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Universal Asynchronous Receiver-Transmitter

UART: hardware device for asynchronous serial communication
Byte oriented frame
Mostly used for exchange a stream of characters (ASCII code) but also binary stream

Optional parity bit at the end of the frame
Start and Stop frame delimiters

Transmit Character 'a' ( ASCIl CODE hexadecimal: 61, binary: 01100001) at 115200 Bit/second, no parity bit

1 wo 0 0 0[1 1‘0|1 1

IDLE START LSB BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7 ‘STOP IDLE

-------- ->|< . >|< - >|< : >| Thit =1/115200 s = 8.68 us
Thit Thit Thit




ASCI| code

* To input and output data to/from a
computer we need numbers, letters
and other symbols

* American Standard Code for
Information Interchange is a standard
input/output code

e 7-bit code
e Ox48 0x65 0x6C Ox6C Ox6F -> Hello

* Ox48 0x65 Ox6C Ox6C 0x77 0x08 Ox6F
-> Hello

Decimal Hexadecimal Binary Octal Char Decimal Hexadecimal Binary Octal Char | Decimal Hexadecimal Binary Octal Char
0 0 0 0 [NULL] 48 30 110000 60 0 96 60 1100000 140 °
1 1 1 1 [START OF DING] 49 31 110001 61 1 97 61 1100001 141 a
2 2 10 2 50 32 110010 62 2 98 62 1100010 142 b
3 3 11 3 51 33 110011 63 3 99 63 1100011 143 ¢
4 4 100 4 [END OF T 52 34 110100 64 a4 100 64 1100100 144 d
5 5 101 5 [ENQUIRY] 53 35 110101 65 5 101 65 1100101 145 e
6 6 110 6 [ACKNOWLEDGE] 54 36 110110 66 6 102 66 1100110 146 f
7 7 111 7 55 37 110111 67 7 103 67 1100111 147 g
8 8 1000 10 56 38 111000 70 8 104 68 1101000 150 h
9 9 1001 11 57 39 111001 71 9 105 69 1101001 151 i
10 A 1010 12 58 3A 111010 72 : 106 6A 1101010 152 j
11 B 1011 13 59 3B 111011 73 H 107 6B 1101011 153 k
12 C 1100 14 60 3C 111100 74 < 108 6C 1101100 154 |
13 D 1101 15 61 3D 111101 75 = 109 6D 1101101 155 m
14 E 1110 16 62 3E 111110 76 > 110 6E 1101110 156 n
15 F 1111 17 63 3F 111111 77 ? 111 6F 1101111 157 o
16 10 10000 20 64 40 1000000 100 @ 112 70 1110000 160 p
17 11 10001 21 65 a1 1000001 101 A 113 71 1110001 161 gq
18 12 10010 22 66 a2 1000010 102 B 114 72 1110010 162 r
19 13 10011 23 67 43 1000011 103 C 115 73 1110011 163 s
20 14 10100 24 [DEVICE Ci 68 a4 1000100 104 D 116 74 1110100 164 t
21 15 10101 25 [NEGATI CKNOWLEDGE]| 69 45 1000101 105 E 117 75 1110101 165 wu
22 16 10110 26 [SYNCHRONOUS IDLE] 70 46 1000110 106 F 118 76 1110110 166 v
23 17 10111 27 [ENG OF TRANS. BLOCK] 71 a7 1000111 107 G 119 77 1110111 167 w
24 18 11000 30 [CANCEL] 72 48 1001000 110 H 120 78 1111000 170 x
25 19 11001 31 [E 73 49 1001001 111 1 121 79 1111001 171 y
26 1A 11010 32 [SUBS 74 4A 1001010 112 ) 122 7A 1111010 172 =z
27 1B 11011 33 PE] 75 4B 1001011 113 K 123 7B 1111011 173 {
28 1c 11100 34 PARATOR] 76 4c 1001100 114 L 124 7C 1111100 174 |
29 1D 11101 35 OUP SEPARATOR] 77 4D 1001101115 ™ 125 7D 1111101 175 }
30 1E 11110 36 CORD SEPARATOR] 78 4E 1001110 116 N 126 7E 1111110 176 ~
31 1F 11111 37 IIT SEPARATOR] 79 4F 1001111 117 o© 127 7F 1111111 177  [DEL]
32 20 100000 40 [SPACE] 80 50 1010000 120 P

33 21 100001 41 ! 81 51 1010001 121 Q

34 22 100010 42 " 82 52 1010010 122 R

35 23 100011 43 # 83 53 1010011 123 S

36 24 100100 44 $ 84 54 1010100 124 T

37 25 100101 45 % 85 55 1010101 125 U

38 26 100110 46 & 86 56 1010110 126 Vv

39 27 100111 47 ! 87 57 1010111 127 W

40 28 101000 50 ( 88 58 1011000 130 X

41 29 101001 51 ) 89 59 1011001 131 Y

42 2A 101010 52 * 90 5A 1011010 132 Z

43 2B 101011 53 + 91 5B 1011011 133 [

44 2C 101100 54 ' 92 5C 1011100 134 \

45 2D 101101 55 - 93 5D 1011101 135 ]

46 2E 101110 56 . 94 SE 1011110 136 ~

47 2F 101111 57 ! 95 5F 1011111 137




UART Interconnection

* Point to point connection
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UART Transmitter
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TX state machine
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Exercise

 Download the UART Transmitter from git
e Simulate the UART Transmitter

* Write your own code for sending a character (or a word) when
pressing a button

e Simulate the full system and implement
e Test your firmware



Receiving a serial stream

* The bits are recovered by sampling at the best sampling point: the
middle of the baudrate period

Transmit Character 'a' ( ASCIl CODE hexadecimal: 61, binary: 01100001) at 115200 Bit/second, no parity bit

—— > Best Sampling Point

IDLE START LSB BIT1 BIT2 BIT3 BIT4 BITS5 BIT6 BIT7 ‘ STOP l IDLE




UART Recelver

UART Receiver
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Sampler generator

Transmit Character 'a' ( ASCIl CODE hexadecimal: 61, binary: 01100001) at 115200 Bit/second, no parity bit

0 1 0 0 0 0 1 1|0 1 1

State machine detects start bits, enables the Meanwhile, the delay line delays every pulse by half of the
pulse generator and emits a pulse baudrate pulses period

Pulse Generator is now enabled and emits pulses driven by
the baudrate (equal to the Baudrate generator)

State machine counts 10 pulses and then
disables the pulse generator



Exercise

 Download the UART Transmitter from git

* Develop the code for detecting a given character and switching on a
led if correctly received

e Simulate the full system and implement
e Test your firmware



Loopback test (echo)
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Loopback test evolution
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Example of python script

1 import serial

2 ser = serilial.Serial ('COMZ6", baudrate=115200)
3 for 1 in range(10):

4 ser.write(chr (i) .encode())

5 d = ser.read/()

6

print (ord(d))

Change “COM26” with the name given to your serial port
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