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CMSIS architecture (v1.3)
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CMSIS Core

= Hardware Abstraction Layer (HAL): Standardized peripheral
handling for al Cortex M core variant. Standard for register access
and internal peripheral functions like SysTick, NVIC, MPU and FPU.

= Exception handling: Standardized names and function interfaces
= Header file organization: Naming conventions

= System start: Standardized SystemlInit() function to cover
microcontroller specific clock startups

= Support for special instructions

= Global variable for system clock frequncy
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CMSIS core files

[ cMSIS-CORE Device Files (Silicon Vendor)

[ UserProgram core_cminstth ™
[ ] cMSIS-CORE Standard Files (ARM)

CPU Instruction Access

core_<cpu=.h core_cmFunc.h
CM5IS
<users.clc++ CPU & Core Access Core Peripheral Functions

User Application
main{) { ... }

core_cmd_simdh

SIMD Instruction Access
(Cortex-M4 only)
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The startup_device file

" The interrupt table

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

.section .isr_wvector,"a",%progbits
.type g _pfnVectors, ¥object
.size g pfnvectors, .-g_pfnVectors at the start of the Flash
g_pfnVectors:
.word _estack The vector table,

Allocating this code part

.word Reset_Handler
.word NMI_Handler

.word HardFault Handler
word MemManage_Handler
.word BusFault Handler
.word UsageFault_Handler

including empty spaces

word @
weord B
word @
eord @

word SWC_Handler
-.word DebugMon Handler
word @

.word PendSV Handler
.word SysTick Handler

/* External Interrupts */

-word WWDG_IRQHandler /* Window WatchDog s
-word PVD_IRQHandler /* PVD through EXTI Line detection */
-word TAMP_STAMP_IRQHandler /* Tamper and TimeStamps through the EXTI line */
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78  .weak Reset_Handler

The Reset Handler

71 .type Reset Handler, ¥function|

72 Reset_Handler:

/* Atollic update: set stack pointer */ ‘I Setting stack pointer
74

73 ldr  sp, = estack

75 /* Copy the data segment initializers from flash to SRAM */
76 movs rl, #8

77 b LoopCopyDatalnit

78

79 CopyDatalnit:

g2  ldr r3, =_sidata

81 ldr r3, [r3, rl]

82 str r3, [ré, rl]

83 adds rl, rl, #4

24 >—
55 LoopCopyDatalnit:

g5  ldr r@, =_sdata

87 ldr r3, =_edata

8 adds r2, ré, rl

8% comp r2, r3

98  bcc CopyDatalInit

91 ldr r2, =_shss 7
92 b LoopFillZerobss

93 /* Zero Till the bss segment. */

94 FillZerobss:

95 movs r3, #8

95 str r3, [r2], #4

a7

98 LoopFillZerobss:

99 ldr r3, = _ebss

leég@ cmp r2, r3

L@l  bcc FillZerobss

Laz2

@3 /* Call the clock system intitialization function.*/
24 bl SystemInit

Las /* Call static constructors */

LB6 bl _ libc_init_array

a7 /* Call the application's entry point.*/

Leg bl main

o0 e 1n —

L1# .size Reset Handler,

.-Reset Handler

Copy the start values of
the initialized variable
from the Flash-to the
SRAM

Clearing the values of
uninicialized variables

Calling the SystemInit CMSIS
function to setup clocks

Calling the main function
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The system device.c

= Minimum services to start the microcontroller

Function description

void Systeminit yoid) Function to set up the system clocks

void SystemCoreClockUpdatevfid) Upgrading the system clock.
Variable description
uint32 t SystemCoreClock The current value of the system clock.
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Controlling LEDS on the STM32F429

Discover

= User LD3: The green LED connected to the I/O PG13
= User LD4: The red LED connected to the I/O PG14
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Enabling Clock

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 a0 29 28 27 26 5 24 23 23 21 20 19 8 17 18
OTGH ETHM | ETHM | ETHM
5 | oTGH | S1EM | ETHM | BT | ETHMA DMAZD | DMAZE | DMATE | CCMDAT | . |BKPSR
Resee- ueiE | sen | Yy ) "] CEN | Res | EN N N | ARAMEN AMEN |  Resarved
el 5} & W L5 v 4} ne L3 na
15 14 13 12 11 10 g 8 7 & 5 4 3 2 ] o
CRCE aPiox | erios [erioie | erionf &PIoG [beiore | o oepy | GPI0D | aPI0C | GPI0 | GPIO
— N | pes | EN | EM W EM EN N EM | EM | BEMN | AEN
sl (it N ' M ne (L ' P na P i

Bit6& GPIOGEN: 1O 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 configuration

Figure 25. Basic structure of a five-volt tolerant IO port bit
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Table 35. Port bit configuration table!"
MODER(i) ’ OSPEEDRY(i) PUPDR({i) , .
[1:0] OTYPER(i) [B:A] [1:0] IO configuration
0 0 0 GP output PP
0 0 1 GP output PP+ FU
0 1 o GP output PP + PD
0 SPEED 1 1 Reserved
01
1 [B:A] 0 0 GP output oD
1 0 1 GP output oD+ PU
1 1 0 GP output oD + PD
1 1 1 Reserved (GP output O0)
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GPIO configuration

= Setting port pins to output

8.41 GPIO port mode register (GPIOx_MODER) (x = A..IlJ/K)
Address offset; 0x00

Reset values:

s (OxAB00 0000 for port A

= (x0000 0280 for port B

e (0x0000 0000 for other ports

3 30 25 b 27 26 25 24 23 22 21 20 19 18 17 18
MODER1S[1:0] | MODER1[1:0] | MODER13(1:0] | MODER1Z[1:0] | MODER11[1:0] | MODERIO(1:0] | MODERS[1:0] | MODERS[:0]
15 14 13 12 " 10 | i T & 8 4 3 2 1 0
MODERT[1:0] | MODERE[10] | MODERS[1:0] | MODER4[1:0] | MODER3[1:0] | MODERZ[1D] | MODER[10] | MODERO1:0]
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GPIO pin state manipulation

= Setting pins valueto 1 or 0O

8.4.6  GPIO port output data register (GPIOx_ODR) (x = A..IlJ/K)

Address offsetl: Ox14
Reset value: 0x0000 0000

M 30 29 28 27 26 25 24 23 22 1 20 19 14 17 16
Resansed
15 14 13 12 1 10 L] a T 3] 5 4 a 2 1 L1

ODR1S | ODR14 | GDR13 | ODR12 | ODR11 | ODR1O | ODRO | ODRE | ODRT | ODRE | ODRS | ODR4 | ODR3 | ODR2 | ODR1 | ODRO

i 'y W ra [ My mw ra e W W e iy ma (] T

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

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

MNote: For atomic bit set/resetl, the ODR bits can be individually set and reset by wrifing to the
GPIOx_BSRR register (x = A._I/J/K).
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GPIO pin state manipulation

= Setting pins valueto 1 or 0O

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

Address offset: 0x18
Reset value: Ox0000 Q000

H 30 28 28 27 26 25 24 23 22 21 20 1% 18 17 16
BR15 | BR14 | BR13 | BR12 | BRNM BR1O BRO BRE BRT BRG BRS BRa4 BR3 BR2 BR1 BR0
w w W W w w w w w W w w w w w w
15 14 13 12 1 10 o a T & 5 4 3 2 1 a

B515 | BS14 | BS13 | BS12 | B851 B310 | B4 B34 B’ BSG B35 BS54 B33 B32 B:31 B30

Bits 31:16 BRy: Port x reset bity (y = 0..15)
These bits are write-only and can be accessed in word, half-word or byle mode. A read fo
these bits returns the value 0x0000.
0: Mo action on the corresponding ODREx bit
1: Resets the corresponding ODRx bit
MNote: If both BSx and BRx are set, B5x has priorty.

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

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

0: No action on the corresponding ODRx bit

1: Sets the corresponding ODRx bit
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Register Configurations

= RCC_AHBI1ENR: bit6->1
* GPIOG_MODER: bit 26,28 -> 1

= GPIOG_BSRR: bit 13,14 for setting pin to logic 1, bit 29,
30 to clearing the this pins.
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GPIO Register Map

= Every GPIO block has many registers. But every block has
the same registers
o GPIOG starts at: 0x4002 1800

H
g |F 8§ | | g |8 |g|lg | g|ls|lg|g|g|g|g|F
rosmoner | 7 | ¥ | m | F | E|F sl leleslsglslslglz|5
wh = = = - = 2 Eole |2 | | |2 |2 |2 | |2 |2
o0 ) ey (B[ E (B O[5 (B (8 [E (88|88 sy
ﬁﬁ ﬁ b ﬁ ﬁ g & | & |a|al|l&d |&|a|a|a
= = = = = = = = = = = = = = = =
Ruseivaius |0 0|0]0|0]0|0]0|0]0|aja|a|o|u[o|o]a|a]o|ajo|a]o|a]a]a]a|a]a|a]n
H
|
|
|
|
|
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GPIO Register Map

= Every GPIO block has many registers. But every block has
the same registers
o GPIOG starts at: 0x4002 1800

o Old fashioned acces of GPIOG_MODER:
e #idefine GPIOG_MODER *((uint32_t*)(0x400218000))

H
g |¥F |8 | |8 |% |g|lgls|g|lm|F|lF|TF|T|FT
BRIk MODER | & |7 m | @ =l lzlzleslglglsl5 5|2 |5
wh = - ar fr ar T = ¥ o x i F i i i r 7
oo Ml che |5 | B B[S |8 | |8 |88 |y |y EE|y|y |y
ﬁﬁ ﬁ b ﬁ ﬁ g & | & |a|al|l&d |&|a|a|a
= = = = = = = = = ax = = = = = x
Feestvaius | 0] 0| 00| 0|0 |00 6]a|0]0|0]0|0]0|0]0|o]0|a[e|0|o|o]a|ajs|aja|o]a
H
(]
(]
(]
(]
(]
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CMSIS definitions, and rules

= Using a structure for register blocks

- typedef struct

1

__T0 uint32_t MODER; /*!< GPIO port mode register, Address offset: @x08 */
__T0 uint32_t OTYPER; /*!< GPIO port output type register, Address offset: @84 */
__T0 uint32_t OSPEEDR; /*!< GPIO port output speed register, Address offset: 8x@3 */
__TI0 uint32_t PUPDR; /*!< GPIO port pull-up/pull-down register, Address offset: @x@C */
__TI0 uint32_t IDR; /*!< GPIO port input data register, Address offset: @xle */
__TI0 uint32_t ODR; /*!< GPI0 port output data register, Address offset: 8x14 */
__I0 uintlé_t BSRRL; /*1< GPIO port bit set/reset low register, Address offset: 8x18 */
__I0 uintlé_t BSRRH; f*1< GPIO port bit set/reset high register, Address offset: @xl1A */
__I0 uint32_t LCKR; /*1< GPIO port configuration lock register, Address offset: @xlC */

I0 uint32 t AFR[2]; /*!< GPI0 alternate function registers, Address offset: @x2@-8x24 */

} EEID_TypEDEfj

Tanszék
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CMSIS definitions, and rules

" Pre defined memory aliases

#define GPIDA
#define GPIOB
#idefine GPIOC

((GPIO_TypeDef *) GPIOA_BASE)

((GPIO_TypeDef *) GPIOB_BASE)

((GPIO_TypeDef *) GPIOC_BASE)
#define GPIOD ((GPIO TypeDef *) GPIOD BASE)
#define GPIOE ((GPIO TypeDef *) GPIOE_BASE)
#define GPIOF ((GPIO TypeDef *) GPIOF BASE)
#define GPIOG ((GPIO TypeDef *) GPIOG BASE)|
#define GPIOH ((GPIO TypeDef *) GPIOH_BASE)
#define GPIOI ((GPIO TypeDef *) GPIOI_BASE)
#define GPIOI ((GPIO TypeDef *) GPIOJ BASE)
#define GPIOK ((GPIO_TypeDef *) GPIOK_BASE)

" Therefore accessing the GPIOG_MODER
o GPIOG->MODER
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