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Recap



Data Communications

» Computers transfer data in 2 ways,

» Parallel Communication
» Serial Communication



Parallel Data Communications

» multiple wire lines are
used to transfer data

Parallel Transfer

» Advantage,

>

Sender Do Receiver .
» Disadvantage,
» Distance cannot be
D7 great

» Example, computer to
printer data transfer



Serial Data Communications

» data is sent one bit at a
time

v

Advantage,

Serial Transfer » larger distances
» cheaper

» fewer |/O pins

» easy synchronization
Disadvantage,

> relatively slower

Example, USB

v

v



Synchronization in Serial Communications
Two Methods

» Synchronous method, » Asynchronous method,

» transfers a block of > transfers a single byte
data at a time at a time



Simplex, Half- & Full-Duplex Data Transfer
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Asynchronous Serial Communication
Data Framing

character-oriented data transfer

v

v

Framing

» placing each character between start & stop bits
Start bit

> always one bit

» always 0(low)
Stop bit

» can be one or two bits

» always 1(high)

v

v
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Data Transfer Rate

> bps
> bits per second
> baud rate
» number of signal changes per second
» generally, bps != baud rate
» for some coding system, bps == baud rate



RS232 Standards

» allow compatibility among data communication equipments of
various manufacturers

> initially set in 1960s
» PC COM ports supports this Standard

» not compatible with TTL family

» 0=+3to+25V
»1=-3to-25V

» we will need voltage converter
» MAX232



RS232 Standards

Continued

.0000000....0/
000000000000

Original RS232 Connector DB-25



RS232 Standards

Continued

9-pin Connector for DB-9

=
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Description

Data carrier detect (DCD)

Received data (RxD)

Transmitted data (TxD)

Data terminal ready (DTR)

Signal ground (GND)

Data set ready (DSR)

Request to send (RTS)

DTE DTE
™D TxD
RxD X RxD

Clear to send (CTS)

ground

O oo ||| |wrra [ —

Ring indicator (RI)




Today's Topic

ATmegal6/32 Serial Communication Programming



Today's Problem

Hack the MCQ Exam



Problem Specification



Problem Specification

» Both Receive & Transmit



Problem Specification

» Both Receive & Transmit
» Frame,



Problem Specification

» Both Receive & Transmit

» Frame,
» 1-byte(8-bit) char data



Problem Specification

» Both Receive & Transmit
» Frame,
» 1-byte(8-bit) char data
» 1 start bit



Problem Specification

» Both Receive & Transmit
» Frame,
» 1-byte(8-bit) char data
» 1 start bit
> 1 stop bit



Problem Specification

» Both Receive & Transmit
» Frame,
» 1-byte(8-bit) char data
» 1 start bit
> 1 stop bit

» Baud Rate, 4800



Problem Specification

Both Receive & Transmit
Frame,
» 1-byte(8-bit) char data
» 1 start bit
> 1 stop bit

Baud Rate, 4800
First Receive & then, Send

v

v

v

v



Problem Specification

Both Receive & Transmit
Frame,
» 1-byte(8-bit) char data
» 1 start bit
> 1 stop bit
Baud Rate, 4800
First Receive & then, Send

PC Serial COM port follows RS232 Standard

v

v

v

v
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Enable Receive & Transmit



Enable Receive & Transmit

7 6 5 4 3 2 1 0
[rxcie [ mxcie Jurie [ rxen | xen Jucszz[ rxas [ mxes |

1 to enable USART receiver:

1 to enable USART Data Register Empty Interrupt 1

"1 to enable TX Complete Interrupt, valid only if Global Interrupt Flag =1 and TXC =1 |

1o enable RX Complete Interrupt, valid only if Global Interrupt Flag = 1 and RXC =1 |

UCSRB Register




Enable Receive & Transmit

7 6 5 4 3 2 1 0

[rxcie [ mxcie Jurie [ rxen | xen Jucszz[ rxas [ mxes |

» UCSRB = UCSRB | (1
<< RXEN);

SRS 1 to enable USART transmitter: Pin D.1 = TXD pin
1 to enable USART receiver: _Pin D.0 = RXD pin

1 to enable USART Data Register Empty Interrupt

1 to enable TX Complete Interrupt, valid only if Global Interrupt Flag = 1 and TXC = 1

—————+1to enable RX Complete Interrupt, valid only if Global Interrupt Flag = 1 and RXC = 1

UCSRB Register




Enable Receive & Transmit

7 6 5 4 3 2 1 0
[rxcie [ mxcie Jurie [ rxen | xen Jucszz[ rxas [ mxes |

» UCSRB = UCSRB | (1

<< RXEN);
_
‘ » UCSRB = UCSRB | (1

1 to enable USART Data Register Empty Interrupt
<< TXEN);

"1 to enable TX Complete Interrupt, valid only if Global Interrupt Flag =1 and TXC =1 |

1o enable RX Complete Interrupt, valid only if Global Interrupt Flag = 1 and RXC =1 |

UCSRB Register




Framing



Framing

7 6 5 4 3 2 1 0
[urser]umse] upmi [ upmo [ usas Jucsz1Jucszo uceor |
)

+{Used with UCSZ2 to select character size

To select stop bit modes: 0 > 1 stop bit, 1 > 2 stop bits

To select parity mode: 00 no parity, 10 even party, 11 odd p

To select USART modes: 0 asynchronous, 1 synchronous

L————+Must be set to 1 to write to UCSRC. Note: UCSRC and UBRRH share same location.

UCSRC Register



Framing

7 6 5 4 3 2 1 0
[urser]umse] upmi [ upmo [ usas Jucsz1Jucszo uceor |
—

+{Used with UCSZ2 to select character size }

To select stop bit modes: 0 > 1 stop bit, 1 > 2 stop bits

To select parity mode: 00 no parity, 10 even party, 11 odd parity

To select USART modes: 0 asynchronous, 1 synchronous

L———+Must be set to 1 to write to UCSRC. Note: UCSRC and UBRRH share same location. |

UCSRC Register

Values of UCSZ2:0 for Different Character Sizes

UCSZ1 UCSZo Character Size
0 5
6
7
8
9

Note: Other values are reserved. Also notice that UCSZ0 and UCSZI belong to UCSRC
and UCSZ2 belongs to UCSRB



Framing

7 6 5 4 3 2 1 0
[urser]umse] upmi [ upmo [ usas Jucsz1Jucszo uceor |
—

+{Used with UCSZ2 to select character size

To select stop bit modes: 0 > 1 stop bit, 1 > 2 stop bits

To select parity mode: 00 no parity, 10 even party, 11 odd parity

To select USART modes: 0 asynchronous, 1 synchronous

L———+Must be set to 1 to write to UCSRC. Note: UCSRC and UBRRH share same location. |

UCSRC Register

Table 11-5: Values of UCSZ2:0 for Different Character Sizes

» UCSRC = UCSRC | (1
<< UCSZ1) | (1 <<
UCSZ0) | (1<<URSEL);

UCSZ2 UCSZ1 UCSZo Character Size
0 5
1 6
0 7
1 8
1 9

Note: Other values are reserved. Also notice that UCSZ0 and UCSZI belong to UCSRC
and UCSZ2 belongs to UCSRB



Configuring Baud Rate



Configuring Baud Rate

514 13 12 11 10

wserfool T [ T T LT T T T T TT]

register UBRRH register UBRRL

UBRR Register




Configuring Baud Rate

uRssL«|»1;|“|13|12|"]w|g|8|7|6|5[4|3|2‘1|0|

register UBRRH register UBRRL

UBRR Register

system clock frequency (Hz)
16(UBRR +1)

_system clock frequency (Hz) 1

16 xbaud rate

baud rate =

UBRR




Configuring Baud Rate

1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0
veseebofl T [T [T T TTTTTTT]
register UBRRH register UBRRL
UBRR Register
ook " » UBRR1 = 0x67;
baud rate=sy5temct:c requency (Hz)
16(UBRR +1)
UBRR _system clock frequency (Hz) 1

16 x baud rate



Wait, Receive & then, Wait, Send



Wait, Receive & then, Wait, Send

7 6 5 4 3 2 1 0
[[rxc [ mxc Juore] re [ oor [ pe [ uzx [wecm |

1 when USART data register is empty

1 when no new data in transmit buffer (tx complete)

1 when receive buffer has unread data (rx complete)

UCSRA Register




Wait, Receive & then, Wait, Send

7 6 5 4 3 2 1 0

[[rxc [ mxc Juore] re Joor [ pe |U2X|MPEM| > While((UCSRA & (1 <<
i RXC)) == 0);

ssion speed

1 when USART data register is empty

1 when no new data in transmit buffer (tx complete)

1 when receive buffer has unread data (rx complete)

UCSRA Register




Wait, Receive & then, Wait, Send

7 6 5 4 3 2 1 0
[[rxc [ mxc Juore] re [ oor [ pe [ uzx [wecm |

» while((UCSRA & (1 <<
RXC)) == 0);

» ch = UDR;

1o double the transmission speed

1 when USART data register is empty

1 when no new data in transmit buffer (tx complete)

1 when receive buffer has unread data (rx complete)

UCSRA Register



Wait, Receive & then, Wait, Send

(e e Toose = oo oe |u:x|M:E.{| » while((UCSRA & (1 <<
‘ RXC)) == 0);

» ch = UDR;

I » while((UCSRA & (1 <<

1 when USART data register is empty UDRE)) == o);

1 when no new data in transmit buffer (tx complete)

UCSRA Register




Wait, Receive & then, Wait, Send

7 6 5 4 3 2 1 0
[[rxc [ mxc Juore] re Joor [ pe [ uzx [mec

UCSRA Register

while ((UCSRA & (1 <<
RXC)) == 0);

ch = UDR;

while ((UCSRA & (1 <<
UDRE)) == 0);

UDR = result[(ch -
’0’) % 10];



The Program

4
5 #include <avr/io.h>

6 unsigned char result[] = "adcdacbdcb";
7 int main(void)

8 (

9 unsigned char ch;

10 //initilalize USART receive

11 UCSRB = UCSRB | (1 << RXEN);

12 //initialize USART transmit

13 UCSRB = UCSRB | (1 << TXEN);

14 //8-bit character per frame with 1 start & 1 stop bit

15 UCSRC = UCSRC | (1 << UCSZ1) | (1 << UCSZ®) | (1<<URSEL);
16 //Baud Rate is 4800

17 UBRRLl = 0x67;
18 while(1)
{

19

20 >

21 * Receive a char

22 */

23 while((UCSRA & (1 << RXC)) == 0);//wait for receive complete
24 ch = UDR;

25 *

26 * send the corresponding answer char

27 b

28 while((UCSRA & (1 << UDRE)) == 0);//wait until data register is empty
29 UDR = result[(ch - '0') % 108];

30 1

31 return 0;



ATmegal6/32 RX & TX

(XCK/TO) PBO (]
(T1) PB1 O}
(INT2/AINO) PB2 O
(OCO/AIN1) PB3
(5%) PB4 ]
(MOSI) PB5 (]
(MISO) PB6 (]
(SCK) PB7 O
RESET

vee o

GND (]

XTAL2 [}

XTAL1 (]

(RXD) PDO O
TXD) PD1 ]
(INTO) PD2 O
(INT1) PD3 O
(OC1B) PD4 [
(OC1A) PD5 (]
(ICP1) PD6
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PAO (ADCO)
PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADC4)
PA5 (ADC5)
PA6 (ADCS)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PCB (TOSC1)
PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)
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MAX232

The Voltage Converter
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