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Interfacing Peripherals

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

» Memory-mapped 1/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]

0x48000024
Ox48000020
Ox4800001C

C .
o \\\éﬂji& 0x48000018 Fin outpue
Ox48000014 | GPIO Data Output Register | GPIO .
Output

0x48000010

Memory Space

ARM Cortex-M microprocessors use memory-mapped I/O.



Memory Map of Cortex-M4

=

0.5GB

1GB —

1GB —

0.5GB =

0.5GB =

~ OXFFFFFFFF

— OXE0000000

= OXA0000000

— Ox60000000

= 0x40000000

=~ 0X20000000

— 0X00000000

System

External Device

External RAM

Peripheral

SRAM

Code

One Byte (8 bits)

_ NVIC, System Timer, SCB,

vendor-specific memory

> Such as SD card

------------------ > Off-chip memory for data

----------------- > AHB & APB, such as timers, GPIO

----------------- > On-chip RAM, for heap, stack, & code

> On-chip Flash, for code & data



Memory Map of STM32L4

~ OXFFFFFFFF
05GB System
— OxE0000000
1GB — External Device
 OXABOE0E00 0Xx60000000
1GB — External RAM
0x48001000
GPIO D (1 KB)
~ 0X60000000 0x48000C00
0.5 GB — Peripheral GPIO C (1 KB)
— OXx40000000 0x48000800
GPIO B (1 KB)
0-5GB = SRAM 0x48000400
~ 0X20000000
0.5GB — Code 0x48000000
0x40000000

— 0X00000000

> 4 One Byte (8 bits)



GPIO Memory Map

0x48000400

ASCR
0x4800002C
BRR
0x48000028
0x48000024 AFR[I]
0x48000020 AN
0x48000400 Ox4800001C LCKR
GPIO A (1 KB) X BSRR
Px48000000 0x48000018 — 48 bytes
0x48000014 S
IDR
0x48000010
PUPDR
0x4800000C
OSPEEDR
0x48000008
0x48000004 OINRER
0x48000000 HOIDIER
__________________________________________________________________________________ L J .
p 5 :

Each register has 4 bytes



GPIO Memory Map

0x48000400

Set pin A.14 to high

0x4800002C

0x48000028
0x48000024

0x48000020
0x4800001C

0x48000018
0x48000014

0x48000010
0x4800000C

0x48000008
0x48000004

0x48000000

0x48000400

GPIO A (1 KB)

0x48000000

ASCR
BRR
AFR[ 1]
AFR[O]

LCKR
BSRR

IDR
PUPDR
OSPEEDR
OTYPER
MODER

— 48 bytes

N
Set bit 14
of ODR
to high




Output Data Register (ODR)

Ox48000017 _ _
DT 1 vord (i.e. 32 bits)
Ox48000014

!

0x48000017
0x48000016
- 4 bytes
0x48000015
0x48000014 <«

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 5 4 3 2




Output Data Register (ODR)

Ox48000017 _ _
DT 1 vord (i.e. 32 bits)
Ox48000014

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 5 4 3 2

*((uint32_t *) 0x48000014) |= 1UL<<14;

J \ J

________________________________________________ | I— e A—
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[ 1]
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 *) 0©x48000000)

//
//
//
//
//
//
//
//
//
//
//

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;




Red LED (PB-2 STM32L4 Discovery Kit

» LD4

H LD R R4S A

- Yyy

: IK_1% Opo2PEr g

El

aa TD>5

E LD G R4o AN
330 1% 040

ED, green —

Red &
Green
LEDs

G

-
-

ARfRRR
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General Purpose Input/Output (GPIO)

» 8 GPIO Ports:
A B CDE FG,H

» Up to 16 pins in each port




General Purpose Input/Output (GPIO)
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General Purpose Input/Output (GPIO)

————— — —— ———

o «— FLASH

ARM Cortex-M4 :
FPU <+<—> SRAM

GPIOA

GPIOB APB Bus
GPIO C Matrix
GPIOD
GPIOE
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GPIO G
GPIOH
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Basic Structure of an [/O Port Bit
Input and Output

r— - - - - - - — — — 1
Anal
To on-chip PLaliiee | |
peripheral Alternate function input | |
s : on/off :
Read %
Vv
< % | Schmitt_“_ I Vppioy LDPIOX
g f-f | trimgiir / ffl i Protection
%, é— | g9 on/o | diode
[¢)) —_ .

, = . Input driver .
Write ~ ® L s - - = = = = . I/0 pin
—P 3 ®

o i) M~ e - 1
= 0] Output driver \V
& © | DI on/ Oﬁc| & Protection
o § :l P_MOS J diode
a | Output | SS .
2 SS
8 | j— control | ‘
, 4' N-MOS
Read/write
g | Vss |
. Push-pull
From on-chip J
peripheral Alternate function output | gizmgam or |
L —_— - = — — — === — ~! Analog



Basic Structure of an I/0O Port Bit:

GPIO Pull-up/Pull-down Register (PUPDR)
00 = No pull-up, pull-down 01 = Pull-up

10 = Pull-down 11 = Reserved
Output U Vippiox
Data : :
2| Register GPIO Output Type Register (OTYPER) : 7\ Protection
= — © = Output push-pull (default) : 1 diode
<) . .
wie yf 5| |2 e e - O— VO pin
o My drver . T o T T T :
= o Output driver : : :
& © | : Vobiox On}'bﬁ| : S Protection
i L S L[ p-mos : . diode
a | Output | : : | : 'SS :\Es
g | control | : - | O
Read/write : | N-MOS
g | f Vas -
: Push-pull
From on-chip y :
peripheral Alternate function output | gi%zr;)‘lgga'n or : |
_____ i __ _(Gisabled = -
GPIO MODE Register

p 15 10 =AF 11 = Analog (default)



Enable Clock

» AHB?2 peripheral clock enable register (RCC_AHB2ENR)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RENNG AESEN

w rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCEN OTGFS GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC JGPIOB} GPIOA

EN EN EN EN EN EN EN EN EN

rw w rw rw rw rw rw w rw rw

Bit 1 GPIOBEN: |O port B clock enable

Set and cleared by software.

0: 10 port B clock disabled

1. 10 port B clock enabled

#define

RCC_AHB2ENR_GPIOBEN

AND Gate

SYSCLK —
1 GPIOEN —

[ L] ]

Clock for Port B

((uint32_t)0x00000002U)

RCC->AHB2ENR |= RCC_AHB2ENR_GPIOBEN;




GPIO Mode Register (MODER)

» 32 bits (16 pins, 2 bits per pin)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE15[1:0] | MODE14[1:0] | MODE13[1:0] | MODE12[1:0] | MODE11[1:0] | MODE10[1:0] MODEQ[1:0] MODES[1:0]
r'w 'w w 'w w r'w rw rw rw 'w rw 'w rw w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODE7[1:0] | MODES[1:0] | MODES5[1:0] MODEA4[1:0] MODE3[1:0] MODE2[1:0] MODE1[1:0] MODEQ[1:0]
r'w w 'w w "w rw 'w w rw w 'w w 'w w "w 'w

Pin 2 Pin 1 Pin 0
Bits 2y+1:2y MODEy[1:0]: Port x configuration bits (y = 0..15)

These bits are written by software to configure the I/O mode. D4
, R45
00: Input mode bR —DR G |22
1K_1%_0po2 1 o
|01: General purpose output model 18
. LD5
10: Alternate function mode PE8 .15 LD G R46 LA
11: Analog mode (reset state) - 330—]%—040%Eg),green =

GPIOB->MODER &= ~(3UL<<4); // Clear bits 4 and 5 for Pin 2
GPIOB->MODER |=  1UL<<4; // Set bit 4, set Pin 2 as output



GPIO Output Type Register (OTYP]

» 16 bits reserved, 16 data bits, 1 bit for each pin

31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 oT9 oT8 oT7 oT6 OT5 OT4 oT3 oT2 oT1 oT0
rw rw w rw w rw rw rw rw w w w w rw w

Bits 15:0 OTy: Port x configuration bits (y = 0..15) T
These bits are written by software to configure the 1/0 output type.
D
0: Output push-pull (reset state) G ”: PMOS
1: Output open-drain GPIO s GPIO
Output Bit Output Pin
| 0/1 H Controller I—Q ——1]
G D
— [: NMOS
S
GPIOB->OTYPE &= ~(1UL<<2); // Clear bit 2




GPIO Input:
Pull Up and Pull Down

» A digital input can have three states: High, Low, and High-
Impedance (also called floating, tri-stated, HiZ)

Processor Chip Processor Chip
—Yec,
Input Pin
Pull up Input <]
resistor
Input Pin
Input < | Pull down
resistor
Pull-Up Pull-Down
If external input is HiZ, the If external input is HiZ, the
input is read as a valid HIGH. input is read as a valid LOWV.



GPIO Output:

Push-Pull

GPIO

Output Bit

0/1

Controller @

D
G
—4 PMOS
S GPIO
Output Pin
[ <]

Source
o) current
X Pwmos
D
GPIO GPIO
Output Bit 0 Output Pin
1 [ Controller [ <
Output is
+Vce
(o]
NMOS
(o]

GPIO Output =1

Source current to external circuit



GPIO Output:
Push-Pull

-y +Vce
D
G
—4 PMOS PMOS
GPIO S GPIO PO o
Output Bit Output Pin Output Bit Ou(t;pFL’JItO Pin
0/1 H controller ¢ ¢ < o H controller — ¢——1
Output is
Grounded
G D rounde
—| NMOS o)
s >f> NMOS Drain
current

GPIO Output =0
Drain current from external circuit



GPIO Output:
Open-Drain

GPIO
Output Pin GPIO
_<: Output Pin
Output is
GPIO GPIO Grounded
Output Bit D Output Bit
G 1 D
0/1 H Controller —”: NMOS 0 H Controller p— ¥ NMOS
S D
Current

GPIO Output =0
Drain current from external circuit



GPIO Output:
Open-Drain

GPIO
Output Pin GPIO

_<: Output Pin

Output is

GPIO GPIO Floating

Output Bit D Output Bit
G 0 (o)
0/1 4 Controller —”: NMOS 1 H Controller }— + NMOS

S (o]

Output =1
GPIO Pin has high-impedance to external circuit



GPIO Output Speed

» Output Speed: Speed of Rising
» Speed of rising and falling LOV/_'
» Four speeds: Low, Medium, Fast, High ,
» Tradeoff Medium -
» Higher GPIO speed increases EMI :/
noise and power consumption -
» Configure based on peripheral speed /
Low speed for toggling LEDs "
High speed for SPI Hi@/ :




Slew Rate

Slew Rate:
Maximum rate of change of the
output voltage

AV
Slew Rate = max (—)
At

A high slew rate allows the
output to be toggled at a fast
speed.

GPIO
Output
Voltage

Vop

GPIO
Output
Voltage

Voo

Desired
Output

Real I
Output |

A

Time

I



GPIO Output: Push-Pull vs Open-Drain

m

High
0] Low Low
LD4
PB2 5 —LDR R45 N)')'

lK 1% 402D ea
LD5
Rdc
PE8 - 1 g —LD G ”)')'
330 1% .

O4O?ILED green

Use push-pull output, instead of open-drain output!



GPIO Output Data Register (ODR)

» 16 bits reserved, 16 data bits, 1 bit for each pin

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 5 4 3 2 1 0

OoD15 OoD14 OoD13 OoD12 OoD11 OoD10 OoD9 oD8 oD7 OD6 OD5 OoD4 OD3 oD2 OD1 oD

'w rw 'w rw 'w r'w rw 'w r'w r'w r'w "w r'w r'w w r'w
Pin 2

LD4
LDR Lp R KO I”

1K 1% O}02

LED, red
LD5
R46
PES ~{p G —LRG R I)‘)'
330_1%_0403°¢ 1

D, green

GPIOB->0DR |= 1UL << 2; // Set bit 2



Light up the Red LED (PB.2)

LD4
R45
@ DR —2R G }”
1K 1% 0f02, 0

LD5

R46
PE8 ~p o —LDG RIE I)')'
330_1% 0403 Ep o o

L

RCC->AHB2ENR |= RCC_AHB2ENR_GPIOBEN; // Enable clock of Port B

GPIOB->MODER &= ~(3UL<<4); // Clear mode bits
GPIOB->MODER |=  1UL<<4; // Set mode to output

GPIOB->OTYPE &= ~(1UL<<2); // Select push-pull output

GPIOB->0DR |= 1UL << 2; // Output 1 to turn on red LED




GPIO Initialization

» Turn on the clock to the GPIO Port (e.g. Port B)
RCC->AHBENR |= RCC_AHBENR_GPIOBEN; Reset and Clock Control (RCC)

» Configure GPIO mode, output type, speed, pull-up/pull-down

typedef struct
{
__I0 uint32_t MODER;
__I0 uint16_t OTYPER;
uintl6_t RESERVED®;
__I0 uint32_t OSPEEDR;
__I0 uint32_t PUPDR;
__I0 uintl6_t IDR;
uintl6_t RESERVED1;
__I0 uintl6_t ODR;
uintl6_t RESERVED2;
IO uintl6_t BSRRL; /* BSRR register is split to 2 * 16-bit fields BSRRL */
IO uintl6_t BSRRH; /* BSRR register is split to 2 * 16-bit fields BSRRH */
__I0 uint32_t LCKR;
__I0 uint32_t AFR[2];
} GPIO TypeDef;

#define PERIPH_BASE ((uint32_1)0x40000000)
#define AHBPERIPH_ BASE (PERIPH_BASE + 0©x20000)
________ #define GPIOB_BASE (AHBPERIPH BASE + 0x0400)

» 29 | #define GPIOB ((GPIO_TypeDef *) GPIOB_BASE)




Joystick

STM32L4

STM32L4 Discovery Kit

Joystick with 4-
direction control
and selector




Joystick

e
i, RS -
1 % ¥4 ANV -
USER & WAKE-UP Button 1V o 002
o e o e e 1 e 1 e e e o O LY U O
' RS5S qop 1= === Y
| PAO O (CER TS JOY CENTER ooy LOK_1% 0402: i 2
i r=f===-= | P lrso i
: 1==C43 | 1 310K I 0402
| i | 100nFIX7R 10% 04b2 i
1 e o e o e o —— e - —— -
Ty e e e e e e e e e e e e e e g e g e e e e e e e el e T T e e e e e s e e e e e e e e e e e e e e e g
PAT TOY TEFT Bint vy -1
PA5 PRSI TOY DOWN ___R58." 0 5% 0400 3
PA2 1OV RIGHT JOY RIGHT ___ Ro6. 0 5% 0402 6
PA3 JOY UP JOY UP R52.. 0 5% 0402 4
N0 5% 0402
N P , MT-008A
coa o 8 I ==C41 |
T ] S04 1| 100nF!X7R 10% 0402
. . A o i==C46 | 1 | 100uR XTR1J04, 0402 1
Input pins with pull-down I==C42 | [ 100nF X7Rl0de 0402
i | 100nF JX7R ‘rofs 0262~
e e o e -
Joystick

PAQ —— CENTER@®—3"o—_)———® COMMON —— +3V
C @—o ® D

Internal diagram of joystick

5o




Basic Structure of an [/O Port Bit
Input and Output

r— - - - - - - — — — 1
Anal
To on-chip PLaliiee | |
peripheral Alternate function input | |
s : on/off :
Read %
Vv
< % | Schmitt_“_ I Vppioy LDPIOX
g f-f | trimgiir / ffl i Protection
%, é— | g9 on/o | diode
[¢)) —_ .

, = . Input driver .
Write ~ ® L s - - = = = = . I/0 pin
—P 3 ®

o i) M~ e - 1
= 0] Output driver \V
& © | DI on/ Oﬁc| & Protection
o § :l P_MOS J diode
a | Output | SS .
2 SS
8 | j— control | ‘
, 4' N-MOS
Read/write
g | Vss |
. Push-pull
From on-chip J
peripheral Alternate function output | gizmgam or |
L —_— - = — — — === — ~! Analog



Basic Structure of an I/0O Port Bit:

GPIO Pull-up/Pull-down Register (PUPDR)
00 = No pull-up, pull-down 01 = Pull-up

10 = Pull-down 11 = Reserved
Output U Vippiox
Data : :
2| Register GPIO Output Type Register (OTYPER) : 7\ Protection
= — © = Output push-pull (default) : 1 diode
<) . .
wie yf 5| |2 e e - O— VO pin
o My drver . T o T T T :
= o Output driver : : :
& © | : Vobiox On}'bﬁ| : S Protection
i L S L[ p-mos : . diode
a | Output | : : | : 'SS :\Es
g | control | : - | O
Read/write : | N-MOS
g | f Vas -
: Push-pull
From on-chip y :
peripheral Alternate function output | gi%zr;)‘lgga'n or : |
_____ i __ _(Gisabled = -
GPIO MODE Register

p 33 10 =AF 11 = Analog (default)



Basic Structure of an [/O Port Bit
Input and Output

r— - - - - - - — — — 1
Anal
To on-chip PLaliiee | |
peripheral Alternate function input | |
s : on/off :
Read %
Vv
< % | Schmitt_“_ I Vppioy LDPIOX
g f-f | trimgiir / ffl i Protection
%, é— | g9 on/o | diode
[¢)) —_ .

, = . Input driver .
Write ~ ® L s - - = = = = . I/0 pin
—P 3 ®

o i) M~ e - 1
= 0] Output driver \V
& © | DI on/ Oﬁc| & Protection
o § :l P_MOS J diode
a | Output | SS .
2 SS
8 | j— control | ‘
, 4' N-MOS
Read/write
g | Vss |
. Push-pull
From on-chip J
peripheral Alternate function output | gizmgam or |
L —_— - = — — — === — ~! Analog



Basic Structure of an I/0O Port Bit:

F——— — — — — — — — — n
Analo
Toon-chip J | |
peripheral Alternate function input | |
. : on/off :
o =y 0 ZZMr
< > —<\ He - -VDDIO
- | Schmitt « Reduce noise 1| ¢ Vooiox ’
§ | :trigger ® Increase SIeW | Ei Protection
§_ | trigger rate on/off| : diode
3 :

I/O pin

: S Protection

Input Data
diode

Register (IDR)

GPIO Pull-up/Pull-down Register (PUPDR)
00 = No pull-up, pull-down 01 = Pull-up
10 = Pull-down 11 = Reserved



Schmitt Trigger

-/ ————-%Y—— Threshold

Analog signals
» Noisy
» Rise and fall slowly (small slew rate)



—————=d4-f—-—=—=-%—=—= Threshold

Simple
Comparator

37



Schmitt Trigger

off
vout ‘/I'n
Immunity
Vou a Band
0 > > > Vin
%
Vout A
< < Schmitt
A 4 .
Trigger
0 < > Vin O o
VL
Vout A V
— e DD Simple
M l Comparator
oE - > > Vin O
\Z V1H

Trigger  Trigger
Low High



Enable Clock

» AHB?2 peripheral clock enable register (RCC_AHB2ENR)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RENNG AESEN

w rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCEN OTGFS GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOBY GPIOA

EN EN EN EN EN EN EN EN EN

rw w rw rw rw rw rw w rw rw

Bit 0 GPIOAEN: |O port A clock enable

#define

Set and cleared by software.

0: 10 port A clock disabled

1: 10 port A clock enabled

RCC_AHB2ENR_GPIOAEN

AND Gate

SYSCLK —
1 GPIOAEN —

[ LT ]

Clock for Port A

((uint32_t)0x00000001U)

RCC->AHB2ENR |= RCC_AHB2ENR_GPIOAEN; // Enable clock of Port A




GPIO Mode Register (MODER)

» 32 bits (16 pins, 2 bits per pin)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE15[1:0] | MODE14[1:0] | MODE13[1:0] | MODE12[1:0] | MODE11[1:0] | MODE10[1:0] MODEQ[1:0] MODES[1:0]
r'w 'w w 'w w r'w rw rw rw 'w rw 'w rw w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODE7[1:0] | MODES[1:0] | MODES5[1:0] MODEA4[1:0] MODE3[1:0] MODE2[1:0] MODE1[1:0] MODEQ[1:0]
r'w w 'w w "w rw 'w w rw w 'w w 'w w "w 'w

Pin 2 Pin 1 Pin O

Bits 2y+1:2y MODEy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/0O mode.

[ 00: Input mode |
01: General purpose output mode
10: Alternate function mode
11: Analog mode (reset state)

// Set Pin © as input
GPIOA->MODER &= ~3UL; // Clear bits 1 and 2 for Pin ©



GPIO Pull-up/Pull-down Register (PUPDR)

» 16 pins per port, 2 bits per pin

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPD15[1:0] | PUPD14[1:0] | PUPD13[1:0] | PUPD12[1:0] | PUPD11[1:0] | PUPD10[1:0] | PUPD9[1:0] PUPDS[1:0]
w w "w w w 'w w "w 'w 'w 'w w 'w w w "w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUPD7[1:0] | PUPD6[1:0] | PUPD5[1:0] | PUPDA4[1:0] PUPD3[1:0] PUPD2[1:0] PUPD1[1:0] PUPDO[1:0]
'w w w w w 'w w 'w 'w 'w 'w 'w 'w w rw w
Bits 2y+1:2y PUPDy[1:0]: Port x configuration bits (y = 0..15) Pin 2 Pin 1 Pin O

These bits are written by software to configure the I/O pull-up or pull-down

00: No pull-up, pull-down

01: Pull-up
10: Pull-down
11: Reserved

// No pull-up, pull-down
GPIOA->PUPDR &= ~3UL;

Processor Chip

Input Pin

Input

Pull down
resistor

Pull-Down

<

Input

Processor Chip

_Veo

Pull up

§ resistor

Input Pin

Pull-Up

<




GPIO Input Data Register (IDR)

» 16 bits reserved, 16 data bits (1 bit per pin)

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 5 4 3 2 1 0
ID15 ID14 ID13 ID12 ID11 ID10 D9 ID8 ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
r r r r r r r r r r r r r r r r

// Demo of reading pin 7
uint32 t mask = 1UL<<7;
uint32_t input = (GPIOA->IDR & mask) == mask;

or

uint32 t input

(GPIOA->IDR & mask) >> 7;




Read Input of Pin PA.O

uint32_t input;

RCC->AHB2ENR |= RCC_AHB2ENR_GPIOAEN; // Enable clock of Port A
GPIOA->MODER &= ~3UL; // Set PA.0 as digital input

GPIOA->PUPDR &= ~3UL; // No pull-up, no pull-down

// Read pin ©
input = (GPIOA->IDR & 1UL);

if (input == 0) {

// Center of joystick is not pressed
} else {

// Center of joystick is pressed




Keypad Scan

+3.3V +3.3V +3.3V

E.ZKQ éZ.ZKQ éz.zm
R1 1 2 3
r’_R1
) o o
R2 4 5 6 N
R2 S S S
Output )\\ )\‘\ )\\
R3 7 8 9 Port
R3
MMM
R4 * 0 # ~a
CAM MM
C1 CZ 03 k(;1 C2 CSJ
Inpu.:fPort



Keypad Scan

+3.3V +3.3V +3.3V
% 2.2KQ éz.zm é 2.2KQ
0 Step 1: Set Output
R1 —— < < R1,R2,R3,R4 = 0000
AN
0 Step 2: Read Input
R2 c1,C2,C3 = 111
NONTN €2,
Output _<
Port e
R3 BN 3 P = No key pressed
(7
R4
_ 3 }\-\ ;\-\




Keypad Scan

+3.3V +3.3V +3.3V
éz.zm ézzm g.zm
R1 1 2 3
r'_R1
S S S
R2 4 5 6 P P s
R2 e “u e
R3 7 B 9‘ Output _< /\\ )\l\ )\l\
Port
R3
. N -
R4 * l_ﬁ _I #
R4 < —n <
S DN D | P
C1 C2 C3

Key “0” is pressed Y



Keypad Scan

+3.3V +3.3V +3.3V

%zzm ézzm ézzm
,_R1Q Step 1: Set Output
S S S R1,R2,R3,R4 = 0000
)\l\ )\"\ )\\ J J J
0 Step 2: Read Input
R2 — < N €1,C2,C3 = 101
| | |
0utput_< )\ )\ )\
Port () = Some key in 2" column
R3 SN N is pressed down
R4
- 3 N\ 3
kC'I C2 CSJ
Y
Input Port
-------------------------- R —



Keypad Scan

+3.3V +3.3V +3.3V
Scan 15t row % é é
22KQ 2.2KQ 22K
— 0O Step 1: Set Output
R1 }\\ }\\ }\\ R1,R2,R3,R4 = 0000
Step 2: Read Input
R2 7 3 3 C1,C2,C3 = 101
N N N
0utput_< )\ )\ )\
Port 1 —> Step 3a: Scan 1%t row
R3 — 3 3 R1,R2,R3,R4 = 0111
N N N 2T
% ~ % C1,C2,C3 = 111
1 I
LR4 }\\ PN }\\ = No key in 1t row
is pressed down
kC'I Cc2 CSJ
Y
Input Port
-------------------------- | B PR



Keypad Scan

+3.3V +3.3V +3.3V

Scan 2"4 row % é é
22KQ = 22KQ 2.2KQ
— 1 Step 1: Set Output
R1 S S S R1,R2,R3,R4 = 0000
)\"\ )\"\ )\\ J J J
0 Step 2: Read Input
R2 —— S S c1,C2,C3 = 101
X 3 3
0utput_< )\ )\ )\
Port 1 —> Step 3b: Scan 2" row
R3 P
3 3 3 R1,R2,R3,R4 = 1011
3 3\ 3
% 4 4 c1,C2,C3 = 111
R41 1
3 3 = No key in 2" row
| N\ N
= 4 2 is pressed down
kC'I C2 CSJ
Y
Input Port
-------------------------- 1 bt



Keypad Scan

+3.3V +3.3V +3.3V
Scan 3" row % é é
22KQ = 22KQ 2.2KQ
— 1 Step 1: Set Output
R1 S S S R1,R2,R3,R4 = 0000
Moo X St
Step 2: Read Input
R2 N S S c1,C2,C3 = 101
X 3 3
0utput_< )\ )\ )\
Port RSG —> Step 3c: Scan 3™ row
X A 3 R1,R2,R3,R4 = 1101
3 3\ 3
% 4 4 c1,C2,C3 = 111
R41 -
o ) 1 d
. 3 >\ 3 = No key in 379 row
is pressed down
kC'I C2 CSJ
Y
Input Port
-------------------------- T — EL



Keypad Scan

+3.3V +3.3V +3.3V
Scan 4t" row % é é
22KQ = 2.2KQ 2.2KQ
— 1 Step 1: Set Output
R1 S S S R1,R2,R3,R4 = 0000
)\\ )\\ )\\ J J J
Step 2: Read Input
R2 N S S c1,C2,C3 = 101
3 3 3
0utput_< )\ )\ )\
Port R31 —> Step 3d: Scan 4% row
3 3 3 R1,R2,R3,R4 = 1110
% 3 %
» < » c1,C2,C3 = 101
R4 — 3 = key in 4th
. PN >\ P ey 1in row
is pressed down
kC'I C2 CSJ
Y
Input Port
-------------------------- 1 - A LL



Keypad Scan

+3.3V +3.3V +3.3V
E‘E.ZKQ éQZKQ éz,zm
— 1
R1 }\\ }\\ }\\ — Key pressed is
located at the second
R21 . . . column and the fourth
s Py s row.
0utput_<
Port 1
R3
MMM
R4
L \D'\ >\ \o\
C T c2 c3,
Y
Input Port
-------------------------- e I P



Keypad Scan

+3.3V +3.3V +3.3V
; 2.2KQ ;2.2@ ; 2.2KQ
1 (High Voltage) — R1 < < <
/}&% /}&% /}\%
-~ -1 ~
tf \
1 (High Voltage) — R2 - 1)\ —
Lr ML A
,.r"- H\
If \
0 (Ground) — R3 =pe——— \.>~ R
g
Pas N . Pas
1 (High Voltage) — R4 ~ < <
A A A
LC1 Cc2 CSJ
b 53 g

Input Port



[/O Debouncing

» Example signal when a button is pressed

3r

2.5

Voltage across push button

-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Time (microseconds)



