
ATmega128 

Serial Communication (RS-232C) 



RS-232C 

 EIA (Electronics Industries Association) 
 DTE (Data Terminal Equipment) 
 DCE (Data Communication Equipment) 

 



RS-232C Signals 

핀 번호 
(Pin No.) 

명  칭 
(Signal Name) 

신호방향 
DTE-DCE 

기 호 
(Symbol) 

1  기기 접지(Frame Ground) - FG 

2  송신 데이터(Transmitted Data) -> TXD 

3  수신 데이터(Receive Data) <- RXD 

4  송신 요구(Request to Send) -> RTS 

5  송신 허가(Clear to Send) <- CTS 

6  통신기기 준비 완료(Data Set Ready) <- DSR 

7  신호접지(Signal Ground) - SG 

8  캐리어 검출(Data Carrier Detect) <- DCD 

20  터미널 준비 완료(Data Terminal Ready) -> DTR 

22  Ring Indicator <- RI 



RS-232C Signal 
상  태(State) ‘L' 'H' 

전압 범위(Voltage) -25V ~ -3V +3V ~ +25V 
논    리(Logical Value) 1 0 
명    칭(Name) mark space 



MAX232  

 



D-SUB 25 Pin Connector 

RS 232 Signals 

Pin Description Pin Description 

1 Earth Ground 14 Secondary TXD 

2 TXD - Transmitted Data 15 Transmit Clock 

3 RXD - Received Data 16 Secondary RXD 

4 RTS - Request To Send 17 Receiver Clock 

5 CTS - Clear Set Ready 18 Unassigned 

6 DSR - Data Set Ready 19 Secondary RTS 

7 GND - Logic Ground 20 DTR - Data Terminal Ready 

8 DCD - Data Carrier Detect 21 Signal Quality Detect 

9 Reserved 22 Ring Detect 

10 Reserved 23 Data Rate Select 

11 Unassigned 24 Transmit Clock 

12 Secondary DCD 25 Unassigned 

13 Secondary CTS     



D-SUB 9 Pin Connector 

RS-574(IBM PC/AT) Signal 

Pin Description Pin Description 

1 DCD - Data Carrier Detect 6 Data Set Ready 

2 RXD - Received Data 7 RTS - Request To send 

3 TXD - Transmitted Data 8 CTS - Clear To Send 

4 DTR - Data Terminal Ready 9 Ring Detect 

5 GND - Logic Ground     



Bps/Baud Rate 

 300 
 600 
 1200 
 2400 
 4800 
 9600 
 19200 
 38400 
 57600 
 115200 



Data Format 

 
 
 
 
 N-8-1 : no parity, 8 bit data, one stop bit 



USART 

 Synchronous or asynchronous serial communication 
 Asynchronous serial communication(**) 

 not use a clock to validate data 
 serial interfaces are cheap, easy to use, very common 
 USB, replacing the serial com ports (on PC) 

 Serial data is transferred a bit at a time 
 USART communicates in a full-duplex mode  
    (simultaneous xmit, rcv) 
 ATmega128 : 2 USART's (USART0, USART1) 

Universal Synchronous/Asynchronous Receiver Transmitter 



USART Block Diagram 

Clock Generator 
XCK (Synchronous only) 

Transmitter 

Receiver 



Clock Generation 
 Registers 

 UMSEL bit in UCSRC : Asynch(0) or Synch(1) 
 U2X in UCSRA : Double speed asynch 
 DDR_XCK (UMSEL=1) : clock source is internal(Master) or 

external(Slave) 
fOSC: System clock(16MHz) 

txclk: xmitter clock (internal) 
rxclk: rcv clock (internal) 



Internal Clock Generation 
 Asynchronous/synchronous master modes of operation 
 USART Baud Rate Register (UBRR) 

 Prescaling down-counter, loaded with UBRR each time the 
counter has counted down to zero (or UBRRL reg. is written) 



Baud Rate(bps)  

 



Serial Frame Formats 

 
 
 
 
 
 
 
 

 

Every serial frame has at least 
       - 1 start bit 
       - 5, 6, 7, 8, or 9 data bits 
       - no, even or odd parity bit (optional) 
       - 1 or 2 stop bits 

☜ A frame starts with the start bit followed by the LSB data bit 



Serial Frame Formats–Registers 
 USART Character Size (UCSZ2:0) Bits 
 USART Parity mode (UPM1:0) bits 
 USART Stop Bit Select (USBS) bit 

 Receiver ignores the 2nd stop bit 
 FE(Frame error) will only be detected when the first stop bit is 0 



Registers 
 USARTn I/O Data Register – UDRn 

 USARTn Transmit Data Buffer register and Receive Data Buffer 
register use the same I/O address(UDRn). 
 
 
 
 
 

 Transmit buffer can only be written when the UDREn flag in the 
UCSRAn is set 

 When data is written to the transmit buffer (xmitter is enabled), 
the transmitter will load the data into the Transmit Shift Register 
when the Shift register is empty 



Registers-UCSRnA 
 USART Control & Status Register A (UCSRnA) (1/3) 



Registers-UCSRnA 
 USART Control & Status Register A (UCSRnA) (2/3) 



Registers-UCSRnA 
 USART Control & Status Register A (UCSRnA) (3/3) 



Registers-UCSRnB 
 USART Control & Status Register B (UCSRnB) (1/3) 

 



Registers-UCSRnB 
 USART Control & Status Register B (UCSRnB) (2/3) 

 



Registers-UCSRnB 
 USART Control & Status Register B (UCSRnB) (3/3) 

 



Registers-UCSRnC 
 USART Control & Status Register C (UCSRnC) (1/4) 

 



Registers-UCSRnC 
 USART Control & Status Register C (UCSRnC) (2/4) 

 



Registers-UCSRnC 
 USART Control & Status Register C (UCSRnC) (3/4) 

 



Registers-UCSRnC 
 USART Control & Status Register C (UCSRnC) (4/4) 

 



Registers–UBRRnL/H 
 USART Baud Rate Registers – UBRRnL & UBRRnH 



 



Interrupt Vectors in ATmega128 

 



Interrupt Vectors in ATmega128 

 



Interrupt Vectors in ATmega128 

 



MCUCR 

 



MCUCR 

 



Sample Code(1) 

#include <avr/io.h> 
#include <avr/interrupt.h>  
#include <string.h> 
#define BYTE  unsigned char 
 
unsigned char rxd_data=0x00;  
unsigned char txd_data=0x00;  
 
/* USART 0 receive interrupt vector */ 
SIGNAL(SIG_UART0_RECV) 
{  
 rxd_data = UDR0; 
 txd_data = rxd_data; 
 UDR0 = txd_data; /* echo back received data */ 
} 
void TXChar(BYTE tx_data) 
{ 
  /* wait until transmitter buffer is ready */ 
 while((UCSR0A&0x20) == 0x00);  
 UDR0 = tx_data; /* send data to transmitter buffer */ 
} 



Sample Code(2) 

void PutChar(BYTE *databuf,BYTE num) 
{ 
 BYTE CharCount; 
 BYTE i; 
 
 CharCount = num ; 
 if( !CharCount ) CharCount = strlen( (char *)databuf ); 
 for(i=0; i<CharCount; i++){ 
  TXChar(databuf[i]); 
 } 
} 
 



Sample Code(3) 

int main(void) 
{ 
  
 cli(); /* disable interrupt */ 
 
 MCUCR = 0x01; /* Enable change of interrupt vectors IVCE=1 */ 
 MCUCR = 0x00; /* interrupt vector to flash start address IVSEL=0 */ 
 
 /* USART0 initialization */ 
 UCSR0A = 0x00; 
 UCSR0B = 0x98; 
 UCSR0C = 0x06; 
 UBRR0H = 0x00; /* baud rate 57600 UBRR0=16*/ 
 UBRR0L = 0x10; 
 
 PutChar((unsigned char *)"Serial Communication OK\r\n", 0); 
 
 sei(); /* enable interrupt */ 
 
 while(1); 
} 

 



Control Register Setting 

UCSR0B = 0x98; 
 
 
 
 
 
 
 
Bit 7 – RXCIEn: RX Complete Interrupt Enable 
Bit 4 – RXENn: Receiver Enable 
Bit 3 – TXENn: Transmitter Enable 
 

 
 
 



UCSR0C = 0x06; 

 



Baud Rate 
UBRR0H = 0x00; /* baud rate 57600 UBRR0=16*/ 
UBRR0L = 0x10; 
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