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Interfacing Peripherals

» Port-mapped I/O
» Use special CPU instructions: Special_instruction Reg, Port

» Memory-mapped I/O
» A simpler and more convenient way to interface I/O devices

» Each device registers is assigned to a memory address in the address space of the
microprocessor

» Use native CPU load/store instructions: LDR/STR Reg, [Reg, #imm]
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0x48000024

0x48000020

0x4800001C

Core :
STR  0x48000018 RSt

0x48000014 | GPIO Data Output Register GPIO

A 4

Output

0x48000010

Memory Space

ARM Cortex-M microprocessors use memory-mapped I/O.
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Memory Map of STM32L4
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Memory Map of STM32L4

OXFFFFFFFF

— 0x40000000
IR 4 SRAM S > On-chip RAM, for heap, stack, & code

~ 9X20000000
> On-chip Flash, for code & data

— 0X00000000 ‘

P 3 One Byte (8 bits)



Memory Map of STM32L4

1GB —

0.5GB —

0.5GB —

OXFFFFFFFF

— OxA0000000O

External Device

— @X60000000

Peripheral

~— 0X40000000

~ 0X20000000

— 0X00000000

One Byte (8 bits)

.......................... > Such as SD card

-------------------------- > AHB & APB, such as timers, GPIO
-------------------------- > On-chip RAM, for heap, stack, & code

> On-chip Flash, for code & data



Memory Map of STM32L4

1GB —

1GB —

0.5GB —

0.5GB —

0.5GB —

OXFFFFFFFF

— OXEQ000000

-~ OXA0L0LVL0

~ 0X60000000

~— 0x40000000

~ 0X20000000

— 0X00000000

External RAM

External Devic

Peripheral

One Byte (8 bits)

> Off-chip memory for data

.......................... > Such as SD Card

.......................... > AHB & APB, such as timers, GPIO
-------------------------- > On-chip RAM, for heap, stack, & code

> On-chip Flash, for code & data



Memory Map of STM32L4

—

0.5GB

1GB —

1GB —

0.5GB —

0.5GB —

p—

OXFFFFFFFF

= OxXE0000000

-~ OXA0L0LV0

~ 0X60000000

~— 0x40000000

~ 0X20000000

— 0X0000000

_ NVIC, System Timer, SCB,
vendor-specific memory

System

External RAM > Off-chip memory for data

External Device » Such as SD card

Peripheral — B > AHB & APB, such as timers, GPIO
-------------------------- > On-chip RAM, for heap, stack, & code

> On-chip Flash, for code & data

One Byte (8 bits)



GPIO Memory Map

0x48000400

ASCR
0x4800002C
BRR
0x48000028
0x48000024 AFR[I]
0x48000020 ?_I;RK[(;\]
0x48000400
GPIOA (1 KB) 0x4800001C T
OX43000000 0x48000018 — 48 bytes
0x48000014 OBR
0x48000010 Ao
0x4800000C R
OSPEEDR
0x48000008
0x48000004 OTYPER
0x48000000 B
___________________________________________________________ L Lo
P S :

Each register has 4 bytes



Output Data Register (ODR)

0x48000017 _ _
BTN 1 word (.e. 32 i)
0x48000014

0x48000017
0x48000016
0x48000015
0x48000014

|

!

- 4 bytes

1 Little Endian

[ \ [
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 S5 4 3 2

*((uint32_t *) ox48000014) |= 1UL<<14;

) \ J

__________________________________ ) s (st
p 8 Dereferencing a pointer

Bitwise OR



Dereferencing a Memory Address

0x4800002C

0x48000028
0x48000024

0x48000020
0x4800001C

0x48000018
0x48000014
0x48000010
0x4800000C

0x48000008
0x48000004

0x48000000

ASCR
BRR
AFR[I]
AFR[O]
LCKR
BSRR

IDR
PUPDR
OSPEEDR
OTYPER
MODER

volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile

typedef struct {

uint32_t
uint32_t
uint32_t
uint32_t
uint32_t
uint32_t
uint32_t
uint32_t
uint32_t
uint32_t
uint32_t

} GPIO_TypeDef;

MODER;
OTYPER;
OSPEEDR;
PUPDR;
IDR;
ODR;
BSRR;
LCKR;
AFR[2];
BRR;
ASCR;

// Casting memory address to
#define GPIOA ((GPIO_TypeDef *) ©x48000000)

/1
//
//
//
//
//
//
//
/1
//
//

Mode register

Output type register

Output speed register
Pull-up/pull-down register
Input data register

Output data register

Bit set/reset register
Configuration lock register
Alternate function registers
Bit Reset register

Analog switch control register

a pointer

GPIOA->0DR |= 1UL<<14;
or (*GPIOA).ODR |= 1UL<<14;




Programming in Assembly

InC

GPIOA->ODR |= 1UL<<14; // Set bit 14 to 1

In Assembly

GPIOA_BASE EQU 0©x48000000
GPIO_ODR EQU ©ox14

LDR r7, =GPIOA_ BASE ; Load GPIO port A base address
LDR rl, [r7, #GPIO _ODR] ; rl = GPIOA->O0DR
ORR ri1, ri1, #(1<<14) ; Set output of pin 14 to high

STR rl, [r7, #GPIO ODR] ; Write the output data register
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GPIOA->ODR |= 1UL<<14; // Set bit 14 to 1

In Assembly

GPIOA_BASE EQU 0©x48000000
GPIO_ODR EQU ©x14

LDR r7, =GPIOA_BASE ; Load GPIO port A base address
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