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Lecture 15

• Interfacing
• Parallel
• Serial
– SPI

• Analog

e9I/O Systems

9.1 INTRODUCTION
Input/Output (I/O) systems are used to connect a computer with external
devices called peripherals. In a personal computer, the devices typically
include keyboards, monitors, printers, and wireless networks. In
embedded systems, devices could include a toaster’s heating element,
a doll’s speech synthesizer, an engine’s fuel injector, a satellite’s solar
panel positioning motors, and so forth. A processor accesses an I/O device
using the address and data busses in the same way that it accesses
memory.

This chapter provides concrete examples of I/O devices. Section 9.2 shows
the basic principles of interfacing an I/O device to a processor and accessing it
from a program. Section 9.3 examines I/O in the context of embedded
systems, showing how to use an ARM-based Raspberry Pi single-board com-
puter to access on-board peripherals including general-purpose, serial, and
analog I/O as well as timers. Section 9.4 gives examples of interfacing with
other common devices such as character LCDs, VGA monitors, Bluetooth
radios, and motors. Section 9.5 describes bus interfaces and illustrates the
popular AHB-Lite bus. Section 9.6 surveys the major I/O systems used in PCs.

9.2 MEMORY-MAPPED I/O
Recall from Section 6.5.1 that a portion of the address space is dedicated
to I/O devices rather than memory. For example, suppose that physical
addresses in the range 0x20000000 to 0x20FFFFFF are used for I/O.
Each I/O device is assigned one or more memory addresses in this range.
A store to the specified address sends data to the device. A load receives
data from the device. This method of communicating with I/O devices is
called memory-mapped I/O.

In a systemwith memory-mapped I/O, a load or store may access either
memory or an I/O device. Figure e9.1 shows the hardware needed to sup-
port two memory-mapped I/O devices. An address decoder determines
which device communicates with the processor. It uses the Address and
MemWrite signals to generate control signals for the rest of the hardware.
The ReadData multiplexer selects between memory and the various I/O
devices. Write-enabled registers hold the values written to the I/O devices.

9.1 Introduction

9.2 Memory-Mapped I/O

9.3 Embedded I/O Systems

9.4 Other Microcontroller
Peripherals

9.5 Bus Interfaces

9.6 PC I/O Systems

9.7 Summary
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Interfacing

• Interfacing: connecting external devices to a microcontroller
– Sensors
– Actuators
– Other Processors

• Interacing Methods
– Parallel
– Serial

• SPI: Serial Peripheral Interface
– 1 clock, 1 data out, 1 data in pin

• UART: Universal Asynchronous Receiver/Transmitter 
– no clock, 1 data out, 1 data in pin, agree in software about intended data rate

• I2C: Inter-Integrated Circuit 
– 1 clock, 1 bidirectional data pin

– Analog
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Parallel Interfacing

• Connect 1 wire / bit of information
– Ex: 8-bit parallel interface to send a byte at a time

• Also send clock or REQ/ACK to indicate when data is 
ready

• Parallel busses are expensive and cumbersome 
because of the high number of wires

• Mostly used for high-performance applications such as 
DRAM interfaces
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Parallel Interfacing

• *** show example
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Serial Interfacing

• Serial interface sends one bit at a time
• Use many clock cycles to send a large block of 

information
• Also send timing information about when the bits are 

valid
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Serial Peripheral Interface (SPI)
• SPI is an easy way to connect devices
• Master device communicates with one or more slave 

devices
– Slave select signals indicate which slave is chosen
– Master sends clock and data out.  Slave sends back data in.

• Signals
– SCLK: Generated by master; one pulse per bit
– MOSI: Master Out Slave In serial data from master to slave
– MISO: Master In Slave Out serial data from slave to master
– SS: Slave select (optional, one or more, may be active low)
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SPI Waveforms

• *** show waveforms

• Show 8 clocks and 8 bits of data, value transmitted

• Another slide about using a shift register to receive.

– Step by step
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SPI Connection

en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus#/media/File:SPI_three_slaves.svg
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STM32 SPI Pinout

Table 13 on Page 33 of 
STM32F042×4 Datasheet

DocID025832 Rev 5 33/117

STM32F042x4 STM32F042x6 Pinouts and pin descriptions

38

14 C3 10 10 10 10 PA4 I/O TTa -

SPI1_NSS, I2S1_WS,
TIM14_CH1, 

TSC_G2_IO1,
USART2_CK
USB_NOE

ADC_IN4

15 D3 11 11 11 11 PA5 I/O TTa -

SPI1_SCK, I2S1_CK, 
CEC,

TIM2_CH1_ETR, 
TSC_G2_IO2

ADC_IN5

16 E3 12 12 12 12 PA6 I/O TTa -

SPI1_MISO, I2S1_MCK,
TIM3_CH1, TIM1_BKIN,

TIM16_CH1, 
TSC_G2_IO3, 
EVENTOUT

ADC_IN6

17 F4 13 13 13 13 PA7 I/O TTa -

SPI1_MOSI, I2S1_SD,
TIM3_CH2, TIM14_CH1,

TIM1_CH1N, 
TIM17_CH1,

TSC_G2_IO4,
EVENTOUT

ADC_IN7

18 F3 14 14 14 - PB0 I/O TTa -

TIM3_CH3, 
TIM1_CH2N,
TSC_G3_IO2, 
EVENTOUT

ADC_IN8

19 F2 15 15 15 14 PB1 I/O TTa -
TIM3_CH4, TIM14_CH1, 

TIM1_CH3N,
TSC_G3_IO3

ADC_IN9

20 D2 - 16 - - PB2 I/O FT - TSC_G3_IO4 -

21 - - - - - PB10 I/O FTf -
SPI2_SCK, CEC,

TSC_SYNC, TIM2_CH3,
I2C1_SCL

 -

22 - - - - - PB11 I/O FTf -
 TIM2_CH4,
EVENTOUT,
I2C1_SDA

-

23 F1 16 0 16 15 VSS S - - Ground

24 - - - 17 16 VDD S - - Digital power supply

25 - - - - - PB12 I/O FT - TIM1_BKIN, SPI2_NSS, 
EVENTOUT -

Table 13. STM32F042x pin definitions (continued)
Pin numbers

Pin name
(function upon 

reset)

Pin 
type

I/O
 s

tru
ct

ur
e

No
te

s

Pin functions

LQ
FP

48
/U

FQ
FP

N4
8

W
LC

SP
36

LQ
FP

32

UF
Q

FP
N3

2

UF
Q

FP
N2

8

TS
SP

O
P2

0

Alternate function Additional 
functions

NSS: PA4 (A3 on Nucleo board)

SCK: PA5 (A4 on Nucleo board)

MISO: PA6 (A5 on Nucleo board)

MOSI: PA7 (A6 on Nucleo board)
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SPI Communication

• Configure
– Enable SPI Clock Tree
– Set SPI SCK, MISO, MOSI pins to ALT mode 
– Set Baud Rate (1 MHz or less prudent on a breadboard)
– Clock Polarity

• CPOL = 0 (default): clock idles at 0
• CPOL = 1: clock idles at 1

– Clock Phase
• CPHA = 0: sample MOSI on the first clock transition
• CPHA = 1: sample MOSI on the second clock transition



Lecture 15 <12> Digital Design and Computer Architecture: ARM® Edition © 2019

SPI Communication Continued
• Write byte to SPI data register to transmit
– Data shifted out one bit at a time

• Wait for Receive Not Empty (SPI1_SR_RXNE bit)
• Read byte from SPI data register 
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SPI Slave Select

• Slave select is usually active low (labeled NSS or SS)

– Turns on device when 0, off when 1

• Turning off the slave device may save power

• Options

– 1 slave devices: tie slave select active

– 1 or more slave devices: use GPIO pins to turn desired device 

ON before SPI transaction, turn device back OFF afterward

– 1 slave device: use SPI controller to automatically pulse the 

SS pin during a transaction
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SPI Timing Diagram

• CPOL and CPHA flexible

• Easy to talk to devices

Serial peripheral interface / inter-IC sound (SPI/I2S) RM0091

764/1004 DocID018940 Rev 9

Figure 277, shows an SPI full-duplex transfer with the four combinations of the CPHA and 
CPOL bits. 

Note: Prior to changing the CPOL/CPHA bits the SPI must be disabled by resetting the SPE bit.
The idle state of SCK must correspond to the polarity selected in the SPIx_CR1 register (by 
pulling up SCK if CPOL=1 or pulling down SCK if CPOL=0).

Figure 277. Data clock timing diagram

1. The order of data bits depends on LSBFIRST bit setting.

Data frame format

The SPI shift register can be set up to shift out MSB-first or LSB-first, depending on the 
value of the LSBFIRST bit. The data frame size is chosen by using the DS bits. It can be set 
from 4-bit up to 16-bit length and the setting applies for both transmission and reception. 
Whatever the selected data frame size, read access to the FIFO must be aligned with the 
FRXTH level. When the SPIx_DR register is accessed, data frames are always right-aligned 
into either a byte (if the data fits into a byte) or a half-word (see Figure 278). During 
communication, only bits within the data frame are clocked and transferred.
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SPI Communication on STM32F0xx

• Enable SPI Clock with RCC APB2ENR bit 12: SPI1EN

– This clock enables the peripheral, isn’t the SCLK

• Assume slave select signal for device is tied active

• Set PA4, PA5, PA6 to ALT mode (10)

• Let CPOL and CPHA default to 0 with SPI1_CR1 bits 1:0

• Enable Master mode with SPI_CR1 bit 2

• Set baud rate with SPI1_CR1 bits 5:3 e.g. 010 for fclk/8

• Enable SPI port with SPI1_CR1 bit 6
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RM0091

46/1004 DocID018940 Rev 9

All the memory areas that are not allocated to on-chip memories and peripherals are 
considered “Reserved”. For the detailed mapping of available memory and register areas, 
please refer to Memory map and register boundary addresses and peripheral sections.

2.2.2 Memory map and register boundary addresses
See the datasheet corresponding to your device for a comprehensive diagram of the 
memory map.

The following table gives the boundary addresses of the peripherals available in the 
devices.

         

Table 1. STM32F0xx peripheral register boundary addresses
Bus Boundary address Size Peripheral Peripheral register map

0xE000 0000 - 0xE00F FFFF 1MB Cortex®-M0 internal 
peripherals

0x4800 1800 - 0x5FFF FFFF ~384 MB Reserved

AHB2

0x4800 1400 - 0x4800 17FF 1KB GPIOF Section 8.4.12 on page 163

0x4800 1000 - 0x4800 13FF 1KB GPIOE Section 8.4.12 on page 163

0x4800 0C00 - 0x4800 0FFF 1KB GPIOD Section 8.4.12 on page 163

0x4800 0800 - 0x4800 0BFF 1KB GPIOC Section 8.4.12 on page 163

0x4800 0400 - 0x4800 07FF 1KB GPIOB Section 8.4.12 on page 163

0x4800 0000 - 0x4800 03FF 1KB GPIOA Section 8.4.12 on page 163

0x4002 4400 - 0x47FF FFFF ~128 MB Reserved

AHB1

0x4002 4000 - 0x4002 43FF 1 KB TSC Section 16.6.11 on page 318

0x4002 3400 - 0x4002 3FFF 3 KB Reserved

0x4002 3000 - 0x4002 33FF 1 KB CRC Section 12.5.6 on page 226

0x4002 2400 - 0x4002 2FFF 3 KB Reserved

0x4002 2000 - 0x4002 23FF 1 KB FLASH interface Section 3.5.9 on page 73

0x4002 1400 - 0x4002 1FFF 3 KB Reserved

0x4002 1000 - 0x4002 13FF 1 KB RCC Section 6.4.15 on page 135

0x4002 0800 - 0x4002 0FFF 2 KB Reserved

0x4002 0400 - 0x4002 07FF 1 KB DMA2 Section 10.4.8 on page 206

0x4002 0000 - 0x4002 03FF 1 KB DMA Section 10.4.8 on page 206

0x4001 8000 - 0x4001 FFFF 32 KB Reserved

Register Base Addresses

DocID018940 Rev 9 47/1004

RM0091

53

APB

0x4001 5C00 - 0x4001 7FFF 9 KB Reserved

0x4001 5800 - 0x4001 5BFF 1 KB DBGMCU Section 32.9.6 on page 924

0x4001 4C00 - 0x4001 57FF 3 KB Reserved

0x4001 4800 - 0x4001 4BFF 1 KB TIM17 Section 20.6.16 on page 545

0x4001 4400 - 0x4001 47FF 1 KB TIM16 Section 20.6.16 on page 545

0x4001 4000 - 0x4001 43FF 1 KB TIM15 Section 20.5.18 on page 528

0x4001 3C00 - 0x4001 3FFF 1 KB Reserved

0x4001 3800 - 0x4001 3BFF 1 KB USART1 Section 27.8.12 on page 753

0x4001 3400 - 0x4001 37FF 1 KB Reserved

0x4001 3000 - 0x4001 33FF 1 KB SPI1/I2S1 Section 28.9.10 on page 813

0x4001 2C00 - 0x4001 2FFF 1 KB TIM1 Section 17.4.21 on page 391

0x4001 2800 - 0x4001 2BFF 1 KB Reserved

0x4001 2400 - 0x4001 27FF 1 KB ADC Section 13.12.11 on page 267

0x4001 2000 - 0x4001 23FF 1 KB Reserved

0x4001 1C00 -0x4001 1FFF 1 KB USART8 Section 27.8.12 on page 753

0x4001 1800 - 0x4001 1BFF 1 KB USART7 Section 27.8.12 on page 753

0x4001 1400 - 0x4001 17FF 1 KB USART6 Section 27.8.12 on page 753

0x4001 0800 - 0x4001 13FF 3 KB Reserved

0x4001 0400 - 0x4001 07FF 1 KB EXTI Section 11.3.7 on page 219

0x4001 0000 - 0x4001 03FF 1 KB
SYSCFG
COMP

Section 9.1.38 on page 185

Section 15.5.2 on page 300

0x4000 8000 - 0x4000 FFFF 32 KB Reserved

Table 1. STM32F0xx peripheral register boundary addresses (continued)
Bus Boundary address Size Peripheral Peripheral register map

• Base Addresses
RCC:     0x40021000
GPIOA: 0x48000000
SPI1:     0x40013000
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Enable SPI Clock in RCC

• RCC_APB2ENR adr = 
0x40021000 base + 
0x18 offset

• SPI1EN is bit 12

Reset and clock control (RCC) RM0091

122/1004 DocID018940 Rev 9

          

          

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

Res. Res. Res. Res. Res. Res. Res. Res. Res.
DBG

MCUEN
Res. Res. Res.

TIM17
EN

TIM16
EN

TIM15EN

rw rw rw rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res.
USART1

EN
Res. SPI1EN TIM1EN Res. ADCEN Res.

USART8
EN

USART7
EN

USART6
EN

Res. Res. Res. Res.
SYSCFG
COMPEN

rw rw rw rw rw rw rw rw

Bits 31:23 Reserved, must be kept at reset value.

Bit 22 DBGMCUEN MCU debug module clock enable

Set and reset by software.

0: MCU debug module clock disabled

1: MCU debug module enabled

Bits 21:19 Reserved, must be kept at reset value.

Bit 18 TIM17EN: TIM17 timer clock enable

Set and cleared by software.

0: TIM17 timer clock disabled 
1: TIM17 timer clock enabled

Bit 17 TIM16EN: TIM16 timer clock enable

Set and cleared by software.

0: TIM16 timer clock disabled 
1: TIM16 timer clock enabled

Bit 16 TIM15EN: TIM15 timer clock enable

Set and cleared by software.

0: TIM15 timer clock disabled 
1: TIM15 timer clock enabled

Bit 15 Reserved, must be kept at reset value.

Bit 14 USART1EN: USART1 clock enable

Set and cleared by software.

0: USART1clock disabled

1: USART1clock enabled

Bit 13 Reserved, must be kept at reset value.

Bit 12 SPI1EN: SPI1 clock enable

Set and cleared by software.

0: SPI1 clock disabled

1: SPI1 clock enabled

Bit 11 TIM1EN: TIM1 timer clock enable

Set and cleared by software.

0: TIM1 timer clock disabled

1: TIM1P timer clock enabled

Bit 10 Reserved, must be kept at reset value.

DocID018940 Rev 9 135/1004

RM0091 Reset and clock control (RCC)

136

6.4.15 RCC register map
The following table gives the RCC register map and the reset values.

          

Table 19. RCC register map and reset values 

Offset Register 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

0x00
RCC_CR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.

R
es

.

P
LL

 R
D

Y

PL
L 

O
N

R
es

.
R

es
.

R
es

.

R
es

.

C
SS

O
N

H
SE

B
YP

H
S

E
R

D
Y

H
SE

O
N

HSICAL[7:0] HSITRIM[4:0]

R
es

.

H
S

IR
D

Y
H

S
IO

N

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1

0x04
RCC_CFGR

P
LL

 N
O

D
IV

MCOPRE 
[2:0] MCO [3:0]

R
es

.

R
es

.

PLLMUL[3:0]

PL
LX

TP
R

E

P
LL

S
R

C
[1

]

P
LL

S
R

C
[0

]
AD

C
 P

R
E

R
es

.
R

es
.

R
es

. PPRE 
[2:0] HPRE[3:0] SWS 

[1:0]
SW 
[1:0]

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x08
RCC_CIR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

C
S

SC
H

S
I4

8R
D

YC

H
SI

14
 R

D
Y

C

P
LL

R
D

YC
H

S
ER

D
YC

H
SI

R
D

Y
C

LS
E

R
D

Y
C

LS
IR

D
Y

C
R

es
.

H
S

I4
8R

D
YI

E
H

S
I1

4 
R

D
Y

IE

P
LL

R
D

YI
E

H
S

ER
D

YI
E

H
SI

R
D

Y
IE

LS
E

R
D

Y
IE

LS
IR

D
Y

IE

C
SS

F

H
S

I4
8R

D
Y

F
H

S
I1

4 
R

D
Y

F

PL
LR

D
Y

F

H
SE

R
D

Y
F

H
S

IR
D

Y
F

LS
ER

D
Y

F

LS
IR

D
Y

F

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0C
RCC_APB2RSTR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.

D
B

G
M

C
U

R
S

T
R

es
.

R
es

.
R

es
.

TI
M

17
R

ST

TI
M

16
R

ST

TI
M

15
R

ST
R

es
.

U
S

AR
T1

R
S

T
R

es
.

S
P

I1
R

S
T

TI
M

1R
S

T
R

es
.

AD
C

R
ST

R
es

.

U
S

AR
T8

R
S

T

U
S

AR
T7

R
S

T
U

S
AR

T6
R

S
T

R
es

.

R
es

.

R
es

.
R

es
.

S
YS

C
FG

R
S

T

Reset value 0 0 0 0 0 0 0 0 0 0 0 0

0x010
RCC_APB1RSTR

R
es

.

C
E

C
R

S
T

D
A

C
R

S
T

P
W

R
R

S
T

C
R

S
R

S
T

R
es

.

C
A

N
R

S
T

R
es

.

U
SB

R
S

T
I2

C
2R

S
T

I2
C

1R
S

T

U
SA

R
T5

R
S

T
U

SA
R

T4
R

S
T

U
SA

R
T3

R
S

T

U
SA

R
T2

R
S

T
R

es
.

R
es

.

S
PI

2R
ST

R
es

.

R
es

.

W
W

D
G

R
ST

R
es

.

R
es

.

TI
M

14
R

S
T

R
es

.

R
es

.

TM
7R

S
T

TM
6R

S
T

R
es

.

R
es

.

TI
M

3R
S

T

TI
M

2R
S

T

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x14
RCC_AHBENR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

TS
C

E
N

R
es

.

IO
PF

EN

IO
PE

E
N

U
SA

R
T4

R
S

T
IO

P
C

E
N

IO
PB

E
N

IO
PA

EN
R

es
.

R
es

.
R

es
.

R
es

.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

C
R

C
E

N
R

es
.

FL
IT

FE
N

R
es

.

S
R

A
M

E
N

D
A

M
2E

N

D
M

A
E

N

Reset value 0 0 0 0 0 0 0 0 1 1 0 0

0x18
RCC_APB2ENR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.

D
B

G
M

C
U

EN
R

es
.

R
es

.
R

es
.

TI
M

17
 E

N

TI
M

16
 E

N

TI
M

15
 E

N
R

es
.

U
S

AR
T1

E
N

R
es

.

S
P

I1
E

N
TI

M
1E

N
R

es
.

AD
C

EN
R

es
.

U
S

AR
T8

E
N

U
S

AR
T7

E
N

U
S

AR
T6

E
N

R
es

.

R
es

.

R
es

.
R

es
.

S
Y

S
C

FG
C

O
M

P
E

N

Reset value 0 0 0 0 0 0 0 0 0 0 0 0

0x1C
RCC_APB1ENR

R
es

.

C
E

C
E

N
D

A
C

E
N

P
W

R
E

N

C
R

S
E

N
R

es
.

C
A

N
E

N
R

es
.

U
S

B
EN

I2
C

2E
N

I2
C

1E
N

U
S

A
R

T5
EN

U
S

A
R

T4
EN

U
S

A
R

T3
EN

U
S

A
R

T2
EN

R
es

.

R
es

.

SP
I2

E
N

R
es

.

R
es

.

W
W

D
G

E
N

R
es

.

R
es

.

TI
M

14
E

N
R

es
.

R
es

.

TI
M

7E
N

TI
M

6E
N

R
es

.

R
es

.

TI
M

3E
N

TI
M

2E
N

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x20
RCC_BDCR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.

B
D

R
S

T

R
TC

EN
R

es
.

R
es

.

R
es

.

R
es

.
R

es
. RTC 

SEL 
[1:0] R

es
.

R
es

.

R
es

. LSE 
DRV 
[1:0] LS

EB
Y

P
LS

E
R

D
Y

LS
E

O
N

Reset value 0 0 0 0 0 0 0 0 0

0x24
RCC_CSR

LP
W

R
ST

F
W

W
D

G
R

S
TF

IW
D

G
R

S
TF

S
FT

R
S

TF
P

O
R

R
ST

F

P
IN

R
ST

F
O

BL
R

S
TF

R
M

VF
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.
R

es
.

R
es

.

R
es

.

LS
IR

D
Y

LS
IO

N

Reset value X X X X X X X X 0 0
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8.4.12 GPIO register map
The following table gives the GPIO register map and reset values.

         

Table 24. GPIO register map and reset values

Offset Register 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

0x00
GPIOA_MODER

M
O

D
ER

15
[1

:0
]

M
O

D
ER

14
[1

:0
]

M
O

D
ER

13
[1

:0
]

M
O

D
ER

12
[1

:0
]

M
O

D
E

R
11

[1
:0

]

M
O

D
ER

10
[1

:0
]

M
O

D
E

R
9[

1:
0]

M
O

D
E

R
8[

1:
0]

M
O

D
E

R
7[

1:
0]

M
O

D
E

R
6[

1:
0]

M
O

D
E

R
5[

1:
0]

M
O

D
E

R
4[

1:
0]

M
O

D
E

R
3[

1:
0]

M
O

D
E

R
2[

1:
0]

M
O

D
E

R
1[

1:
0]

M
O

D
E

R
0[

1:
0]

Reset value 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x00
GPIOx_MODER 
(where x = B..F)

M
O

D
E

R
15

[1
:0

]

M
O

D
E

R
14

[1
:0

]

M
O

D
E

R
13

[1
:0

]

M
O

D
E

R
12

[1
:0

]

M
O

D
E

R
11

[1
:0

]

M
O

D
E

R
10

[1
:0

]

M
O

D
E

R
9[

1:
0]

M
O

D
E

R
8[

1:
0]

M
O

D
E

R
7[

1:
0]

M
O

D
E

R
6[

1:
0]

M
O

D
E

R
5[

1:
0]

M
O

D
E

R
4[

1:
0]

M
O

D
E

R
3[

1:
0]

M
O

D
E

R
2[

1:
0]

M
O

D
E

R
1[

1:
0]

M
O

D
E

R
0[

1:
0]

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x04
GPIOx_OTYPER
(where x = A..F) R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
O

T1
5

O
T1

4
O

T1
3

O
T1

2
O

T1
1

O
T1

0

O
T9

O
T8

O
T7

O
T6

O
T5

O
T4

O
T3

O
T2

O
T1

O
T0

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x08
GPIOA_OSPEEDR 

O
SP

E
ED

R
15

[1
:0

]

O
SP

E
ED

R
14

[1
:0

]

O
SP

E
ED

R
13

[1
:0

]

O
SP

E
ED

R
12

[1
:0

]

O
S

PE
E

D
R

11
[1

:0
]

O
SP

E
ED

R
10

[1
:0

]

O
S

P
E

E
D

R
9[

1:
0]

O
S

P
E

E
D

R
8[

1:
0]

O
S

P
E

E
D

R
7[

1:
0]

O
S

P
E

E
D

R
6[

1:
0]

O
S

P
E

E
D

R
5[

1:
0]

O
S

P
E

E
D

R
4[

1:
0]

O
S

P
E

E
D

R
3[

1:
0]

O
S

P
E

E
D

R
2[

1:
0]

O
S

P
E

E
D

R
1[

1:
0]

O
S

P
E

E
D

R
0[

1:
0]

Reset value 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x08
GPIOx_OSPEEDR 

(where x = B..F) 

O
SP

E
ED

R
15

[1
:0

]

O
SP

E
ED

R
14

[1
:0

]

O
SP

E
ED

R
13

[1
:0

]

O
SP

E
ED

R
12

[1
:0

]

O
S

PE
E

D
R

11
[1

:0
]

O
SP

E
ED

R
10

[1
:0

]

O
S

P
E

E
D

R
9[

1:
0]

O
S

P
E

E
D

R
8[

1:
0]

O
S

P
E

E
D

R
7[

1:
0]

O
S

P
E

E
D

R
6[

1:
0]

O
S

P
E

E
D

R
5[

1:
0]

O
S

P
E

E
D

R
4[

1:
0]

O
S

P
E

E
D

R
3[

1:
0]

O
S

P
E

E
D

R
2[

1:
0]

O
S

P
E

E
D

R
1[

1:
0]

O
S

P
E

E
D

R
0[

1:
0]

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0C
GPIOA_PUPDR 

P
U

P
D

R
15

[1
:0

]

P
U

P
D

R
14

[1
:0

]

P
U

P
D

R
13

[1
:0

]

P
U

P
D

R
12

[1
:0

]

PU
P

D
R

11
[1

:0
]

P
U

P
D

R
10

[1
:0

]

PU
P

D
R

9[
1:

0]

PU
P

D
R

8[
1:

0]

PU
P

D
R

7[
1:

0]

PU
P

D
R

6[
1:

0]

PU
P

D
R

5[
1:

0]

PU
P

D
R

4[
1:

0]

PU
P

D
R

3[
1:

0]

PU
P

D
R

2[
1:

0]

PU
P

D
R

1[
1:

0]

PU
P

D
R

0[
1:

0]

Reset value 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0C
GPIOx_PUPDR 
(where x = B..F)

P
U

PD
R

15
[1

:0
]

P
U

PD
R

14
[1

:0
]

P
U

PD
R

13
[1

:0
]

P
U

PD
R

12
[1

:0
]

P
U

P
D

R
11

[1
:0

]

P
U

PD
R

10
[1

:0
]

P
U

P
D

R
9[

1:
0]

P
U

P
D

R
8[

1:
0]

P
U

P
D

R
7[

1:
0]

P
U

P
D

R
6[

1:
0]

P
U

P
D

R
5[

1:
0]

P
U

P
D

R
4[

1:
0]

P
U

P
D

R
3[

1:
0]

P
U

P
D

R
2[

1:
0]

P
U

P
D

R
1[

1:
0]

P
U

P
D

R
0[

1:
0]

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x10
GPIOx_IDR

(where x = A..F) R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

ID
R

15
ID

R
14

ID
R

13
ID

R
12

ID
R

11

ID
R

10

ID
R

9

ID
R

8
ID

R
7

ID
R

6
ID

R
5

ID
R

4
ID

R
3

ID
R

2
ID

R
1

ID
R

0

Reset value x x x x x x x x x x x x x x x x

0x14
GPIOx_ODR

(where x = A..F) R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

O
D

R
15

O
D

R
14

O
D

R
13

O
D

R
12

O
D

R
11

O
D

R
10

O
D

R
9

O
D

R
8

O
D

R
7

O
D

R
6

O
D

R
5

O
D

R
4

O
D

R
3

O
D

R
2

O
D

R
1

O
D

R
0

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x18
GPIOx_BSRR

(where x = A..F) B
R

15
B

R
14

B
R

13
B

R
12

B
R

11
B

R
10

B
R

9
B

R
8

B
R

7
B

R
6

B
R

5
B

R
4

B
R

3
B

R
2

B
R

1
B

R
0

B
S1

5
B

S1
4

B
S1

3
B

S1
2

B
S

11

B
S1

0

B
S

9

B
S

8
B

S
7

B
S

6
B

S
5

B
S

4
B

S
3

B
S

2
B

S
1

B
S

0

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

• GPIOA_MODER adr = 0x48000000 base + 0x00 offset

• PA6, 5, 4 MODE bits are 13:12, 11:10, and 9:8
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28.9.10 SPI/I2S register map
Table 115 shows the SPI/I2S register map and reset values.

         

Refer to Section 2.2.2 on page 46 for the register boundary addresses.

Table 115. SPI register map and reset values

Offset Register 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

0x00
SPIx_CR1

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

B
ID

IM
O

D
E

B
ID

IO
E

C
R

C
E

N
C

R
C

N
E

X
T

C
R

C
L

R
X

O
N

LY
S

SM S
S

I
LS

B
FI

R
S

T
SP

E BR [2:0]

M
S

TR
C

PO
L

C
P

H
A

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x04
SPIx_CR2

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
LD

M
A

_T
X

LD
M

A
_R

X
FR

X
TH DS[3:0]

TX
E

IE
R

X
N

E
IE

E
R

R
IE

FR
F

N
S

S
P

SS
O

E
TX

D
M

A
E

N
R

X
D

M
A

E
N

Reset value 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0

0x08
SPIx_SR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.

FT
LV

L[
1:

0]

FR
LV

L[
1:

0]

FR
E

B
SY

O
V

R
M

O
D

F
C

R
C

ER
R

U
D

R
C

H
S

ID
E

TX
E

R
X

N
E

Reset value 0 0 0 0 0 0 0 0 0 0 0 1 0

0x0C
SPIx_DR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

DR[15:0]

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x10
SPIx_CRCPR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

CRCPOLY[15:0]

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

0x14
SPIx_RXCRCR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

RxCRC[15:0]

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x18
SPIx_TXCRCR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

TxCRC[15:0]

Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x1C
SPIx_I2SCFGR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

I2
S

M
O

D
I2

S
E

I2
S

C
FG

P
C

M
SY

N
C

R
es

.

I2
S

S
TD

C
K

P
O

L

D
AT

LE
N

C
H

LE
N

Reset value 0 0 0 0 0 0 0 0 0 0 0

0x20
SPIx_I2SPR

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

R
es

.
R

es
.

M
C

K
O

E
O

D
D

I2SDIV

Reset value 0 0 0 0 0 0 0 0 1 0

• SPI1_CR1 adr = 0x40013000 base + 0x00 offset

• SPI1_CR2 adr = 0x40013000 base + 0x04 offset

• SPI1_SR adr = 0x40013000 base + 0x08 offset

• SPI1_DR adr = 0x40013000 base + 0x0C offset

• Leave CR2 with 
default DS for 
8-bit transfer, 
NSSP and SSOE 
for no 
automatic SS 
pulses
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SPI Sample Code
void spiInit() {

// 2.2.2 lists memory map for IO registers
volatile unsigned long *GPIOA_MODER = (unsigned long*)0x48021000; // 8.4.1
volatile unsigned long *SPI1_CR1 = (unsigned long*)0x40013000; // 28.9.1
volatile unsigned long *RCC_APB2ENR = (unsigned long*)0x40021018 // 6.4.7

*RCC_APB2ENR |= (1<<12);                  // set SPI1EN bit to activate SPI1
*GPIOA_MODER |= (1<<9 | 1 << 11 | 1<<13); // ALT for PA4, 5, 6
*SPI1_CR1 |= (1 << 4 | 1 << 2);           // Baud Rate = fclk/8; master mode
*SPI1_CR1 |= 1 << 6;                      // turn on SPI 

}

unsigned char SPI1SendReceive8(unsigned char outDat) {
volatile unsigned long *SPI1_DR = (unsigned long*)0x4001300C; // 28.9.4
volatile unsigned long *SPI1_SR = (unsigned long*)0x40013008; // 28.9.3

*SPI1_DR = outDat;                       // Send a byte to the slave device
while (!(*SPI1_SR & (1<<0)));            // wait for RXNE flag to clear
return *SPI1_DR;                         // Get the byte back from slave device

}
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Analog/Digital Converter

• 12-bit A/D Converter

– Reads analog input on scale of 0 – 3.3 V

– Converts to digital value between 0 and 212-1

– Hence the resolution is 3.3/212 =  0.81 mV per step

• 16 Input channels

– Can read from any of the 16 PA inputs

– Also can read internal temperature and voltage sensors
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ADC Example

• 12-bit A/D Converter
– Reads analog input on scale of 0 – 3.3 V

– Converts to digital value between 0 and 212-1

– Hence the resolution is 3.3/212 =  0.81 mV per step

• 16 Input channels
– Can read from any of the 16 PA inputs

– Also can read internal temperature and voltage sensors
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Using the ADC
• Initialize ADC
– Enable ADC clock using the Reset/Clock Control register
– Turn on ADC by setting the ADEN bit
– Wait for ADRDY flag to set to indicate ADC ready to go
– Write 111 to the SMP bits to run the sampling clock slowly

• To Convert Voltage on Channel n
– Write a 1 to the CHSELn bit and 0s to the other CHSLE bits to choose 

channel n for conversion
– Start conversion by setting the ADSTART bit
– Wait for ADSTART bit to go low to indicate conversion complete
– Read answer from the ADC_DR data register
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Register Base Addresses
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ADC Register Map



Lecture 15 <26> Digital Design and Computer Architecture: ARM® Edition © 2019

Using the ADC
• Initialize ADC
– Enable ADC clock using the Reset/Clock Control register
– Turn on ADC by setting the ADEN bit
– Wait for ADRDY flag to set to indicate ADC ready to go
– Write 111 to the SMP bits to run the sampling clock slowly

• To Convert Voltage on Channel n
– Write a 1 to the CHSELn bit and 0s to the other CHSLE bits to choose 

channel n for conversion
– Start conversion by setting the ADSTART bit
– Wait for ADSTART bit to go low to indicate conversion complete
– Read answer from the ADC_DR data register
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Initialize ADC
void adcInit(void) {

// declare registers
volatile unsigned long *RCC_APB2ENR = (unsigned long*)0x40021018;

// turn on ADC clock by writing 1 to ADCEN bit 9 of RCC_APB2ENR
*RCC_APB2ENR |= 1 << 9;

// your code here
// turn on ADC with ADEN bit

// wait for ADRDY bit for ADC ready

// Write 111 to SMP bits to set speed

}
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Initialize ADC: Solution
void adcInit(void) {

volatile unsigned long *RCC_APB2ENR = (unsigned long*)0x40021018;
volatile unsigned long *ADC_CR =      (unsigned long*)0x40012408;
volatile unsigned long *ADC_ISR =     (unsigned long*)0x40012400;
volatile unsigned long *ADC_SMPR =    (unsigned long*)0x40012414;

// Enable ADC clock by writing 1 to ADCEN bit of RCC_APB2ENR
*RCC_APB2ENR |= 1<<9;
*ADC_CR |= 1<<0;        // enable ADC with ADEN bit
while (!(ADC_ISR & 1)); // wait for ADRDY saying ADC is ready
*ADC_SMPR |= 0b111;     // set slow samping rate

}
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Read ADC
int analogRead(int channel) {

// Define register addresses

// Select which channel to convert

// Start conversion with ADSTART bit

// Wait for ADSTART to become 0 to indicate conversion complete 

// Read answer from ADC_DR

}
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Read ADC: Solution
int analogRead(int channel) {

volatile unsigned long *ADC_CHSELR = (unsigned long*)0x40012428;
volatile unsigned long *ADC_CR =     (unsigned long*)0x40012408;

volatile unsigned long *ADC_DR =     (unsigned long*)0x40012440;

*ADC_CHSELR = 1<<channel; // write appropriate channel select bit
*ADC_CR |= 1<<2;          // write ADSTART bit to begin conversion
while((*ADC_CR & (1<<2)); // wait until ADSTART bit falls
return *ADC_DR;

}


