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Status Register 
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General Purpose Register 
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X-register, Y-register, Z-register 
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Interrupt Vectors 
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Interrupt Vectors 
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Interrupt Vectors 
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I/O Port 
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Port Pin Configurations 
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Port Pin Configurations 
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Port Pin Configurations 
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Port Pin Configurations 
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C Code Example 
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Alternate Functions of Port A 
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Alternate Functions of Port B 
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Alternate Functions of Port C 
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Alternate Functions of Port D 
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Alternate Functions of Port E 

void main(void) 

{   

    // Port initialization 

    PORTA=0x00; // Pull up registers 

    DDRA=0xff;  // output   

    PORTB=0x00; // Pull up registers 

    DDRB=0xff;  // output 

    PORTA=0x6f; // code of number 9 

    PORTB=0xc0; // 0b11000000                 

    // Loop  

    while(1) 

    { 

    } 

} 
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C Code Example 
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8-bit Timer/Counter 0 with PWM 

• Timer/Counter Clock Sources 
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Timer0 Registers 
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Timer0 Registers 

Timer/Counter Control Register 
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Timer0 Registers 

Timer/Counter Register 

Output Compare Register 

Timer/Counter  Interrupt Mask Register 
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16-bit Timer/Counter1 (Timer/Counter3) 
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8-bit Timer/Counter2 with PWM  
and Asynchronous operation 
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C Code Example 
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C Code Example 
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//============================================================= 

//Define Function 

//============================================================= 

//                                  Required Delay         

//  Timer Count = ---------------------------  - 1     

//                               Clock Time Period        

// clock interrupt 11.0592/8 = 1.3824 Mhz 

// 1 clock = 0.72337 us 

// t = 200us => Timer count =  200us/0.72337us -1 =  276-1 = 275 

// TCNT1= 65535-276= 65529 ; or -275 

  

#define  RELOAD_TIMER1 -275 
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Example 1: Delay 200 us 

//============================================================= 

//Define Function 

//============================================================= 

//                                  Required Delay         

//  Timer Count = ---------------------------  - 1     

//                               Clock Time Period        

// clock interrupt 11.0592/8 = 1.3824 Mhz 

// 1 clock = 0.72337 us 

// t = 200us => Timer count =  200us/0.72337us -1 =  276-1 = 275 

// TCNT1= 65535-276= 65529 ; or -275 

  

#define  RELOAD_TIMER1 -275 
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Example 1: Delay 200 us 
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void Init_Timer1(void) 

{ 

    // Clock prescaler is set to divided by 8 

    TCCR1B = (0<<CS12)|(1<<CS11)|(0<<CS10);  

  

     // initialize counter 

    TCNT1 = 0 ; //16 bit, TCNT1H = 0; TCNT1L = 0; 8bit  

     

    TCNT1 = RELOAD_TIMER1;    //Loading Timer/Counter0  

    TIMSK = (1<<TOIE1);       //Enable  Timer Overflow  

    #asm("sei")               //Enable global interrupt 

} 
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Example 1: Delay 200 us 

//============================================================= 

// Timer1 overflow interrupt service routine 

// called whenever TCNT0 overflows 

interrupt [TIM1_OVF] void timer1_ovf_isr(void) 

{       

    LED = 0; // LED TURN ON  

    TIMSK &= ~(1<<TOIE1); 

    //TCNT1 = RELOAD_TIMER1;   //Loading Timer/Counter0 

      } 

Lê Chí Thông 34 

Example 1: Delay 200 us 
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void main(void) 

{   

    // Port B initialization 

    PORTB=0xff; 

    DDRB=0xff; // OUTPUT   

         

    Init_Timer1();   

                

    // Loop  

    while(1) 

    {  

    } 

} 
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Example 2: 5 KHz Square Wave 

#define  RELOAD_TIMER1 -137 

  

void Init_Timer1(void) 

{ 

    // Clock prescaler is set to divided by 8 

    TCCR1B = (0<<CS12)|(1<<CS11)|(0<<CS10);  

  

     // initialize counter 

    TCNT1 = 0 ; //16 bit, TCNT1H = 0; TCNT1L = 0; 8bit  

     

    TCNT1 = RELOAD_TIMER1;    //Loading Timer/Counter0  

    TIMSK = (1<<TOIE1);       //Enable  Timer OverFlow  

    #asm("sei")               //Enable gobal interrupt 

} 
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Example 2: 5 KHz Square Wave 
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//============================================================= 

// Timer1 overflow interrupt service routine 

// called whenever TCNT0 overflows 

interrupt [TIM1_OVF] void timer1_ovf_isr(void) 

{       

    PORTB ^= 0x01; // P1.0   

    TCNT1 = RELOAD_TIMER1;   //Loading Timer 

       } 

Lê Chí Thông 37 

Example 2: 5 KHz Square Wave 
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USART 
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USART 
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Clock Generation 
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Baud Rate 
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USART Initialization 
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USART Initialization 
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USART Initialization 
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UDR Register – Data Register 

• Transmit: write data to UDR 

• Receive: read UDR 
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UCSR0A Register – Status Data 
UCSR0A 
Bit # Name Description 

bit 7 RXC0 USART Receive Complete. Set when data is available and the data 
register has not be read yet. 

bit 6 TXC0 USART Transmit Complete. Set when all data has transmitted. 

bit 5 UDRE0 USART Data Register Empty. Set when the UDR0 register is empty and 
new data can be transmitted. 

bit 4 FE0 Frame Error. Set when next byte in the UDR0 register has a framing 
error. 

bit 3 DOR0 Data OverRun. Set when the UDR0 was not read before the next 
frame arrived. 

bit 2 UPE0 USART Parity Error. Set when next frame in the UDR0 has a parity 
error. 

bit 1 U2X0 USART Double Transmission Speed. When set decreases the bit time 
by half doubling the speed. 

bit 0 MPCM0 Multi-processor Communication Mode. When set incoming data is 
ignored if no addressing information is provided 
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UCSR0B  Register - Settings 
UCSR0B 
Bit # Name Description 

bit 7 RXCIE0 RX Complete Interrupt Enable. Set to allow receive complete 
interrupts. 

bit 6 TXCIE0 TX Complete Interrupt Enable. Set to allow transmission complete 
interrupts. 

bit 5 UDRIE0 USART Data Register Empty Interrupt Enable. Set to allow data 
register empty interrupts. 

bit 4 RXEN0 Receiver Enable. Set to enable receiver. 

bit 3 TXEN0 Transmitter enable. Set to enable transmitter. 

bit 2 UCSZ02 USART Character Size 0. Used together with UCSZ01 and UCSZ00 to 
set data frame size. Available sizes are 5-bit (000), 6-bit (001), 7-bit 
(010), 8-bit (011) and 9-bit (111). 

bit 1 RXB80 Receive Data Bit 8. When using 8 bit transmission the 8th bit received. 

bit 0 TXB80 Transmit Data Bit 8. When using 8 bit transmission the 8th bit to be 
submitted. 
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UCSR0C  Register - Settings 
UCSR0C 
Bit # Name Description 

bit 7 URSEL0 Select between UCSRC or UBRRH. Set URSEL when writing the 
UCSRC 

bit 6 UMSEL0 0: asynchronous ;1: synchronous 

bit 5 
bit 4 

UPM01 
UPM00 

USART Parity Mode 1 and 0. UPM01 and UPM00 select the parity. 
Available modes are none (00), even (10) and odd (11). 

bit 3 USBS0 0: 1 stop bit; 1: 2 stop bits. 

bit 2 
bit 1 

UCSZ01 
UCSZ00 

USART Character Size 1 and 0. Used together with with UCSZ20 to 
set data frame size. Available sizes are 5-bit (000), 6-bit (001), 7-bit 
(010), 8-bit (011) and 9-bit (111). 

bit 0 UCPOL0 USART Clock Polarity. Set to transmit on falling edge and sample on 
rising edge. Unset to transmit on rising edge and sample on falling 
edge. 
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• Character size: 

 

 

 

 

 

 

 

• Receiver Enable: Set RXEN0  

• Transmitter Enable: Set TXEN0 
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USART Initialization 

UCSZ02 UCSZ01 UCSZ00 Size 

0 0 0 5 bit 

0 0 1 6 bit 

0 1 0 7 bit 

0 1 1 8 bit 

1 1 1 9 bit 

• UBRR = fOSC/16/Baud – 1 

Ex: fOSC = 11.0592 MHz, Baud rate = 2400 

UBRR = 11059.2/16/2400 – 1 = 287 = 11FH 
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USART Initialization 
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UCSR0C = 0  

   | (0<<UMSEL01) | (0<<UMSEL00) // Asynchronous USART  

   | (0<<UPM01) | (0<<UPM00) // Parity Disabled  

   | (0<<USBS0) // 1 stop bit  

   | (1<<UCSZ01)  

   | (1<<UCSZ00) // 8-bit character size  

   | (0<<UCPOL) // Rising TX, falling RX ; 
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C Code Example 

#define FRAMING_ERROR (1<<FE0) 

#define PARITY_ERROR (1<<UPE0) 

#define DATA_OVERRUN (1<<DOR) 

#define DATA_REGISTER_EMPTY (1<<UDRE) 

#define RX_COMPLETE (1<<RXC) 
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Example 1: Sending Data 
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void main(void) 

{  

    // Port D initialization 

    PORTD=0x00; 

    DDRD=0x00; 

     

    // Init UART 

    Init_UART(); 

            

    // Loop  

    while(1) 

    {     

        UART_Printf("Micro-processing Systems Lab\r"); 

        delay_ms(10);      

    } 

} 
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Example 1: Sending Data 

    // USART0 initialization 

    // Communication Parameters: 8 Data, 1 Stop, No Parity 

    // USART0 Receiver: Off 

    // USART0 Transmitter: On 

    // USART0 Mode: Asynchronous 

    // USART0 Baud Rate: 2400 

    UCSR0A=0x00; 

    UCSR0B=0x08; 

    UCSR0C=0x86; 

    UBRR0H=0x01; 

    UBRR0L=0x1F; 

 

 

 

Lê Chí Thông 54 

Example 1: Sending Data 
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char UART_getChar(void) 

{ 

    char status,data; 

    while (1) 

    { 

        while (((status=UCSR0A) & RX_COMPLETE)==0); 

        data=UDR; 

        if ((status & (FRAMING_ERROR | PARITY_ERROR 

| DATA_OVERRUN))==0) 

        return data; 

    }; 

} 
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Example 1: Sending Data 

void UART_putChar(char c) 

{ 

    while ((UCSR0A & DATA_REGISTER_EMPTY)==0); 

    UDR=c; 

} 

void UART_Printf(char *s)  

{ 

    // loop through entire string 

    while (*s)  

    { 

        UART_putChar(*s); 

        delay_ms(20); 

        s++; 

    } 

} 
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Example 1: Sending Data 
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USART Initialization 
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USART Transmitter – Data Transmission 
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Sending Frames with 5 to 8 Data Bit 
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Sending Frames with 5 to 8 Data Bit 
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Sending Frames with 9 Data Bit 
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Sending Frames with 9 Data Bit 
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Transmitter Flags and Interrupts 
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USART Receiver – Data Reception 
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Receiving Frames with 5 to 8 Data Bit 
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Receiving Frames with 5 to 8 Data Bit 
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Receiving Frames with 9 Data Bit 
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Receiving Frames with 9 Data Bit 
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Receive Complete Flag and Interrupt 
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