of heap */

_Min_Stack Size = 9x800; /* required amount of stack */

/* Specify the memory areas */

MEMORY

{

RAM (xrw) : ORIGIN = 0Ox20000000, LENGTH
FLASH (rx) : ORIGIN = Ox8000000, LENGTH

¥

192K
204 8K

/* Define output sections */
SECTIONS

{
/* The startup code goes first into FLASH */

.isr_vector :

} >FLASH
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Egy Linker script (egyszerusitett)

/¥ Uninitialized data section */
. = ALIGN(4);
.bss :

/* User_heap stack section, used to check that there is enough RAM left */
._user_heap _stack :

{
. = . + Min_Heap_Size;
. = . + Min_Stack_Size;
. = ALIGN(4);

} >RAM
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Egy Linker script (egyszerusitett)

/* The program code and other data goes into FLASH */
.text

} >FLASH

/* Constant data goes into FLASH */
.rodata :

{

/* used by the startup to initialize data */
_sidata = LOADADDR(.data);

/* Initialized data sections goes into RAM, load LMA copy after code */
.data

{
} >RAM AT> FLASH

/¥ Uninitialized data section */
. = ALIGN(4);

.bss
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The startup _device file

" The interrupt table

* The minimal wvector table for a Cortex M3. Note that the proper constructs
* must be placed on this to ensure that it ends up at physical address
¥ Bxeans . a0,

.section .isr_wvector,"a" ,Xprogbits K . h
.type g pftrVectors, ¥object Anna amegadasar ogy €z

.size g_pfnvectors, .-g_pfnvectors a rész a Flash legelejére az IT
vektor részre kerdil

g_ptnVectors:
.word _estack ﬁ Az IT vektor tabla, ami az
.word Reset Handler .- :
-word NMI_Hgndler Ures helyeket is
.word HardFault Handler tartalmazza, hogy
-word MemManage_ Handler minden vektor a
.word BusFault_Handler L e ey
.word UsageFault_Handler megfelelS pozitcioba
.word @ kertljon
-word @
word @
-word @

-.word SVC_Handler
.word DebugMon Handler
-.word @

.word Pend5V _Handler
-word SysTick Handler

/* External Interrupts */

-word WWDG_IRQHandler /* Window WatchDog i
-word PVD_IRQHandler /* PVD through EXTI Line detection */
-word TAMP _STAMP IRQHandler /* Tamper and TimeStamps through the EXTI line */
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A Reset Handler

78  .weak Reset Handler
71 .type Reset Handler, %function|

72 Reset_Handler:
73 ldr sp, =_estack {/* Atollic update: set stack pointer */ ‘l A Stack pointer beallitasa

74

75 /* Copy the data segment initializers from flash to SRAM */

76 movs rl, #8

77 b LoopCopyDatalnit

78

79 CopyDatalnit:

88 ldr r3, = sidata

81 ldr r3, [r3, ril] e e e 4. s , ,

82 str r3, [r@, ri] Az inicializalt valtozok
e R —— | kezd&értékének

85 LoopCopyDataInit: atmasolasa a Flash-bél a

86 ldr r8, = sdata

87 ldr r3, = edata RAM-ba

88 adds r2, ré, ril

89 comp r2, r3

98 bece CopyDatalnit

91 ldr r2, = _sbss >

92 b LoopFillZerobss

93 /* Fero Till the bss segment. */

94 FillZerobss: —_—

95 movs r3; #9

95 str r3, [r2], i#4

e ; Az inicializaltalan valtozék
98 LoopFillZerobss: >— . , .,

99 1ldr r3, = _ebss helyeinek nulldzasa

L@@ comp r2, r3

el  bece FillZerobss »

La2

L83 /* Call the clock system intitialization function.*/ o , , , .,
104 bl SystemInit A CMSIS SystemlInit fliggvényének meghivasa,
ot M e L S — hogy stabil, ismert drajellel tudjunk tovabb menni
Les bl 1ibec init array

L87 /* Call the application's entry point.*/

@82 bl main : - ' rnoA
ses leriey — A main fuggvény meghivasa

1@ .size Reset Handler, .-Reset Handler
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LEDS villogtatas a STM32F429 Discovery-n

= User LD3: Zo6ld LED a PG13-ra kotve
= User LD4: A piros LED a PG14-ra kotve

- Meéréstechnika és
BME-MIT 2024 Informacids Rendszerek 1 6
Tanszék




GPIOG blokk 6rajel engedélyezés

6.3.10 RCC AHB1 peripheral clock register (RCC_AHB1ENR)

Address offset: 0x30
Reset value: 0x0010 0000

Access: no wait state, word, half-word and byte access.

11 30 29 28 37 28 25 24 23 22 21 20 19 18 17 1B
OTGH ETHM | ETHM | ETHM
s |orgH | ETHM | ETHM | ETHM | ETrHMA DMAZ2D | DMAZE | DMATE | CCMDAT | . |BKPSR
Resar- uLrie | SN |y M | CEN | Res | EN N N | ARAMEN AMEN |  Racarved
e i e Y e ey 4 1) ne M ne
15 14 13 12 1 10 9 8 7 8 5 4 3 2 1 0
CROE GEIOK | GPIOY | GPIOIE | GRIOH seiore | o [ePion| epioc] ario [ aeio
R N | pes | EM | EN N EN N EN | EN | BEN | AEN
sl st My M Lh (] st My k(] i (1 (LY

Bit6 GPIOGEN: |0 port G clock enable
This bit is set and cleared by software.

0: 10 port G clock disabled
1: 10 port G clock enabled
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GPIO labak kimenetnek konfiguralasa

Figure 25. Basic structure of a five-volt tolerant /O port bit
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Table 35. Port bit configuration table!"
MODER(i) . OSPEEDRYi) PUFPDR(i) . .
[1:0] OTYPER(i) B:A 1:0 /O configuration
0 0 0 GP output PP
0 0 1 GP output PP+ PU
0 1 0 GP output PP + PD
0 SPEED 1 1 Reserved
o1 -
1 [B:A] 0 0 GP output oD
1 0 1 GP output oD+ PU
1 1 i EF output oD + PFD
1 1 1 Reserved (GP output OD)
. VI Covoainnnng CS
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GPIO labak kimenetnek konfiguralasa

= Setting port pins to output

8.41 GPIO port mode register (GPIOx_MODER) (x = A..I/J/K)
Address offset: 0x00
Reset values:
«  (xAB00 0000 for port A
«  (x0000 0280 for port B
=  (x0000 0000 for other ports
3 30 29 8 27 26 25 24 23 22 21 20 14 16 17 1%
ME:DER15[1:E|]}MDEERH[*I:-N .I'..'I~L‘.'|DEH13[i:u] MODER1Z[1:0] | MODERT[1:0] .l'..'ICIrI':IER10]1.EI] MODERS[1:0] | MODERE[1:0]
w o [ w [ [ w [ w [ w [ w [ w [ [ [ w ] w]w]w
15 14 13 12 11 10 =] a T [+ 5 4 3 2 1 n
MODERT[1:0] | MODERS[1:0] | MODERS[1:0] | MODER4[1:0] | MODERI1:0] | MODER2(1:0] | MODER1[10] | MODERO(1:0]
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GPIO allapot manipulalas

= Setting pinsvaluetolorO

8.46  GPIO port output data register (GPIOx_ODR) (x = A..IIJ/K)

Address offset. Ox14
Reset value: 0x0000 0000

K} | 30 20 28 27 26 25 24 23 22 21 20 19 14 17 168
Rasanded
15 14 13 12 11 10 9 2] T 3] 5 4 3 2 i L1

ODR1S | ODR14 | ODR13 QDRE!DDH’H CDR10 | ODRO | ODRE | ODRT | ODRE | ODRS | ODR4 | ODR3 | ODR2 | ODR1 | ODRO

' MW W i) ! [ ) i [ Y na MW ¥ k) ma [ )

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 ODRYy: Port outpul data (y = 0..15)
These bits can be read and written by software.

Note: For atomic bit set/resef, the QDR bits can be individually set and reset by wnting to the
GPIOx_BSRR register (x = A._/J/K).

BME-MIT 2024
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GPIO allapot manipulalas

= Setting pinsvaluetolorO

8.4.7 GPIO port bit set/reset register (GPIOx_BSRR) (x = A..IIJ/K)

Address offset: Ox18
Reset value: Ox0000 0000

31 30 28 28 27 26 24 24 23 22 21 20 19 14 17 16
BR15 | BR14 | BR13 | BR1Z | BR BRIO BRO BRA BRT BRG BRS BR4 BRI BR2 BR1 BRI
W W W W ] w W W W w W W W w w w w
15 14 13 12 1 10 ) 8 T ] 5 4 3 2 1 0

BE1S | BS14 | BS13 | B312 I BEM BS10 BED BER B&T BEG BS5 BS54 BS3 B&2 BE1 Bs0

W L W Ll I w W W L) W Ll W W | W L) L) w

Bits 31:16 BRy: Port x reset bit y (y = 0..15)
These bits are write-only and can be accessed in word, half-word or byte mode. A read to
these bits returns the value 0x0000,
0: Mo action on the corresponding ODRx bit
1: Resets the corresponding ODRx bit

Note: If both BSx and BRx are set, BSx has prionty.

Bits 15:0 BSy: Port x set bity (y=0..15)

These bits are write-only and can be accessed in word, half-word or byte mode, A read to
these bits returns the value 0x0000.

0: No action on the corresponding ODRx bit
1: Sets the corresponding ODRx bit
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Regiszterek szukséges tartalma dsszefglalva

= RCC_AHB1ENR: bit 6 -> 1
= GPIOG_MODER: bit 26,28 -> 1

= GPIOG BSRR: Set reszet regiszter (az alsd 16 biten lehet
1-be allitani a labakat) tehat 13,14-es bit a LED vezérl6
labak 1-be allitasa, a fels6 16 biten pedig lehet torolni
ezeket a biteket (29, 30)
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GPIO Register Map

= Minden GPIO blokk sok regiszterbdl all, de minden GPIO
blokk ugyanazokat a regisztereket tartalmazza

o GPIOG starts at: 0x4002 1800

BT |F|TF |8 |F || |® | |F|F|F|TF|F|0

GPIDy MODER | & | 7 | m | & |2 | F | |l |l lFIlFIFIF|F|=|E5

wh = o > o = 5 o 3 o o 73 E i 14 1.3 E E

OO g [ W [ E | E |5 (W [§ |4 (2|8 |8 ey ||y |y
= ; | = ﬁ E g |& |86 |6 |8 |&|& |8 |al|ao

= = = = = = = = a = = = = = = =

Rosstvaue [O[0[0J@o]ofoJa]oJo[a]ofoofoJofe]ole]oaTefo]oloTaloTe]a]o a0
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Regiszter hozzaferes

= Minden GPIO blokk sok regiszterbdl all, de minden GPIO
blokk ugyanazokat a regisztereket tartalmazza
o GPIOG starts at: 0x4002 1800

o Régimodi hozzaférés a GPIOG_MODER regiszterhez:
« #define GPIOG_MODER *((uint32_t*)(0x400218000))

zlzlslslslglselslslrlslaleslsleln

pFIDn MODER | § | ¥ |\ | & | = |F | |8 & |F |FR | T |E |5 |2 |5

wh = o n - o E [ o [ [T [ [ 15 13 [

SO chux | B | B |6 | B (W |E (¥ |28 |8 ||y |E )|y
= ; | = ﬁ B |3 |& |8 |6 |a|ad|&d|a|o |6

= = = = = = = = = = = = = = = =

Rosstvaue [O[0[0J@o]ofoJa]oJo[a]ofoofoJofe]ole]oaTefo]oloTaloTe]a]o a0
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Table 39. GPIO register map and reset values
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Azonos tulajdonsagu perifériak tobb

peldanyban

0x4002 2800 - 0x4002 2BFF GPIOK
0x4002 2400 - 0x4002 27FF GPIOJ
0x4002 2000 - 0x4002 23FF GPIOI

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 O7FF GPIOB
0x4002 0000 - 0x4002 O03FF GPIOA
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CMSIS definiciok és szabalyok

= Strukturak hasznalata regiszter blokkok leirasara

= typedef struct

i

__TO uint32 t MODER; /*!< GPIO port mode register, Address offset: oxoe *7
__T0 uint32_t OTYPER; /*!< GPIO port output type register, Address offset: 8xe4 */
__T0 uint32_t OSPEEDR; /*!< GPIO port output speed register, Address offset: @x@3 */
__TI0 uint32_t PUPDR; /*!< GPIO port pull-up/pull-down register, Address offset: @x8C L
__TI0 uint32_t IDR; /*!< GPIO port input data register, Address offset: @xl1@ '
__TO0 uint32_t ODR; /*!1< GPIO port output data register, Address offset: @x14 */
__I0 uintl6e t BSRRL; /*!< GPIO port bit set/reset low register, Address offset: @x18 *y
__T0 uintlé t BSRRH; /*!< GPIO port bit set/reset high register, Address offset: @x1A */
__T0 uint32 t LCKR; /*!< GPIO port configuration lock register, Address offset: @x1C *F

I0 uint32 t AFR[2]; /*!< GPIO alternate function registers Address offset: @x2@-@x24 */

} EEIG_TypEDEf;

Tanszék

- Meéréstechnika és
BME-MIT 2024 Informacids Rendszerek 28 .




CMSIS definiciok és szabalyok

" E|Ore definidlt memoria hozzarendelések

#tidefine GPIOA
#tdefine GPIOBE
#define GPIOC
#tdefine GPIOD
t#tidefine GPIOE
#tdefine GPIOF
#tdefine GPIOG
#tdefine GPIOH
#tidefine GPIOI
idefine GPIOJ]
#tidefine GPIOK

( (GPIO TypeDef
( (GPIO TypeDef
( (GPIO TypeDef
( (GPI0O TypeDef
( (GPIO TypeDeft
( (GPIO TypeDef
(((GPIO TypeDef
( (GPIO TypeDef
( (GPI0 TypeDef
( (GPIO TypeDeft
( (GPIO TypeDef

# 4 O #H O H # OB O R OH O

il Vil Vil Vil Vil Vol Vi Vo Vgl V¥ e ¥

GPIOA_BASE)
GPIOB BASE)
GPIOC_BASE)
GPIOD BASE)
GPIOE_BASE)
GPIOF_BASE)
GPIOG BASE)]
GPIOH_BASE)
GPIOI_BASE)
GPIOJ_BASE)
GPIOK_BASE)

" Ezek alapjan a GPIOG_MODER regiszteréhez valo
hozzaféreés:
o GPIOG->MODER
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