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Parallel Communication

* Multiple wires to transfer several bits simultaneously
e e.g.: LCD interfacing

Microcontroller

Can be connected to Ground

— | In4-bit mode is

left unconnected

9 +5V

O +5V
5K
_Contrast

Background

/ LED light

Image from: https://deepbluembedded.com/stm32-lcd-16x2-tutorial-library-alphanumeric-lcd-16x2-interfacing
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Serial Communication

* Single wire to transfer one bit at a time
e Universal Asynchronous Receiver/Transmitter (UART)
 Serial Peripheral Interface (SPI)
* Inter-Integrated Circuit (12C) TRANSMITTING M ECEIVING
e Universal Serial Bus (USB) >4 =4

Image from https://www.circuitbasics.com/basics-uart-communication/
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Parallel and Serial Communication

https://www.unm.edu/~tbeach/terms/figures/oldports.html



Parallel and Serial Communication
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https://www.flickr.com/photos/126940499@N05/15413982448




Simplex vs Duplex

Simplex communication Duplex communication
One-sided communication Half duplex Full duplex
One-direction at a time Both direction at the
same time
X +| RX
TX/RX -l RX/TX TX +| RX

RX X




Synchronous vs Asynchronous

Synchronous communication Asynchronous communication

* Requires a clock signal * No separate clock signal

e Can go faster, but needs an * Should agree speed on both
extra wire sides

X
RX

CLK

>| RX

X

CLK

X
RX

> RX

X




UART — Microcontroller to Microcontroller

Device 1 Device 2
TX TX
UART >< UART
GND GND

Figure from: Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C (Fourth Edition)” — Yifeng Zhu



UART to PC

RS-232 Connector Pinout
DTE (PC Side)

DE-9 Male Connector
o - )
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S10

https://upload.wikimedia.org/wikipedia/commons/2/29/RS-232_DE-9_Connector_Pinouts.png

https://commons.wikimedia.org/wiki/File:Serial_port_%289-pin%29.jpg



UART to PC

Microcontroller FT232R Computer Tt | ov 1 e Tl menkconcsion
TX <_>C TX uss m\  Indicator eo
USB ' USE :
UART RX RX | interface Interface @3- £ hcz.: Computer 0S8 Port
Inteface = ' o T =
G 5 l%lll N IT;% 2
GND |- - GND cp’ WXXXXIXXXTIT wiira

Voltage Output (3.3V/5V)

USB to serial UART

Figure from: Embedded Systems with ARM Cortex-M Microcontrollers

Figure from: https://www.electrothinks.com/2024/02/ft232rl-
in Assembly Language and C (Fourth Edition)” — Yifeng Zhu

usb-to-serial-uart-module.html
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Voltage Levels

. Max Number of devices supported
Standard Voltage signal . Max speed
distance per port

Single end

(logic 1: +5 to +15V, 30m 115Kbit/s 1 master, 1 receiver
logic 0: -5 to -15 V)
Differential , _
1200m 10Mbit/s 1 master, 10 receivers
(-6V to +6V)
Differential _ _
1200m 10Mbit/s 32 masters, 32 receivers

(-7V to +12V)

RS stands for recommended standards

Slide from Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C (Fourth Edition)” —Yifeng Zhu
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Single-ended vs Differential-ended Signhaling

Single-ended Signaling Differential Signaling

o- x| D

‘ Twisted-pair wires

L_.___%_J J
L =3 77 _.Noise —_
D+ ”/ /1 \:.‘ ’
Ov ----- D “““““““ >< "*\\"'/‘ """ ’& \\ """"""
| l Requires more wires
Noise sources: (1) induction picked up on the wired, N but eliminates noise

(2) voltage difference between two grounds DY =« D

Embedded Systems with ARM Cortex-M Microcontrollers in Assembly Language and C (Fourth Edition)” — Yifeng Zhu
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e Covered on whiteboard
Data frames

Parity bits
Oversampling

Bitrate vs baud rate

* live demo — Transmitting and receiving data using HAL

13



DEICREEINE

One Frame (1 start bit, 8 data bits, 1 parity bit, 1 stop bit)
A

Sender :START/( b0 X b1 X b2 X b3 X b4 X b4 X b6 X b7 X P YSTOP%;V
S SN NS NN N N N SN S N S

b0 b1 b2 b3 b4 b5 b6 b7 P time

time instants of sampling

One logic-low start bit
Data (LSB first or MSB first, and size of 7, 8, 9 bits)
One optional parity bit

One or two logic-high stop bits

14



Serial Peripheral Interface (SPI)

Synchronous full-duplex communication

Higher throughput

Single master, multiple slaves

Slave cannot communicate with slave directly

SPI
* MISO Slave 1

SPI
MISO Slave 2

SCLK: serial clock MOSI: master out slave in

SS: slave select (active low) MISO: master in slave out

15



SPI Synchronous Data Exchange

SPI Master

SCLK

> SPI Slave

b7 b6 b5 b4 b3 b2 bl b0

MISO

b7 b6 b5 b4 b3 b2 b1l b0

MOSI

—T

* Master has to provide clock to slave

* Synchronous exchange

* Master shift out a bit to slave, and shifts in a bit from slave.

* Only master can start the data transfer.

16



SPI Timing Diagram

MOSI  bodld] K boult] X boul2l X budd N bouldl X boulS] K bout]l X beul?l X

MISO bin[0] X bin[1] X bin[2] )( bin[3] X bin[4] X bin[3] )( bin[6] X bin[7] )(
[ A

Sample




SPI Clock Phase and Polarity

Clock Phase (CPHA)
CPHA =0 CPHA =1

o 1
-5 | | § | |

- 1
2 O | * | *
= G | | | |
£ | | Mode O | Mode 1 ] l
© T e e
5 _ | | Mode2 = Mode3 | |
i I | | i | |
t s o7
© O
O 0o | | § | |

O | | i | |

Sampling Toggling | Toggling Sampling
Edge Edge Edge Edge

e Combination of CPOL and CPHA determines the clock edge for transmitting and receiving.
e CPOL = @ — SCLK is pushed to low during idle. Otherwise, pulled to high during idle.

* CPHA = @ — thefirst clock transition (either rising or falling) is the first data capture
edge. Otherwise, the second clock transition is the first data capture edge.
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SPI Clock Phase and Polarity

Clock Phase (CPHA)

CPHA=0 CPHA =1
o
| | | I I
-
-2 B A
% © | | | |
2 | | Mode O | Mode 1 | |
©
© | | Mode 2 | Mode 3 | l
a | | | |
o
s g
o
° o I I I I
Sampling Toggling Toggling Sampling
Edge Edge Edge Edge
SCLK H H H H H H H H
CPOL=0
CPHA=0

SCLK
CPOL =1
CPHA =1

X bt X b ) boé[Zl Vb )\ bl )\ vam ) bouélel X b X

Sampling Sampling Sampling Sampling Sampling Sampling Sampling Sampling
Edge Edge Edge Edge Edge Edge Edge Edge
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Gyro Sensors

V4 SPI Master SPI Slave
(yaw) STM microcontroller L3DG20 Gyro
v , ,
\\ é ¥ (Pitch) SPI2_Clock (PD1) » MEMS_SCK
@s/ SPI2_MOSI (PD4) »| MEMS_MOSI
d SPI2_MISO (PD3) | MEMS_MISO
GPIO PD7 » GYRO_CS
_ GPIO PD2 »| GYRO_INT1
- \ GPIO PES8 p-{ GYRO_INT2
| GPIO PEO » XL _CS
Q GPIO PCO »| MAG_CS
X

20



On coaST Board — STLSM6DS3

Accelerometer | Microcontroller

PIN
ACC_SCK PAS

1 e ACC_MISO PAG
£ ACC_CS PC12

21



Tutorials for HAL

* https://wiki.st.com/stm32mcu/wiki/Getting started with SPI
* https://01001000.xyz/2020-08-09-Tutorial-STM32CubelDE-SD-card/
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Inter-Integrated Circuit (12C)

* Designed for low-cost, medium data rate applications by
Philips in the early 1980’s

* Original purpose: connect a CPU to peripheral chips in a TV-set
* Today: a de-facto standard for 2-wire communications

* Since October 10, 2006, no licensing fees are required to implement the I°C
protocol.

* However, fees are still required to obtain I°C slave addresses allocated by
NXP (acquired Philips).

23



Inter-Integrated Circuit (12C)

e Characteristics

 Serial

e Multi-master, multi-slave

Each Device has a unique address (7, 10 or 16 bits)
e Address 0 used for broadcast

Two bidirectional lines, plus ground
e Serial Data Line (SDA)
 Serial Clock Line (SCL)

Up to 100 kbit/s in the standard mode, up to 400 kbit/s in the fast mode,
and up to 3.4 Mbit/s in the high-speed mode.

24



Inter-Integrated Circuit (12C)

Master -I : ’ spA Serial data line
Device
L ) )
] ‘ SC Serial clock line
Peripheral Peripheral
Davice Device

1 2

e SDA and SCL need to pull up with resistors
* SDA and SCL have to be open-drain
e STM32’s internal pull-up is too weak (internal 100KQ)

e External pull-up (4.7 kQ2 for low speed, 3 kQ for standard mode, and 1 k2 for
fast mode).

25



Timing Diagram
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A START condition is a high-to-low transition on SDA when SCL is high.
A STOP condition is a low to high transition on SDA when SCL is high.

The address and the data bytes are sent most significant bit first.

Master generates the clock signal and sends it to the slave during data transfer

Data on SDA can be changed only when SCL is low.
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Multiple Masters

1 | - I | |
I I I I I
] ] ] I I
T T L] L] b L] T L L]
I I I I 1 —
I I I | | |1
I I I I | I
[ = = =

or==1T

|
SCL | I I I I
| | | | |
| — ] | I— - -] ) | —
START Bit n-1 Bit n-2 Bit n-3 e o 0 it 0 STOP
Sequence (S) Sequence (P)

* “Wired-AND” bus: A sender can pull the lines to low, even if other senders are trying to drive the lines
to high

* In single master systems, arbitration is not needed.

* Arbitration for multiple masters:
* During data transfer, the master constantly checks whether the SDA voltage level matches what it has sent.

* When two masters generate a START setting concurrently, the first master which detects SDA low while it has
intended to set SDA high will lose the arbitration and let the other master complete the data transfer.

27



Slave Addressing

» 7-bit, 8-bit, 10-bit 12C slave addressing
» Slave’s address is often programmable

* Some reserved for special function

Slave Address

M3EEB

=

write to slave
read from slave

Slave R/W -
III!!!!!!IIIII!!IIIiH%HIHHHHIIIIIIIIIIIIIIIIII

0000
0000
0000
0000
0000
0000

1111
1111

000
000
001
010
011
Ixx
1xx

XX

0

X X X X X X B

General call address

START byte

CBUS address

Reserved for different bus format
Reserved for future purposes
Hs-mode master code

Reserved for future purposes

10-bit slave addressing

28



Working Modes

e Master-sender

. (I;/Ias_,ter issues START and ADDRESS, and then transmits data to the addressed slave
evice

e Master-receiver

. (I;/Ias_,ter issues START and ADDRESS, and receives data from the addressed slave
evice

e Slave-sender

 Master issues START and the ADDRESS of the slave, and then the slave sends data to
the master

e Slave-receiver

* Master issues START and the ADDRESS of the slave, and then the slave receives data
from the master.

29



STM32L 12C Module

Data Register

3

SDA -«+—»| Data Control |—— Data Shift Register -1]

# I2C Control Registers

SCL -«—»| Clock Control —»| 12C Status Registers

+ Clock Control
Register

* During sending, the I°C hardware automatically sets the TxE flag in the status register if an acknowledge pulse is
received from the slave.

* During receiving, the I2C hardware then automatically sets the RxNVE flag in the status register if a byte has been

successfully received.
30



Interfacing Serial Digital Thermal Sensor

O
O

TC 74 TC 74
12345 VDD (3V) 12345
OqCnO¥ 0o O<C 0¥ A
= 0O 2 4 N = 0O =2 4 0
w oo > 1KQ S 1KQ wog >

| I ¢ \ SDA

ScL

(>
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On coast Board

QWIIC Microcontrol
ler PIN

QWIIC_SCL PBS
QWIIC_SDA PB9

o DO
og F557

=) '@)YV coaST \

education board l

https://www.sparkfun.com/qwiic
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Tutorials for HAL

* https://wiki.st.com/stm32mcu/wiki/Getting started with 12C
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SPlvs [2C

* SPI by Motorola and 12C by Philips
* Both are synchronous protocols for short distance communications
* Generally, operates on 3.3V or 5V

ple
Advantages e Faster speed. Canbe 10 * Simplicity. Commonly used
Mbps or more. as a 2-wire bus.

e Full duplex * Adding new slave is easy

34



Learning Resources

“Embedded Systems with ARM Cortex-M Microcontrollers in
Assembly Language and C (Fourth Edition)” — Yifeng Zhu

* Serial communication protocols- chapter 19

Embedded Systems
with ARM Cortex-M
Microcontrollers in
Assembly Language and C

Fourth Edition

Dr. Yifeng Zhu
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