
Electronic and Microcontroller



Topic 3 – Serial Communication 

>Data transmission

>USART fundamentals

>USART – STM32

>SPI

>I2C

>PS/2 Keyboard

https://en.wikipedia.org/wiki/Universal_asynchronous_receiver-transmitter
https://upload.wikimedia.org/wikipedia/commons/1/1f/Serial_Programming.pdf

https://en.wikipedia.org/wiki/Universal_asynchronous_receiver-transmitter
https://upload.wikimedia.org/wikipedia/commons/1/1f/Serial_Programming.pdf
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Data Transmission

..
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Data Transmission

Inside the CPU or Microcontroller data is
transmitted in Parallel using Buses (8/16/32 Bit).

For long distances we use a single wire and serial
transmission.
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Serial Data Transmission

We can use our Digital Input and Output Pins to
transmit data from one Microcontroller to the
other.

We need to write a pice of software to convert an 
8-Bit integer value (int x=0xA5;) into 8 single
bits, we do not use 1 Bit (boolean) arrays to store
numbers!

We need to use the Modulus Operator % and the
Shift Operator << left - right >>

https://www.cprogramming.com/tutorial/modulus.html

https://www.geeksforgeeks.org/bitwise-operators-in-c-cpp/
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Data Transmit

#include "mbed.h"

DigitalOut led(LED1);

bool b[10]{0,1,0,1,0,1,0,1,0,1};  // Boolean Array initialised

int main() {

while (1) {

for(int i=0; i<10; i++)

{

led = b[i];

wait_ms(500);

}

wait_ms(2000); // wait to see that the for loop has finished

}

}
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Data Transmit – Modulo & Shift

#include "mbed.h"

DigitalOut led(LED1);

int x=0xA5;

int y=0;

int main() {

while (1) {

y = x %2; // Modulo Operator !

if (y)

{ led = 1; } // odd number –> Bit 0 == 1 -> LED on

else

{ led = 0; } // even number –> Bit 0 == 0 -> LED off

x = x >> 1; // Shift right -> next Bit

wait_ms(500);

}

}
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Data Receive

Using DigitalIn btn(BUTTON1);

Write a function to receive serial data by User-Button 
press&release .

Think first !!!!

What challenges will you face? 
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Data Receive

What challenges will you face? 
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Data Receive – 1/2

#include "mbed.h"

//------------------------------------

// Hyperterminal configuration

// 9600 bauds, 8-bit data, no parity

//------------------------------------

Serial pc(SERIAL_TX, SERIAL_RX);

DigitalIn btn(BUTTON1);

int x=0;
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Data Receive – 2/2

int main()

{

pc.printf("Hello World !\n");

while(1) {

while (btn==1);

wait_ms(250);

for(int i=0; i<8; i++)

{

x = x << 1;

wait_ms(500);

x = x | btn;

}             

wait(1);

pc.printf("Value %d \n", x);

x=0;

}

}
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Universal Synchronus / 
Asynchronus Receiver Transmitter
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Universal Synchronus / 
Asynchronus Receiver Transmitter
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Universal Synchronus / 
Asynchronus Receiver Transmitter

RxD – Receive Data

TxD – Transmit Data

GND

Point-to-Point Connection / Transmission

The Transmit-Pin (Tx) from the Sender hast to be connected with the
Receive-Pin (Rx) from the Receiver. 

Asynchronus works without a clock signal that shows when the data is
valid. As a result both microcontrollers need to use the same data
transmission rate well known as the baudrate !
(Typical values are 9600 // 19200 // 57600 // 115200)

Additional Control Lines -> RS232
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Universal Synchronus / 
Asynchronus Receiver Transmitter
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RS232 – PC - Modem

..
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USB –> USART

Durch die weite Verbreitung der Arduino-Plattform und 
dem stetigen Wachstum der Maker-Community sind 
Adapter verfügbar die von USB auf USART mit einem 
Spannungspegel von 5V bzw. 3,3V wandeln.
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USART – STM32
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USART – STM32
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USART – STM32
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USART – STM32 - STLink

STM32 with Software (Firmware) for:

>Debug & Trace

>Software upload – flashen

>Virtual Disk (copy binary to upload new SW)

>Virtual Com Port

>USART to USB Tunnel

Install the

Windows 

Driver First!
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USART – STM32 - mbed

#include "mbed.h"

//------------------------------------

// Hyperterminal configuration

// 9600 bauds, 8-bit data, no parity

//------------------------------------

Serial pc(SERIAL_TX, SERIAL_RX);

pc.printf("Hello World !\n");
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USART – STM32 - mbed

TeraTerm (or Hterm, Putty, …)
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USART – STM32 - mbed

Example 1a)

Count up every second using an integer variable 

Write one line with the current value

1 Second

2 Second

3 Second

Example 1b)

Start with the current time and count Sec/Min/Hr

14:28:01
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USART – STM32 - mbed

Example 2a)

Read a character from the Terminal

„1“ should turn on the led

„0“ should turn off the led

„t“ should toggle the led
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USART – STM32 - mbed

Example 2b)

Attach the multi function shield

Read a character from the Terminal

„1“ should toggle Led 1

„2“ should toggle Led 2

„3“ should toggle Led 3

„4“ should toggle Led 4
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USART – STM32 - ASCII
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USART – STM32 - mbed

Example 3)

Configure a second USART

Transmit the Character „a“ within an infinite loop

every 2ms -> wait_ms(2);

Attach the LEO-Oscilloscope to show the signal.
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USART – STM32 - mbed
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USART – STM32 - mbed

Example 4)

Read a number from the Terminal

The led should toggle as many times as the value

that has been transmitted
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USART – STM32 - Start Bit detection
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USART – STM32 - Start Bit detection
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USART – STM32 - Oversampling
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USART – STM32 - Noise detection
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USART – STM32 – Wrong Bit?
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USART – STM32 - Parity Control
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USART – STM32 - Parity Control

Bachelorstudiengang Computer Science and Digital Communications | Electronic and Microcontroller – 2019



FH Campus Wien | 43

USART – STM32
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USART – STM32
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USART – STM32
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USART – STM32 - Interrupts
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USART – STM32
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USART – STM32

Bachelorstudiengang Computer Science and Digital Communications | Electronic and Microcontroller – 2019
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SPI Bus

> Synchronous serial data link operating at full duplex

> Master/slave relationship

> 2 data signals:

» MOSI – master data output, slave data input

» MISO – master data input, slave data output

> 2 control signals:

» SCLK – clock

» SS – slave select       (no addressing)
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SPI uses a “shift register” model of 
communications 

Master shifts out data to Slave, and shifts in data from Slave
http://upload.wikimedia.org/wikipedia/commons/thumb/b/bb/SPI_8-bit_circular_transfer.svg/400px-SPI_8-bit_circular_transfer.svg.png
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Two bus configuration models

Master and multiple 

independent slaves
http://upload.wikimedia.org/wikipedia/commons/thumb/f/fc/SPI_three_sla

ves.svg/350px-SPI_three_slaves.svg.png

Master and multiple daisy-

chained slaves
http://www.maxim-ic.com/appnotes.cfm/an_pk/3947

Some wires have been renamed 
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SPI timing diagram

Timing Diagram – Showing Clock polarities and phases
http://www.maxim-ic.com.cn/images/appnotes/3078/3078Fig02.gif
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SPI clocking: there is no “standard way”

> Four clocking “modes”

» Two phases

» Two polarities

> Master and selected slave must be in the same mode

> During transfers with slaves A and B, Master must

» Configure clock to Slave A’s clock mode

» Select Slave A

» Do transfer

» Deselect Slave A

» Configure clock to Slave B’s clock mode

» Select Slave B

» Do transfer

» Deselect Slave B

> Master reconfigures clock mode on-the-fly!
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SPI - Examples

http://eliaselectronics.com/stm32f4-tutorials/stm32f4-spi-tutorial/

http://www.lxtronic.com/index.php/basic-spi-simple-read-write

http://www.keil.com/forum/24647/

https://my.st.com/2282cdaf

http://eliaselectronics.com/stm32f4-tutorials/stm32f4-spi-tutorial/
http://www.lxtronic.com/index.php/basic-spi-simple-read-write
http://www.keil.com/forum/24647/
https://my.st.com/2282cdaf
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I2C / NXP UM10204
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I2C NXP UM10204
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I2C Open Drain – Mastering STM32
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I2C NXP UM10204
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I2C NXP UM10204
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I2C NXP UM10204
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I2C NXP UM10204
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I2C NXP UM10204
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I2C Mastering STM32
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I2C – Mastering STM32 – Read Data
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I2C – Mastering STM32 – Read Data
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I2C – Mastering STM32 – Read Data
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I2C - HTS221
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I2C - HTS221
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Microcontroller

PS/2 – Keyboard

Thomas Fischer

http://www.marjorie.de/ps2/start.htm

http://www.computer-engineering.org/

http://www.schatenseite.de/mamecontrol.html

http://de.wikipedia.org/wiki/Tastatur

http://www.marjorie.de/ps2/start.htm
http://www.computer-engineering.org/
http://www.schatenseite.de/mamecontrol.html
http://de.wikipedia.org/wiki/Tastatur
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PS/2 Keyboard

> If  every key would be connected to one pin you would need a 
controller with 100pins. Within an infinite loop you could poll 
every pin. -> not the best solution! 

> Better solution is to use the keys as connectors between rows 
and columns (matrix), 10 each. If a key is pressed down there 
will be a connection between one row and one column. Within 
an infinite loop you set one row to zero and ask all columns if 
there level is forced to zero. Now you need only 20 pins!

> A microcontroller (XT-keyboards an 8042) is sending this 
information to the PC using a Scancode. 

http://de.wikipedia.org/wiki/Koppelfeld
http://de.wikipedia.org/wiki/Scancode
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PS/2 Keyboard
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PS/2 Keyboard
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PS/2 Keyboard

> Clock is zero 
when data is
valid 

> Data line –
transmit data bit by bit (serial transmission)
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PS/2 Keyboard

> If key is pressed down the Make Code (1Ch) will be 
transmitted
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PS/2 Keyboard

> If key is pressed down the
Make Code (1Ch) will be transmitted
- (1 Byte)

> If key is released the
Break Code will be transmitted 
2 Byte F0h and 1Ch

> f = 10k –
16,7k Hz
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PS/2 Keyboard - Software
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Example - PS/2 Keyboard

> Write 2 ISRs to check which line ist the data line and which is
the clock line

> Write a program to get 33 EXTI IRQs from the clock line.
If the counter variable I=33 toggle LED green.

> If key„a“ is pressed the Bitstream schould be „1C“ 
=> 2 rising and 2 falling edges on the data line
toggle LED red.
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Example - PS/2 Keyboard

> Start with Flow chart!

> Try to recieve any key first! 

> If key „a“ is pressed LED red should toggle.

> If key „e“ is pressed LED green should be turned on.

> If key „i“ is pressed LED green should be turned off.

> Write a program to get all 26 letters.
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PS/2 Keyboard – ISR – Bad Code! – Why?



Serial 
Communication


