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Clock frequency : 8.000000 MHz

Memory model : Small

External SRAM size : 0
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#include <megal 6.h>

#include<delay.h>

#include<stdio.h>

/I Alphanumeric LCD Module functions
#Hasm

.equ__led port=0x15 ;PORTC
#endasm

#include <lcd.h>



unsigned int n,indexON,indexOFF ,start,e,awal,nostart;

char startbitLCD[13];

char datalLCDJ[ 14];

unsigned int dataON[11]={137,136,135,134,133,132,131,130,129,128};
unsigned int dataOFF[11]={138,139,140,141,142,143,144,145,146,147};
unsigned int error,fs,flagON,flagOFF;

// External Interrupt 2 service routine
interrupt [EXT INT2] void ext_int2_isr(void)
{

// Place your code here

if (error==1)

{

error=0;

if (nostart==0)start=24;

if (nostart==1)start=36;

if (nostart==2)start=48;e=1;

if(n==1)
{
flagON=indexON;
sprintf(startbitLCD,"Start=%d",start);
sprintf(datalLCD,"DataON=%d",dataON[flagON]);
led_clear();
led_gotoxy(0,0);
lcd_puts(startbitLCD);
led_gotoxy(0,1);
lcd_puts(dataLCD);
if(indexON==10)indexON=0;
}
if(n==2)



{

flagOFF=indexOFF;

sprintf(startbitLCD," Start=%d",start);
sprintf(datalLCD,"DataOFF=%d",dataOFF[flagOFF]);
led clear();
led_gotoxy(0,0);
led puts(startbitLCD);
led_gotoxy(0,1);
led puts(dataLCD);

if(indexOFF==10)indexOFF=0;

b

}

else

{

e=1;

fs=1;//flag no_start

if (nostart==0)start=36;

if (nostart==1)start=48;

if (nostart==2)start=24;

if(n==1)
{
flagON=indexON;
flagON=flagON+1;
indexON=indexON+1;
sprintf(startbitLCD,"Start=%d" ,start);
sprintf(datalLCD,"DataON=%4d",dataON[{lagON]);
led_clear();
led_gotoxy(0,0);
led puts(startbitLCD);
led_gotoxy(0,1);



lcd_puts(dataLCD);
if(indexON==10)indexON=0;
}
if(n==2)
{
flagOFF=indexOFF;
flagOFF=flagOFF+1;
indexOFF=indexOFF+1;
sprintf(startbitLCD," Start=%d",start);
sprintf(datalLCD,"DataOFF=%d",dataOFF[flagOFF]);
led_clear();
led_gotoxy(0,0);
lcd_puts(startbitLCD);
led_gotoxy(0,1);
lcd_puts(dataLCD);
if(indexOFF==10)indexOFF=0;
}

h
delay ms(700);

// Declare your global variables here
unsigned int

datal,data2,data3,data4,data5,data6,data7,data8,data9,datal0,datal 1,data0;

unsigned int
datarl,datar2,datar3,datar4,datar5,datar6,datar7,datar8,datar9,datar10,datar11,data
r12;

unsigned int dataEns,flag;

unsigned long int a,ss;



unsigned int index 1,count,nostartR;

unsigned int

deteksil,deteksi2,deteksi3,deteksi4,deteksis, deteksi6,deteksi7,deteksi8, deteksi9,d
eteksil0,deteksil1,deteksil2;

unsigned int bit0,bit1,bit2,bit3,bit4,bit5,bit6,bit7,bit8,bit9,bit10,bit11;

void header()

{

PORTA.1=0;
delay us(2400);
PORTA.1=1;
delay us(600);

}

void header1()

{

PORTA.1=0;
delay us(3600);
PORTA.1=1;
delay us(600);

}

void header2()

{

PORTA.1=0;
delay us(4800);
PORTA.1=1;
delay us(600);

}

void logic0()
{



PORTA.1=0;
delay us(600);
PORTA.1=1;
delay us(600);

}

void logic1()

{

PORTA.1=0;
delay us(1200);
PORTA.1=1;
delay us(600);

H
void konversiON()

{

dataEns=dataON[flagON]"255;
dataO=dataEns/2;
bitO=dataEns%?2;
datal=data0/2;
bit1=data0%?2;
data2=datal/2;
bit2=datal%?2;
data3=data2/2;
bit3=data2%?2;
datad=data3/2;
bit4=data3%?2;
dataS=data4/2;
bit5=data4%2;
data6=data5/2;
bit6=data5%2;
data7=data6/2;
bit7=data6%2;



data8=data7/2;
bit8=data7%?2;
data9=data8/2;
bit9=data8%?2;
datalO=data9/2;
bit10=data9%?2;
datal1=datal0/2;
bitl1=data10%2;

h
void konversiOFF()

{
dataEns=dataOFF[flagOFF]"255;
data0=dataEns/2;
bitO=dataEns%2;
datal=data0/2;
bit1=data0%?2;
data2=datal/2;
bit2=datal1%?2;
data3=data2/2;
bit3=data2%?2;
datad=data3/2;
bit4=data3%?2;
data5=data4/2;
bit5=data4%?2;
data6=data5/2;
bit6=data5%?2;
data7=data6/2;
bit7=data6%?2;
data8=data7/2;
bit8=data7%?2;
data9=data&/2;
bit9=data8%?2;



datalO=data9/2;
bit10=data9%?2;
datall1=datal0/2;
bitl 1=data10%2;
}
void main(void)

{

// Declare your local variables here

// Input/Output Ports initialization

// Port A initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTA=0x33;

DDRA=0x02;

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTB=0x45;

DDRB=0x00;

// Port C initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTC=0x00;

DDRC=0x00;

// Port D initialization



// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTD=0x00;

DDRD=0x00;

// Timer/Counter 0 initialization
/I Clock source: System Clock
/I Clock value: Timer 0 Stopped
// Mode: Normal top=FFh

// OCO output: Disconnected
TCCRO0=0x00;

TCNTO0=0x00;

OCR0=0x00;

// Timer/Counter 1 initialization

// Clock source: System Clock

// Clock value: Timer 1 Stopped

// Mode: Normal top=FFFFh

// OC1A output: Discon.

// OC1B output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

// Timer 1 Overflow Interrupt: Off
// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x00;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;



ICR1L=0x00;

OCR1AH=0x00;
OCRIAL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

// Timer/Counter 2 initialization
/I Clock source: System Clock
/I Clock value: Timer 2 Stopped
// Mode: Normal top=FFh

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

// External Interrupt(s) initialization
// INTO: Off

/I INT1: Off

// INT2: Off

GICR|=0x20;

MCUCR=0x00;

MCUCSR=0x00;

GIFR=0x20;

/I Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x00;

/I Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;



SFIOR=0x00;

// LCD module initialization

led_init(16);

#asm("sei"
indexON=0;
indexOFF=0;

nostart=0;

while (1)
{
// Place your code here
ulang:
while(error==1){}
if(e==1){e=0;goto ulangdata;}

while(PINB.0==1 && PINB.6==1);

if(e==1){e=0;goto ulang;}

if(PINB.0==0)

{

while(PINB.0==0);
flag=1; //tanda ON

n=I;



konversiON();
}
if(e==1){e=0;goto ulang;}
if(PINB.6==0)
{
while(PINB.6==0);
flag=2;  //tanda OFF
n=2;
konversiOFF();
}

if(e==1){e=0;goto ulang;}
if(e==1){e=0;goto ulang;}
ulangdata:
if(fs==1)
{
fs=0;
ss=1;
if(nostart==0)header1();
if(nostart==1)header2() ;
if(nostart==2)header();
nostart=nostart+1;
if(nostart==3)nostart=0;
}
else
{
if(nostart==0)header();
if(nostart==1)header1() ;
if(nostart==2)header2();
}
if(bit0==0)

{
logic0();



b
else logic1();

if(bit1==0)

{

logic0();

H

else logic1();
if(bit2==0)

{

logic0();

b
else logic1();

if(bit3==0)

{

logic0();

b

else logic1();
if(bit4==0)

{

logic0();

}
else logic1();

if(bit5==0)

{

logic0();

h

else logic1();
if(bit6==0)

{

logic0();



b
else logic1();

if(bit7==0)

{

logic0();

H

else logic1();
if(bit8==0)

{

logic0();

b
else logic1();

if(bit9==0)

{

logic0();

b

else logic1();
if(bit10==0)

{

logic0();

}
else logic1();

if(bit1 1==0)

{

logic0();

}

else logic1();
if(e==1){e=0;goto ulang;}
if(e==1){e=0;goto ulang;}
while(PINA.0==1){if(e==1){e=0;goto ulang;}



b
if(e==1){e=0;goto ulang;}
while (PINA.0==0)
{
delay us(100);
count++;
if(e==1){e=0;goto ulang;}
¥
start=count;
count=0;
if(e==1){e=0;goto ulang;}
if ((start>=24 && start<=27)||(start>=36 && start<=39)||(start>=48 &&
start<=51))
{
while (PINA.O==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
i
deteksil=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count+-+;
i
deteksi2=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)



{
delay us(100);

count+-+;

¥
deteksi3=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)

{

delay us(100);

count+-+;

¥
deteksi4=count;
count=0;
while (PINA.O==1) {};
while (PINA.0==0)

{

delay us(100);

count++;

i
deteksi5S=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)

{

delay us(100);

count+-+;

s
deteksi6=count;
count=0;
if(e==1){e=0;goto ulang;}
while (PINA.O==1) {};



while (PINA.0==0)
{
delay us(100);
count++;
¥
deteksi7=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}5
deteksi8=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
s
deteksi9=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}5
deteksilO=count;
count=0;

while (PINA.0==1) {};



while (PINA.0==0)
{
delay us(100);
count++;
3
deteksil 1=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}s
deteksil2=count;

count=0;

if(e==1){e=0;goto ulang;}
//[========CEK 12 DATA

datar1=((deteksil/5)-1)*1;//data hasil deteksi pulsa dibagi 5 dikurangi 1
datar2=((deteksi2/5)-1)*2;//jadi jika datanya 6 maka outputnya akan =0

datar3=((deteksi3/5)-1)*4;//sedangkan jika datanya 12 maka outputnya akan =

datar4=((deteksi4/5)-1)*8;//1alu hasil tersebut dikalikan dengan nilai2 bit

datar5=((deteksi5/5)-1)*16;
datar6=((deteksi6/5)-1)*32;
datar7=((deteksi7/5)-1)*64;
datar8=((deteksi8/5)-1)*128;
datar9=((deteksi9/5)-1)*256;
datar10=((deteksil0/5)-1)*512;
datarl 1=((deteksil 1/5)-1)*1024;
datar12=((deteksil2/5)-1)*2048;
if(e==1){e=0;goto ulang;}



index1=datar12+datar11+datar10+datar9+datar8+datar7+datar6+datar5+datard-+d

========PENJUMLAHAN 12 DATA==—

atar3+datar2+datarl;

index 1=index1"255;

if(start>=24 && start<=27){start=24;nostartR=0;}
if(start>=36 && start<=39){start=36;nostartR=1;}
if(start>=48 && start<=51){start=48;nostartR=2;}
if(flag==1)

{

flag=0;

if(index1==dataON[indexON] & & nostart==nostartR)
{

if(e==1){e=0;goto ulang;}
sprintf(startbitLCD,"Start=%d",start);
sprintf(datalLCD,"DataON=%d",dataON[indexON]);
lcd_clear();

led_gotoxy(0,0);

lcd_puts(startbitLCD);

led_gotoxy(0,1);

led_puts(dataLCD);

if(e==1){e=0;goto ulang;}else
{nostart=nostart+1;indexON=indexON+1;flagON=indexON;}
if (indexON==10)indexON=0;

}

else{delay ms(65);error=1;}

}

if(e==1){e=0;goto ulang;}

if(flag==2)

{

flag=0;

if (index 1==dataOFF[indexOFF] && nostart==nostartR)



{

sprintf(startbitLCD,"Start=%d",start);
sprintf(datalLCD,"DataOFF=%d",dataOFF[indexOFF));
led clear();

led_gotoxy(0,0);

led puts(startbitLCD);

led_gotoxy(0,1);

led puts(dataLCD);

if(e==1){e=0;goto ulang;}else
{nostart=nostart+1;indexOFF=indexOFF+1;flagOFF=indexOFF;}
if (indexOFF==10)indexOFF=0;

}
else {delay ms(65);error=1;}

}

if (nostart==3)nostart=0;

}

if(e==1){e=0;goto ulang;}

delay _ms(100);

53
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/*****************************************************

This program was produced by the

CodeWizardAVR V1.25.3 Standard

Automatic Program Generator

© Copyright 1998-2007 Pavel Haiduc, HP InfoTech s.r.1.
http://www.hpinfotech.com

Project :

Version :

Date :9/29/2010
Author : FACG
Company : FACG

Comments:
Chip type : ATmegal6
Program type : Application

Clock frequency : 8.000000 MHz
Memory model : Small
External SRAM size : 0

Data Stack size :256

*****************************************************/

#include <megal 6.h>
#include<delay.h>

#include<stdio.h>

// Alphanumeric LCD Module functions
#Hasm

.equ __led port=0x15 ;PORTC



#endasm

#include <lcd.h>

// Declare your global variables here

unsigned int
datal,data2,data3,data4,data5,data6,data7,data8,data9,datal0,datal 1,data0;
unsigned int dataON[11]={137,136,135,134,133,132,131,130,129,128};

unsigned int dataOFF[11]={138,139,140,141,142,143,144,145,146,147};
unsigned int startBit[5]={24,36,48};

unsigned int
count,deteksil,deteksi2,deteksi3,deteksi4,deteksis5,deteksi6,deteksi7, deteksi8,dete
ksi9,deteksi10,deteksil 1,deteksil2;

unsigned int
datarl,datar2,datar3,datar4,datar5,datar6,datar7, datar8,datar9,datar10,datar11,data
r12;

unsigned int bit0,bit1,bit2,bit3,bit4,bit5,bit6,bit7,bit8,bit9,bit10,bit11;

unsigned int start,nomorON,nomorOFF,nomorStart,errorOFF,errorON;

unsigned int dataEns;

unsigned int index;

char startbitLCD[16];

char dataLCD[16];

void header()

{

PORTA.1=0;
delay us(2400);
PORTA.1=1;
delay us(600);

}

void headerl()
{



PORTA.1=0;
delay us(3600);
PORTA.1=1;
delay us(600);

}

void header2()

{

PORTA.1=0;
delay us(4800);
PORTA.1=1;
delay us(600);

}

void logic0()

{
PORTA.1=0;
delay us(600);
PORTA.1=1;
delay us(600);

}

void logic1()

{

PORTA.1=0;
delay us(1200);
PORTA.1=1;
delay us(600);

}

void konversi()



{

dataEns=index”255;
data0=dataEns/2;
bitO=dataEns%?2;
datal=data0/2;
bit1=data0%?2;
data2=datal/2;
bit2=datal1%?2;
data3=data2/2;
bit3=data2%?2;
datad=data3/2;
bit4=data3%?2;
data5=data4/2;
bit5=data4%?2;
data6=data5/2;
bit6=data5%2;
data7=data6/2;
bit7=data6%?2;
data8=data7/2;
bit8=data7%?2;
data9=data&/2;
bit9=data8%?2;
datalO=data9/2;
bit10=data9%?2;
datal1=datal0/2;
bitl 1=datal10%2;

void main(void)

{

// Declare your local variables here



// Input/Output Ports initialization

// Port A initialization

/" Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTA=0x33;

DDRA=0x02;

// Port B initialization

/" Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTB=0x00;

DDRB=0x00;

// Port C initialization

/" Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTC=0x00;

DDRC=0x00;

// Port D initialization

/" Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTD=0x00;

DDRD=0x88;

// Timer/Counter 0 initialization
/I Clock source: System Clock
// Clock value: Timer 0 Stopped



// Mode: Normal top=FFh

// OCO output: Disconnected
TCCRO0=0x00;
TCNTO0=0x00;
OCR0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

/I Clock value: Timer 1 Stopped

// Mode: Normal top=FFFFh

// OC1A output: Discon.

// OC1B output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

// Timer 1 Overflow Interrupt: Off
// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x00;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCRI1BH=0x00;

OCRI1BL=0x00;

// Timer/Counter 2 initialization
/I Clock source: System Clock
// Clock value: Timer 2 Stopped



// Mode: Normal top=FFh

// OC2 output: Disconnected
ASSR=0x00;
TCCR2=0x00;
TCNT2=0x00;
OCR2=0x00;

// External Interrupt(s) initialization
/I INTO: Off

/I INT1: Off

// INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

// Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x00;

// Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

// LCD module initialization

lcd_init(16);

nomorON=0;
nomorOFF=0;
nomorStart=0;
errorON=0;
errorOFF=0;



while (1)
{
// Place your code here
while (PINA.0O==1) {};
while (PINA.0==0)
{

delay us(100);
count++;
)5
start=count;
count=0;
if ((start>=24 && start<=27)||(start>=36 && start<=39)||(start>=48 &&
start<=51))
{
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
)
deteksil=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}s
deteksi2=count;
count=0;

while (PINA.0O==1) {};



while (PINA.0==0)
{
delay us(100);
count++;
3
deteksi3=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}s
deteksid=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}s
deteksi5=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}s
deteksi6=count;
count=0;

while (PINA.0O==1) {};



while (PINA.0==0)
{
delay us(100);
count++;
¥
deteksi7=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}5
deteksi8=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
s
deteksi9=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}5
deteksilO=count;
count=0;

while (PINA.0==1) {};



while (PINA.0==0)
{
delay us(100);
count++;
3
deteksil 1=count;
count=0;
while (PINA.0==1) {};
while (PINA.0==0)
{
delay us(100);
count++;
}s
deteksil2=count;

count=0;

/|========CEK 12 DATA===========
datar1=((deteksil/5)-1)*1;//data hasil deteksi pulsa dibagi 5 dikurangi 1
datar2=((deteksi2/5)-1)*2;//jadi jika datanya 6 maka outputnya akan =0
datar3=((deteksi3/5)-1)*4;//sedangkan jika datanya 12 maka outputnya akan =

datar4=((deteksi4/5)-1)*8;//1alu hasil tersebut dikalikan dengan nilai2 bit
datar5=((deteksi5/5)-1)*16;

datar6=((deteksi6/5)-1)*32;

datar7=((deteksi7/5)-1)*64;

datar8=((deteksi8/5)-1)*128;

datar9=((deteksi9/5)-1)*256;

datar10=((deteksil0/5)-1)*512;

datarl 1=((deteksil 1/5)-1)*1024;

datar12=((deteksil2/5)-1)*2048;

/|=========PENJUMLAHAN 12 DATA===—



index=datar12+datar11+datar10+datar9+datar8+datar7+datar6+datar5+datar4+dat
ar3+datar2+datarl;

index=index”"255;

if(start>=24 & & start<=27)start=24;

if(start>=36 && start<=39)start=36;

if(start>=48 & & start<=51)start=48;

if(index>=128 && index<=137)

{

if (index==dataON[nomorON] && start==startBit[nomorStart])
{

if (errorOFF==1){PORTD.3=0;goto lanjut;}

PORTD.3=1;

nomorON=nomorON+1;
nomorStart=nomorStart+1;
if(nomorStart==3)nomorStart=0;
if (nomorON==10) nomorON=0;
b

else errorON=1;

h
else if(index>=138 && index<=147)

{

if(index==dataOFF[nomorOFF] && start==startBit[nomorStart])
{
if (errorON==1){PORTD.3=1;goto lanjut;}

PORTD.3=0;

nomorOFF=nomorOFF+1;

nomorStart=nomorStart+1;

if(nomorStart==3)nomorStart=0;
if(nomorOFF==10)nomorOFF=0;

}

else errorOFF=1;



b
lanjut:
sprintf(startbitLCD,"StartBit=%d",start);
sprintf(datalL.CD,"Data=%d",index);
led_gotoxy(0,0);

led puts(startbitLCD);
led_gotoxy(0,1);

led puts(dataLCD);
delay ms(100); //delay 100ms
konversi();
if(start==24)header();
if(start==36)header1();
if(start==48)header2();
if(bit0==0)

{

logicO();

h

else logicl();
if(bit1==0)

{

logic0();

}

else logic1();
if(bit2==0)

{

logic0();

b

else logicl();
if(bit3==0)

{

logic0();

b



else logic1();
if(bit4==0)

{

logic0();

h

else logic1();
if(bit5==0)

{

logic0();

h

else logic1();
if(bit6==0)

{

logic0();

h

else logic1();
if(bit7==0)

{

logic0();

h

else logic1();
if(bit8==0)

{

logic0();

h

else logic1();
if(bit9==0)

{

logic0();

b

else logic1();
if(bit10==0)



{
logic0();

}

else logic1();

if(bit11==0)
{

logic0();

h

else logic1();

}
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Features

.

High-performance, Low-power Atmel® AVR” 8-bit Microcontroller
Advanced RISC Architecture
- 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
High Endurance Non-volatile Memory segments
— 16 Kbytes of In-System Self-programmable Flash program memory
- 512 Bytes EEPROM
-~ 1 Kbyte Internal SRAM
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
- Data retention: 20 years at 85°C/100 years at 25°C'"
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Programming Lock for Software Security
JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard
— Extensive On-chip Debug Support
— Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Four PWM Channels
— 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
— Byte-oriented Two-wire Serial Interface
— Programmable Serial USART
— Master/Slave SPI Serial Interface
-~ Programmable Watchdog Timer with Separate On-chip Oscillator
—~ On-chip Analog Comparator
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
I/0 and Packages
— 32 Programmable I/O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
Operating Voltages
- 2.7V - 5.5V for ATmega16L
— 4.5V - 5.5V for ATmegal6
Speed Grades
— 0 - 8 MHz for ATmega16L
— 0-16 MHz for ATmega16
Power Consumption @ 1 MHz, 3V, and 25°C for ATmega16L
— Active: 1.1 mA
— Idle Mode: 0.35 mA
— Power-down Mode: <1 pA

AMEL
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AT mMega16(L)

Pin Figure 1. Pinout ATmegai6
Configurations POIP
(XCK/TO) PBO ] 1 40 [ PAO (ADCO)
(T1) PB1 ] 2 39 [0 PA1 (ADCY)
(INT2/AINO) PB2 ] 3 38 [ PA2 (ADC2)
(OCO/AIN1) PB3 ] 4 37 [ PA3 (ADC3)
(SS) PB4 | 5 36 [ PA4 (ADC4)
(MOSI) PBS ] & 35 |1 PA5 (ADC5)
(MISO) PB6 | 7 34 [0 PA6 (ADCS)
(SCK) PB7 | 8 33 [ PA7 (ADCT)
RESET . © 32 [ AREF
vee of 10 31 [0 GND
GND f 11 30 |7 Avee
XTAL2 O] 12 29 |7 PCT (TOSC2)
XTAL1 O] 13 28 [ PC6 (TOSC1)
(RXD) PDO (| 14 27 |1 PC5 (TDI)
(TXD) PD1 .} 15 26 [ PC4 (TDO)
(INTO) PD2 | 16 25 [1 PC3 (TMS)
(INT1) PD3 | 17 24 |1 PC2 (TCK)
(OC1B) PD4 ] 18 23 [1 PC1 (SDA)
(OC1A) PD5 (] 18 22 [1 PCO (SCL)
(ICP1) PD6 | 20 21 |3 PD7T (OC2)
TQFP/QFN/MLF
88 =
S2 & z:0zs
~5 S ¥ Q000
BTTeR  223%
oo rofQccon
E 000 Z0gLLa L
tooe0OS>EEER
[ 100000000
[ ]} 44434 41403938373635 4
(MOSI) PBS ] 1 33 [0 PA4 (ADCH)
(MISO)PB6 (]2 F~~-"7°-77°7°7 32 |7 PA5 (ADCS)
(SCK) PB7 |3 ! 31 [ PAG (ADC6)
RESET (|4 | 30 [ PA7 (ADCT)
vee |5 29 [ AREF
GND 6 28 |7 GND
XTAL2 o 7 1 27 [ Avee
XTALT ] 8 ! 26 [ PCT (TOSC2)
(RxD) PDO { & ! 25 [T PC6 (TOSCH)
(Tx0) PD1 | 10 ! 24 |71 PC5 (TDI)
(NTO) PD2 11/ ~~ -~ 7"77°° 23 [ PC4 (TDO)
161 718" %202 120
goooooooog
OMTWOODQ T N®
000000 Z0000
NOTE: aocooca>Spaacad
Bottom pad should oo )
be soldeg'ed to ground. E g g 5 5 ﬁ @lgé
Disclaimer Typical values contained in this datasheet are based on simulations and characterization of

other AVR microcontrollers manufactured on the same process technology. Min and Max values
will be available after the device is characterized.

AIMEL

2466T-AVR-07/10



A TmMegai6(L)

Overview

Block Diagram

2486T-AVR-07/10

The ATmega16 is a low-power CMOS 8-hit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega16 achieves
throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power con-
sumption versus processing speed.

Figure 2. Block Diagram

PCO -PC7
vce A Y A A A A A 4 4 a
s L] b oLl 1]
AR J [
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=
i ]
L ]
GND | PORTA DIGITAL INTERFAGE | | PORTC DIGITAL INTERFAGE |
x =
i I
AVEC — e x 4

ADC
M;g(c& H INTERFACE |'"' ‘_'I o ‘

; >
le TIMERS/
PROGRAM N COUNTERS
COUNTER |

|

. v

PROGRAM i1

" FLASH ‘ ‘.| BRAM |‘—-“
i ] i
INSTRUCTION GENERAL WATCHDOG ==
REGISTER | sl PURPOSE r TIMER OSCILLATOR —
REGISTERS | i

MCU GTRL
&TIMING RESET

AREF

INTERNAL
OSCILLATOR

l Z
CONTROL
LINES "
STATUS
REGISTER |‘"' ‘_'I EEFROM
J SPI |d—-h 4—4 USART }

AVR CPU

i I 1 ’

PORTE DIGITAL INTERFACE | | PORTD DIGITAL INTERFACE |
L3
|
¥

PORTB DRIVERS/BUFFERS | | PORTD DRIVERS/BUFFERS |

*A.'AATA. T I
— .
|
l Yy vrvyvovwvew v
PBO - PBT PDO-PD7
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————————————————————— A TMega16(L)

Pin Descriptions
vCC
GND

Port A (PAT..PA0)

2486T-AVR-07/10

The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega16 provides the following features: 16 Kbytes of In-System Programmable Flash
Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1 Kbyte SRAM, 32
general purpose I/O lines, 32 general purpose working registers, a JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters with com-
pare modes, Internal and External Interrupts, a serial programmable USART, a byte oriented
Two-wire Serial Interface, an 8-channel, 10-bit ADC with optional differential input stage with
programmable gain (TQFP package only), a programmable Watchdog Timer with Internal Oscil-
lator, an SPI serial port, and six software selectable power saving modes. The Idle mode stops
the CPU while allowing the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters,
SPI port, and interrupt system to continue functioning. The Power-down mode saves the register
contents but freezes the Oscillator, disabling all other chip functions until the next External Inter-
rupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping. The ADC
Noise Reduction mode stops the CPU and all I/O modules except Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, the crystal/reso-
nator Oscillator is running while the rest of the device is sleeping. This allows very fast start-up
combined with low-power consumption. In Extended Standby mode, both the main Oscillator
and the Asynchronaous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed in-system through an SPI serial
interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot program
running on the AVR core. The boot program can use any interface to download the application
program in the Application Flash memory. Software in the Boot Flash section will continue to run
while the Application Flash section is updated, providing true Read-While-Write operation. By
combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip,
the Atmel ATmega16 is a powerful microcontroller that provides a highly-flexible and cost-effec-
tive solution to many embedded control applications.

The ATmega16 AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators,
and evaluation kits.

Digital supply voltage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional 1/O port, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors (selected for each bit). The Port A output buffers have sym-
metrical drive characteristics with both high sink and source capability. When pins PAQ to PA7
are used as inputs and are externally pulled low, they will source current if the internal pull-up
resistors are activated. The Port A pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

AMEL



e A T megai6(L)

Port B (PET..PB)

Port C (PCT..PCO)

Port D (PD7..PDO)

l

XTAL1
XTAL2

AVCC

Port B is an 8-bit bi-directional 'O port with intemal pull-up resistors (selected for each bif). The
Port B output buffers have symmetncal drive characlenstics with both high sink and source
capability. As inputs, Porl B pins that are externally pulled low will source current if the pull-up
resistors are aclivated. The Port B pins are tri-stated when a reset condition becomes aclive,
even if the clock is nol running.

Porl B also serves the functions of various special fealures of the ATmega16 as listed on page
58.

Port C is an B-bit bi-directional VO port with inlemal pull-up resistors (selected for each bil). The
Port C aulput buflers have symmetrical drive characteristics with both high sink and source
capability. As inpuls, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-staled when a resel condition becomes aclive,
even il the clock is not running. Il the JTAG interface is enabled, the pull-up resislors on pins
PCS{TDI), PC3{TMS) and PC2{TCK) will be activated even if a resal occurs.

Port C also serves the functions of the JTAG interface and other special fealures of the
ATmegal6 as listed on page 61.

Port D is an B-bit bi-directional VO port with intemal pull-up resistors (selected for each bif). The
Port D output buflers have symmetrical drive characteristics with both high sink and source
capabdlity. As inputs, Port D pans thal are externally pulled low will source current if the pull-up
resistors are activated. The Port D ping are tri-stated when a resel condition becomes activa,
even if the clock is nol running.

Porl D also serves the funclions of various special features of the ATmega16 as lisled on page
63.

Reset input. A low level on this pin for longer than the minimum pulse length will generate a
resel, even if the clock iz not running. The minimum pulse length is given in Table 15 on page
38. Shorter pulses ane nol guaranteed 1o generabe a resel,

Input to the inverting Oscillater amplifier and input to the intemal clock operating circuit.

Output from the inverting Oscllator amplifier,

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally con-
nected 10 Ve, even il the ADC is not used. Il the ADC is used, it should be connected o Vee
through a low-pass filler.

AREF is the analog reference pin for the A/D Converter.

DET-AVR-LTIG
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IO Ports

Introduction

All AVR ports heva true Rsad-Madiiy-wiits funchanality when used as general daltal
[1a] Fl:ﬂ.‘E-.THE- mean: that the dirsction of ana Fl:ﬂ: ﬂl'l can ba Iﬂ'l&I'QEIU'ﬁ'WII:Im uniriten-
Honally crangng the dirsction of any cther pin wih e SBI and GBI Instuctions. Tha
sema apples when changing drivs velus | configured as cutputy of snabiing'dissbling
of pull-up reskstors I configursd as Inputy. Each cutput bufier hes symmetrical dive
characksilstics with Doth high sirk and scures capabliy, The pin diver 12 iang ancugh
to dilve LED displays divactly. All port pins hava Indiicually selectabls pulkup reslskars
with a supply-valtaga Invarlant reslstance. All WO ping have protection dicdas to bofh
Vg and Ground as Indcated In Figurs 22, Ritar ko *Eleciical Chersctaistics” on page
2R Tor & complats st of parameiss.,

Flgure 22, 15 Pin Equivakant Schamati:

Logic

E .

|::pin Gess Figure 22
| *General Digial 1CF far
I Detallz

- - L e o — — .

All I'BQEJEI'E and bit referancas In this sscton ars willien n QBI’IBI’-&| fom. A lowar cass
! I'E‘;II'EISGI'IN tha I'IUITﬂEII'II'IQ Iettar far the Fl:ﬂ:, ard a kwer case *n” I'EIHWETI'E- the bit
rumbsr. Howsver, when using the rsgisien or bit defines In a program, the preciss km
must be uead, |.El.I PORTRA for bitno. 3 In Port B, hera decumentsd QEII'IET-&"'!.' &
PORT3N. Tha phiysical 11D Fegisters end bt keations are listed In *Fegister Dssclption
for iy Parts” on pege &2

Thies 10 MEMmy acdress |ocations ars alocakd or aach |III'|| one each &y tha Data
Risalsber - PCIFT ¢, Ceata Dlraction Fieglstsr - DOR3, and e Port Input Pire - PINX. The
Port Input Pins 10 kocation s rsad oly, while i Data Reglter and the Data Direction
Realster are raedwiits. In addltion, the Pull-up Disable — PUD bitin SFICR dasbles he
pulkup functian for all pie In all ports when est

Lging the 0 port 5 Gansrsl Digltel U0 | describsd In *Ports 85 Ganeral Digitsl VCF on
pags 48, Most port pins ars mullplessd with altsmats functions for he pripharal fea-
tures on the devies, How sach altermaks funchion Interisres with the port pin 1 dsarbsd
In *Altarrata Part Functons" on ace 52. Refer 1o the Indvidual module seclicns for a
ful description of the almets functons.

Mata that enabiing the altemats finetion of some of the port pns doss not atisct ihe use
e cther pins In i port as ganeral dighal 10,

B E-AVR- 1k
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Ponts as General Digital
4]

Conflguring the PIn

Tha ports ara bl-dirsctionsl VO ports with optioral Internal pul-upe. Agure 22 shows &
funcanal descslption of ane LC-part pin, s genarially calisd Pan.

Flgure 23, Ganerd Digital 1l

| A

=< (= "
) |
g™
(-]
Wiin
FEIET
[
=
-1 5]
B g
Whw WRITE [0 '
E'.D E'.I.I.IJP OEE FL= FEAD DCRx
FF By S heusms
FPx FEALFOAT: AN

Hote: 1. WP, WO, RAx, RPx, and ACx are comman to al pire witin the same part. dhkyg,
SLEEP, and PLID ara commen to all portz.

Each port pin conalsts of fise raqkster bits; G0an, PORTm, and PINan. As shawn In
*Rstyter DiEsciiphon far 10 Parls® on s 62, s DO b & accassanat the DOF
Vi sdraas, the PORTIN bits &t tha PORTS 10 acdrsss, and tha PN bits at e PIN
Vi sdiirasE,

The DCen bl In the DDA Regizter salects the dirsction of fis pin. T DD s witsn
kol ene, Pan |2 configured as an autput pin, IF DO s writken kglc 2eo, P Is conflg-
ured & an Input pi.

It PCATsN I3 writtan logl: one when the pin ks configured as an Input pin, the pull-up
reslztor | activaled. To swilch the pulkup resistor off, PORTED has to be written gk
2600 of e pin has to b configursd as an cutput pin. The port ping are ti-stabsd when a
regat condifon becomes actve, sven If no clicks ars running.

It PORT:m I writtan logic ons when the pin B configured as an autput pin, the port pn s
driven high (one). If PORT:m I wiltien loglc 2er when the pin I8 configured as an out-
Pt pin, e port pin s driven low (2sio).

Whan switching batwsen tl-stats ([DOxn, PORTAN} = 0b00) and autput high {{00xn,
PORTsN = 0b11), an Intemnediate stats with slther pulkup snabkd ([D0on, PORTaN} =
G ar output low ({DDN, PORTSN = b10) must occur, Normally, the pull-up

ATmegal6(L) m————

2azeE-aE-10i0g
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Reading tha Pin Valus

enehlsd stat | fuly acospleble, & & highimpsdant rviconmant wil not nobes the dir
flararics betesn a stong Hgh driver ard a pul-up. If this I nat tha case, tha PUD bitin
fhe SFICR Registar can bs st to daabla all pull-ops In all ports.

Switching tebwesn Input with pull-up and cutput lvw gensrates e same probism. The
user must use slther the i-stats ([DDn, PORT:N] = 0000} or the cutput high slats
{[D0m, PORTHN} = 0011) &5 an nbrmadata sbap,

Tebke 20 summarlkzes e confml signals for the pin valus,

Tabkle 20. Porl Pin Configuralions

DCxn | PORTan | (in FSLI-lI%H‘] I | Pulkup | Comment
0 0 X Input Ne | Tristate HiZ)
Pan will source currert if g, pullad
0 1 0 Input Yoo | low.
0 1 1 Input Ne | Tristate HiZ)
1 ] X Cutput | Mo [ Owpuk Low [Sink)
1 1 X Cutput | Ho | Ouiput High {Seuncs)

Indepandent of the s=tting of Caka Cirection bt DCun, the port pin can be read through
the PINr Reglstar Bt As shown 0 Figurs 23, the PINn Regisker bit and the precsding
latch constitule a synchronizar. This Is nesded o awoid metastabllity If the physical pin
changes valua near tha edge of hie Inkermal clack, but It alss Inroduces a delay. Figurae
24 shaws a iming diagram of he synehmonizaton when reading an axdarnally spplisd

n velus. Tha masimum and mirdmum pra Hion delays ars denoted ard .
p ety propags e b ma 8 by

Flgure 24, Synchronization whan Rieading an Extsmally Applid Pin Valus

SYSTEMCLE | | | | |
IMBTRUCTIONS [ T
EYNC LATEH i
FIHm
7 i W wfF
" ¥ -
Tl nin

Corisklar e clock perlod starng shortly sferthe frst flling acga of ha systam ck,
The latch |2 chossd when the ciock s ow, and goes Tansparant when the cock s high,
g Indicatad by tha sheded raghon of he “SYNC LATCH® signal. Tha skinal valus ks
latched when ihe syatsm clock goss kow. It Is dockad Into the PINxn Reglster at the

eE-aVR- 1k
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succaeding posilive clock edgs. As Indicated by ihe two arrows by, andt, . a
single signal ransition on he pin will 1= delayed betwasn % and 1% systsm clock

period dapsrding upon the ime of asssrion,

Wihan reading back a softwars essigned pin valus, a nop Instructian must e inssrhed &
Indicated In Figura 25, Tha ot Instrucon sele the “5YHNC LATCH® slgral at the positva
&g of tha clock. In this cass, e dalay by hrough the synchronizer Is ons systam

chock parh,

Flgurs 25. Synchicnization whan Risading a Softwara Asskned Pin Valus

SYSTEMCLK | | | | | L
rg =FF
INETRUCTICNE .ot PORTa, 0 nap ST 4
SY NG LATCH
Fitm
7 0 K wFF
et

ATmegai6(L) m—————
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I A Tmegai6(L)

TimerCounterd and
Timer/Counteri
Prescalers

Internal Clock Source

Prescaler Regat

Extetnal Clock Source

TimanCountar! and TImer Counterd shars the sams prescaler maduls, but the
TireriCountars can heavs difsrant prascaler setings. The descripton balew applies to
bath TimeiCountar] and TimerGountar,

The TimerCountsr can be clocksd drecty by ths system el by ssting e S0 -
1). This providas the lasiksst opsration, with a maxmum TimerCounksr clck rsquency
EUa 10 SYEE CIock MEqUENEY (fpy ). AltBrMENVElY, ane of faur taps Tom he pras-
calsr can be ussd 83 a dock sourca. The prescaled clock has a fisquancy of alther

r.:m\:\"al l;LM;;.-Bd, r.;m_.,;v‘256, o r.;,_,;_,,».;.-‘ﬂ:IEA.

The prascaler Is fres running, La., operales Indspendsntly of the chock sslect logic of the
TimerCounter, and It is sharsd by TIMaRCountsr and TIMmSECountan, Sincs the pras-
cakr I not affackd by e Timer Counkrs chook sslact, the slak of e prescaar wil
hawe Implications for siuations where a prascaled clck 8 used. One sxampls of pras-
callrg arifacts accurs whan the Hmer s snablad and clocked by he prescalar S =
G0 = 1), The numbsr of system clock cyckes from whean the fmer B erablad to he
Airst Count GCCuUrs can be rom 1 6 N+ systam dock cycles, whans M squas the pras-
coler dvisar (8, B4, 285, or 1024).

It s possibla to use tha Prascaler Resst for synchronizing e TimariCounisr b program
execution. However, care must B taksn IF the other TimsrGounkr that shares the
saMa prescakr also usses prescaing. A prescaler resst wil affect e prascalsr pariod
for all TimeCounbars It e conneckad o,

An axternal clck sourca applied o e T1TO pin can bs ussd a8 TimenGounter dock
izlkrficlkry). The TITO pin s sampled once avery systam clock cycle by the pin syn-
chrorization kgl The ymchronizad (semplkd) slansl Is then passsd hicugh e sdgs
datechor, Flgurs 38 shows a functionsl aquivalent block disgram of the T4T0 synichronl-
zation and edge datecior leglc. The reglsters are clocked at the posifive sdge of tha
intsrnal system chock jzlk,). The latch is ransparant In e high parked of tha Internal
systam clock,

The edgs detesior generates one clkp, £k, pulss (o Sach positive | CSn2:0 = T) of nag-
Eillve {CEN2:0 = B) S8 It dalact,

Flgurs 28. T1T0 Pin Sampling

r\|
E—|—_E~E D|—_D -::--—1[ : @ *:"r:'.'.irgm
i

Sprchesioxics it Cwtmcmy

R

Tha synchronization and adps dsteclor lagle Ntroduces a delay of 2.5 t 2.8 syatam
chock Cycles fiom 8 edgs hes baen appled 1o the T4TO pn b the countsr & updatad,

Engbling and disabling of he clock Input must te done whan T1/TO has bean stable for
al lagst one systam clock cycls, olhansiss It s a sk that & falss TimerCouner clock
pulss ks gensretd,

Each half perlad of the sxternal clock applisd must b longer than ans system clock
ycle 10 BNEUs cormact sampling. The extarnal clock must be quarantaed o s ess

B E-AVR- W



Spaclal Functlon 10 Reglster -
SFIOR

than hal the syskm dock TBQUENCY (T < Ly o) gIven 8 S0S0% duty cycle. Since
this Bge detector UssE sampling, the maximum Tequsncy of an sxternal clock It can
datect s hall the sampling fequency {Mygulst samping thecram). However, dus b verl-
ation of the systam clock Traquency ard duty cyclks caused by Osdliator source (crystal,
rssonatorn, and capaciion) tksrances, Itis recommandsd hat maxmum fequardy of an
eakmal clock saurce I2lass than Ty, /2.5,

An exbamal clck sounss can nok be prascalked.

Flgure 28, Prascalsr for TImsrCGountsm and Timer Countari

ik LT TVT PREECALER
) = a

FER1

1l
|1}
&

30 r ) iy
o [ 1] -,
o' f i H] L
TIMERTOUNTER CLOGE BOURCE TRERSTOURTER CLODK BIURGE
oy, diy,

Hote: 1. The synchronization logic on the input pins (T 1/T0) is shown in Figure 23

Bi

Plaaed™rie:
Irdiimd Vahss a ] o ] L] L] ] o

+ Bt 0-P3R10: Prescaler Reset TimerCounter! and TimerCountand

When this bit ks writhan 1o one, the TmarCounter! and TimerCounterd prascaknwill b
reest The bit will be clearsd by hardware after the oparation B parformed. Writing a
zero o this bibwill hevs no affsct. Note thal TimanCountert ard TimarCounterd shera
the same prescalar and & reset of thig prescalsr will affact both Umsrs. This bitwill
slways bs raad a3 2ar0.

AT e a1 61 L) o————————————————————————
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16-bit Timer/Counteri

Overview

eI E-AVR- e

Thes 1E-bit TimeraZounter unlt allows accurats program sxscution tming (svant man-
agemant), wave genaration, and signal iming measurament. The man featres ars:
True 16-bit Deaign (i.e., Allows 16-bit PWH)

Two Indspandent Output Campars Unita

Double Buffered Cutput Compare Regisbers

Orez Inpuk Capturs Unit

nput Capture Noise Canceler

Clear Timer on Compare Matoh | Auto Reload)

Glitoh-free, Phass Corrsot Pules Width Madulator {PWM)

Varioble PWM Period

Fraquercy Gensrator

External Event Counter

Four Independent Inbzrrupt Sources (TOWVH, OCF1A, OCF1B, and ICF)

L ]

Mot ragister and bt rafersnces In this documesnt are written In genaral farm. A owsr
cass 0" raplaces the TIManCountar numbsr, snd & lowsr cess " rsplacss hs cutput
compara unlt channel. However, when using the rsgister of bit dsfines In a program, the
praciss form must ba used (Le., TCNT1 for eccessing TimenCountart countar valus
gnd 50 onj. The physical 190 Registar and Wt localons for ATmEgate are lskad In the
*16-bit Timar/Zaunter Registar Desciption” on page 104,

A slmplified block diagram of the 18-bit TiImsrGountar I shown In Flgura 40, CRU
accaesibls 10 Registers, Indudng 1O s and VO pins, are shown In Dok,



Rieglstars

Flgura 40, 16-bit TimerCountar Blcck Diagramll

Cord T
Chiar {IxiRag|
Ceantzal Legic T

Rl G D

{ Frami Frarcar |

f e
]

DATABUS

Hote: 1. Redar to Figurs 1 on page 2, Table 25 on page 55, and Table 21 on page 60 for
Timer!Countard pin placament and dascription.

Tha Timercoumer TCHT1), Cuput Compsrs Registers (OCR1AB), and inpif Caphurs
Aegister {ICA1) ara all 16-bit registars. Spaclal proceduras must be follvwed when
amana:slng the 16-bit ne-glabars. Thiees FI'DD&jLII’B$ are dascribsd In the sacton “Accass-
Ing 16~k Registars" on page 86, The TmenCounter Contmi Aegisters (TCCR1A/B) ara
E-Dit regisrs and hayve no CPL accass asrictions. Intemupt rejuess (abbravialad o
Int. R, In the Tigura) slgnals are all vislbls In the Timer intamuypt Fisg Aegister (TIFR).
All Intsrmupts ars Individually maskad with the Timer infemupt Mesk Aegster {TIMSK),
TIFA and TIMSEK are not shoan in the ngura gncs these fEQHtBPS ars sharsd D}l’ othar
Hmer urits,

The TimarCountar can b chokad |I'I|H'I'IH|!|I'. wia the FII'BS-GEHT. ar W an extamal click
golce an e T1 Fil'l. Thes Clock Salect |Egb Back controls which clock source and B!nﬁ
the TimsrCountar usss to Incrameant I:EI' IB3I'H'I'I9I'I|:I Its valus. The Timer/Countar B
Inactive whsn no clck sourcs 12 sslacted. Tha ol I:FIU| from the clock sekect |l:g|l3 B
rstarrad to &a He Hmer clock (k).

The double buffered Cutput Compars Asglstsrs (OCR1AB) are compared with the
TimarCouniter valus &t sl irme. The result of the compers cen b used by the Wavetorm
Genaratar to genarats a PWHM or varlable frequency cutput on the Sutpat Comparns pin

ATmegalb(l) —
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Definitions

compatiblity

[OC1AB). See YOulput Campars Units® an pags 91, The compars match event will sisa
g6l he Compara Match Flag (OCF 1AB) which can ba ussd b generata en autput com-
pars Intamupt raquast.

The& Input Caphure Ragistar can capturs the Timer /Sountar valus at a gliven sxtarnal
{ge Iriggerad) svant on alther tha Input Caphrs Pin (ICF1) of on the Anakg Compar-
ator ping (Ses “Analeg Comparator on page 185.) The Input caplurs unit Includss a
digitsl MAing unit (Molse Canceler) for eoucing the chance of capluring nolse sphes,

Thea TOP vaklds, ar maximum TimaraZoun s \‘3|LB| can N sume modes af IZFIHEUITI ]
defined by slther the OCR1A Register, the ICA1 Ragister, of by @ sst of e valuss,
Whan using CCR1A as TOP valla In 8 PWM mods, the OCR1A Registar can not be
usad for generating a PWH outpul., However, the TOP valus will In this case be doutle
bufared E"EM'"'IQ the TOP valus o b= change-cl In run ima. If a fissd TOP valus ks
requirsd, the ICR1 Registar can be ussd as an allamative, fresing the OCR1A & be
usad g PWM outpul,

The folkzesing definiions are wusad extensivaly throughout the documesnt:

Table 43. Dafhiions
BOTTOM | The counter reaches the BOTTOM when it becomas D0,

MaX The counter reaches its MaXimum when il becomes IxFFFF [decimal 65235).

The counter reaches the TOF whan i becomes equal to the highest value in the
count sequence. The TOP value can be aesignad 1o b= ona of the fixed wabas:
0OFF, D04 FF, or 0o03FF, o o the walua stared in the CCR1 A or ICR1 ragie-
ter. The azsignment is dapendent of the mode of cperation.

Tap

The 1E-Bt TImerCountsr hes been updated and Improvsd from prevous verslons of the

16-bit AVR TimarCounkr. This 16-bit Timee/Countar I3 ully compatble with the earlier

VEFEION eganding:

s Al 1E-bit TimariCouriter relatad VO Reglstar sddrass locations, Including imer
Intarnupt registars.

+ Bt bcations irskde al 16-bit TimerCountar Registars, incudng tmen Intemupt
ragisters.

+  Intermupt Veckos,

Tre tollowing control bits Fave changed reame, but Fave same unclionality srd reglstar
kcation:

+ PWMIO Iz changed to WEM10,

+  PWMI1 Iz changsd to WEM11,

+  OTE Iz changsd b WEMIZ,

Tres falkowing bits are addad b the 18-bit TImenCoun e Control Registers:

+  FOC1A and FOCE are added to TCCA1A.

+ WGEMIZ IS added b TOZA1E,

The 16-bit TiImerCountar has Improvements that will affact the compatibliity In some
sp=cial casss.

eI E-AVR- e
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Accessing 16-bit
Registers

The TCHTH, GCRIAR, end ICA1 ars 15-bit registers that can bs accessad by the AVR
C:PU ia the S-bit data bus. The 16-bit registsr must be byls ecossssd using two rsed or
wilts aparations, Each 18-bit imer has a single 8-bit registar for Emporery storng of the
Figh byts of the 18-Lit accass, The sames EMporery reglser s sherad bstwean il 16-bil
rEiEtErs WiNIN ech 16-ILUmer, ACoossing he kN Dyts Tgers he 18-DE raed of Wit
cparation. When the ow byta of 8 18-t ragistar Iz writhen by the GPU, the high bybs
storad In the tamporary registar, and the low byt wiltten ars both coplad into the 16-bit
registar In the sams clock cycls, When e kow byts of & 16-bit rsgister Is resad by the
CPU, the high byts of the 16-bit registar ks coplad Inbo the temparary registar In the
same clock cycle as the low byts Is resd.

Mot all 16-bit accessss uses e temporary rEgistar for the high byts. Reading he
OCR1AE 16-bit registers doss not Invelve using he tamparary registar.

Tordo & 18-t wiits, fe Righ Dyt must e wiienbefre the Dw Dyte. Fora 16-bit read,
thre iow bpte mMUst De mead Defone the High byte.

The Tollwing cods examplas show how b access tha 16-bit imer ragisters assuming
that no Interrupts updates the tsmparary registar. The sama princlple can be usad
dractly for sccessing the OCATAB and ICA1 regsters, Noba that whan using “C°, the
complier handes the 16-bit access.

Assambly Goos Examplet!!

: Set TCONT! co Ox01FF
144 17, Cwdl

144 rif, xFT

out TOSTLH, 17

out TOSTLL,xlS

! Ramd TCHTL inko ©lT:cls
in rls, TCHTLL

in 17, TCHTLR

 Code Examplall
unsigrsd ink L:

F% See TTMT1 eo OxOLFF *)
TZNT] = Qx1FF:

/% Remd TONT1 into 1 *§

4 = TOETL:

Hete: 1. Tha example code assumas that the part spacific header fle is included.
The assembly code example reums tha TCWNTT vale In the r7:r1& registsr pair.

It s Impartant to rotcs that accessing 16-bitegistars are atomic operations. IF an inkr-
rupt accurs bebween the tao Nsructions accsssing the 16-bit regisksr, and the ntsrmpt
codie updates the temporary ragistar by accessing the same of any othar of he 18-bit
timar registers, than the rasult of the access oulskds the Intsmupt will b= cormuptad,
Therstors, whan both the main cods ard the Interrupt code updats the temporary regis-
ter, thes maln code must deabls e Inbarmipts during the 16-bit aooses,

ATmegal6(L) m———
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B E-AVR- 1de

Thea fCI"(M'l'Ig e emmples ahow howw to do an akomie read of the TCHTA HQQ‘HQT
contents. Reading any of the OCR1AB of ICA1 Reglstsrs can be dons by using the
SEMe pinciple.

Assambly Cods Examplel!

TIMLES _RAsa2TTHTIL:
: Smve global intecrupe flag
in rld, SEEG
: Dimable intercupes
cli
: Rasd TCHTL inko rl7:rlé
in rlf, TCNTLL
in 17, TCHETLH
: Restors gloksl incercupt flag
owt SRIG, zld
et
C Code Examplal’l
ursdgnad ink TIHLE_FeadTOHT1| woid |
‘
unsigmed char sreg:
unsigmed ink L:

#* Ssve glabal incerrupt Slag o/

/% Odpables lncecrupee *)
=g

#* Remd TONT1 ineo 1 #¢
i = TOHETL:

global incerrupt flsg */

Hete: 1. The esample cods assumaes thal the par spacific header fie is ncluded.
Tre assembly code exampls retums tha TCHT valus in tha r7:r1E reglstar palr,



Reusing the Tempaorary High
Biyte Reglster

Timar/Counter Clock
Sources

Counter Unit

The folkesing code examples show how 1o do an atomiz wiits of the TCNT1 Ragistar
contents. Writing any of the OCR1AB of IGR1 Registers can bs done by using he
same princple.

Aszambly Cods Examplel!!

TIMLS _WriteTCNTL:

: Ssve global dnteccupt Slag
in rld, SEEG
: Dimable intecrupes
=14
: Set TCNTL o rlT:clé
out TINTLH, rl7
out TOSTLL, 18
: Remtors global intercupt flag
out SREG,zld
et
G Code Examplal’l
wedd TIMIG_Nrit#TCETL ( unsigned dok 4 |
‘
unsigmed char mreg:

unsigned ink L:
§% Smve glabal intsccupk fleg

areg = SEIG:
#* Dissble incerrupes */

LI

§% Set TCMT1 bo 4 %

TINT1 = L

/% Rescore glokbal interrupe flmg *;
SRES = mTeg:

Hete: 1. The example code assumas that the part spacific header fic is ncluded

Tha assembly coda sxample raquirss hat the M 7016 ragister par containg he valus o
b= wwrittan to TONTIL

I writing o mors than one 16- bt registsr whars the high byt ks he sams o al reglstars
wiltten, tHhen the high byl only nesds fo bs wiltten once. Howswar, nate that the seme
ruls of alomic aparatian describsd previausly slso applies n this cass,

The TimerrCountar can be clocksd D\' an Intamal or an external dock souncs The clock
source s selacted by the Clock Select loghk: which Is controlled by the Clock Selact
[CS122:0) bt kocatad In the Timercruner Control Asgistar B (TCCR1E), For detals on
clock souncse and pra:scalar. 226 "TimarCounterd and TimseCountar Fragcakis” on
page 81.

The maln part of the 16-bit Timer/Countar 5 the programmable 16-bit bl-directicnal
counter unit. Figure 41 shows a Hock diagram of the counter ard 15 sumoundngs.

ATmegalb(L) m——
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Flgurea 41. Countar Linlt Blcck Clagram
DA BILES (ot

T ae

; £ DII'D{L,F | —— n‘v —E
Catacir
[ romtebpes | TOMTAL By Clar o,

TOMTR [14E4 Coanten

(| Frors Prascalar |

fre Joren

Signal description {ntarmal sionsls):
count  Inerement or decremant TCHT by 1.
Direction  Select batwesn Increment and decrament
Clear Clask TCNTH (sat all bits o 2er0),
elkr, THmanCounes dock.
TGP Signalze that TCNTA Fes reached masdmum valus,
BOTTOM  SIgnalzs that TOMT1 has reachsd minmum vake (2e6o).

The 1&-bit countar Is ma FIFGU Into twa 8-bit 142 memory locaions: Counter ng"
[TCNT 1H) containing the upper slght bits of the counber, and Counfer Low (TCHTIL)
conaining the lowsr B BB, Tha TCHT 1H Regster can anly bs Indirectly accessed by
the CPU. Whan the CPU doss an access bo the TCHT 1H 1O location, the CPLU
accseses e high byl lemporary rsgistar {TEMP). The temporary rsgister is updatsd
with the TCHT1H valus whan tha TCNTIL ks read, ard TONTIH ks updalksd with the
tGITFIIZIIEI'!.' TE,;|SJZGT wvalus whan TCHTIL Is witten. This alows the SPLI o rasd of wiite
thes entire 16-bit counier value wiihin cne dock cyde va the -4t data bus. Itls mper-
tant b notice that thars ars $|:I93|&| cages of 'hT"Cl'Ig o the TCHT 1 HBQHBT whan the
counter i counting that will give unpredictable results. The spsclal casse are deacibsd
In the sactions whara they ara of Impartanca.

Dispending on tha mods of opsration used, the countar |s clarsd, Incramentad, of dec-
rsmented &t each tmer ciock (clkr,). The clir, can bs generatsd from an examal of
Intarnal clesck sourcs, sskecied by the Ciock Saiact HEs (05 12:0). Whan no cock sourcs
Is salacted (CS12:0 = ) the timer I3 stoppad. Howsver, tha TCHNT1 valus can ba
accsessd by the CPLU, Independsnt of whether clkr |5 pressnt of not. & CPU writs ovsr-
rides {has priority over) al countsr clear ar count apsrating.

The caunting sequence ks delermined by the sstting of the Wavelm Genamion Mode
bits (WEM12:0) lecatsd In the TimerCounter Contrad Asgisters A ard B TCCR1A and
TCCR1B). Thals ars chose connschions betwasn how e countsr bshaves {counts) and
how waveloms are gensrated on the Cutpul Compars cutputs OC1% For mors detalls
shout advancsd counting ssquancse snd wavelorm genaration, ses ‘Modss of Opara-
tion® on page 24,

The Timer/Counfer Cvemow (TOW1) Nlag s 2t according to the mode of oparation
selectad by the WiEM12:0 bits. TOW can be usad Tor genarating a CPL Inkrmupt

e E-AVR- 1o



Input Capture Unit

Tha TImarCountar IncHporates an Input cepturs unit hat can caphure sxarmal avents
and give them a ime-stamp Indicating imes of occurancs, The sxternal sigral indicating
an event, or multipls svents, can b applled via the IGP1 pin or alternatively, Wa he
Analcg Comparator unlt. The Hime-stamps can han be ussd to calculabs raquancy,
duty-cycla, and other feahurse of the signal applisd. Alermativaly the ime-stamps can e
usad for creating & g of tha events.

The Input capturs unit s lustrated by the bleck disgram shown n Figuis 42, The s-
ments of the Hock disgram that are not drecly a part of the Input caphurs unlt ars ey
shaded. The small *r® In [EF,;|3'B[ and bit names indicates the TimewZounbar numbsr.

Flgure 42, Input Caphura Linit Black Diagram

DATA BUS [Ban
[
TEMP [E-H]
[
¥
ICRNH 200 | GRaL@Ean | [ TCHTHESD | TGHTRL o
WRITE  ICAn {164k Register) TCNTn {1E-5 Coumar]

1= ']
BCO"

=hi1 o1

Companiior
Cancaler DnE:?tr ICFn [InkReg )

When a change of the logk: kevsl jan event) cccurs on e inpet Capiume pin (IGP1),
slsmatively on the Anafog Comparstor oUipi (AC0), and this changs confims b the
s&lling of the sdge detecky, a capture wil be Niggered. When a caplurs is tiggarsd, the
16-bit valus of thes couritsr (TCHT1) ks witten fo the input Cspiure Register (ICR1). The
input Capure Fisg (IGF1) |5 sat at the same system clack as the TGNT 1 valus Is coplsd
Inte IGR1 Reglstar. 1T anabled (TICIED = 1), the Input capture fag gensrates an Input
cephurs Mbarpt The ICF1 flag |s sulematicaly dearsd when he INtEmupt 5 exectad,
Altarnatively the 1CF1 flag can be cleared by softwars by wiltng a loglcal ona & s 1O
Bt ocstion,

Fsading the 18-bit valus In the frpu Caplure Aegistar{ICA1) ks dona by st rsadng the
fow byt {ICATL) and then the high bybs (ICR1H). When the kow byts |s read the high
byte I copled Ink the high byts temporary ragister (TEMP). When the CPU rsads the
ICRTH 10 ocation ILwil accsss ha TEMP Registar,

The ICR1 register can only be WritEn whan using a Wavelom Ganeration moda that
utilizas the 1ZR1 Ragistar for deining the countar's TOP valua, In these casss the
Wiavelnm Genarstion mode (WEk12:0) bits must be sat bafoers the TOP value can ba
wiitlen o the 1ICR1 Register. When wilting the ICR1 reqister the high byte must bs writ-
tan o the ICRTH 142 location bstare the low byte i writan o CR1L

AT ey 1 6 L)

ZaseE-aNTi-10/02



A, T megal6{L)

Input Capture Trigger Source

Molze Canceler

Uzing the Input Capture Unit

Qutput Compare Units

For more Information on how bo access e 16-bit registsrs reler b “Accsssing 16-HL
Registars” on pags 86,

The maln triggsr sourcs for the Input capturs unit s ths (npw Capturs pin (IGP1).
TimesrCaounisr can alternativaly uss the Anaks Comparator output & Irigger sourcs
for the Input capturs unit. The Analog Comparator s selactsd &5 Mgger sounss by sal-
ting the Ansfog Comparsior inpul Capfure (ACIC) bit I the Ansiog Compsrator Con
and Status Aegiier| ACSRA). Ba awars that changng riggsr saurcs can Tigger a cep-
tura. The Input capturs fiag must thersfons be dearsd aftar the changs.

Baoth the input Capiure pin {IGP1) and the Anaing Comparstor ouiout (400 Inputs ee
sampled using the same tachnigqua as for tha T1 pin (Flgure 38 on page 81). Tha adge
datactor 5 also KMentical. However, when the noks cancelar |5 srabled, addiicnal kogic
I Insrtad bafore the edgs dstectar, which Increasas the dalay by faur systam clock
q.rdesa. Mate that the |I'|F‘.It of e nolse cancakr and 9@9 datestar iz EM‘S!."S anabked
unless the TimeriCounter B set In a wavslorm generation mode that uses ICR1 1o
dafina TOR.

An Input caplure can be rggered by softwars by controling the port of the 1GP1 pin,

Tha noks cencalsr mprovas noks Immunity by using a simple digital fiksring schame.
Tha nolsa cancelar |I'PLI| I= moniiored cvar four 3EITIFI|BS. and all four must IIBEF:]US| far
charging the output that In tum |5 ussd by the edges datactor.

The nokes cancaler s enabled by seting ihs mpur Capiue Mose Canceier (IGNC1) bt
In TmeniCounter Contm Aegister B | TCCR1 B). Whan enabled the nolse cancelsr Into-
duces additicnal four system cock cyces of delay from a changs applisd to the npat, o
thes update of the ICAT Redistar. The nolss cancaler uses the system clack and |s hers-
fore not allected by the prascaler.

The man challargs whan using the Input capturs unit i & ssslgn enough procassar
cepacity for Feardling he Incoming events. Tha Hme batwaen two events s critical, If e
focEssar has rok read the GEPU.ITEH walus In tha ISR HE@|$H bssfars thies et avant
ooours, e ICRT wil bs overaTittan with & new valus, In this cass the result of the cap-
tura will bss Incorrest

Wihian usirg the Inpul caplure nbarupt, the ICR1 Register should b read & sarly in he
Interrupt randler routing ss possibla. Even though the Input capture Intemupt hes reda-
tively hiigh priodty, the mesimum Interrupt rssponsa tme 1s depandent on the meximum
rumbsr of clock cycles It akss to handis any of the othar Inkarrupt requssts.

Lising the Input captura unit in any maode of apsration whan the TOP valus fresciution) &
activaly changed during apsration, s not recommendad,

Messurement of an extemal signal's duty cycs requiras that the tgoer edgs Is changsd
afler sach caplurs. Cranging the adge sansing must bs dona as saily as passibl aftar
the ICR1 Registar has t==n resd. After a changs of the edgs, the Input capturs fag
{IGF1) must ba cleared by softwars (wiiting a logical cna to the 1O bIE ocation). For
measUring rsquency only, the dearing of the 1GF1 flag ks not required {If an Inksmupt
hardler s ussd).

The 16-bit comparater continuously comparss TCHT1 with the Cuipif Compare Aegis-
fer (CCA1Y). I TGNT aquak OCR1 e comparator sknals 8 makh. A match will sel
thes Cugut Compane Flag (OCF 1) at the nest imer clock cyels 11 anablsd (OCIE 1% =
1), the Cutput Compars Tlag generales an oulpul compans intarupt. The OCF1x lag B
E'.IUZII'I'IBDJ&"}I’ cleared whan the |I'I|BITLIFI| Is Exsscbad. N'B[I'ISU'J’BH.' e QCFIx ﬂ&g can

B E-AVR- 1
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b= cleared by soltwara by witing a leglcal ona to (ks 170 bit lecation. The Waveiorm Gen-
efalol Lsss the match signal to gensrate an cutput accerding bo operating mods st by
the Waveform Genarstion mode (WEM12:0) bits and Compare Guiput mode
(00M101:0) bits. The TOP and BOTTOM signals are ussd by the Wavetorm Genarator
for handing the spsclal cases of the extrame valuss In soms modss of opsration (Sse
“Mades of Opsration’ on page &)

A speclal faaturs of output compars unitA allvas it e defire the TimerCountsr TOP
valus L., counter eedution). In addiion 1o the counter resslution, the TOP valus
dafinss the perlcd tima far wavslorms gensrated by the Wavatom Genaratar,

Figurs 43 shows a bock diagram of ha output compars unit. The small *mt in the regis-
ter and bt names Indicaks he device number (0= 1t TmarCountar), ard the
Indicatss output comparns unit (A'B). The alaments of the block diagram that are nat
diresctty & part of the oulput compars unit ars gray shadad.

Flgurs 43, Culput Compers Lnll, Block Dlagam
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The IR registar ks double buffarad whan using any of the twalve Puise WO Mod-
iation (PWHM) modes. For the normal and Ciesr Timer on Compas (CTC) modes of
oparaton, the doubls bufering 15 disabled. The double butfering synchronizes he
updats of the CCR1E Gompars Feglster o alther TOP of BOTTOM of the countng
sequance. The synchranizalion pravents the ccourmancs of odd-kength, nen-symmetical
FWM pilsas, tharsby making the cutput glikch-mse,

The SiZR1E FHQEJH’ ACTALE TAY SS8m IIIITFI|BI. bt thig |2 not cass, When the doubla
Burking Is enablsd, the CPL has acoses bo the OCR1X Buller Reglster, snd If doutis
buffering ks disabled the GPL will accass the CCR1x dirsctly. The content of the OCR1x
{buffer ar compars) reglstsr I8 only changed by a write oparation { e Timer/Goeuntar
does not updats this regisher sutomatically 85 tha TCNT1 end ICR1 Rsglsin), Thersls
CCRAR s Rot read via the High byte Bmporary reglser (TEMP). Howsver, It ks 8 good
practice o rsad he low byte st as when accessing other 16-0E registars. Wriling the
CCRAx Reglstars mustbe dones via the TEMP Register sincs the compars of all 16 bl
I8 dore continuausly. The high bybs (OCR3H) hes to be wiitlen first. When the high
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by 1O Iocation ks witten by the GPL, the TEMP Registar wil be updaisd by the value
WIILER, TREN W e low Dyts (DCR1EL) IS WIS 1 e lowsr sight Wi, he high byts
wil be copled Into e uppsr 8-biks of elthar the OCR1X buffsr or OCATY Compara Rleg-
Bler I the same system clock cyds.

Foor mons Information of how to accses the 16-bit registars rafier o *Accessing 16-bit
Registars” on pags 86,

In nicn-PWk Wavsiorm Generation mc-das, the mak:h E‘.Iq:ll." af the cu‘nparalc-r can b
forced by writing a one to tha Force Cuiput Compare (FOCTx) bit. Forcing compars
match will not set the OGF1x Aag or rslaad clear the mer, but e CS1x pin will bs
updated as If a rasl compars match had occurred {the COM11:0 bits sslings dafines
whathsr the CC13 pin |5 551, cleared o taggled).

All ZPL wnibas o the TONT1 Registar will blcck any compars match hat ozcurs in the
rexd imer clock cycle, even when the imer 18 siopped. This Tealurs allows OCR1X o e
Initlalized to the sams valus a3 TONT 1 without riggering an Interrupt when the
TimarCounter clck 1= snabled.

Since writing TCHT In any mode of operaton will block all compare matches Tor one
timer dock cycks, hare are risks involved when changing TGHT 1 whan using any of he
oufput compars channats, ndspsndant of whether the TimenCounter 18 running or not
It the valua writlen to TCHT1 equals the GCR1x value, tha compars match will be
missed, Msuling In Incormect wevstom generation. Do not write tha TGNT1 aqual o
TR In PWK modes with verlable TOP valuas, The compars match Tor the TOP will b=
grcred ard the counier will continue to FFFF. Simillarly, do nctwnita the TCHTT valua
equal to BOTTOM whan the countar |s downcouriting.

The satup of the CC1x should bs perfomead befora sating the data dircion regskern ko
thes port pin to output. The sesket way of seting the O 1k valus 18 fo uss the fones out-
put compars (FOCT) strobs bits In Normal mods, The 01 raglstar kssps 16 valus
&van whan changing betasan wavalom genarabon modss.

B aware that the COM171:0 Dits ars not double bulsiad ogether with e compars
velue. Charging the COM 110 bt wil ke affact mmediately.

The Compare CLput Mmoo (COMTX1:0) ks have twa functions, The Wavelorm Gens-
glor uzas tha COMI 120 bits for defining the Oulput Compars {0C 1) staks atthe resd
compars match. Sacondly the COM1x1:0 bits conirol the GG pin output seurca. Fig-
wa 44 shows a siplifled schematic of the logic afacted by he COMIx1:0 bt seting,
The 1D Registars, 10 bils, and 1D pins In the figure are shown In bold, Only the park of
the gensral 1D Port Gontrol Reglsters (DDA ard POAT) that are affectad by he
COM11:0 blts ars shown. When rseming 1o the OC1x stats, tha refarsnce ks 4 the
Inbarmal OC1x register, not the CC13 pin. I 8 System Resat ocour, the OC1x Reglstar s
rasst I,

B-22



Compare Cutput Mode and
Wavetorm Generatlon

Modes of Operation
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The genaral 142 port function s overrikddan by the Oulput Gompars (GO 3) from he
WAVSTOM GENarator If elhar of the GOM1E1:0 bis 855 sal. Howavar, e OC1x pin
diresction {Input of outputy s stil contralisd by the Dsts Diection Aegiter (DDA) fof the
port pin. Thi Data Dirsction Register it for the GC1x pin (DOR_CC 1) must bs 55t &s
output befora e OC 1 valus IS vslbks an tha pin. The port cverrids function Is gensrally
Indepandent of the Wavekam Genaraton meda, but there ars some excaptions, Rsfs
to Table 44, Tabls 45 and Table 46 for detalls.

The deskgn of the cutput compars pin gk sllows Intalizaton of the CC 1x slats balas
thie au q:‘.ll I8 snablkd. Mols that soms COM1x1:0 bt satunga ara rasarved far csrtaln
modss of oparation. Ses *16-bit TImsrCounter Registar Dseaiption” on page 104

The SOt 110 bits have no affact on the Input capturs unit.

The Wevsform Ganarator usse tha SOM1:1:0 bits differsntly In rormal, CTC, and PWIA
moes. For all medes, ssting the SO0 = 0 fEls tha Wavafom Ganaratar that no
action on the OC1X Aegisk 18 be parfomed on the next campans makh, Far com-
pars cutput actions In s non-FW modes e to Tabls 44 on page 104, For Tast
Pt masde rafar to Table 45 on paga 105, and for phese corrsct and phass and fra-
quEncy cormact FWM refer 1o Tabks 46 on page 105,

A change of the COM 1110 bits staks will have sffsct at the st compars match aftsr the
btz are wiitksn. Far nor-FyaWi modaa, the action can ba farcsd to have Immadate silect
by using the FOC 1 strebe bits,

The madea of cperation, 1.6., he tshavior of the Timer/Countar and the output compana
pir, ks defined by e combination of he WaysDm Genensiion mode (WGEM13:0) and
Compae Cuipe mode [COM1x10) bits. The Compsars Oulput meds bits do not afkct
e IIIUI'IUI'Q aeuenca, whils the Wavelorm Ganaration maods bita do, The SOM1x1:0
bt contral whether the PWM cutput gereratsd should be Invertsd of ot (Invertad or
ron-nvarsd PWH). For non-Pak modes the COM1x1:0 bits contral whether the out-
UL sNaUK b sat, deared of g0 al & Compars Maksh (Ses “Compars Match Cutput
LInit™ on pags 92.)

Fir detailed tming nfarmeation rafer to “TmarCouner Timing Disgrams” on pags 102,

ATmegal6(lL) m——————
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Mormal Mode

Clear TImar an CI}ITIFIE F&
Match (CTC) Mode

The simplest mode of cperation 1s the Nomsi meds (WGEM12:0 = 0). In this meds the
counting direction ks atways up (incremanting}, and no counter clear |s parformed. Tha
courtsr simply ovemung whan It passas I maximum 18-bitvalua {MAX - 0FFFF) and
then restarts from the BOTTOM (0000}, In normal cparation the TenCounter Cver
fiow Fisg (T 1) will b= 5=t In the same Bmer clock cycle a3 the TGNT 1 becomes 2.
Tha TOW fisg In s case bahaves ks & 17 bt sxcspt that It s only sst, not clarsd.
Howewer, combinsd with the e overflow Interrupt that subomatically cears the TOW
HEQ, the timer rmsalution can be Increassd D\' softwars. There ars ro 3|:939| casas o
conalder In e Marmal I'I'Il:ljBI a new SoUner value can bs writtan Em’ﬂﬂ'ﬁ.

The Input cepturs unit s sasy to usS N Mormal mads. Howevel, cheans that the maxd-
murm Irterval bebwesn the extamal avents must not excesd the resalution o the countar.
If thes Intsrval batwaen svants are b kong, the tmar overfow Intamupt of the prescakar
must b used ko sxtand the resalution far e caphirs unit.

The oulput compars units can bs used o ganaralks Nberups at some given ims. Lising
thes output compars to generats waveforms In Normal mods 1s not recommended, since
ks Wil ccupy oo much of the CPLU timea,

In Ciesr Timer on Compsne of CTC mods (WEM12:90 = 4 o 12), the GCRIA o ICR1
Reqgister are used o manipulate the caunter rasalution. In CTC mods the countsr ks
ckzared to zerm when the counter valus (TCHT1) matches alther te OCR1A (WGEM12:0
= 4) o tha ICRT (WEMI20 = 12). The QGR1A of ICRT defins the top value fof he
counter, hance alss Its rasaluion. This mods allvws greatsr controd of the compars
match output raquency. Itelso simplifies tha operation of counting extamal svents.

The tming diagram for the CTC mode s shown In Figure 45, The countar valus
(TGNT ) Incraasse until & compars match accurs with alther SCRAA o ICR1, and then
couriter {TCHT1) e clearsd,

Flgure 48, CTC Mods, Timing Ciagram
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An Interrupt can bs genarated at each ime the counter value reaches the TOP valus by
elthar using the OCF1A of ICF1 flag accordng bo the reglster usad o define the TOP
walue, If the ntarupt = anabled, the Intemupt handsr routing can bs used for updating
the TOP valus. Howesvar, changing tha TOP to a valus closs to BOTTOM whan the
colnter B running with none of & kw prescalal valus must be done with cars since the
CTC mode doss not have the double buffering featurs. If the new valus writtan to
CCRA ar ICR1 ks lowsr than the currant value of TCNT1, the counter will miss the com-
pare matzh. The countar will hen haves b count B 1 maximum valus (0xFFFF) and
wrap around staring at Q0G0 bafore the Compars maltch can cCour. In many cases

O MTlemet Fag Set
e rea s Sat
T | nremgtenTOR)
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Fagt PWM Mada

this feature s rot dasirabka,. An alsrnative will then be 1o uss the tast PWM mods using
CCR1A for delining TOP (WGEM12:0 = 15) sinca the OCRAA then will be doubla
baiffared.

Fif garsrating a wavekdm output In CTC mods, the OC1A output can bs sst to ggle
It logical level an sach compars match by seting the compans autput mads bits 1o tog-
ol Mo (COMIAT:0 = 1), Tha OC1A velus will it b= visiblk on the port pin unkss the
data drection for the pin ks st to cutput (DOR_CC1A = 1), The wavelorm generated will
Ve & MMM IEqUENCY Of T, = (), po'@ When OCR1A B set o Zs ([0o0000). The
wavalom equency ks delined by tha fallowing squation:

fo. Fae o

J0Cak T BTRTT + OCRAA)

The M varlabls rapresents the prascalsr tackar (1, 8, 64, 256, of 1024),

Az Tor the Marmal moda of apsration, the TOAW a] ke salin the sama timer clock cydda
that thes counbsr counts mom MAK o 00000,

The fest Puise Wilth Moduwston or kst PWHW mode (WGEM120 = 56,714, o 15) pro-
VIS & high Mequancy PYWH wavararm genaration apicn. The @st PWM diffsrs fom
the ather P& options by Its single-slope operation. The countsr counts from BOTTOM
t TOR than rsetarts ram BOTTOM. In nen-inverting Gompane Cutput maos, he Cutput
Compars (OC1%) 12 86t an the compare match batwssn TCNT1 and GCR1E, and
clzarsd at TOP. InInvertng Compars Cutput mods autput i clsarsd on compars match
and sat at TOP. Dus ko e single-skope opsration, the opsiating frequency of the fast
P moda can be twice as high as the phass cormsct end phass and raquancy comect
FWM modes that uss dual-slope opsration. This Righ Tequency makss the Est PE
micda wall sultsd for power regulation, rectification, and DAC applizations. High fre-
quancy allaws physically small sized extarnal componants (colls, capacions), hencs
rsduces total systm cost.

The PAWM resciation for fast FWH can bs hed to 8-, 9-, of 10-bIt, or defined by slther
ICAT of GCR1A. The minimur resoluticn sllowsd ks 2-bit (ICAT of GCR1A 85t
000E), and e meEdmum resciuion Is 160l (IGAT o OCRTA set b MAX). The PA
resalution In bits can bs calculated by using the falkwing soquation:

bg(TOFP+ 1)
R - -
FRWM o2

In Tast PWM mods e countsr s incramanted untl the counter value matches sithar
one of the Ted values Cold0FF, (ol FF or o 2FF (WEMM12:0 = 5 & or 7), the valusin
IZRT {WGEM12:0 = 14), or the valus In SCR1A (WEM12:0 = 15). The counter Is then
charsd at the folkowing dmer clock cycks, The tming diagram for e et WA mode B
shan In Figure 46, The figure shows fast PWK mode when OCR1A on ICR1 kB ussd o
dafine TOP. The TGHT1 valus I8 in the imirg dagram shown s a histogram o us-
trating the sirgla-slops apsaration. The dagram ncludes ron-nvertsd ard Invertad P
outputs. The small horizontal line marks on the TCHT1 slopes repressnt compars
matches betasan 0GR and TCNT 1. The OC1x intemupt flag wil be sstwhen a com-
pars makch coours.

ATmegal6(lL) m——————
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Flgurs 46, Fast PWM Mode, Timing Dlagram
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Tha TimariZountar Csrfow Flag (TOW1 ) s sat sach ime e counter rasches TOP. In
addtion the OC1A of ICF1 fag ks set atthe same tmer clock cycks as TOWV1 B sat when
elthar QCR1A O ICR1T 12 used for defining the TOP vaus, IF ana of the InkTupts are

enabled, tha Inbarmupt hardler routine can bs ussd k4 updating the TOP and compare
welues.

Whan changing the TOF valus the program must ensure that the new TOF valus B
highes or equal 2 the value of all of the compare registars. I the TOP valus Is kwar
than any of tha compare registars, a compare match will rever occur betwssn he
TCHT and the OCR1x. Hote that when using fxed TOP values the unused bits ars
masksd to 2ars when any of the OCR1x Registers ars wiltlen.

The procsdurs for updating ICAT diffars from updsting GCR1A when ussd or defining
the TOP valus. The IGR1 Redster s ot doubls buffered . This means that If ICR1 Is
cranged o a low valus whan e Counkdr 12 unning with none o & kow prescaler value,
thera I @ rlsk that thi new 1A valus wiittan i lowsr Han the cumsnt vaks of TCHTT.
Tha rasult Wil then be that the counter wil miss the compaa match at the TP valus,
The counter will then have 1 count 1 e MAX valus (0xFFFF) and wrap eround start-
Ing &t Coa000 bafors the compars mateh can cocur, The CCR1A Reglstsr howsvar,
double butfersd. This featurs allows the OCR1A 1O lozation to be writken anytims.
Wihen the OCR1A 140 lecation 15 written the value writhan will be put Into the OCR1A
Bublr Reglstsr. The OCR1A Compars Reglstsr will then e updated with the velus In
thes Buffer register atthe next Hmsr clock cycke the TCNT1 makhes TOP. The updats
dare at the sames imer clock cycla &5 the TONT1 15 clearsd and tha TOVA flag I sat.

Lising the ICR1 Registsr for deAning TOP works wel whan using fesd TOP valuse, By
LEIng ICA1, the DCR1A Register |s free & be used for ganerating a PAWM output on
CCAA, However, Il the bass PWM frequency |s sctively changed (by changing the TOP
valus), using tha OCR1A 8 TOP I8 dearly 8 batter choles dus to ks doubls butier
feature,

In fast PWK maods, tha compars units alloe QH'IBTH"DI'I of PWK wavaloima on tha
OC1x pins. Setting the COM1E1:0 B 1o 2 wil produce a nan-nvartad PWH and an
Invarted FfM cutput can be generatied by ssting the COM13:0 10 8 (S2a Tabls 44 on
page 104y, The achual OC1x valus wil only ba visibls on tha port pin If the data direction
far the part pin | &5t as output (DD A_CWG1x). The PWH waveform |5 generated by

S E-AVR- 1o
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Phase Correct PWM Mods

saling (or claaring) the G 1% Registar at the compars match bsteeesn GCR1E and
TCNTA, end clearing {or seling) the OC1x Regislr at the tmer clock cycks e countar
ks cleared (changas from TOP bo BOTTOM).

The P requancy for the output can B3 calculatsd by the Kllowing Squation:

. oo
SOCaPWM T EOTITOR)

The M varabls rspresents the prascaler divider (1, 8, B4, 258, o 1024).

The axdrams valuss for the CCR1X FI&;|SJZGT I'BFI'&SE'HE Spﬂlﬂﬂ caese whan MHHHHQ
& P wavelorm oUlput I the st PWM mods. If the OCR1X 15 55t equal to BOTTOM
{EreDC0) e output will b 8 rarmos spiks Tor asch TOP+ tmer dock cyck. Seting the
OCR1x squal b TOP wil result in a corestant high or ko cutput (dapsnding on the polar-
Ity of e oubput S5t by the SO0 bits.)

A raquancy (with 5056 duty cycle) wavsfom cutput In tast PAWM mids can be schisved
by s=iting Co1A to toggle IS logheal level on each compars match {COMIATD = 1),
This applks only 1 CCRAA 15 used to deling the TOP valus (WEM1 20 = 15). The weve-
famrn generated will have a meodmum frequency of fae., = Ly @ when OCRIA B sstto
Zero (BI0000), This feahre |5 similar o the OC1A taggle In CTC mods, except the dou-
Be butksr feature of the cutput compars unit i enabied In he fast PWM mods,

The phase comect Puse Wil Moduston of phess comect PYWH mode (WEM12:50 -
1,2,2,10, or 11) provddes @ high rasolution phass comact PWK wavedorm genaration
option. The phass comect FWH mods 15, lIke the phase and fraquency corrsct PWH
modks, bassd on & duakslaps operation. The counir counts repsatedly rom BOTTOM
{C0000) to TOP and than from TOP o BOTTOM. In non-inverting Compars Sutput
mode, the OUIpUL Compars (OC1X) 18 clansd an the campars malch bstwsan TCHTI
and DICR1x while LIFGE‘.II'IUI'IQ. ard sat on the COmpara matzh whiks m'hnmunung. In
Inwvarting Cutput Compare mads, the cperabon Is Invertsd, The dual-slps opsration has
lwal maximum cperatian requancy than eingls skope aparation. Howsaver, dus to e
3}.!111"19""3 faatire of tha ULH|-$|E1:IB P modss, theses modes ars FI'B|EITEF1 Tor metar
contrel applications.

The PWM resclution for the phase cormect FWI mode cen bs s to & 9-, or 1040t or
geMned by elther ICAT of OCATA, TRS MINIMUM rSsciution allowsd B 2-bit (ICA1 of
OCR1A g8t to (e000a), and the maximum rasclution s 18-bit (IR or GCR1A 55t o
MAX ). The PWM rasclion in bits can be cakeulated by using the follewing squation:

)
Rpcews = %

In phass corsct PWH mods the countsr 18 Incremented unti the countsr vale matches
slthar ona of the fhesd valles 0e00FF, Mi01FF, o C0aFF (WEM12:0 - 1, 2, o 3), he
walle In ICRT WGEM13:0 = 104, o the valus In CCR1A (WEM120 = 11). The countar
ras then pachad the TOP and chardss the count drection. The TCHT1 vale will be
equal i TOR for ane imer chck cycls. The imirg disgram for the phase comect Pk
meodss shown on Figure 47. The figure shows phase cormsct WM mode when OCR1A
of IGR1 15 Us=d to defne TOP. The TCNT1 valus 1 In he iming diagram shown &5 a
histogram for lusirating the dusl-slops cperation. The diagram Includss non-invertsd
and Invartsd PWM oulputs. The small horlzontal Ines marks on the TCMTA slopes rspra-
st compare matches batwsen OCRTxE ard TCHTA. The OC1x Inrmupt flag wil be set
when a compars mateh occurs.

ATmegalG(L)
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Flgure 47. Phass Gormsct PWM Mods, Timing Disgrem
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Thes TimerACounter Cverfiow Flag (TOW1) 1S set each time e counter reaches BOT-
TOM. When elther CCR1A of ISRT 15 used for dsfining the TOP valus, the ©C1A of
ICF1 flag Is set accardingly &t tha same timsr clock cycla as e OCR 1% Regiskrs are
updatad with e doubls BUREr valus (at TOP). The Interrupt flags can be ussd b gensr-
als an Inbsrmupt each tima the counter reaches the TOP of BOTTOM value,

Whan Gh&l’lg“'g the TOP valus the pregram miust ensura that the new TOP valus B
HQI'H ar 9:||.I9| o the valus af all of the compara reglabsrs. It the TOP valus |8 kwar
han any of tha compars TQQ|S|QT$I a compars match will rever accur babtassn the
TCHT1 and the OCRTE Mobs that when using fixed TOP values, the unussd bits ars
maskad o Zsro 'whean any of he OCR1x HBQSHS ara writtan . A= tha third FEIDJ e
In Figurs 47 llustrates, chenging the TOP actively whiks the TImeriGounes ks rurning in
e Fi'IES-B cofract mods can rasult in an LI'IS:jITI'IITIBtrbN U.ItFILIL The reasan for thig can
b found In tha time of updata of the CCR1x Ragisksr. Sincs e OCR1E Updabs ccours
alTOP, the PWM perid starts ard ands at TOP. This Implles that the kength of the fell-
Ing slope ks detemined by the pravous TOP valus, whils the length of the rising slops ks
detarmined by the rew TOP valus, Whan thess two valuss difer the o skpss of tha
pariad wil diffar In lkength. The diferancs In ength gives tha unsymmetrical rasult on the
utput.

It 15 racommerdsd ko uss the phass and requancy coract mods Instaad of he prass
cofrect mads whan changing the TP valus whils the Timer/Cauntar s running. When
using & static TOP valus thara ars practically no diffarsnces babwaen the two modes of
operation.

In Fi'l&S-B cormct Pk I'I'IIZIIHI tha compara units alkra MHEM'I of PV wavaliornme on
thes D1 3 pirs. Ssting the GOM131:0 bils o 2 will producs & non-Invartsd PWH and an
Invarisd PM cutput can be generated by ssting the COM1x1:0 10 2 (559 Table 44 on
page 104y, The actual OC1x vake wil only be visible on tha port pin If the dala dirsction
for th port pin ks sat as cutput {DDR_CC), The PWM wevstorm Is genaratsd by sel-
ting {or clanng) the OC1 Regskr at the compars malch batwaen CCR1x ard TCHTA
whan tha counler Incraments, and dearing (of seting) the OC1x Reglsker at compara
mabch betwsen OCR1E and TCNT whan the countar dacrements. The PWM lsquancy
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Phase and Fraquency Corract
PWM Mode

far the output whan using phase cormect PAWK can b= caleulated by the following
equation:

; o e
focercrus = 55 ToF

The M varlabls represents the prascaler divider (1, 8, 64, 255, or 1024),

The exirema values for the OCR 13 Rsgister represent spadel casss when generating a
P waveform output in ihe phase oomect PWHW mode. IF the SCR1x I et squal o
BOTTOM the cutput will be continucusly kw and If set equal to TOP the output wil b
coninuausly high for non-inverted PYWhA mods, For Inverted W he output will have
e opposite logic vakes., IF CCR1A I8 ussd o define the TOP valua (WiEM12:0 = 11)
and COMIATD = 1, the O 1A output will toggle with a 507 duty cycle.

The phase and frequency comect Puise Width Moduwston, of phase and Mequency o-
r&ct PWM mods (WGEM12:0 = 6 ar 8) provides a high resclution phass and frequancy
correct PWH waveform genaration option. The phase and fraquency correct PAWM
moda 15, lke the phase correct PWH mods, basad on a dual-slope oparation. The
conter counts repaatadly from BOTTOM (00000 to TOP and than from TOP to BOT-
TOM. In nandnverting Compare Sutput mods, the Cutput Compare (SC1x) 1 clared
of e compans match betaesn TCNT1 and OCR 13 whiks upcounting, and sst on the
compars match while downcounting. In inverting Gompeans Oulpat mods, he opsration
15 Invertad. The dusl-slope oparaton gives & [owsr Masimum opsratin Tequsncy oom-
parsd to the singla-skops operation. However, dus ta the symmetrk: faatre of the dual-
slope PWH modes, Hese modse are prefemed i molor control applications.

The main difsrenca babween the F"ISSB cormact, and the pnasa and ITBq.IBI'IG}' carrsct
FWM mods ks the tme the OCA1X Asglster s updated by the GCR1x Burisr Registar,
{558 Flgurs 47 and Figurs 48),

The PWM resclution for the phass and eguency cormect PWM mods can be defined by
elther 1CA1 of OCRTA, The minimum rasokition sllowsd ks 2-bit ICAT of CCR1A 52t b
(B0, end e mezdmum rescution s 18-IE(ICAT of OOR1 A sat to MAX). The PWM
resnlutian In bits can b= calculatad USII'Q tha I'CI|D'|\1I'Q aquaum:

( )

Repcpws = %
In phass ard fequancy comect PWM mads the counter is Incrementsd untll the counter
valus matches slther the valus In IGR1 (WGEM12:0 = ), of the valus In CCR1A
(WGEKM13:0 = 8). The countar has then mached the TGP and changss the count direc-
flan. The TCHT1 value will be Squal ty TOP for ons timer clock cycle. The timing
diagram for the phese cormest end frequancy cormsct PYWH mods s shown on Figurs 48,
The figurs shows phass and fequency comect P mods when OCR1A of 1CR1 Is
usad to deflne TOP. The TGHT valua 1 In the iming dagram shown as a histogram for
llustrating the dusl-slops cparation. The diagram hcudss non-inverted and Invsrtsd
FWM oulputs. The smal horzonlal lins marks on the TCNT1 skpes reprasant compars
mabzhes betwsan OCATX and TCNT 1. The OC1xintsmupt iag wil be sst when a com-
pars malch oocurs.

ATmegal6(L) m——
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Flgurs 48, Phase and Fraquancy Comect P Mods, Timirg Clagram
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1 1
The TiImerCounter Cverflow Flag (TOW1) Is set at the sams imer clock cycls as he
IR registers ars updakd with the doubls buffar value (at BOTTOM). Whan sl ther
CCR1A O ICRT 15 usSd for asNning he TOP valus, e OC1A of [GF1 Nag st when
TCNTY has reached TOP. The Intamupt fags can then be ussd to generata an nternpt
gach time the countar rsaches e TOP of BOTTOM valus,

Whan changing the TOP valua the pregram must ensure that the new TOP value i
higher or squal o the valus of all of the compars registars. IF the TOP valus lg kwar
than any of the compare ragistars, a compare match will rever occur batwssn the
TCNTT ard the GCR1X

As Figure 43 shows e cutput ganeraisd s, In contrest b e phase correct meds, sym-
meTical In sl pafods. Sinca the OCGR1x Rsgktens ere updatsd at BOTTOR, the langth
of the rizing and the faling slopss will always bs equal. This glves symmstrical cutput
Pukses and ks therafore raquency oomsct

Using the IGR1 Fegistsr for deining TOP wirks wal whan using fesd TOP valuss. By
ueing ICA1, the DCR1A Registsr Is frae & be usad fof ganerating a PWH cutput on
OC1A, Howsvar, If the hass PWM requency s actvely changed by changirg the TOP
walus, using the GCR1A as TOP s ckarly a bettar chalos dus o s doubls bulksr
fealLire.

In phase and raquency coract PWM mods, the compans units allow genaration of
P waelorms on the 01 pine. Sstting e COM 110 bits b 2 will praducs a nen-
Imvarted PW I and an Invertad FWH output can be ganaraksd by seting the COM1x1:0
tn 2 (Sea Table on pags 105). Tha achual OCTx valus wiil only be vishiks on s port pin
It the data direction for the port pin ks 55tas autput (DDR_CGC 1%, The PWM wavstom ks
ganeratad by sstiing jor dearing) the OC1x Asglster at e compars match batwssn
CCR1xand TCHTH when the countar Incraments, and claaing (or satting) the OG1x
Reglstiar at compare match betwesn CCR1x and TENT1 when e countsr decrsments,
Tha PV TOUBNCy fof N6 autpul when Usng phase and Taquancy comact PWh can
b= cakcuiatad by e fallowing souation:

P o _Janva

focasPFePwM = 55 TOF

The M vaniabks represents the prascaler dividar (1, 8, 64, 258, o 1024).
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Timar/Counter Timing
Diagrams

The axtrams valuss for the CCRX FI&;|$JZGT TBFI'&SE'HE SFGGH caEse whan gsnaraung
8 WM wavelorm autput In e phass oorrsct P moos, 1T he CCR1X IS set squal to
BOTTOM thes cutput will be continucusly kw and If set aqual to TOP the output wil ts
st to high for ren-Inverted PWM mcde. For Inverted WM the output will havs the
oppoeits logle valuse, IF OCATA I8 ussd o dsling the TOP valls (WSM12:0 - 9 and
COMAAT:D = 1, e OC1A output will baggle with & S0 duty cycls.

The Timer Counter s a synchronous design and the Bmer cock {clkr,) Is therefore
shown 83 a clock enable slgnal In the fallowing Ngurss. The fgures includs inkrmation
on when Intstrupt flags are sef, and whan the OCR1x Reglssr s updatad with the
CCRN buffer valus (only o modes ullizing doubls buffering). Flgure 49 shows a iming
diagram for the sating of CCF 1.

Flgure 48, TimesCountar Timing Dlagram, Setting of OCF1, Mo Prescaling

oo | | | |

d

[k 1]

TONTn | CCAR-1 }:r oA || OCAmes1 || OCAmxs2
i | ! ! |

©CHn DOCFns Vakie

OCFm

Figura 50 shows the sama timing data, but with the preecaler anabled.

Flgurs 50. TimerCountsr Timing Dlagram, Setirg of OCF1x, with Frescalsr (i, y'8)

O A
[cﬁ-hn [ |— |— |—

TGNTR OCAm-1 | OCR || 0GRt :: OCAm: + 2
pu— § ! 1

R OCFiree Vabie

QGFnx
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FQLII'B 51 shows tha count Eaquanca cloes b TOP Invarlols modes, Whan USII'IQFII'I&SB
and fequency correct FWM mods the GGR1x Registar b updated at BOTTOM. The
timing dlagrams will ba the sams, but TOP should be rsplacsd by BOTTOM, TOP-1 by
BOTTOMH ard 50 0n, The same renaming applies for modes that st the TV flag at

BOTTOM.

Flgurs 51. TimerCauntar Timing Clagram, no Prescalng

clkg

L

alky,
]

TCHTR
(CTCand FRwM _|

TCHTR

(FC and FFC FwM_[|

TN [FRWH|
ard IGFnfusad
a8 TOR)
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TOF -1 | TOF
\

EDTTOM

:l: EOTTOM + 1

T
TOF -1 | TOF
\

tor1

ToR-2

OCRnx
[Updata ai TR

Cid CORm: Valua

Figura 52 shows the same timing data, but with the prescaler anablked.

Flgurs 52. TimerCauntar Timing Dlagram, with Prascaker (fy, o8)

alky, |-|_
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T
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O CCRrxdale
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16-bit Timer/Counter
Register Description

TimerCounter Control
Regleter & - TCCR1A

+ Bt T:6 —COM1AT:D: Compare Outpul Mode for Channel &

+ Bt 5:4 —COMIB1:0: Compara Output Maode for Channel B

The COMIAT:D and COMIE1:0 control the Cutput Compars pins (OC1A ard OC1E
reepaciivaly) behavior, I one of both of the GO 1A1:0 bits ars wiitken to one, e OC1A
l:‘.lq:ll." avarides the nomal FIIZII'| I'LII'EUDI'IE"I'!.I’ of the 1D FI|I'| Itls connectad ta. IFf ana ar
both of the COMABN:D bt are wiilten 1o one, e OC1E aulput overrides the normal port
functianality of the 1O pin It ks connectsd to, Howaver, nats that the Dsts Dirsction Reg-
ister (DDA} bt cormasponding to the OC1A of OC1B pin must be st In order 1o enabis
s UItpIt Ariver.

When the OC1A Of DC1E 12 connecied to the pin, e function of the COR1TX1:0 bits B
dapandant of the WEM140 bits selling. Tabks 44 shows the GOR1 310 bit funconality
when the WiE 12:0 btz are setto a normal or a CTC meds (non-Fwd).

Table 44. Compare Cutput Mode, ran-Fa

COMAAACOMABY | COMAADCOMABD | Description

] ] Hermal port oparation, CCAACCHE
disconnected.

Q 1 Togglk OCAANICA B on compars match

1 ] Claar CCAANCH B on compara match (St
cutput bo low level)

1 1 Sat DCAADCAE on compare makch (Sat
cutput bo high lewel)

Teble 45 shows the COM1E1:0 bt urctionality when the WiEM13:0 bits ars 56t o the
fast PAWM mode

ATmegatt(L)
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8-bit Timer/Counter2
with PWM and
Asynchronous
Operation

Overview

Regletere

TimerCountar2 ks a genaral pupess, single channsl, 8bit TimanGountsr modula, The
maln faatures ara:

Bingle Chanrel Courter

Clear Timer on Compare Matoh {&ute Reload)

Glitoh-fres, Phass Carmat Pulss Width Modulator {PWM)

Frequency Generator

10-bit Clock Preacalker

Orverflow and Compare Match Inberrupt Sources (TOV2 and OCF2)

Allows clooking from External 32 kHz Watoh Crystal Independent of the 10 Clock

*

R

A simplilad bock disgram of the B-Wt TimerCGountar |5 shown In Flgurs 53, For the
actual placemant of VO pirs, 1sier & "Piouls ATMegais” on page 2. CPU accessite
KO Aeglstars, Including 1O biks and 1O ping, e shown In bald. Tha devies-spscific 1O
register and bit lacations are llsksd In the *6-bit TImanGountsr Fegister Descripion” on
page 121,

Flgure 53. 8-bit Timer/Counesl Block Dagam
L

T
FriRm|
i,
=oe
\—I_ =
oo oy
o

CATRERES

Lini:
! P
s N
k.
. :

The TimarCountsr (TONT2) and Oulput Compars Asgister (OCRE) ars B-0IE ragiters,
Intamupt request (shoren as IntAeq.) signals are al visible In the Timer Intsrmupt Flag
Register (TIFR). All Intarrupts are individually masked with tha TImer INETUpt Mask
Registiar | TIMSK). TIFRand TIMSK are not shoen In the Aguns since hess registars sre
gharsd IZN otfer imear units.

The TirerZountar can be clocksd Inlarnally, wla tha FII'BSE‘FEHT. or &S}'I’IG‘ITDI‘IDUSI}'
clocked from the TOSC1 2 pins, as detalisd later In this sscton. The asynchronous
operation I contralisd by the Asynchronous Status Register (ASSF). The Clack Salect
ng bkock contrals which clock souncs the TimanrCountsl usas o Incrament I:El' dere-
I'I'ﬂ'lt:l Itz valus, The TimarCounks B nachvs when no clock sounce s sakctsd. The
cutput from the Clock Salect logic IS rafemed toas the tmear dock (clk).

B E-ANR- 1

B-34



Definitions

TimeriCounter Clock
Sources

Counter Unit

ATmegai6(L)

Tha doubls buffarsd Cutput Compars Reglstsr (CR2) 1s comparsd with the
TimeriCauntar valus at all Hmess. The result of the compars can ba usad by the wave-
form generabor b generais 3 FWH or vanable fequency output on the Cutpul Compsare
Fin (OC2). Ses “Culput Compars LN on page 112, ko datalls. The compars makh
evant will also sst the Compers Flag (OCF2) which can be used to gensrats an output
compars Imermupt request.

Many registar and bt relsrancss N Mis dacument &rs wItEEn In gareral 1orm. A lewser
ca5S 1" raplacas tha TIMECountsr number, In this cass 2. Howavar, when using the
register or bt dsfines In a program, the pracize form must be usad (Le., TGNT2 for
amslng TimerZountar2 counk valls and S0 EII'I:I. The dafiniiors in Table 49 are also
usad extenslvely Mraughout the dacument

Table 49, Defniions
BOTTOM | The countel reaches the BOTTOM when Itbecomes zano | imid).

MAX Tha couniter reaches Its MAXIMUM when It tacomes 0uFF {decimal
268,
TOP Tha counter reaches the TOP when It becomes squal 1o the highast

value In the count sequenca. The TOP valus can be assigned o b tha
e walus (FF {MAX) of the valus stored In the OCRE register. Tha
asslgnment & dapsrdant on the mods of oparation.

The TimeriZountar can s clocked tl!.l' an Intarral S{.ITIG'II'OI'IZIUS aran BI'ZGH'IN&S}TIE"II‘O-
rous chck sourca. The dock source diky, B by dafault squal to the MCU dock, ok,
Whan the AS2 bit In the ASER Regisbsr I8 wiiten b loglc ons, he dock sourcs |2 taken
from the TimerCountsr Csdllator connected to TOSC and TOSC2, For detalls on
EEYNCAICNoUS operalion, 568 *ASYNCNINOUS Sls Aegistsr - ASSAT on pags 124, For
datalls on clock soucas and prascaler, s TimsrCountar Prescalar on page 127,

The men part of the &-bit TimerCounter ks the programmabls bkdiscional counter unit.
Figura 54 shaws a black diagram of the countar and Its surrcunding andronmsnt.

Figure 54. Counter Linit Block Dlagram

= L :
=]

THT L Comrilage LU Pz |a— Ciecillmion
et
boren T Tnl Ko

Signal dascription (ntaral sionsls):

count Ircrament or decremant TCHT2 D'!.' 1.
directlon Selects babwesn Incramesnt and decrament
clear Clagr TONTZ (sat all bits bo zara),

elky, TimanCounEs dock,

2ateE-aNF-10k

B-35



A, T megal6(L)

Qutput Compare Unit

top Slgnalzes thal TCHTZ has reached maximum valus.
battem Slgnalzes thal TCHTZ has reached minimum valus (Zera).

Dependng on tha mode of DFG'EM'I UQW. the countar Iz clarsd, Incramentsd, or dac-
rsmentad at each tmer chck jdkry). ek can ba genserated from an ssesmal of Inksmal
CIOCK S0UTcs, SelSCtad by e Clock Selact Dits (GS22:0). WHen no clock 3oUres |s
selectad | CEE2:0 = 0) e tmear i stoppsd. Howsyar, the TONT2 value can b= accesssd
by the CPLI, regerdisss of whather clkr, |5 pressntor not. & CPU wiiks cvarrides hes
pricalty cwar) all countsr clear of count oparations,

Thes counting ssquence |s detamined by the setting of the WaEM21 and WIGM20 bits
kocated In the TimenCountar Confrd Regisksr (TCCRE). Thars are closs connectons
tsbwaan how the counter beheves (counts) and how waveloms efe Jenaraksd on the
Cutput Compars output OS2 For more detalls about advanced counting sequencss
and wavalorm genaraton, ses “Modes of Opsration” on pags 115,

The Timsr Countsr Cverllow (TOV2) lag 1S sst accomding bo the meds of operation
selectad by e WEh2120 bits. TOVE can bs used for gensrating a GPL Insmupt.

Tha &-bit comparator continuously comparss TCNT2 with the autput comparns registar
[DCRE). Whenewsr TCHTZ equals OCRE, the comparate slgrals a match. A match will
s&lihe Cutput Compars Flag (DCF2) at the next timar cleck cyds. If snabled {OCIES =
1), he cutput compars flag generatss an oufput compars interrupt. The OCF2 lag B
sutomaticaly claarsd when s InkSmupt s sxscutsd. Altsrmativaly, the OCFE flag can
b cleared by software by witng & kbgical ana b Its VO bit lecation, The wavelorm gen-
eralor usas the match signal to gensrate an cutput according bo operating mada sst by
thes WIEM2 10 blls and Gompers Output mods (COM21:0) bits. Tha mss and botom sk-
raks ars usad IZN the wavekrm QBI'IBIEU:IT far hﬂ'lﬂh'g U'ESFGE’H casse of the exiieme
valuss In some modes of operation (“Modss of Opsration” on page 115). Figure 55
shows a biock diagram of the output compare unit.

Flgurs 55, Culput Compare Unit, Block Diagram
DT BLIS

[=s, 1 TCHTR
|. ] =i Compmanior ) = |
COFn friReg]
- .
[ J— R S
FOCrn -

Wa kO [ S H
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Force Output Compare

Compare Match Blocking by
TCHNTZ2 Wrlte

Uging the Output Compare
Unit

Compare Match Output
Unit

The OCR2Z Regster 1 double buflerad when using any of e Pulse Width Modulation
(PWM) madse. For the rormal and Clear TImer an CGompare (CTC) modsas of oparation,
the doubks buffering i dizabled. The double builering synchronizes the updats of tha
OCRA2 Cormpans AsgEkr b elther top or botom of the cournting ssquence. The synchino-
nization prevents the cccurrence af odd4ength, norrsymmetical Wk pulsss, ety
miaking tha output giitch-res.

The OCRE Aegister accass may sesm comples, but this (s not casa. When the doubie
burfering Is enablad, the CPL hes accass o the GCR2 Buffer Register, and I double
buffaring ls dizablked the CPLU will ascess the OCR2 directy.

In Non-FWI wevsiorm ganaratbn modas, tha match C‘.I||:l|.l| af the WH’IF‘S[&U cEn b=
forcad by wilting & ona to the Force Outpul Compars (FOCZ) bit. Forcing compare
matzh will not sst the OCF2 flag or relead/claar the imar, but the DC2 pin will be
wpdated as If & real compars match had occurmed (the COME21:0 bits ssiings define
whather the 02 pin ls sst, clasred or toggkd),

All CPU writs oparations to the TCHT2 Reglstar will Hock any compars match that
cozurs In the ned timer clock cycls, aven when the imer 2 sloppsd. This faahre alows
OCRZ o be nitialzed to he sams value as TONT2 without tiggering an intarnupt whesn
the TimarCouner dock ks anablked.

Snca '\NTmng TCHTZ2 In any made of EPE'SUDI'I Wil block all Compars matches fof one
Hmesr chock e, thers are fsks Involved when chenging TCHT2 when using te cutpul
compars channel, nospendenty of whethar the TimeraCoeunter 18 rurning o not 1T tha
valug wiltten b TONT2 squals the OORE valus, the compars match will b= misssd,
I'BS-'.I|||I'IQ In Inzormact wavetorm QBI'IBIBIDH. Slmllarlg.r, da nat write tha TCHT2 valus
thLH| b BOTTOM whan e countar I3 UUWI'IW.II'IUI'Q.

The satup of the OC2 should ba parfomiad bafors setting the Data Dirscion Raglster for
the port pin to output. The easiest way of ssting the G2 vals ks t use e Force Cut-
put Compars {FOCE) stobs bitIn Normal meds. The OC2 Registar kesps 15 valus even
whan changirg betasan Wavelorm Gsneration modes,

Ba aware that the COM21:0 bits are not double butfersd togsther with the compare
welle, Cranging the COM21:0 bits Wil ake affect immediakly .

The Compars Cutput mode (COME1:0) biks havs tas functions. The Waveform Genara-
b wssss the COME1:0 bits for deiining the Cutput Compars (002) state at the rext
compars match, Ao, the COM21:0 bits confrol e GC2 pin output soures, Figura 56
shows & simpifisd schemati: of the kglc atfectsd by the COM21:0 bit ssting. The 1O
Reglsiers, 1O bits, and 10 pirs In the fgurs are sRown N bald, Only the parts of the
gerere 1O Port Gontrol Reglsters (DDR ard PORT) that ars atiscid by the COME1:0
Bt are shown. When refarming to the OC2 stats, the refersnce 1s for the ntarmal G2
Fagistar, not the GO2 pin,

ATmega (L)
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Compare Gutput Mode and
‘Waveform Generatlon

Modes of Operation

Mormmal Moda

ATmegal6(L)

Flgurs 56, Compars Malch Cutput Linlt, Schematic

[ S

Thes gareral 1O port function Is overrkdden by the Cutput Compare (0G2) from the
wavafarm genersalc-r It slihier of the COM21:0 bl ars st Fm'ﬁ'.lgl the 22 pln dirac-
Hen (nput or culput) i stil controllad by the Data Direction Rsgiskr (DDR) for the port
pin. The Data Dirsclian Registsr bit for e OC2 pin (DOR_CC2) must be st as cutpul
bsfons the D02 valus s visibla on the pin, The port cveride functon Is Indepandent of
e Wavelorm Gensration moda,

Thea design of e cutput compars pin lagk: alows nidalzation of he OCG2 stats belore
the cutpul is snablsd. Mot that some COM21:0 bit ssilings are resaned for cartain
modes of eperation. Ses 8-bit TmerCountsr Reglskr Description” on pags 121.

The wavelorm generalor usss the COM2 150 bl differently In Normal, CTC, and PWH
micdes, For all modes, setting the COM21:0 = 0 talls the Wavelom Gansratar thal no
action on the D2 FE,;EJH I b Fﬂl‘u’l’ﬂ&j an tha mﬂm‘np&ra match. Far compars
cutput actions In the non-F&H madss refer 1o Tabks 51 on page 122, For fast PWH
mezde, rafer o Tabla 52 on pags 122, and for phase corract PWH rafar 1o Tablks 53 on
page 122,

A changs of the COM21 0 bits state will have efiact at the Arst compars match ater the
bits are wiitken. For nor-Fwhd I'I'IDW*. the action can be forcad o have Immediats sifect
by using the FOCE strobe biks,

Tha madea of operaton, 16., the bahavior of the TimesZountar and the aulput compers
pires, ks dsined by the combination of ihe Wavafom Gererabon mods (WGEHE1:0) and
Compars Cutput mods (COM21:0) Wis, The Compars Cutput mods bits o rot affact
e coun ung SERUENCE, whiks the Wavelom Gansration moda b do. Tha SOM21:0
Bt control whather the PWM ctput gensrated should be Inverted o not {Invertsd or
rer-invertsd PWHY, For non-PWm modes the 0OME21:0 bits control whether the cutpul
should be sat, clsared, of kogakd ata compans malch (Hes “Gompars Malch Oulput
Linlt* o pags 114.).

For detailed timing nfarmeation refer to “TimarCouner Timing Disgrams” on pags 114,
The simplest mods of oparation 1s the Mormal mods (WEM21:0 = 4). In this meda the

counting direction ks atways up (ncrementing), and no counter clear |s parfarmed. The
colnter Simply cvarmure when It passas ts maximum 8-bit valus ( TOP = 0xFF) end then
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Clear Timar on CGITIFIE Fe
Mateh {CTC) Mode

restarts from the bottom (Co0). In nomal apseation the TimerGountsr Cvsrow Flag
(TOW2) wil be setin the same Umer chock cyeks as the TCHT2 becomess zero. The TOV2
fiag In this case t=havas lke & ninth bif, sxcept that It s only sst, nat clearsd, Howsyar,
combined with the Hmsr avarfios Intemupt that automatically clears the TOVE flag, the
timer resciution can be Increassd by software. Thers ars no spaclal casss to carelder In
the nemal mode, 8 new counter valus can be wiitsn anytims.

The Cutput Compars unit can be used o genarats Intemupts at sams given tims. Lsing
the cutput compars & gensrats wavslorms n namal meds 15 not recommendsd, sincs
this will occupy toomuch of the CPL tima.

In Clear TIMer on Comparsof CTC mods (WGEM21:0 = 2), the OCR2 reglster k& ussd to
manipulats the counter rescution. In CTC mods the counter ks cleared to zaio when he
countsr valua [TCHNT2) matches the OCR2. The DCR2 dafines the top value for thea
counter, hance alss Itz rasalutian. This mods allows greater contral of the compara
match output fraquancy. It so Aimplfiss the opsration o counting extemal svants.

Tha l:|I1'I|I'Ig ﬂ|@ ram for tha CTC mada |8 shown In F|QLITB 57. Tha countar valus
I_TCNTQ:I Incraassas untll a oomparse meatch o curs babwesn TONT 2 ard DICR2, and hen
counter (TOMT2) ks dearsd.

Flgure 57, CTC Mods, Timing Clagram

l 1 llH J_@'
e/} -

acn
(Tegdle)

ied | | | |
Pnnodl i 1 2 I“I 4

An Intarrupt can b= gensrated sach ime the counler vals reaches the TOP value by
weing the COF2 flag. IF the Inkrmupt s enablad, te intemupt handisr routins can bs ussd
for updating the TOP value, However, changing the TOP o a valus close o BOTTOM
when the counter i running with none of a kow prescaler valle must be dons with care
sinca the CTC mads doas net have ha doublke bullering katurs. IFhe new value witien
b SUCRE I8 lowar than the current value of TCNTZ, the counkr will miss the compars
match. The countar will than have to count © 15 maxdmum value (OxFF) and wrap
around starting at (o0 bsfare the compars match can ocour.

Fer genarating a wavekrm output In CTC mods, the QG2 cutpat can be set o toggls I
koqkcal level on each compars match by seting the Compars Sutput mads bits & £gals
meodks (DOME1:0 = 1), The OC2 valus will ot b= visible on the port pin uniess the data
drection #r the pin ks =t to output. The wavefrm ganaratad will have a maximum frs-
uency of fogg = 1y po'2 when OCR2 b8 sat to 2aro (0], The wavetarm frequency ks
dafinad by the Tolowing equation:

[CCMra=1]

. S i
J0Ca T SN+ OCRa)

AT rrvecy2a T 6 L) o
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Fagt PWM Moxda

The M varlabls represents the prascals fector (1, 8, 92, 64, 128, 258, or 1024).

As far the Mormal mods of aparatian, the TOWVE fla] kB sst n the sams Hmer chock cycla
that thes counbsr counts riom MAK i e,

The fast Pulss Width Modulation o fast PWH mode (WiEM21:0 = 2) provides a high fre-
quEncy PWK wavelom generation option. The fast P difars am the cthar P
option by Itz single-slope operation. The counter counts from BOTTOM to MAX then
restarts fiom BOTTOM. In non-inverting Compars Cutput mads, the utput Compars
(DC2) Is cleared on the compars makh bxtasen TOWT2 ard GCR2, and 2=t at BOT-
TOM. In Invarting Compars Cutput meds, the sutput s st en compars match and
cleared at BOTTOM. Dus bo the sngls-slops opsration, the operating frequsncy of the
fast PWh mods can ba beice a3 high as the phess comect PWHI mede that usas dual-
slope apsration. This high frequency makes he fast PWI mode wall sulted for powar
rsguiation, rectification, end DA appllcatians. High fiaquancy allces physically smeall
slzed extamal components (oolls, capadtors), and thersnons reduces Wil Systam cost.

In est PR madks, the countsr |8 Incramenibed untll e counked valus maknes he MAX
velue. Tha counber Is than clearsd at the folleasing Imsr cock cycle. The timing diagram
for tha fast PAWK moos i= shown In Figurs 58. The TCHT2 valua i in the dmirg diagram
shown as a histogram for illusirating the single-slope cparation. The disgram includes
rorHirvertad and Invarted PWH outputs. The small rorzontal line merks on the TONT2

siopes raprasant compare makchas betasan OCRZ and TONTZ
TR e Fiag Sat

DA Lpcis asd

IR o

Flgure 58, Fast PWH Mods, Timing Diagram

oen I

ﬁ —I I_I JoAE 1 w5
A A

The TimarCountar Cverflow Flag (TOVE) s set aach Bme the countar reaches MAX. IT
the Intermipt Is snabled, the Intemupt handler outine can b= used for updating e com-
pars valus.

In fast PWH mods, the compars unit allews gansration of PWH wavalfoms on the CC2
pin. Ssting the COM21:0 bits b 2 will producs & ron-inveresd PWM snd an Invartsd
FWM cutput can bs genarabad by sating the COM21:0 to 2 (a8 Tablks 52 on pags 1232,
The actusl OC2 vals will only be visible on the port pin If the data dirscion for the port
pin I= sat as cutpul. The PWH wavelom ks genarated by selting jor cleanng) the OG2
register at the compare mek:h babwesn OCAZ and TCNTE, ard claing jor ssting) the
002 Reglster at the timer clack cycle the counter s clesred (changss from MAX o
BOTTOM).

eI E-AVR- e
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Phase Correct PWM Mode

The PWM fraquarsy far thes output can bs calculatsd by the illoning squation:
Fav o
Wz
The N varlable rapresents the prascals factor (1, 8, 22, B4, 128, 258, ar 1024),

Socapwsr =

Tha axirams values for the DCR2 Register rspresant special casas when ganarating a
P wavstanm cutput i e fest PWH mode, 1 the OCR2 15 st equal to BOTTOM, the
cutputwil be a namow spks for sach MAX+1 imer clock cyde, Setting the OCRZ squal
o WA will result In & corstantly high of los cutput [depending on the palarity of the out-
Pt 5t by thes COME1:0 bits.)

A Traquancy (with 5056 duty cycls) wawsfomn cutput In fast WM mods can be achisved
by satting OC2 o toggks s oglcal level on sach compare match (COM21:0 = 1), The
wayafom genaratad wil heve a mesimum Fequancy of f,; = Ly y'2 whan CCR2 i set
to zera. This kst Is similar bo the OG2 toggks In CTC mode, Secapt the doubls bufisr
feature of the autput compare Unit Is snabled In the st PAM mods,

The prease comact PWM moos (WEM21:0 = 1) pravidss a high resciution phase cormect
PN wayvaform genaration cpian. The phass corect PWKM moos B Dessd on a dual-
slopa apsration. The countar counts rapeatadly fram BOTTOM to MAX and than from
AN b BOTTOM. In rorHnverting Compers Cutpul mads, the Sulput Compars {002}
I claared an U'EMTIP&TQ mak:h batwesn TCHT2 and SCRA2 while LIFWUI'IUI'Q. and get
o the compare matzh while dewncounting. In Invarting Qutput Compare mods, the
operation Is Invertsd. The dual-slops oparation has kowar maximum opsration isquancy
than singla skope opsration. However, dus ta the symmalric faaturs of the dual-slope
P modes, these mooss are prafermed of molor control applications.

The FWK resdution for the phasa comect PYWH mods |2 Thed to 8 b, In phase corect
P misde the courier k8 ncremarisd untl the counter vake makhas MAX. When the
counter rmaches MAX, |t changes the count drection. The TONT2 vale will b= aqual to
MAN far ons tmer clock cycks, The iming diagram for e phass comsct PWK mods s
shown on Figure 58, The TCHT2 value 15 In the Bming disgram shown as & histogram
for Nusirating the dusl-siope operation. The diagram Incldss non-invarted ard nverksd
P outputs. The srmal horzonial lins marks on he TCNT2 slopes [Sprasant compens
matzhes bebwaan OCR2 and TONT2.

ATmegal6(l) m——————
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Flgure 58, Phase Comsct PWM Moda, Timirg Disgram

COn e Flag 3et

l l
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wn ] I e D

+ 1L

Feriod I._ : I 5

The TimarCountsr COvarflow Flag (TOV2) Is sat each tims the countsr reachss BOT-
Tio#. The Interrupt fiag can be ussd 1o generats an intermupt sach dme the countar
Isaches he BOTTOM valus.

In mBSE cormact P\'ﬂ'MI‘I‘ID!H. the Ccompaa unit alows Wﬂ'ﬁﬂ:ﬁ of PV wansaforms on
the OC2 pin. Seting the COM21:0 bits to 2 will produca a non-Invarted PWH. An
Inverted PWI cutput can bie gensrated by ssting the COME1:0 b 2 (559 Tabks 53 on
Fage 12%). The actual OC2 vale Wil only be visibls on the part pin If the data direction
fr the port pin s 5=t as autput The PWM wavstarm b gensraksd by clsaring (or sstting)
s CC2 ABgIsE al ihe compars Match betwesn CCR2 and TGNT 2 whan he cauntsr
Increments, and sstting (or clkaring) the G2 Reglster at compars malch betwean
CaDR2 and TCMT2 when the counter decramants. The PWM requancy k4 the output
whan usirg phass carsct PWHM can be calzulakd by the folowing equation:

p _ S
FocePcrwd = ¥ gin

The M varlabls rspresents the prascals factor (1,8, 22, 84, 128, 288, or 1024),

The axrems velues far the OCR2 Regiter ispresant special casss whan gansrating a
P wavelorm DLI|FI|.I| In tha FII'IESE carrect PWR moda. I the OICR2 |2 sat qu.l9| (1]
BOTTOM, the cutput wil b continucusly low and If set squal to MAX the output wil be
contnuUaUBsly Nigh for non-nvartsd PWM moos, For Invetsd FWH e output wil have
s oppoalts gk vakies,

Timer/Counter Timing Thea folkewing Ngures show the TIMeHCoUnEr In Synciionous mods, and e 1mer cleck

Diagrams (k) 15 tharsfore shown as a dock srable gral. In Asynchronous mooks, kg, should
b= I'BFII&IIBﬂ D!.l' the TimarZountar Osclllator clock. Tha I'QLII'BS Irluds Infarmation an
whesn |I'||BITLIFI|: naga ara gat. Flgura B0 contalng umlng data for basle TimarCauntar
u:paratbn. The IIQI.ITB shaows the count saquUance cloge to the MAX valua In all modes
wtharl than ph&aa cofrect PYWH mada,

.|
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Flgure 60, TimerCauntar Timing Dlagram, ne Prescaing

g

ki,
[k

TCHTR

TOND

MAX

| BCTTOM+ 4

Figura &1 shows the same timing data, but with the prescaler anabled.

Flgurs &1. TimerCountar Timing Dlagram, with Prascaler (fy, | -8)

AN,

oo ||

-:cftf-%{- |—

TCHNTR

TR

-

(T

:

MaX -1

Flgura 62 shows the seting of OCF2 In all modes excspt CTC mods.

Flgurs 62, TimerCountar Timing Dlagram, Seting of GCFZ, with Prescalsr iy, o)

ok

clky,
ek
TNTR

QCAN
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I
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|
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&-bit Timer/Countar
Register Description

TimarCounter Contral
Reglster — TCCR2

ATmegal6(L)

Figure 62 shows the seting of OICF2 and the cleanng of TCNT2 In CTC mods.

Flgurs &2. Timer/ Countar Timing Dlagram, Clear Timer on Compars Match Mods, with
Freascalar iy, o)

Ty H |_ |_ H

CNTR | f [ I
cTC) :). TOP - 4 . o lI BOTTOM :I'. BOTTOM + 1
AN TOF
ICFn
Bit T L] Ll & 3 2 1 o

TCCR2

+ Bt T - FOCZ: Forea Gutput Compare

The FOC2 bitls only active whan the WGEM bits speciy a non-FWh mods. Howewar, for
ensuring compatblility with future deviess, this bit must bs sst to zar when TOCR2 B
written when operating In FWH mods. Whan wiiting & logical one to the FOC2 bt an
Immeadate compare match s forced an the waveafom genaration unit. The CC2 cutput s
changsd according to it COM21 0 bits sstting. Note that the FCC2 bit s Implmentsd
&= a sircbe. Tharelors IS the valus prasent In the COM21:0 bits that determires the
alfect of the foresd compars.

A FOC2 strobs will not genarata any intarrupt, nor will 1t clkar the imer in CTC moda
WEINg OCRE &8s TOP.

The FOC2 bitIs always rsad as Zero.

+ BIt6, 2 - WGEM21:0: Wavetorm Genetatlon Mode

Thees bits canirel the counting sequenca of tha counksr, tha saurce far the maxmum
[TCIP) COUNSr valus, and what ype of wavalom qenaraton 1o b= used. Mooss af opsf-
atian supporid by he TmerCountsr unit ars: Momal mods, Casr TIMEr on Compas
match {CTC) mods, end o lypas of Puss Width Modulaion (PWM) modes, Ses Tabls
50 ard *Medes of Operaton® on page 115,

e E-AVR- 1o
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Talbile S0. Wavatom Genaration Mods Bit Description’”!

WGM21 | WGM20 | Timer/Counter Mode of Updats of | TOVZ Flag
Mode | (CTCZ) | (PWM2) | Operation TOP | GCR2 Set on
[e] ] ] Manmial aFF | Immediale | MaX
1 0 1 P, Phaze Comad OuFF | TOP BOTTOM
2 1 0 CTC COCR2 | Immediote | MaX
3 1 1 Fast PWM OwFF | TOP MlaX

Hobe: 4. Tha CTC2 and PWM2 bit definkion names are now cbaclete. Use tha WEM21:0 def-
inkiora. Howswver, the functionafly and keation of these bils are compatble with

pravicus warsions of the imar.

+ Bt 5:4 —COM21:0: Compare Match Output Mode

Thesa bits contrel the Culput Compars pin (QG2) bshavior. IF one of Both of the
0210 bts are 2t the OC2 output overridas the normal port unctonalty of the 10
Hn s cornected ta, Hewsvar, nota that the Data Cirection Register (DOR) Bt carrs
spanding to OCE pin must b= sat 0 arder b enabls the output driver.

Wihan QG2 I8 connectad o the pin, the function of the GOM21:0 bits dspends on he
WEM21:0 bitsetling. Table 51 shows e COME1:0 bit unctionality when the WGEM21:0
bits e sat o a nermal of CTC mods (nan-PW K.

Table 51. Compare Cutput Mode, ron-Pai Mods

Com COmM20 Description
o o Hermal port opsration, 0C2 dizconnected.
o 1 Taggle OC2 on compara match
1 o Claar OC2 on compare match
1 1 Sat OC2 oncompans match
Tabls 52 shows the CORM21:0 DIE unctionallly when e WiEM21:0 Dits are S0 rast
F mcsde.
Table 52. Compara Culput Mods, Fast Pl Mods! !
CoM24 COM20 Description
[e] ] Heormal part apsration, OC2 discanneciad.
[°] 1 Raseried
1 1} Claar OC2 on compare match, sat 002 at TOF
1 1 St 022 on compare mabch, claar OC2 51 TOP

Hote: 1. A special case ocours when OCR2 equals TOP and COME2Y iz <t In thiz caze, tha
compara match is ignared, but the sst or clear is dore at TOP. S “Fast PWM Moda®
enpags 117 for mera detilz.

Tebks 53 shows the COM21:0 bit funcicnality when the WiEM21:0 bits are setto phasa
cofrest PR maoda

ATmegal6(L) e
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TimarCounter Reglstar —
TCNTZ

e E-AVR- 1

Table 53, Compare Cutput Mode, Phass Cormact P Model!l

COM21 | COM20 | Description
[°] ] Mormal port cperation, 052 disconnactad.
] 1 Rasarmd
1 a Chear OC2 on compane malch when up-counting. Set OC2 on compare
miatch whan downoounting.
1 1 St C02 on compara match whan up-counting. Clear OC2 on compare
malch when downeounting.

Hote: 1. & special caze ocours when OCRZ equals TOP and COM21 i sst. In thiz caze, tha
compara makch iz ignoned, but the =<t or claar is done &t TOP. Ses "“Phase Correct
PR Mada” on page 118 for more detailz.

+ BIt 2:0 - C822:0: Clock Select
The three Chck Selact bits salect the clozk source 1o be usad by the TimeariCounter, 2se

Teblks 5.
Table 4. Clck Salkect Bt Deeoaiption
cEn ceX CE20 D=soription
[e] ] [e] Ma clock scurcs (Timen/ Countar stopped).
"] ] 1 Clky,g/iMo prezcaing)
[°] 1 [°] clkr;g'8 (From prescaler)
[°] 1 1 clkr;532 (From preacalar)
1 ] [°] clkr; 584 (From praacalar)
1 ] 1 ik, 28 (From prescalar)
1 1 [°] ek o256 (From prascaler]
1 1 1 chyzgf 024 (From prescaler]
Bi T L] 5 4 L] = 1 o
TCRTE o TCHT2
Pl riie AW AW R [ [ AN AW aw
Initind Vinkis o L] o o ] o L] o

The TimarCountsr Reglstar gives dirsct accass, bath for rsad and wiits apsrations,
thes TimerASountsr unlt S-bit countsr. Writing to the TCHT2 Reglskr bocks (removes)
the compars match on the fdlowing imer clock. Moditdng the counler (TCNTZ) while
the countar ks running, Nroduces 4 risk of missing & compars match betaessn TCMT2
and the SICR2 Ragieter.
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Cutput Compare Reglster —
CCR2

Asynchronous Operation
of the Timer/Counter

Mynchr-:-n-:-ue Slatus
Reglster — AZSR

Bi T a ] 4 ] ] 1 ]

LT )| atfz
Pt ¥Wirie I—w—w—m—m—m—m—w—m—l
Irdtmd 'Vinbsn o a o L] o o a o

The Cutput Gompars Registar containg an &bt valus that i continucusly comparsd
with the couner valus (TCHT2). A match cen b= used b ganarats an cutput compars
Intarrupt, ar ta generats & wavahom cutput on the CC2 pin.

Bi 7 a L] - a 2 1 0

T = 1 - 1 - 1 - [ %= | TCRG00 | orall | TorelB | Assh
Pt ¥Wirie m m m -3 LA T T T
Iritind Vishss L] L] L] L] L] L] L] L]

+ BIt 3 - A52: Asynchronous TimerCountar2

Wihen ASZ |5 writtan to 2ero, TMSNGoUNES 2 |5 clocked from the 110 cook, ok, When
AS2 I3 wiithan to ons, TImenCountar | docked from a Crystal Oscllakr connacted b
thes Tmer Cscllator 1 (TOSC) pin, When the valus of AS2 s changsd, the contents of
TCNTZ, OCAZ, and TCCRE might bs comupsd,

+ Bt 2- TCHNZUE: TimerCounterz Update Busy

When TmarCounier2 operates asynehronously ard TCHT2 Is wiitien, this bit becomes
sat When TCHT2 hes been updatsd from thé tamporary storage ragistsn, his Wtls
cleared by hardwars. A logical Zere In this HE Indicatss hat TCHT2 IS raady to be
updabad with a new velus.

+ Bt 1- OCR2UE: Output Compare Rsglstar2 Updats Busy

When TImerCountsr2 operates asynchionously and OCR2 15 wiitin, this bit becomes
sat. Whan OCR2 has besn updated from e bsmporary storage ragistsr, his bit 12
cleared by hardware. A loglcal 226 In this bit Indicates that SCAZ Is rsady to bs
updatad with a new velus.

+ Bt 0 - TCAUE: TimerCounter Control Reglster2 Updats Busy

Wihan TImarCounter 2 operates ssynchronously and TCCR2 kB wiillten, this bt becomes
sat When TCCR2 has besn updatad from the temporary storags rsglsisn, his btls
clearsd by hardwara, & leglcal Zers in this bit indicakes that TCCOR2 |2 ready o be
updabad with a new velus.

If & write b psrfomnad to any of he three TImanrCounlen? ragisters whils B updas busy
flag Is sat, the updated valus might getcormuptad and cause an unirmsntional nternpt t
DT,

The mechanisms for raading TCNT2, OCRZ, and TCCAZ are difersnt When mading
TCNTZ, the actual imer valus ks i2ad, When rsadng CCR2 of TCCR2, the valus in the
temporary starags raglster s rmed.

ATmegal6(L) m——
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Asynechronous Operatien of  When TImeniCourksr2 operates ssyrchroncusly, some conslderations must be taken,
TimerCounter2 +  Waming: When switching betwsen aswchronous and synchionous cocking of
Timar/Counkr2, e tmer reglstars TONTZ, CiCR2, ard TCCR2 might b comupbad,
A safe procedurs or switching clck sourcs Is:
1. Disable the TImerCounk 2 Intsrupts by dasring OCIE and TOIES.
2. Sebot ook sourcs by sstting AS2 s appropriaks.
A, Write rew values to TCNT2, DCR2, and TCOR2,
4. To slich to asynchronous operation: Walt ko TOMZLIE, OCR2UE, and
TCRILE,
&, Clagr the Timar/Counter2 Inkmupt flags.
&, Enable Interrupts, I nesded.

+  Tha Cscllator B optimized 4 use with a 32,768 kHz walch criystal. Applying an
exernal clock to the TOSCH pin may resultin Incomect Timer/Countars apsration,
Tha CPLU maln deck requency must be more than four mes the Cecllator
MUy,

+  When wiiling ko one of the regisiers TOMT2, OCR2, or TCCRE, the valus ke
transfarrad t a tamparary registar, ard latched after two praltve sdges on TOSCH.
Tha usar shouldnot writs & new valus bafora the contents of the temparany register
have besn ranstarmsd to s destnaton, Each of the thrss mentoned registsrs have
theslr Indtvidusl temporary ragistsr, which masns for axampls that witing to TCNT2
does nat disturb-an SCR2 wiilks In prograss. To daetect that a trarskrn & the
destination regishsr has taken placs, the Asyrchronous Status Regielr — ASSH has
bsen Implamentsd.

+  When antering Powsr-save of Extanded Stardby mede after having wiitten to
TONTE, R, of TECR2, e user must walt urtll the writksn ragister has bsan
updatad If TImarCountar? is used o wake Up tha devica. Otharalss, the MCU wil
enter skap mads belore the changes ars sffective. This Is partcularly iImpartant i
the Cutput Comparsd Inkmupt ks used to waks up e devies, sincs the cutput
compara functon Is disabked during writing o OCR2 or TSHT 2. I thewrite cyde 1s
nat inlshed, and the MCLU entars slesp meds bafors the CCRZLIB HEretums o
zern, the devica wil never recsivia & compans makeh Intsmupt, and the MU wil not
waks up.

+  If TimerCountar ks ussd o waks tha devca up iom Powsr-zave of Extardsd
Stardby mede, preceutions must be teksn I the ussr wants to re-entsr one of thass
meodes: The Intamupt kogic needs ons TOSC oycla to b resel. I the ime babwesn
waka-up and re-aniening slesp mads Is ks than one TOSC cyds, the Ntamuptwi
not oceur, and the device wil fall towalks up. If the ussr Is In doubt whether the ime
bsfore re-entaring Powsar-zave of Exiended Standby mode i suffidant, the follosing
algorithm can be ussd 1o ensurs that ane TOSC cycle has slapsed:

1. Wirlte a valus to TGOR2, TONT2, of GCR2.
2. Waltuntl the comespording Update Busy fag In ASSR retums t 2ero.
A, Enter Powar-zave of Exanded Stardby mods.

+  When the ssynchroncus opsration |s ssleckd, the 22 768 kHz Oscllator for
TIMSRCOUREE2 s always running, excspt In Powsr-down and Standby modss, Atk
a Powsr-up Resst of wake-up fiom Power-down of Standby mods, the ussr should
b srware of the fact that this Cscllator might take s kong as one sscord o
stabilize. The user k advised to walt or atlasst ane second bsfors using
TIMSFCOUNEN2 aftar power-up of waks-Up from Power-down of Standoy meds. The
contents of all TIMariGountar2 regiters must be considersd lost afer a waks-up

T — !
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TimerCountar Intarrupt Mask
Reglater — TIMSK

from Powsr-dosn of Slandby meds dus to unstable clock skgnal upon start-up, no
matker whethar tha Cadliatar ks Inuss or a clock signal 2 applied 1 the TCSCH pin.
Disorlption of waks up friom Powsr-gave of Exbardsd Standby mods whan the timer
I5 clocked asynchroncusly: When the Interrupt condition I met, the weks up
process s starked on the llowing cyce of e imer dock, that Is, e tmer is
alwsys advancsd by atleast one bafors the processo can 1sad the countsr valus,
At wake-up, e MGU 8 halled for four cycles, It axacuis the Intsmupt routing,
and rasumes sxacutian from the Instruction folkwing SLEER.

Resdirg af the TCGNT2 Registar shortly altsr wake-up rom Power-save meay give an
InEnmact result. Since TGHT2 18 docked on e ssyncnroncds TOSC dock, reading
TCNT2 must b dons through a registar synchranizad to the intarnal KO clock
damaln. Synchranization takes pPace o evsry riEing TOSC soge. Whan waking up
from Powar-gave mode, and tha 10 clock (2lkyg) sgain besomes active, TCNT2 will
rasd &5 e prevous valus (bsfors entaring siesp) untl the nad rising TOSC adge.
Tha phase of e TOSC ook afar waking up Tam Powsl-save mods |5 essentally
unpredictable, as It depends on the wake-up ims. The rscommanded procedurs far
raading TCHTZ Is thus & fallows:

1. Wirlte any value to alther of the registers CCRZ of TCCRZ.

2. Wall for ths corsepondng Updes Busy Flag 1o be carsd.

A, Rasd TCNT2.

Curing asynehronous operation, tha synchranization of the Intsmupt fags ki he
asynchronous tmer tekess thres proosssor cycles plus ane timar cycle. The tmer 1s
theretora advancad by al lkast one befors e procsssar can raad the imer valus
causing te ssting of the Intemupt flag. The output compars pin ks changsd on the
timer clock and I not synchranizad o te procsssar ceck,

T L] L] - 1] E 1 o
mm CCIETA | OCEVE | TOIET | GoEo | Toler | TIMSK

EimsdWris (2] N RW ] W RW  RW (9]

Iritimd 'Vbsw o a o a o L] o o

+ BItT—OCIE2: TimerCountar2 Gutput Compars Match Interrupt Enable

When the CCIER bit I written to one and the 1-bItin the Status Regser s sst (ons), the
TimerZountsr2 DCITIPEFE Malch Inlarrupt Is snabled. The GC‘TBSFIDI'IU"‘IQ Inberrupl I=
exgcuted If a sompars makch In TimsCounter2 ocours, |.B.l when the CCF2 bitls sstin
thes TImerSounEss Intsrmipt Fleg Regskr —TIFRA.

+ Bt & —TOIE2: Timer/Countar2 Overflow Intarrupt Enable

When the TOIEZ bit Is wiitsn to ore ard the |-bitIn the Status Registar s sst one), the
TimerCounter2 Cuarow Interupt ks snabled. The coresponding Inksrmupt s executad I
an ovarfilow In Timer/Countar2 ooccurs, |.B.| whan the TOV2 bit 12 s&t In the
TIerCTunter INETupt Flag Register — TIFR.

AT rvve g2 6 L) o

gazeE-avF-1002
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A, T egal6(L)

TimerCGounter Interrupt Flag
Reglstsr — TIFR

Timer/Counter Prescalar

+ Bl T- OCF2: Output Compare Flag 2

The CHZF2 bit = sat I:IZII'ﬂ:I when a compars match cocurg betdesan the TImenCouner 2
endl tha data In CGAZ - Oulput Compars Asgister2. OCF2 ks dearsd by hardwars whan
exaculing the comespanding Intamupt handiing vechor, Alsrmatively, OCF2 ks dearsd by
writirg & logic one to the flag, When the I-Gt In SREG, GCIEZ (TMerCounts Com-
pare match Internpt Enabia), and OCF2 are sat {ona), the TiImenCountsr2 Compars
matzh |I'It9”|.I|:I| I axacLied.

+ Bt & — TOV2: TimerCounterz Overlow Flag

The TOW2 bit Iz set {one) whan an averfiow occurs in TimerCountar2, TOWV2 s cearsd
by hardware whan executing the comesponding Intsrrupt handling vector. Albarnatively,
TOWV2 s cleared by wiiting & loglc one to the flag. When the SREG 1-bit, TOIE2
(TImer/Counter2 Cwerflow (ntarmupt Enabls), and TOVE ars sst {onaj, the
TimanCountar2 Cverlow Intarmupt s executsd. In PWH mods, his bit s set whan
TirerCountsr2 changss counting dirsction at $30.

Figure &4, Prascalar for TImerCounbarn

10817 T PREBCALER

cEz:

- 1Y
CEH

cEz 3

TMERC:CUNTERD CLCCK EOURCE

The chock sourca for TIMeRCounter s nemed ckpg. el 15 by detault connectad t
thes main system 10 cock ck,. By ssting the ASZ Bt ASSR, TMeNCountsr2 s asyn-
chronously cocksd from the TOSC pin, This ensbles uss of TmenGountsr? &5 a Real
Time Courbar (RTC). When AS2 s s2t, pins TOSC and TOSC2 are discornected fram
Port . A crystal can Hhen bs connected batwesn the TOSC snd TOSC2 pNs 1o serve
&5 an Noependent dock sourcs for TImerCounter2, Tha Oscilatar s cptimized or uss
with a 32.768 kHz G’}'EML ‘l.FIFI|5I'|I'Ig an axtarnal clock source o TOSC s not
recommarded.

B E-AVR- 1
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EVERLIGHT EVERLIGHT ELECTRONICS CO.,LTD.

Device Number: DMO-851-005 REW: 1.1
MODEL NO: IRM-8510/N ECN: Page: 1/9
B PACKAGE DIMENSIONS
c.6 _ 11.5
[ 55.0
b
TN 0 oo
Y, Hl - 5
& } o T3
- | | T -]
I O |
| D N i I
. |
14.4 111 4.9
3.3
EVERLIGHT
IRM 8310 @ GND
N © OuUTPUT
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@ GND
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OFFICE: NO 25 Lane 76,Chung Yang Rd, Sec.3 Tucheng, Taipei 236, Taiwan, R.0.C.
TEL 1 886-2-2267-2000,2266-9936 ( 22 Lines )

FAX . BB6-2-2267-6189

hitp:/rwww everight com
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EVERLIGHT EVERLIGHT ELECTRONICS CO.. LTD.
Device Nuimmber: DMO-851-005 REV: 1.1
MODEL NO: IRM-8510/N ECN: Page: 2/9

B NOTES:

1. This drawimg measure 1s a standard value. All dimensions are in millimeter.

2. In case of designation is tolerance = 0. 3mm.

3. Lead spacing 13 measured where the lead emerge from the package.

4. Above specification may be changed without notice. EVERLIGHT will reserve authority
on material change for above specification.

. These specification sheets include materials protected under copyright of EVERLIGHT
corporation. Please don't reproduce or cause anyone to reproduce them without
EVERLIGHT consent.

6. When using this produce, please observe the absolute maximum ratings and the

instructions for use outlined in these specification sheets. EVERLIGHT assumes no
responsibility for any damage resulting from use of the product which does not comply

with the absolute maximum ratings and the mstructions included in these specification
sheets.




| EVERLIGHT | EVERLIGHT ELECTRONICS CO.. LTD.
Device Number: DMO-851-005 REV: 1.1
MODEL NO: IRM-8510/N ECN: Page: 3/9

B Description :
1. The module 15 a small type infrared remote control system receiver which has been
developed and designed by utilizing the latest hybnid technology.
2. Thas single unit type module mncorporates a photo diode and a recerving preamplifier IC.
3. The demodulated output signal can directly be decoded by a microprocessor.

B Feature :

High protection ability to EMI and metal case can be custonuzed.
Mold type and metal case type to meet the design of front panel.
Elliptic lens to improve the characteristic against

il

Line-up for various center carrier frequencies.
Low voltage and low power consumption.
High immunity agamst ambient light.
Photodiode with mtegrated circuit.
TTL and CMOS compatibility.
Long reception distance.

. High sensitivity.

0 % o

—
o]

B Application :
1. Optical switch
2. Light detecting portion of remote control
+ AV mstruments such as Audio, TV, VCR. CD, MD, etc.
Home appliances such as Aur-conditioner, Fan | etc.
*  The other equipments with wireless remote control.
CATV set top boxes
Multi-media Equipment




EVERLIGHT ELECTRONICS CO., LTD.

Device Number: DMO-851-005 REV: 1.1
MODEL NO: IRM-8510/N ECN: Page: 4/9
B Absolute maximum ratings : (Ta=257C)
Parameter Symbol | Ratings | Unit Notice
Supply Voltage Vee 43~5.7 W
Operating Temperature | Topr | -10~+60 C
Storage Temperature Tstg -20~+70 C
Soldering Temperature | Tsol 260 o from 11101[1 body
- less than 5 seconds
Electro Optical Characteristics : (Ta=25C)
Parameter Symbol| MIN | TYP | MAX | Unit | Condition
Supply Voltage Vee 4.7 5 5.3 WV DC voltage
Supply Current Jul - - 3 mA | No signal input
BP.F Center fo - 37.9 - KHz
Frequency
Peak Wavelength Ap - 940 - nm
Transmission L, 5 - - m At the ray axis
Distance Lss 2.5 - *1
Half Angle & - 45 - deg
High Level Pulse T i
Width H 200 800 Hs At the ray axis
- " )
Low I_.E".E el Pulse T, 400 i 300 s 2
Width
High L'evel Output Vi 45 i } v
Voltage
Low L'evel Output Vi 0.5 vV
Voliage

*1:The ray receiving surface at a vertex and relation to the ray axis in the
range of ¢= 0° and $=45°.
*2:A range from 30cm to the arrival distance. Average value of 50 pulses.
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|EVERLIGHT EVERLIGHT ELECTRONICS CO.. LTD.

Device Number: DMO-851-005 REV: 1.1
MODEL NO: IRM-8510/N ECN: Page: 5/9

B TEST METHOD :

The specified electro-optical characteristics is satisfied under the following
Conditions at the controllable distance.

OMeasurement place
A place that 1s nothing of extreme light reflected in the room.

@External light
Project the light of ordmnary white fluorescent lamps which are not high
Frequency lamps and must be less then 10 Lux at the module surface.
(Ee =10Lux)

(@Standard transmutter
A transnmutter whose output 1s so adjusted as to Vo=400mVp-p and the output
Wave form shown in Fig.-1.According to the measurement method shown 1n
Fig.-2 the standard transmitter is specified. However. the infrared photodiode
to be used for the transmitter should be Ap=940nm. AA=50nm. Also, photo
diode 15 used of PD438B (V=5V).
(Standard light / Light source temperature 2856°K).

®Measuring system
According to the measuring system shown mn Fig.-3
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EVERLIGHT ELECTRONICS CO., LTD.

Device Namhber: DMO-351-005 RFV: 1.1
MODEL INO: IEM-3510/N ECIN: Page: 69
B Module schematic & circuit
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Tig-l Transnmutter Wave Form
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EVERLIGHT EVERLIGHT ELECTRONICS CO.. LTD.

Devics Number: DMO-851.005 REV: 1.1
MODEL NO: IEM=-8510/N ECN: Page: T4

B TYPICAL ELECTRICAL/OPTICAL/CHARACTERISTICS CURVES

Fig -4 Relative Spectral Sensitivty ve Wavelength Fig -5 Relative Transmizssinn Thstance vs Thrertion
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EVERLIGHT ELECTRONICS CO.. LTD.
Device Number: DMO-851-005 REV: 1.1
MODEL NO: IEM-8510/N ECN: Page: 8/9
B Reliability test item and condition :
The reliability of products shall be satisfied with items listed below.
Confidence level: 90%
LTPD: 10%
Failure Jud t | Sampl
Test Items Test Conditions aure Jnegemen e §s(nj
Criteria Defective(c)
Operation life  [Vee=3V.Ta:25C 1000hrs n=22 c=0
T leyele -200C +25°C +70°C
smperature (30min) Smin 30min) | — 1. g n=22_c=0
cyele 50 evel p= Lx U
cycle test _ Ls= Lx 0.8
-10C o +70C
Thermal shock {(3min) (10sec) (Snun) n=22 c=0
50 cycle test
High temperature\r |\ 270°C 1000hrs 0=22 c=0
storage
Low temperature \r s 207C 1000hrs n=22.c=0
storage
Hioh L: Lower
g1 SHPEAIICITa: 85C RH:85%  1000kss |specification limit | n=22.c=0
High hunudity
Temp: 260 5C 3sec
Solder heat 4mm Form the bottom of the n=22 c=0
package.
Temp: 230% 5C 3sec More than 90% of
Solderabality 4mm Form the bottom of the Lead to be covered | n=22_c=0
package. by soldering
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INTERFACTHG PC STANDARD PARATT FT. PORT TODST

AN-00SIR-8510 INFRARED TRANSCEIVER

Ipfraved Transceiveradalah sebuah sistem vane tevdividari Infraved Transmitterdan Igfravead
Recefver di mana siztem ini berfimgsi untuk proses kowemikazi data

Aplikazi
» Wieless Data Commumeation
* Alarm System
* Unrversal Remote Control

Deslripsi

T imie up ™ o L T ma
E T ., i
e ]:[;-:,_ ) I b - "'|_ P
1 Mz 1k nhrlu I
d
b Lol o

SkemaInfrared Transceiver

Untuk mempercleh jarak vang cukup jauh, Thede Infrared memerhik an sinyval dengan frekwens 30
hmgga 30 EHz Berbeds dengan Diode LED) varshanya memerhikan level tegangan DT s3j2 untuk
mengaktfkan] FT¥, Thode Infravedmemserinkan sainyal AC dengan frekwens: 30 hingga 50 KHz
mntuk mengaknfkarmya Cahava mfrared tersebut iidak dapat ditangkap oleh mata mami=a sehingga
diperlukan phototransistorunfuk mendetek=ira

Phototransistoradalah merupakan sebush fransistor vangakan saturasipada saat menenima smar
mfrared dan eut off pada saat tidak ada smarinfraved. IR Moduleadalah sebuzh rangkaizn vang
terdin dan sebuzh phototansistordan filter vang terbentuk dalam satu modul di mana collactordan
phototransistoradalah merupakan output dan medul 1. Pada saat phototransistor eut offimzka tdak
terjadialiran arws dan collector memyu ke emitter sehimzga collector vang menpakan cutput dan IR
Module akan berkondisilngh. Apabila phototransistorsatnas maka ams mengalirdan collectorke
emfterdan cutput dan IR Module akan berkondi=: low.
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INTERFACTHMG PC STANDARD PARATTFT BORT TO DST

Trensoasidata dilakukan dengan menggunakan prnsip aktf dan pon aktfiyva LED Infravedsebaza
kondizi logie 0 dan loge 1. Seperfitelah dijelaskan sebelummya babwra uniuk mengakhfkan TFD
Infrared diperlukan frebkwensi sebesar 30 ingza 40 EHz, maka dalam bal m logie 0 berarti smyal
berfrekwens 30 EHz mengabrke LED Infrareddan loge 1 berarh fidak ada sinval vang mengalirke
LED Infrared hal 1m seperi yang tampak pada mbungan antara TED dan T pada Tmung Dhagram
berikut

Unfuk menghz=ilkan sinval sepert vang tampak pada T dibutubkan sebuzh rangkaian modulater
vang terdm dan sebuah gerbang dan rangkaian R-C sebagal ascillator. Gerbang tersebut
mengpunakan IC T4HC] 32 dh mana pada saat pm T30 berkondisi lngh dan TED berkondizi low
mizka ouiput dan IC 1m1 sesuz dengan fabel kebenzran vang ada pada data sheetadalab logh MNammm
bilz sebahknya THD berkondisi lngh maka sesaat ouiput dan IC m berubzah ke low sehingzga
capacitor C] akan membuang muatannya melahm B 1. Bilategangan Cl terbuang hingga di bawzh
tegangan ambang T4HC 132 maka mput pinnomor 4 dan IC 1 akan dianggap berkondisi low
sehngga oufputnya bermabah menjadihigh

C1 kembali tensimelzalm Bl hinggz tegangan pada capacitorim melebih teganzan ambang dan mput
pin nomor 4 diangzap berkondis gh. Bilapada saat iin THD masih berkondisi high maka output
dan gerbang 1m vaitu pin nomor & akan berkondizi low dan C1 kembali membuang, demmkian

setemsova U akan tensilingga di atas tegangan ambang T4HC132 (2,5 V)dan terbuang hingga d
bawah tegang;nambang T4HC132 pula. Pengmisiandan pembuangan pada Cl vang terjads

berkali-kali im menyebabkan terjadinyva csilas: dengan frekwensivang dapat dilufung dengan
mengpumakan mmms benkut

=WaktuPenpizianC1 + Waktu Permbuangan C1
Waktu PenmisianC1 = Wakin Pembuangan Cl maka
T =2 * Wakiu Pengizian C1

bl

i mana VT-adalah batas bawah tegangan ambang T4HC132 yaibu sekitar 2 Volt dan VI+adalah
batas atas dan tegangan ambang 74HC 132 yaitu sekitar 3 Volt. Dengan B sebesar 3 9K, C10nF dan
Isupphy= 5Voltmaka zkan diperoleb harga T = 31,63 uS

I'I
T

F=3151&EKHz

Jadi pada inhimva apabila mput TED berkondiza high mizka frekwrensi oscillatorsebesar 31,616 EH=

vang terjadipada pin nomor 4 akan dilewatkanke outputnya dengan ﬁel:wenslvang_\amapﬂm
namun bila THD berkondizi low maka esilasipada pin nomor 4 akan berhent dan output dan

gerbang adalahhigh
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INTERFACTHG PC STANDARTY PARATT FT PORT TO DST

TXD| ! R

TXD / ', ;o

TX [T ]|

TX TN 111}

ARTX) IRV SE TR i

RXD [ ! N
Timing Diagram

Ayunan sivval berfekwens 31,6 EHz mi diperkuat lagi oleh gerbang lam dan TAHC132 vang
dibantuk menjadi mverter dan diteruskan ke transistor BDMOO vangmengalirkan sinvyal-simval
frekwensi hasil dan modulator tersebut ke Thode Infrared.

PancaranThode Infrared diterinos aleh IR Module dan membuat oufpuf modul 11 menjadi low hingga
panv:a:aandelufa:edhu‘henhdan n}.ﬂpmd.ti_l'imndulmenjadil_:igh. Ha=l output dan modul 1 _
mmmnﬁmm tampak pada tmng diasrammenspunya bentuk selombang vang sama persis

C-11



	Appendice A.doc
	Appendice B.doc
	Appendice C.docx

