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Memory Mapped I/O
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Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
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ARM Cortex-M microprocessors use memory-mapped I/O.



Memory Map of STM32F303RE
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Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
 



GPIOA Memory Map
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Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
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GPIOA Output Data Register (ODR)
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Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
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GPIOA Output Data Register (ODR)
Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
 

Set pin PA5 to one
Unused



GPIOA Output Data register (ODR)
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from: STM32F303 reference manual

// to set bit
ODR |= (1<<5);
// to reset bit
ODR &= ~(1<<5); 



GPIOA Mode Register (MODER)
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Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
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GPIOA Mode Register (MODER)
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from: STM32F303 reference manual

//first clear bits in MODER
MODER &= ~(0b11 << 10);

// then set 0b01 to MODER
MODER |= (0b01 << 10); 



GPIO Output Type Register (OTYPE)
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Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
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GPIO Output Type Register (OTYPE)
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from: STM32F303 reference manual

// set 0 for push-pull
OTYPE &= ~(1<<5);



Push-Pull vs Open Drain

• Push-pull
• When set to 1, push to the power supply voltage

• When set to 0, pull to the ground

• This is used for lighting an LED

• Open-drain
• When set to 0, ground (drain current from external circuit)

• When set to 1, floating (high-impedence state)
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GPIOA port pull-up/pull-down register 
(PUPDR)
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Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
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GPIOA port pull-up/pull-down register 
(PUPDR)

14

from: STM32F303 reference manual

PUPDR &= ~(0b11 << 10); //clear bits



GPIO port output speed register (OSPEEDR)
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Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
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GPIO port output speed register (OSPEEDR)
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from: STM32F303 reference manual

//clear bits
OSPEEDR &= ~(0b11 << 10); 



Output Speed
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• Output Speed: 
• Speed of rising and falling

• Four speeds: Low, Medium, High

• Tradeoff
• Higher GPIO speed increases EMI noise 

and power consumption

• Configure based on peripheral speed
• Low speed for toggling LEDs

• High speed for SPI

Low

Medium

High

Speed of Rising

adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
 



Input Data Register (IDR)
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Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
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Input Data Register (IDR)
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from: STM32F303 reference manual



Reset and Clock Control 

• GPIO Peripheral clocks are disabled by default to save power

• We must first enable it
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from: STM32F303 reference manual

RCC_AHBENR is located at 0x40021014



Using a Struct
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typedef struct {
  volatile uint32_t MODER;    // Mode register
  volatile uint32_t OTYPER;   // Output type register
  volatile uint32_t OSPEEDR;  // Output speed register
  volatile uint32_t PUPDR;    // Pull-up/pull-down register
  volatile uint32_t IDR;     // Input data register
  volatile uint32_t ODR;      // Output data register
  volatile uint32_t BSRR;     // Bit set/reset register
  volatile uint32_t LCKR;     // Configuration lock register
  volatile uint32_t AFR[2];   // Alternate function registers
  volatile uint32_t BRR;      // Bit Reset register
  volatile uint32_t ASCR;     // Analog switch control register
} my_GPIO_type;

// Casting memory address to a pointer
#define PORTA           ((my_GPIO_type *) 0x48000000)

PORTA->ODR |= 1<<5; 

Figure adapted from: Yifeng Zhu, Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C
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