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Overview

How do we make a program light up LEDs in response to a switch?

GPIO
Basic Concepts
Port Circuitry
Control Registers
Accessing Hardware Registersin C
Clocking and Muxing

Circuit Interfacing
Inputs
Outputs

Additional Configuration

ARM University Program

Copyright © ARM Ltd 2013 THE ARCHITECTURE FOR THE DIGITAL WORLD?®



Basic Concepts

GPIO = General-purpose input and output (digital)
Input: program can determine if input signalisalora0
Output: program can set outputto 1 or O

Can use this to interface with external devices or on board
peripherals

Input: switch, button......
Output: LEDs, speaker......
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GPIO Port Bit Circuitry in MCU

Configuration
Direction
Fr— - - - — — — — — — — T
MUX Ta 'L'l‘l-{:hir.l ;H"I-HHJQ | |
MOdeS peripherl illﬂrnalu function inpul: :
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Speed PLET " l l /l/] | Ve, V. ()
3 | ﬁ ] Voo Voo
@ % | TTL Schenitt |J J Protection
g s | trigger unl'ufl _hgu dinde
Data Write E 5 = Linputdrver  __ _ _ __ __ __ __ __ de . | |vo pin
—» &
B o e IJ_ _I'I"J"'H' _________ N L
Output 2 —|-’§ |D tput d Voo un-urfl —| w1 £ Protecson
(different ways I ME ooy [l Pos | v L5
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to access it) coas |2 | —]“ ol | I | N
Input N | |
p E:: ?;:wn;mp Altamate function outpuf e E ﬁj ::L—E IJr.'JIi'n or |
Analogue - Lo _deabled |
ESp Rt ]

Locking
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Control Registers

Each general-purpose I/O port has

four 32-bit configuration registers (
GPIOx_MODER (input, output, AF, analog)
GPIOx_OTYPER (output type: push-pull or open drain)
GPIOx_OSPEEDR(speed)
GPI1Ox_PUPDR(pull-up/pull-down)

two 32-bit data registers(GPIOx_IDR and GPIOx_ODR)
a 32-bit set/reset register (GPIOx_BSRR)
a 32-bit locking register (GP1Ox_LCKR)

two 32-bit alternate function selection register (GPIOx_AFRH and
GPIOx_AFRL)

One set of control registers (10 in total) per port
Each bit in a control register corresponds to a port bit
All registers have to be accessed as 32-bit word
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GPIO Configuration registers

MODER(I) OTYPER(I) OSPEEDR(I) PUPDR(I) IO configuration
= [1:0] [B:A] [1:0]
Each blt can _be 0 0 0 GP output PP
configured differently 0 0 [t [cPoupwt  |PP+PU
. 0 1 0 GP output PP + PD
Reset clears port bit T e
H 1 1 [B:A] 0 0 GP output oD
dlreCtlon to 0 1 0 1 GP output oD+ PU
Output modes: push-pull or 1 1[0 |ePoupt  |oD+FO
. 1 1 1 Reasarvad (GP output OD
open drain + pull-up/down > e
Output data from output - —— o
data register (GPIOx_ODR) o 0 sPEED | 1 | 1 |Reserved
. B:A
or peripheral (alternate : R e ——
function output) 1 1| o | oD + PD
1 1 1 Reserved
Input states: floating, pull- X s [ x | 0 | o [mow Fioating
up/down, analog 39 TN I B R B .
Input data to input data x X p X f | T | Reserved (nputfloatng)
. X X X 0 0 Inputioutput Analog
register (GPIOx_IDR) or ) x x| x | o | 1
peripheral (alternate : e

function input)

1. GP = generalpurpose, PP = push-pull, PU = pull-up, PD = pull-down, OD = open-drain, AF = allemate
function,
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Alternate function selection register

For pin=s 0 to 7, the GPIOx_AFRL[31:0] register selects the dedicated alternate function

In AF mode, AFRL or AFRH
needs to be configured to be
driven by specific peripheral
Can be seen as a select
signal to the Mux

EVENTOUT is not mapped onto
the following I/O pins: PC13,
PC14, PC15, PHO, PH1 and
PI8.

ARM University Program
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For pinz 8 to 15, the GPIOx_AFRH[31:0] register selects the dedicated alternate function

AFO (system)
AF1 (TIMA/TIMZ)
AF2 (TIM3..5)

AF3 (TIMB..11)

AF4 (12C1..3)

AF5 (SPI/SPIZ)
AFg (SPI3)
AFT (USART1.3)
AF8 (USART4..6)
AF9 (CAN1/CANZ, TIM12.. 14—
AF10 (OTG_FS, OTG_HS) ——»f
AF11 (ETH) - =
AF12 (FSMC, SDIO, OTG_HS!")—»
AF13 (DCMI)
AF14
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AF15 (EVENTOUT) ————» /

Pin x (x = 8..15)

AFRH[31:0] ai1 7538
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CMSIS - Accessing Hardware Registers in C

Header file stm32f4xx.h defines C data structure types to
represent hardware registers in MCU with CMSIS-Core
hardware abstraction layer

e
# [@Ebrief Gemeral Purpose I/0
*f

typedef struct

i
__I0 uint32 t MODER: J#le GPIO port mode register, Bddress offset: 0x00 #
IO uint32 t OTYPER; f#1=< GPIQ port output type register, Address offset: 0x04 #
IO uint32 t OSPEEDR; f#1¢ GPID port output speed register, Bddress offset: Ox0EB * f
IO wmint32 t PUPDR; J#l< GPIO port pull-up/pull-down register, LAddress offset: 0x0C #
IO uint32 t IDR; F*1=< GPIQ port input data registcer, Address offset: 0x10 ®f
_ IO uwint32 t CDR: J#1< GPIO port output data register, Addres=s offset: 0Oxl14 #
__ IO uintlé t BSRRL; f#1=< GPID port bit set/reset low register, Lddress offset: 0xlE L
__I0 uwintlé t ESRRH; f#l¢ GPIO port bit set/reset high register, Lddress offset: 0xli * f
__I0 uint32 t LCER; F#l< GPIO port configuration lock register, Address offset: 0xiC #
IO uint32 t AFR[Z]: f#1¢ GPIO alternate function registers, Lddress offset: Ox20-0x24 */

} GPIO TypeDef;
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CMSIS C Support

Header file stm32f4xx.h defines pointers to GPIO_Type registers

#define GPIOA BASE (AHB1PERIPH BASE + 0x0000)
#define GPIOB BASE (AHB1PERIPH BASE + 0x0400)
#define GPIOC_ BASE (AHB1PERIPH_BASE + 0x0800)
#define GPIOD BASE (AHB1PERIPH_BASE + 0x0C00)
#define GPIOE_BASE (AHB1PERIPH _BASE + 0x1000)
#define GPIOF_ BASE (AHB1PERIPH BASE + 0x1400)
#define GPIOG_BASE (AHB1PERIPH BASE + 0x1800)
#define GPIOH_BASE (AHB1PERIPH BASE + 0x1C00)
#define GPIOI BASE (AHB1PERIPH_BASE + 0x2000)
#define AHB1PERIPH_ BASE (PERIPH_BASE + 0x00020000)

#define PERIPH_BASE ((uint32_t)0x40000000)
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Clocking Logic

Need to enable clock to GPIO module
By default, GPIO modules are disabled to save power
Writing to an unclocked module triggers a hardware fault!
Control register RCC_AHBI1ENR gates clocks to GPIO ports
Enable clock to Port D

RCC->AHB1ENR|= (1UL << 3);

Header file stm32f4xx.h has definitions
RCC->AHB1ENR|=RCC_AHB1ENR_GPIODEN;
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Initializing GPIO

Enable clock for Port

Set the mode

Set the Output type

Set the speed

Set the pull-up or pull down

Set the AF

Not all of these are necessary, default setting is ok (usually all bits cleared after reset)
Need to access the entire 32 registers

Simple example for initializing the orange led on the board

Port D pin 12
void LED Init (wvoid) {
RCC—>RHBI1ENR |= (1UL << 3)
GPICD->MODER |= (10L << 2%12)
GPICD->OTYPER |= (0UL << 12}
GPICD->O5FEEDR |= (2U0L << 2%12)
GPFICD->FUPDR |= (1L << 2*12)
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CMSIS C Support

Header file stm32f4xx.h also has bits definition for GPIO register

#define GPIO_MODER_MODERO ((uint32_t)0x00000003)

#define GPIO_MODER_MODERO_0 ((uint32_t)0x00000001)

#define GPIO_MODER_MODERO _1 ((uint32_t)0x00000002)
#define GPIO_OTYPER_OT_O ((uint32_t)0x00000001)
#define GPIO_OSPEEDER_OSPEEDRO ((uint32_t)0x00000003)
#define GPIO_OSPEEDER_OSPEEDRO_O ((uint32_t)0x00000001)
#define GPIO_OSPEEDER_OSPEEDRO_1 ((uint32_t)0x00000002)
#define GPIO_PUPDR_PUPDRO ((uint32_t)0x00000003)
#define GPIO_PUPDR_PUPDRO_0 ((uint32_t)0x00000001)
#define GPIO_PUPDR_PUPDRO_1 ((uint32_t)0x00000002)
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Writing/Reading Output/Input Port Data

Direct: write value GPIOx_ODR
Clear (to 0): Write 1 to BSRRL
Set (to 1): write 1 to BSRRH
GPIOD->0ODR|=(1<<12);
Equivalent to: GPIOD->BSRRL=(1<<12);
Or with CMSIS: GPIOD-ODR|= GPIO_ODR_ODR_12
GPIOD->0ODR&=~(<<12);
Equivalent to: GPIOD->BSRRH=(1<<12);
Or with CMSIS: GPIOD-ODR&=~GPIO_ODR_ODR_12

Read from IDR
data=GPIOD->IDR&(1<<12)
Or with CMSIS: data=GPIOD->IDR&GPIO_IDR_IDR_12

ARM University Program
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Coding Style and Bit Access

Easy to make mistakes dealing with literal binary and hexadecimal
values

“To set bits 13 and 19, use 0000 0000 0000 1000 0010 0000 0000 0000 or
0x00082000”

Make the literal value from shifted bit positions
n = (1IUL << 19) | (1UL << 13);
Define names for bit positions

#define POS 0 (13)

#define POS_1 (19)

n = (1UL << POS_0) | (1UL << P0OS_1);
Create macro to do shifting to create mask
#define MASK(x) (1UL << (x))

n = MASK(POS 0) | MASK(POS 1);

ARM University Program
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Using Masks

Overwrite existing value in n with mask
n = MASK(foo);

Set in n all the bits which are one in mask, leaving others unchanged
n |= MASK(foo0);

Complement the bit value of the mask
~MASK (foo0) ;

Clear in n all the bits which are zero in mask, leaving others
unchanged

n & MASK(foo);

ARM University Program
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Using Masks with CMSIS

#define SET_BIT(REG, BIT) ((REG) |= (BIT))
#define CLEAR_BIT(REG, BIT) ((REG) &= ~(BIT))
#define READ_BIT(REG, BIT) ((REG) & (BIT))
#define CLEAR_REG(REG)  ((REG) = (0x0))
#define WRITE_REG(REG, VAL) ((REG) = (VAL))
#define READ_REG(REG)  ((REG))

#define MODIFY_REG(REG, CLEARMASK, SETMASK) WRITE_REG((REG),
((READ_REG(REG)) & (~(CLEARMASK))) | (SETMASK)))

BIT = MASK(foo);
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C Code

#define LED1 POS (13)

#define LED2 POS (14)

#define SW1 POS (0)

#define MASK(x) (1UL << (x))
RCC->AHB1ENR |=RCC_AHB1ENR_GPIODEN;

/* Initialization of GPIO */
GPIOD->0DR = MASK(LED1_POS); // turn on LED1l, turn off LED2

while (1) {

if (GPIOD->IDR & MASK(SW1 POS)) {
// switch is pressed, then light LED 2
GPIOD->BSRRL MASK(LED2_POS) ;
GPIOD->BSRRH MASK(LED1 POS);

} else {
// switch is pressed, so light LED 1
GPIOD->BSRRL MASK(LED1 POS);
GPIOD->BSRRH MASK(LED2_POS) ;

ARM University Program
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Atomic Access

Unlike some of other MCU, the AHB1 on STM32F4Discovery provides atomic
access to one or more bhits.

Which means do not have to disable the interrupt when programming the
GPIOx_ODR at bit level.
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Inputs and Outputs, Ones and Zeros, Voltages and Currents

INTERFACING
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Inputs: What’s a One? A Zero?

“ Input signal’s value is
determined by voltage

“ Input threshold voltages
depend on supply voltage
VDD

= Exceeding V,, or GND may
damage chip

ARM University Program
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Outputs: What’s a One? A Zero?

Nominal output voltages A

1: V-0.5 Vto V,, |

0: 010 0.5V (i

[Data In >——+ Pin/Pad |

|_

Q2 | |a—

Note: Output voltage depends =
on current drawn by load on pin

Need to consider source-to-drain
resistance in the transistor ~ Logic 1 out

Above values only specified when \ _______________________________________________

Coment< 5 mA(G mAforhiome [T \
drive pads) and V,, > 2.7 V
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Driving External LEDs

Need to limit current to a value
which is safe for both LED and

MCU port driver LEDEDUE )
Use current-limiting resistor LED10ut ) Red SZBlue
_ %, 74

R= (VDD - VLED)/ILED LED1 LEDR

Setl .,=4mA
R2 R3

V|, depends on type of LED o Sos
(mainly color)

Red: ~1.8V 4 v

Blue: ~2.7 V
Solve for R given VDD = ~3.0 V

Red: 300 Q

Blue: 75 Q

ARM University Program
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Output Example: Driving a Speaker

Create a square wave with a GPIO

output R1 Copt> C1
] Audio >——N/\
Use capacitor to block DC value 330 1':: SP1
u
Use resistor to reduce volume if
needed

void Speaker Beep(uint32_t frequency){
Init_Speaker(); RIGOL STOP R frrons P e W 1 F B Scomy
while(1){ v
GPIOD->BSRRL=(MASK(2));
Delay(frequency);
GPIOD->BSRRH=(MASK(2));
Delay(frequency);

Frdil) =2 .0238mnm=s

CHi= 1.86. [EEEEEF ZEEmL Time 1.86868ms D&2d4 . 68us
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