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Gambar 3. Perancangan dispenser
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Gambar 5. Rangkaian driver relay dan LCD
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Gambar 7. Sistem keseluruhan
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Gambar 3. Skematik minimum sistem ATmegal6
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LISTING PROGRAM MIKROKONTROLER ATMEGA16
/-k-k-k-k-k-k-k-k*********-k-k*-k-k*-k-k-k-k-k-k-k***********************
This program was produced by the

CodeWizardAVR V2.05.3 Standard

Automatic Program Generator

© Copyright 1998-2011 Pavel Haiduc, HP InfoTech s.r.1.
http://www.hpinfotech.com

Project : Skripsi
Version :V2.05.3
Date : 5/12/2015
Author : Rizal Pahlevi
Company : dispenser

Comments : Bismillah

Chip type : ATmegal6A
Program type - Application
AVR Core Clock frequency :16.000000 MHz
Memory model - Small

External RAM size :0

Data Stack size : 256

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

#include <megal6a.h>

/I Alphanumeric LCD functions
#include <alcd.h>

#include <delay.h>

#include <stdlib.h>

#include <stdio.h>

/I 1 Wire Bus interface functions

#include <lwire.h>

// DS1820 Temperature Sensor functions

#include <ds1820.h>

#define Valve PORTD.1

#define Max_DS1820 8

#define Switchl PIND.6 //aktif low >> limit switch di hubungkan ke
ground

Il Declare your global variables here

char cetak[16],flag_volume=0;

unsigned int
nominal[5]={0,0,0,0,0},flag_jenisvolume=0,flag_nominal=0,volume;
unsigned int flag_volumehuruf=0;

unsigned int volume_value[5]={0,0,0,0};

unsigned char ds1820_devices, ds1820 _rom_codes
[Max_DS1820][9],j;

chari,x;

int Temp;

unsigned int counter_volume=0,delay_valve;

void Baca_Suhu()
{
for(i=0;i<ds1820_devices;i++)
{
Temp=ds1820 temperature_10(ds1820 rom_codes]i]);
=
if(Temp<0)
{
)=

Temp=-Temp;
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}
sprintf(cetak,"Suhu=%c%:i.%u\xdfC",j, Temp/100+8,Temp%2100);

Icd_clear();lcd_gotoxy(0,0);lcd_puts(cetak);
}
}

void Scan_Keypad()

{

if (flag_nominal==1)

{

PORTC =0b11111110;

delay_ms(30);

if (PINC.4 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("D");
delay_ms(50);}

if (PINC.5 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("C");
delay_ms(50);}

if (PINC.6 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd putsf("B");
delay_ms(50);}

if (PINC.7 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("A");
delay_ms(50);}

PORTC =0b11111101;

delay_ms(30);

if (PINC.4 == 0) {lcd_gotoxy(15,0);lcd_putsf("p"); delay_ms(50);}

if (PINC.5==0)
{lcd_gotoxy(15,0);nominal[0]=9;flag_nominal++;lcd_putsf(*'9");
delay_ms(50);}

if (PINC.6 ==0)
{lcd_gotoxy(15,0);nominal[0]=6;flag_nominal++;lcd_putsf(*6™);
delay_ms(50);}

if (PINC.7==0)
{lcd_gotoxy(15,0);nominal[0]=3;flag_nominal++;lcd_putsf(*3");
delay_ms(50);}

PORTC =0b11111011;

delay_ms(30);

if (PINC.4==0)
{lcd_gotoxy(15,0);nominal[0]=0;flag_nominal++;lcd_putsf(*0");
delay_ms(50);}

if (PINC.5==0)
{lcd_gotoxy(15,0);nominal[0]=8;flag_nominal++;lcd_putsf(*"8");
delay_ms(50);}

if (PINC.6 ==0)
{lcd_gotoxy(15,0);nominal[0]=5;flag_nominal++;lcd_putsf(*5");
delay_ms(50);}

if (PINC.7 ==0)
{lcd_gotoxy(15,0);nominal[0]=2;flag_nominal++;lcd_putsf(*2");
delay_ms(50);}

PORTC = 0b11110111;

delay_ms(30);

if (PINC.4 == 0) {lcd_gotoxy(15,0);lcd_putsf("b"); delay_ms(50);}

if (PINC.5==0)
{lcd_gotoxy(15,0);nominal[0]=7;flag_nominal++;lcd_putsf(*'7");
delay_ms(50);}

if (PINC.6 ==0)
{lcd_gotoxy(15,0);nominal[0]=4;flag_nominal++;lcd_putsf(*'4");
delay_ms(50);}

if (PINC.7==0)
{lcd_gotoxy(15,0);nominal[0]=1;flag_nominal++;lcd_putsf(*1");
delay_ms(50);}

delay_ms(30);
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}

else if (flag_nominal==2)

{

PORTC =0b11111110;

delay_ms(30);

if (PINC.4 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("D");
delay_ms(50);}

if (PINC.5 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("C");
delay_ms(50);}

if (PINC.6 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("B");
delay_ms(50);}

if (PINC.7 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd putsf("A");
delay_ms(50);}

PORTC =0b11111101;

delay_ms(30);

if (PINC.4 == 0) {lcd_gotoxy(15,0);lcd_putsf("p"); delay_ms(50);}

if (PINC.5==0)
{lcd_gotoxy(15,0);nominal[1]=9;flag_nominal++;lcd_putsf(*'9™);
delay_ms(50);}

if (PINC.6 ==0)
{Icd_gotoxy(15,0);nominal[1]=6;flag_nominal++;lcd_putsf(*'6");
delay_ms(50);}

if (PINC.7 ==0)
{lcd_gotoxy(15,0);nominal[1]=3;flag_nominal++;lcd_putsf(*3™);
delay_ms(50);}

PORTC =0b11111011;

delay_ms(30);

if (PINC.4 ==0)
{lcd_gotoxy(15,0);nominal[1]=0;flag_nominal++;lcd_putsf(*0");
delay_ms(50);}

if (PINC.5==0)
{lcd_gotoxy(15,0);nominal[1]=8;flag_nominal++;lcd_putsf(*'8");
delay_ms(50);}

if (PINC.6 ==0)
{lcd_gotoxy(15,0);nominal[1]=5;flag_nominal++;lcd_putsf("5");
delay_ms(50);}

if (PINC.7 ==0)
{lcd_gotoxy(15,0);nominal[1]=2;flag_nominal++;lcd_putsf(*'2");
delay_ms(50);}

PORTC =0b11110111;

delay_ms(30);

if (PINC.4 == 0) {lcd_gotoxy(15,0);lcd_putsf("b"); delay_ms(50);}

if (PINC.5==0)
{lcd_gotoxy(15,0);nominal[1]=7;flag_nominal++;lcd_putsf("7");
delay_ms(50);}

if (PINC.6 == 0)
{lcd_gotoxy(15,0);nominal[1]=4;flag_nominal++;lcd_putsf(*'4");
delay ms(50);}

if (PINC.7==0)
{lcd_gotoxy(15,0);nominal[1]=1;flag_nominal++;lcd_putsf(*1");
delay_ms(50);}

delay_ms(30);

else if (flag_nominal==3)

{

PORTC =0b11111110;

delay_ms(30);

if (PINC.4 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("D");
delay_ms(50);}
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if (PINC.5 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf(*C");
delay_ms(50);}

if (PINC.6 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("B");
delay_ms(50);}

if (PINC.7 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("A");
delay_ms(50);}

PORTC =0b11111101;

delay_ms(30);

if (PINC.4 == 0) {lcd_gotoxy(15,0);lcd_putsf("p"); delay_ms(50);}

if (PINC.5==0)
{lcd_gotoxy(15,0);nominal[2]=9;flag_nominal++;lcd_putsf(*'9™);
delay_ms(50);}

if (PINC.6 ==0)
{lcd_gotoxy(15,0);nominal[2]=6;flag_nominal++;lcd_putsf("6");
delay_ms(50);}

if (PINC.7 ==0)
{lcd_gotoxy(15,0);nominal[2]=3;flag_nominal++;lcd_putsf(*'3™);
delay_ms(50);}

PORTC =0b11111011;

delay_ms(30);

if (PINC.4==0)
{lcd_gotoxy(15,0);nominal[2]=0;flag_nominal++;lcd_putsf(*0™);
delay_ms(50);}

if (PINC.5==0)
{lcd_gotoxy(15,0);nominal[2]=8;flag_nominal++;lcd_putsf(*8");
delay_ms(50);}

if (PINC.6 ==0)
{lcd_gotoxy(15,0);nominal[2]=5;flag_nominal++;lcd_putsf(*5™);
delay_ms(50);}

if (PINC.7==0)
{lcd_gotoxy(15,0);nominal[2]=2;flag_nominal++;lcd_putsf(*2");
delay_ms(50);}

PORTC =0b11110111;

delay_ms(30);

if (PINC.4 == 0) {lcd_gotoxy(15,0);lcd_putsf("b"); delay_ms(50);}

if (PINC.5==0)
{lcd_gotoxy(15,0);nominal[2]=7;flag_nominal++;lcd_putsf(*'7");
delay_ms(50);}

if (PINC.6 ==0)
{lcd_gotoxy(15,0);nominal[2]=4;flag_nominal++;lcd_putsf(*4");
delay_ms(50);}

if (PINC.7 == 0)
{lcd_gotoxy(15,0);nominal[2]=1;flag_nominal++;lcd_putsf(*1");
delay_ms(50);}

delay_ms(30);

else if (flag_nominal==4)

{

PORTC =0b11111110;

delay_ms(30);

iIf (PINC.4 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("D");
delay_ms(50);}

if (PINC.5 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("C");
delay_ms(50);}

if (PINC.6 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("B");
delay_ms(50);}

if (PINC.7 == 0) {nominal[0]=0;lcd_gotoxy(15,0);lcd_putsf("A");
delay_ms(50);}

PORTC =0b11111101;
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delay_ms(30); if (PINC.5==0)
if (PINC.4 == 0) {lcd_gotoxy(15,0);lcd_putsf("p"); delay_ms(50);} {lcd_gotoxy(15,0);nominal[3]=7;flag_nominal++;lcd_putsf(*'7");

if (PINC.5==0) delay_ms(50);}
{lcd_gotoxy(15,0);nominal[3]=9;flag_nominal++;lcd_putsf(*'9"); if (PINC.6 ==0)
delay_ms(50);} {lcd_gotoxy(15,0);nominal[3]=4;flag_nominal++;lcd_putsf(*4");
if (PINC.6 ==0) delay_ms(50);}
{lcd_gotoxy(15,0);nominal[3]=6;flag_nominal++;lcd_putsf(*6™); if (PINC.7 ==0)
delay_ms(50);} {lcd_gotoxy(15,0);nominal[3]=1;flag_nominal++;lcd_putsf("1");
if (PINC.7 ==0) delay_ms(50);}
{lcd_gotoxy(15,0);nominal[3]=3;flag_nominal++;lcd_putsf(*3"); delay_ms(30);
delay_ms(50);}
PORTC =0b11111011; else
delay_ms(30); {
if (PINC.4 ==0) PORTC =0b11111110;
{lcd_gotoxy(15,0);nominal[3]=0;flag_nominal++;lcd_putsf(*0™); delay_ms(30);
delay_ms(50);} if (PINC.4 ==0)
if (PINC.5==0) {flag_volumehuruf=4;lcd_gotoxy(15,0);lcd_putsf("D");
{lcd_gotoxy(15,0);nominal[3]=8;flag_nominal++;lcd_putsf(*8"); delay ms(100);}
delay_ms(50);} if (PINC.5==0)
if (PINC.6 ==0) {flag_volumehuruf=3;lcd_gotoxy(15,0);lcd_putsf("C");
{Icd_gotoxy(15,0);nominal[3]=5;flag_nominal++;lcd_putsf(*5"); delay_ms(100);}
delay_ms(50);} if (PINC.6 ==0)
if (PINC.7==0) {flag_volumehuruf=2;lcd_gotoxy(15,0);lcd_putsf("B");
{lcd_gotoxy(15,0);nominal[3]=2;flag_nominal++;lcd_putsf(*2"); delay_ms(100);}
delay_ms(50);} if (PINC.7 ==0)
PORTC =0b11110111; {flag_volumehuruf=1;lcd_gotoxy(15,0);lcd putsf("A");
delay_ms(30); delay_ms(100);}

if (PINC.4 == 0) {lcd_gotoxy(15,0);lcd_putsf("b"); delay_ms(50);} PORTC =0b11111101;
delay_ms(30);
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if (PINC.4 == 0) {lcd_gotoxy(15,0);flag_volume=2;lcd_putsf(*p™);  void Reset_Parameter()

delay_ms(100);} {
if (PINC.5 == 0) {lcd_gotoxy(15,0);lcd_putsf("9"); delay_ms(100);}  flag_volume=0;flag_nominal=0;flag_jenisvolume=0;
if (PINC.6 == 0) {lcd_gotoxy(15,0);lcd_putsf(*6"); delay_ms(100);} flag_volumehuruf=0;

if (PINC.7 ==0)
{lcd_gotoxy(15,0);flag_jenisvolume=3;lcd_putsf(*'3"); nominal[0]=0;nominal[1]=0;nominal[2]=0;nominal[3]=0;nominal[4]=0;
delay_ms(100);} volume=0;

PORTC =0b11111011; }

delay_ms(30); void main(void)

if (PINC.4 == 0) {lcd_gotoxy(15,0);lcd_putsf("0"); delay_ms(100);} {
if (PINC.5 == 0) {lcd_gotoxy(15,0);lcd_putsf(8"); delay_ms(100);} // Declare your local variables here
if (PINC.6 == 0) {lcd_gotoxy(15,0);lcd_putsf("5"); delay ms(100);} {

if (PINC.7 ==0) /I Input/Output Ports initialization
{lcd_gotoxy(15,0);flag_jenisvolume=2;lcd_putsf(*2"); I/ Port A initialization
delay_ms(100);} // Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In
PORTC =0b11110111; Funcl=In FuncO=In
delay_ms(30); /I State7=T State6=T State5=T State4=T State3=T State2=T Statel=T
if (PINC.4 == 0) {lcd_gotoxy(15,0);flag_volume=1;lcd_putsf("b™);  StateO=T
delay_ms(100);} PORTA=0x00;
if (PINC.5 == 0) {lcd_gotoxy(15,0);lcd_putsf("7"); delay_ms(100);} DDRA=0x00;
if (PINC.6 ==0)
{lcd_gotoxy(15,0);flag_jenisvolume=4;lcd_putsf(*4™); /[ Port B initialization
delay_ms(100);} Il Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In
if (PINC.7 ==0) Funcl=In FuncO=In
{lcd_gotoxy(15,0);flag_jenisvolume=1;lcd_putsf(*1"); I State7=T State6=T State5=T State4=T State3=T State2=T Statel=T
delay_ms(100);} State0=T
delay_ms(30); PORTB=0x00;
} DDRB=0x00;
} /[ Port C initialization
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// 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 Statel=T

StateO=T
PORTC=0xFF;
DDRC=0x0F;

// Port D initialization

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

Func1=0Out FuncO=In

/] State7=P State6=P State5=T State4=T State3=T State2=T State1=0

State0O=T
PORTD=0xC2;
DDRD=0x02;

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

// OCO output: Disconnected
TCCRO0=0x00;

TCNTO0=0x00;

OCRO0=0x00;

/[ Timer/Counter 1 initialization
/I Clock source: System Clock
/I Clock value: Timerl Stopped
// Mode: Normal top=0xFFFF
/ OC1A output: Discon.

// OC1B output: Discon.

/I Noise Canceler: Off

Il Input Capture on Falling Edge
/I Timerl Overflow Interrupt: Off
/' Input Capture Interrupt: Off

/l 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;

OCR1BH=0x00;

OCR1BL=0x00;

/[ Timer/Counter 2 initialization
/I Clock source: System Clock
/I Clock value: Timer2 Stopped
// Mode: Normal top=0xFF

/[ OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

/[ External Interrupt(s) initialization
/I INTO: Off
/I INT1: Off
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/I INT2: Off
MCUCR=0x00;
MCUCSR=0x00;

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

TIMSK=0x00;

/I USART initialization
/I USART disabled
UCSRB=0x00;

/I Analog Comparator initialization
/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off

ACSR=0x80;
SFIOR=0x00;

/I ADC initialization
/I ADC disabled
ADCSRA=0x00;

/I SP1 initialization
/I SP1 disabled
SPCR=0x00;

/I TWI initialization
/l TWI disabled
TWCR=0x00;

/I Alphanumeric LCD initialization

Il Connections are specified in the

I Project|Configure|C Compiler|Libraries|Alphanumeric LCD menu:
/I RS - PORTB Bit 0

//RD - PORTB Bit 1

/l EN - PORTB Bit 2

// D4 - PORTB Bit 4

/I D5 - PORTB Bit 5

/I D6 - PORTB Bit 6

// D7 - PORTB Bit 7

I/ Characters/line: 16

Icd_init(16);

// 1 Wire Bus initialization

/I 1 Wire Data port: PORTA

/I'1 Wire Data bit: 0

/I Note: 1 Wire port settings are specified in the

/I Project|Configure|C Compiler|Libraries|1 Wire menu.

wl_init();

¥

Icd_clear();

for(x=0;x<12;x++)
{
Icd_gotoxy(0,0);lcd_putsf(*'Waiting System");
Icd_gotoxy(x,1);lcd_putsf(*>");
delay_ms(100);
¥

ds1820_devices=w1_search(0xf0,ds1820 rom_codes); //definisi search

ds1820
lcd_clear(); Valve=0;
awal_set:
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while (1)
{

// Place your code here
Reset_Parameter();
Icd_clear();
while(flag_volume!=1 && flag_volumehuruf==0)

{
Scan_Keypad();

Baca_Suhu();
Icd_gotoxy(0,1);lcd_putsf("*=Set; Char=Start");

if(flag_volumehuruf!=0)

{
switch(flag_volumehuruf)
{

case 1:

{
Icd_clear();
while (Switch1==1)
{

Baca_Suhu();

Icd_gotoxy(0,1);lcd_putsf(*Tidak ada Gelas");
}

Icd_clear();
sprintf(cetak,"Volume A =
%d",volume_value[1]);lcd_puts(cetak);

delay_valve=volume_value[1]/100;  //100=nilai debit

valve
Valve=1;

sprintf(cetak,"VA=%dm|>>C=%dS",volume_value[1],counter_volume)

counter_volume=0;
while(counter_volume<delay valve)

{
Baca_Suhu();

Icd_gotoxy(0,1);lcd_puts(cetak);
counter_volume+=1; delay_ms(500);
}
counter_volume=0;
Icd_clear();
Baca_Suhu();

Icd_gotoxy(0,1);lcd_putsf(*Selesai case 1");
Valve=0;

}oreak;
case 2:

{

Icd_clear();
while (Switchl==1)
{
Baca_Suhu();
Icd_gotoxy(0,1);lcd_putsf(*Tidak ada Gelas");
¥

Icd_clear();
Icd_clear();
sprintf(cetak,"Volume B =

%d",volume_value[2]);lcd_puts(cetak);

valve
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Valve=1; Valve=1;

counter_volume=0; counter_volume=0;

while(counter_volume<delay_valve) while(counter_volume<delay valve)

{ {
Baca_Suhu(); Baca_ Suhu();

sprintf(cetak,"VA=%dmI>>C=%dS",volume_value[2],counter_volume) sprintf(cetak,"VA=%dmI>>C=%dS",volume_value[3],counter_volume)

) )

Icd_gotoxy(0,1);lcd_puts(cetak); Icd_gotoxy(0,1);lcd_puts(cetak);
counter_volume+=1; delay_ms(500); counter_volume+=1; delay_ms(500);
} }
counter_volume=0; counter_volume=0;
Icd_clear(); Icd_clear();
Baca_Suhu(); Baca_Suhu();
Icd_gotoxy(0,1);lcd_putsf(*Selesai"); Icd_gotoxy(0,1);lcd_putsf(*Selesai™);
Valve=0; Valve=0;
}oreak; }oreak;
case 3: case 4:
{ {
Icd_clear(); Icd_clear();
while (Switchl==1) while (Switch1==1)
{ {
Baca_Suhu(); Baca_Suhu();
Icd_gotoxy(0,1);lcd_putsf("Tidak ada Gelas"); Icd_gotoxy(0,1);lcd_putsf(*Tidak ada Gelas");
} ¥
Icd_clear(); Icd_clear();
Icd_clear(); Icd_clear();
sprintf(cetak,"Volume C = sprintf(cetak,"Volume D =
%d",volume_value[3]);lcd_puts(cetak); %d",volume_value[4]);lcd_puts(cetak);
delay_valve=volume_value[3]/100; //100= nilai debit valve delay_valve=volume_value[4]/100; //100= nilai debit valve
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Valve=1, Icd_gotoxy(0,1);lcd_putsf(*Select Volume™);

counter_volume=0; }
while(counter_volume<delay_valve)
{ Icd_clear();

Baca_Suhu(); Icd_gotoxy(0,1);sprintf(cetak, "Select

Volume=%d",flag_jenisvolume);lcd_puts(cetak);
sprintf(cetak,"VA=%dmI>>C=%dS",volume_value[4],counter_volume) delay_ms(300);

; Icd_clear();
Icd_gotoxy(0,1);lcd_puts(cetak); flag_nominal=1,;
counter_volume+=1; delay_ms(500); while(flag_volume!=2)
} { Scan_Keypad();
counter_volume=0; lcd_gotoxy(0,1);
Icd_clear(); sprintf(cetak,"\Volume %d=
Baca_Suhu(); %d%d%d%d",flag_jenisvolume,nominal[0],nominal[1],nominal[2],no
Icd_gotoxy(0,1);lcd_putsf(*Selesai"); minal[3]);lcd_puts(cetak);
Valve=0; }
}oreak;
default: nominal[0]=nominal[0]*1000;
break; nominal[1]=nominal[1]*100;
} nominal[2]=nominal[2]*10;
delay_ms(400); nominal[3]=nominal[3]*1;
flag_volumehuruf=0; volume=nominal[0]+nominal[1]+nominal[2]+nominal[3];
goto awal_set; volume_value[flag_jenisvolume]=volume;
} Icd_clear();
Icd_clear();
switch(flag_jenisvolume)
while(flag_jenisvolume==0) {
case 1:
Scan_Keypad(); {
Icd_gotoxy(0,0);lcd_putsf("Press Number *); sprintf(cetak,"Suhu=%c%i.%u\xdfC",j, Temp/100, Temp%10);
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Icd_gotoxy(0,0);lcd_puts(cetak); break;

Icd_gotoxy(0,1); }
sprintf(cetak,"Voleme A = %d",volume_value[1]); delay_ms(300);
Icd_puts(cetak); Icd_clear();
}oreak; Icd_putsf("Setting Done..");
case 2: delay_ms(300);
{ flag_volume=0;flag_nominal=0;flag_jenisvolume=0;
sprintf(cetak,"Suhu=%c%:i.%u\xdfC",j, Temp/100,Temp%10);
Icd_gotoxy(0,0);lcd_puts(cetak); nominal[0]=0;nominal[1]=0;nominal[2]=0;nominal[3]=0;nominal[4]=0;
Icd_gotoxy(0,1); volume=0;
sprintf(cetak,"Voleme B = %d",volume_value[2]); }
Icd_puts(cetak); }
}oreak;
case 3:

{
sprintf(cetak,"Suhu=%c%i.%u\xdfC",j, Temp/100,Temp%210);

Icd_gotoxy(0,0);lcd_puts(cetak);
Icd_gotoxy(0,1);
sprintf(cetak,"Voleme C = %d",volume_value[3]);
Icd_puts(cetak);
}break;
case 4:
{
sprintf(cetak,"Suhu=%c%i.%u\xdfC",j, Temp/100,Temp%210);
Icd_gotoxy(0,0);lcd_puts(cetak);
Icd_gotoxy(0,1);
sprintf(cetak,"Voleme D = %d",volume_value[4]);
Icd_puts(cetak);
}oreak;
default:
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Features
* High-performanas, Low-power Atmel® aWRY &-bit Mioroocnirolier
+ Adwanced RI3C Arohibeoture
— 131 Powartul Inciruobions — oGt Zingle-olook Cyols Exsoution
- 3% x § General Furpose Working Reglcters
— Fully Btatio Oparation
- Upto 18 MIPE Throughput at 18 MHz
— On-ghip 2-oyocls Mutiplisr
* High Endurancs Honvolatile Mamory cegmenic
- 18 Fbytes of in-Sysiem Zelf-programmabie Flach program memary
- E1% Eylsc EEPROM
— 1 Kbyte intsrmial 3RAM
- Wirts’Erace Cyolec: 10,000 Flachi1 50, 000 EEPROM
— Data retention: 20 years af B57CH 00 years ab 2607
- Optional Boot Code Sscton with Indspendent Look St
In-3ystem Frogramming by On-chip Eoci Program
Trus Rasd-Whike Wit Opsration
— Programming Liook for 2oftwars Sscurtty
* JTAG [IEEE cid. 11421 Compliant) infertace
- Bowndary-coan Capabiitties Acconding to the JTAS Standard
- Extencive On-ship Debug upport
— Programming of Flach, EEPROM, Fuces, and Look Eic throwgh the JTAS Inbariaos
* Peripheral Feaharec
— Two 208 Timer'Counters with eparate Precoslsms and Compars Modec
— One 1E-b8 TimerCounisr with Saparates Precoaler, Compars Mods, and Capiurs
Wode
- Feal Time Counfier with 2eparaie Oeolllabor
— Four PWH Channsic
- E-ohannsl, 18-t ADC
B ZIngle-arded Chamnsls
7 Differentisl Channals in TQFP Packags Only
2 Diffsrsntial Channedc with Programmabds Galn at 1x, 18x, or 200
- Byte-orienied Two-wirs Zarlal Interface
~ Programmeabis Ssrial DEART
- BaciariZlave 3P0 Serial inferiscs
— Programmabis Watohdog Timer with Separais On-ohip Ocolllabor
— On-ghip &nalog Comparator
+ #peolal Microoondrollar Featurss
— Power-on Aeced and Frogrammmable Erown-cut Deteotion
- Intemal Callbrated AC Coolliator
— Extsmial and Indesrnal Intsrrupt S curess
- Blx Blesp Modsc: [dis, ADC Noks Reduction, Power-cave, Power-down, Standby
and Extended Ftandby
v U and Packages
— 32 Programmiable D Linesc
— 40.pin FOIP, 44Ssad TQFP. and 44-poad GFHNMLF
» Operating Volages
— 7TV - BBV for ATmsgaisl
— 4.6V - BBV for ATmesgais
* Speed Gradec
— @ - B MHz for ATmegalEl
— @ -18 MHz flor ATmega1e
* Power Consumption 1 MHZ, 3V, and 257G Tor ATmega 18l
— Aptive: 1.1 m&
~ Idis Mode: 036 mA
~ Power-gown Mode: <1 p&
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Pin Descriptions

The AVR core comiolnes a rich Instruciion set whh 32 genaral purpose working ragisiers. Al the
32 reglsters are drecty connected bo the Arithmetic Logic Unit (ALU), allowing two Indapandent
I'Eg|5tEI'5-t€I e accessad In ong E|I'@E Instruction execuied In one clock G}'ﬂE. The I'EBI.I1.|I'Ig
architecture Is more code eMcent while achieving throughputs up to ten tmes faster than con-
ventional CISC microcontroliess.

The ATmegals prowides the following features: 16 Kbytes of In-System Programmable Flash
Program memory with Read-While-Write capabillties, £12 byles EEPRCM, 1 Kbyta SRAM, 32
general purpose LD lines, 32 general purpose working registers, a JTAG Interface for Boundary-
scan, On-chip Debugging support and programming, three flexible TimerCounters wilh com-
pare modes, Intemal and External Intesmunts, 3 seral programmable USART, a byte onented
Two-aire Senal Interface, an 5-channel, 10-01t ADC wih optional STTerantial Input siage with
programmaiz gain [TQFP package only), 3 programmatie Watchdog Timer with Imtemal Oscl-
lator, an 5P| serial port, and slx soffware seleciable power saving modes. The lde mode siDps
the CPU while allowing the USART, Two-wire Inferface, AD Converiar, SRAM, TImarCountars,
5P| port, and Intemupt system 1o continue funcioning. The Power-down mode saves the register
contanis but feezes the Oscliaton, disanling all other ehip funetions untl the next Extesral Inber-
I'I.IP‘1 or Hardware Resal. In Powear-save moda, the ﬁS}'ﬂcrI'ﬂl'IDI.IS Timer continues o run,
allowing the user to maintain a Imer tase while the rest of the gevice 15 sieeping. The ADC
Molse Reduction maode SIIIFIE the CPU and all KO moduias EKI}EP“I Asynmrnn-:us Timer and
ADC, o minimize switching nolse during ADC conversions. In Standby mode, the crystaliresc-
nator Csciliator 5 running while e rest of the device 15 sieeping. This allows very Tast stan-up
combined with low-powar consumption. In Extended Standby mode, bath the main Csclllator
and the hmmmnujs Timer continue o nn.

The device ks manufaciured using Atmels high density nonvolatle memary technoiogy. The On-
chip IZP Flash allows the program memory 1 be reprogramemed In-system through an SPI seral
Inestace, by a conventional nonvolatlle memory programmer, of by an On-chip Boot program
rumning on the AVR core. The boot program can wse any Interface io downioad the appilcation
program In the Appilcation Flash memary. Sofware In the Eoot Flash section will continue to un
whil2 the Application Flash section ks updated, providing trus Read-While-Write operation. Sy
comiolning an &-bit RISC CPU with In-System Seif-Programmable Flash on a monglitils chip,
the Atmel ATmega15 is 3 powerful microcontrolier that provides 3 highly-Nexible and cost-effec-
tivee SCAUNION D Mary embended consol appicatons.

The ATmegals AVR s supponied with 3 full sulte of pregram and system development toals
Inciuding: C compliers, Moo 3E5eMDlers, program debuggersimulators, In-circult emuiators,
and evaluation kifs.

Ve Digital supply voltage.

GND Ground.

Port A [PAT.PAD) Port A serves a5 the anaiog Inpats o e AD Converter.
Port A 3l 5erves a5 an B-bit bi-directional IO part, | the A/D Coaverter |s not used. Port pins
£3N provige Intemal pul-up TesiStors (ESleckad for £3ch Dit). The Port A ouiput bulTars have sym-
meirical drive characteristics with both high sink and sourcs eapabillty. Whan pins PAD to PAT
are used a5 Inpuis and are exiemally pulied low, they will souce cument If the Intemal pull-up
resisions are activated. The Podt A pins are tri-stated when a resel condithion becomes active,
even If the clack s not I'l.II'l"I|I'Ig.
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Podt B [PET.PB0)

Port C [PCT.PCO)

Port D [PO7_PDO]

AREF

PortE Is an 3-bit bi-diractonal (A0 port with Intemal pul-up resksiors (selected for 23 bi). The
POat B output DUTTES have symmetrical drive characteristics with boih high SINk and sourcs
capability. As Inputs, Port B pins that are extemally pulled low will 50urce cuent if the pul-ug
resisions are acivated. The Poi B F‘FIE- are tri-stabed when 3 rese? condition becomes aclive,
even If the clock Is not I'l.II'l"I|I'Ig.

Port B also serves the functions of various special features of the ATmegalé as listed on pags
=3,

Port C I an B-bit bi-girectional 140 port with Infemal pull-up resistons (selected for aach bit). The
Port C catput buffers have symmetrical drive characteristics with bosh high sink and souwce
capabllity. A5 Inputs, Port C pins Mat are extamaly pulled low wil SOUTCE CUTENt If the pull-up
reslisions are activated. The Port C FI|I'I5 are tri-stated when a reset condition becames active,
even If Me ciock 15 not running. If the JTAG Interface s enabled, the pull-up resistors on pins
PCS(TION), PCH{TMS) and PCETCK) will be acihvabed even If a reset occurs.

Port C also serves the functions of the JTAG Interface and other special features of the
ATmegalt as isted on page 61,

Port D Is an B-hit bi-girectional 140 port with Infemal pul-up resistors (selacted for a3ch bit). The
Port D aitput bafers have symmatrical drive charactaristics with both high sink and soucs
capabllity. A Inputs, Port D pins tat are axtamaly pulled low Wil SOUTCE CUENt If the pulk-up
reslsions are aciivated The Port D FI|I'IS are ti-statad when a reset condiion becames active,
even If the clock s not I'l.II'l"I|I'Ig.

Fort O als0 seves the TUNCIoNs of Vanous special features of Me ATMegale as Iisted on page
63.

Reset Input. A low level on this pin for longer than the minimum pulse length wil generate a
resat, even If the ciock s not unning. The minimum puise lngth I given In Tablke 15 on pags
38. Shorter pulses are not guaranie=d 1o gensrate a resst

Inpatt fo the Investing Osciiator ampifier and Input to the Insemal clock aparating cireut.
Output from the Inverting Cscilator amplifiar.

AVCC Is the supply valtage pin for Port A and the A/D Converter. It should be extemally con-
necied 10 V.. even Il the ADC |5 not usad. IT the ADC Is used, It should be connected 1o Ve
through 3 low-pass fRer.

AREF s the analog refarence pin for the AD Convertar.

_! a3
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Resources

Data Retention

A comprenensive set of development toois, application notes and datasheets are avalabie for
downicad on hipiww.atmel.comiavr.

Redlatility Gualification results show that the projected data retention fallure rate Is much less
than 1 PPM over 20 years at B5°C or 100 years at 25°C.
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AVR CPU Core

Introduction

Architectural
Crverview

This section discussas the AVR core archibecturs In general. The main function of the CRU corz
15 10 ENSUIE COMECt DIOram exscution. The CPU must thersfone De aDie 10 A00EES MEMONES,
perform calcula®ons, control periphesals, and hande Intemupss.

Flgure 3. Block Diagram of the AR MCU Archilecture
Cini o ki
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i
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In order to maximize perfomance and parallellsm, the AVR uses a Hanard architacthurs — with
separats memones and buses for program and data. Instrections In the program memery ans
executed with a single leval pipelining. Wik one Insfuction Is being executed, the next Instruc-
tion 15 pre-fiEtched from the program memory. ThIS CONcept enames INstnuctions 10 be executed
In every clock cysie. The program memary Is In-System Reprogrammable Flash memory.

The fast-acoess REQISES Flle contains 32 X 3-bit general pUTPOSE WOrking ragisters wim a singie
clock cyele access ime. This allows single-cycie Artthmetic Logic Unit (ALY oparation. In a typ-
lcal ALLI oparation, two operands are output from the Register Flle, the oparation Is axscuted,
and the result 15 stored back In the Register Fie — In one clock cycle.

Six of the 32 regisiers can be usad as three 16-bit Indirect addrass register pointers for Data
Space addressing — enabling eMcient address calcuiations. One of the these address pointers
can also be wsed as an address pointer for look up tables In Flash Program memary. Thess
atded function regisiers are e 16-bit X-registar, Y-regisier, and Z-reqisier, oescribed Iater in
this section.

The ALL supgorts ahmetic and 10gic 0perations Detween registers of betwesn a constant and
a ragister. Single reglster op2rations can also be executed In the ALLL After an arhmetic opera-
tion, the Status Reglster s updated to refiact Information about the result of e cperation.

2asET-AaN-1Tn0
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AL - Arithmetic
Lergic Unit

Status Register

Program fiow Is provided by conditional and unconditional jump and call Instructions, able to
directly address the whole address space. Most AVR Instrucions have 3 single 16-bit word Tor-
mat. Every pIogram memory 3odress containg a 16-0i of 32-0 Instruction.

Program Flash memory space 15 divided In two sections, the Boot program section and the
Application Program section. Both sections have dedicated Lock bits for wriie and readiwilte
proteciion. The SPM Instruction that writes Into the Application Flash memaory s2ciion miest
reside In the Bioot Program saction.

Diuring Int=rupss and subroutine cails, the ratum address Program Counter (PC) Is stored on the
Stack. The Stack ks efeciively alocated In the general data SRAM, and consegquently the Stack
size Is only Imiked by e totsl SRAM size and the usags of the SRAM. Al USST programs must
Iniialize the SP In e resat routine (before SWHNOULNSS oF INtESTUDts are executed). The Stack
Palnter 5P Is read/wnite acoassible In the 10 space. The data SRAM can easlly be accessed
through the five different agdrassing modes supponad I Me AVR architacturs.

The memory spaces In the AVR architecture are all linear and regular memory Maps.

A N2xible INtETTURt Module M35 5 cOntrol reglsiens In e LO space with an additonal giobal
Intermupt enable bt In the Status Registar, All INtemupts have a separats imtemupt vector i the
Intermupt veckor Eble. The Intemupss have prority In accordance with thelr Intemupt vecior posk-
tion. The lgwer M Intemupt vector address, the Nigher the priorty.

The /D memory space contans £4 addresses for CPU peripheral funcions as Conirol Regls-
ters, FPI, and other 1FD functions. The /0 Memory «an be accessed dinecily, or as the Data
Space Incations following thosa of the Register Flia, $20 - 35F.

The high-performanca AVR ALU aoerates In direct connection with all the 32 general purposs
WOrking registers. WIMIn a single ciock cycle, anthmetic Operalions Detwesn Qeneral puposs
registens of Detween a register and an Immedlae ars executed. The ALU operabions are divided
Infz three main categories — arfthmetic, logical, and oit-uncions. Some implementations of the
architacture also provide a powerful multiplier supporting both signediunsigned multiplication
and fractional format. See the “Instruchon Set” section for 3 detalled descrption.

The Slabus Reglster contalns Information about the result of the most recently executed anmme-
tic Instructlon. This Imformation can be used for altering program flow In order to perfarm
conditional operations. Mote that the Status Register is updated after all ALU operalions, a5
specifled Inthe Instruction Set Referance. This will In many cases remove Me need for using the
dedicated compare InsTuctions, resutting In faster and more compact code.

The Status Register ks not automatically stored when entering an Intemupt routine and resiored
whan Fetuming from an Intemupt. This must be handied by software.

The AVR Salus Register - SREG — |5 defined as

= T L L] 4 3 2 1 o

] T H I L ] z C SADG
Fmat et A AN [ ] [ A ey [
intml Vs o ] [-] [} o o ] o

= BIt T -1 Global Interrupt Enable

The Giobal Intemupt Enable bt must be set for the Intamupts to be enadled. The Indvidual intes-
rupt enabie control Is then performed In separate control registers. If M Giooal Inbamupt Enabla
Register s cieared, none of the Inermupts are enadied independant of the Individual Intarmupt
enabie settings. The I-blt I cleared by hardware after an Int2mupt has occumed, and s 5&4 oy
the RETI Insiruction 1o enable subsequent Intemupts. The |5t can also be 5=t and cleared by
the application with the SEI and CLI Instructions, 35 descrbad In the IN5rction Se¢ reference.

I 3
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= Bt &-T: BIt Copy Storage

The Bit Copy Instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit a5 source or dest-
nation for the operated bit. & bit from a register In the Register Flle can be copled into T by the
BST Instruction, and a bt in T can be copled Into 3 bit In a register In the Reglster Flle by the
BLD Instruction.

= Bit 5 — H: Half Carry Flag

The Half Camy Flag H Indicates 3 Half Camy In some anthmetic operations. Half Cary Is useful
In BCD anthmetic. See the “Instruction Set Description” for detaled Information.

= Bt4-5: SN BIL S =NSV

The S-bit Is always an exclusive or between the Megative Flag M and the Two's Complement
Cwerfiow Flag V. See the “Instruction Set Description” for detalled Information.

= Bit3-V: Two's Complemant Overfiow Flag

The Two's Complement Overfiow Flag W supports two's complement arithmetics. See the
“Imstrucion Set Description” for detalled Informiation.

= Bt 2 —N: Magative Flag

The Megative Flag M indicates a negative result In an arthmetic or logic operation. See the
“Instruction Set Description” for detalled Information.

= Bit 1-Z: Zero Flag

The Zero Flag Z indicates 3 zero result In an arthmetic of logic operation. See the “Instction
Sat Desciption” for detalled Information.

= BIt 0 —C: Camy Flag

The Camy Flag C Indicates a camy In an arthmetic or loglc operation. See the “Instructon Set
Description” for detaled Information.

I ! 10
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General Purpose

The Regisier Flle k= optimized for the AVR Enhanced RISC Instucion s&1 In onder fo achieve

Register File the required parfiomance and fiexioiity, the following Inputioutput schemes are supported by the
Register Flle:
+  On2 B-blt output operand and ona B-bit result Input
+  Two 50 output operands and one E-bi result Input
+  Two 5o output operands and one 15-bit result input
+  One 16-bit output operand and one 16-bk result Input
Figura 4 shows the structur of the 32 ganaral purpose working reglsters n Mz CPU.
Flgure 4. AVR CPU General Purpose Working Registers
T o Addr
] E
" =
L= R
L] 0
Canaral nu { = 3
Frupas T £
Workng nme o
Nsgiumrs n m
o= S1A, Hermgmier Low Byin
L~ e Seragmin Hg= Svis
=] (11 ¥-regmisr Low Byis
=] 510 Termgmin- Hg- Sxis
=3 SIE Eregesr Low Byls
= s Z-mguim: Hgh Byt
Mo=t af the Instruchions IJPEI'.I‘“"IQ on the Fteglster Flig hawe dir2ct aceess o a3l I'Eng"!I'S, and
most of them are single cycie Instructions.
Az shown In Figure 4, each register is also assigned 3 data memory address, mapping them
directly Inta tha first 32 Ioeations of the user Data Space. Athough not baing physicaly Imple-
mented a5 SFAM locations, this memaory organization provides great fiexibility in access of tha
reglsters, 35 M K-, Y-, and Z-polnter Registers can be set to Index any register In the file.
| 1
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Tha X-reglster, ¥-
registar and Z-reglster

Stachk Pointer

The registers R26.R31 have some added functions o thelr general pUrpose Usage. These rag-
Istars are 16-0it address pointers for Indirect addressing of e Data Space. The thres Indinsct
aduress regisiens X, ¥, and Z are defined as descaibed In Figurs 5.

Fligure 5. The X-register, Yregister, and Z-egisier

= LT L
B rugimer T a7 [ |
BT (318 T35 [51A)

15 TH YL 1]

RS (510

1= IH o a
2 eagimer T o | [ 1
o] W30 L)

In the differen? addressing modes these address r2gisters have functions as Mixed displacament,
automatic Incrament, and automatic decrement (522 the Instruction Set Reference for detalis).

The Stack Is malnly used for storing temparary gata, for storng lecal variables and for storing
retum addresses after Intemupts and submuting calls. The Stack Pointer Reglster always points
to the fop of the Stack. Mote that the Stack Is Implemented a5 growing Som higher memcry locs-
tions 10 lower mamery locations. This Implies tat a Stack PUSH command decreases Me Stack
Falnter. If sofware reads the Program Countar from the Stack after 3 cail or an Intemugt, unused
bits (15:13) showld be masked ou.

The Stack Pointer points to the data SRAM Stack area where the Subroutine and Intemupt
Stacks are located. This Steck space In the data SRAM must be defined by the program befors
any suorouting calls are executed or |I11EI'I'I.FI5- are enablad. The Siack Polmer must be 58110
point above SE0. The Stack Pointer Is decremented by one when data Is pushed onto the Stack
with the PUSH Instruction, and It I decremanie: by twe when the refurn address is pushed onto
the Stack with subsoating call or Intemupt. The Stack Pointer Is Incrementad by one when data s
pooped from the Siack with the POP Instruction, and | Is Incremented by two when data is
popped from the Stack with resum from surouting RET of retum from Intermuot RETI.

The AVR Stack Polnter Is Impiemented a5 two B-DIt registers In the 10 space. The numiber of
bits achually used is Implementation dependant. Mote that the data space In some Impiemanta-
tions of Me AVR architacture Is so small that only SPL Is needesd. In Dils case, the SPH Reglster
will not ba present

[
mmmmmmmm ki
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Instruction
Execution Timing

Thils s=ction describes tha gE"IEIE] ACCEEE 1.|"I1|I'rg B-CﬂEEP“IE for Instruction exscution. The AVR
CPU Is driven Dy the CPU ciock o, irEchy generated from e selected clock s0uns for the
chip. Mo Intemal clock division IS used.

Flgure & shows the parallel Instruction fetches and Instruction executions enabled by the Har-
vard architecture and the fast-acoass Ragister Flie concapt. This Is the basic pipelining concept
to COEIN WD 1o 1 MIPS per MHZ With the COMEspandng Lnique results for Tunclions per cost,
funcions per ciocks, and funclions per power-unit.

Flgure &. The Paraliel Insruction Fefches and Insiruction Executions
T1 T2 T3 T4
1

1

151 Instrsction Fetch —L¢ b 1
1st Instruction Exacute | | ;
2nd Insiruction Feich _l—r‘fl T !
2nd Instruciion Execute 1 1 1

3rd Instruction Fetch — | 1 ::P

3rd Instruction Execute 1 1 1 e

4th Irstruction Fetch — ! !

i i i

Figurz 7 shows the Inf\emal iming concept for e Register Flie. In a single clock cycle an ALU
operation using bwo register operands Is executad, and the result |5 stored back to Me desting-
tion register.

Figurs 7. Single Cycie ALU Operation
Ti T2 T2 T4

I'-”;C-'-‘LI 1

Total Execution Time —'< b

1 1

1 1

i i i i

Reglster Operands Fetch W ! ! !
1 1 1 1

AL Operation Executs ——— ; !

1 1 1 1

Result Witte Back —+ ; ;

1 L:"‘ 1 1

1 1 1

Reset and
Interrupt Handling

The AVR provises several differsnt Intemupt sources. Thess Imtemupts and the saparate reset
vector each Nave a separate program vector In the program memary space. Al Intemugts ars
assignad Individual enabée bits which mus? be wiitisn kgic one togethar wim the Global Intemupt
Enatis DIt In e Status Register In order 1o enabie e INemupt. Depenaing on e Program
Counter value, Intarmupis may be automatically sisabied when Boot Lock bits BLBOZ or BL512
ara programmed. This featurs Improves software security. See the section “Memary Program-
ming on page 258 for detalls.

The |owest addresses N Me program memory spacs ane by defaut defined as the Reset and
Imtesmupt Vectors. The complete list of wechors |s shown In “Intemapts" on page 45, The list aso
detammines the priorty kevels of the diferent intesTupts. The lower e address the higher s the
pricrty level. RESET Nas e hignest prionty, and next Is INTO — ihe Extemal intemupt Request

1 ! 13
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AVR ATmegailt
Memories

In-System
Reprogrammable
Flash Program
Memory

Thiis 58C10N d2SCrDEs e SMErEnt Memones I the ATmegals, The AVR achReciurs Nas wo
maln memory spaces, the Data Memory and the Program Memory space. In addition, the
ATmegalf features an EEPROM Memory for data siorage. All thres memory spaces e linear

and reguiar.

The ATmegais contains 16 Kbyles On-chip In-System Reprogrammabie Flash memary Tor pro-
gram storage. Sincs all AVR Instructions are 16 or 32 bits wide, tha Flash is organized as BX X
16. For software s2curty, the Flash Program memody space |s divided Into two sections, Boot
Program saction and Application Program section.

The Flash memary has an endurance of at least 10,000 write/erase cycles. The ATmegals Pro-
gram Courtter (PC) |5 12 bits wige, thus adgressing the BX program memery locations. The
DPE{I‘I.KII'I of Boot Frn-gm section and associated Boot Lock bits Tor sofhwars Pl'UtEBﬂDI'I ang
descibed In detall In *Boot Loader Sugport — Read-Whils-Wiite Saif-Programming” an page
245, "Memory Programming” on page 252 contalns 3 detalled deseription on Flash data serial
downloading using the SP1 pins o the JTAS Interace,

Constant tables can be allocated within the enfre program memory address space (ses the LPM
— Load Program Memory Instruction Description).

Timing diagrams for instruction fetch and execution are presemted In “Instuction Execution Tim-
Ing" on page 13.

Flgure &. Program Memory Map

FIFFF

_! 16

24 T-m-I0
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SRAM Data Flgurz 9 shows how the ATmegalE SRAM Memory s organized.

Memary The lower 1120 Data Memary lcations adoress the Register Fliz, Me VD Memary, and me inter-
nal data SRAM. The first 96 locations address Me Reglster Fllie and 110 Memary, and the next
1024 I0Z3N0NS A0AN2ES e INt=Mal 433 SRAM.

The flve differant addressing modes for the data memory cover: Direct, Indirect with Displace-
ment, Indirect, Indirect with Pre-gecrement, and Indirect with Post-increment. In the Reglster
Flie, reglstars F26 to R31 featurs the indirect addressing pointer ragistars.
The direct EIHI'E‘BEII'Ig reaches the enire data space.
The Indirect with Displacement mode reaches 63 address locations from the Dase address glven
by the Y-reglster or Z-ragistar.
Whan using reglster Indirect addressing modes with automatic pre-decrement and postncre-
ment, the addness I'EQHEFE X, ¥, and Z are decremented or Incremented.
The 32 general purposa working reglstars, 64 10 Reglsters, and the 1024 byles of Intemal data
SRAM In the ATmegals are all accessiole through all these addressing modes. The Reglster
Fliz Iz descritad In “Ganeral Puposs Reglster FIE™ an pags 11,
Flgure 5. Data Mamary Mag
Feghler Fi Coata Acdress Epace
T | om0
B S0001
R 20002
] 20010
B3 RO1E
R S00F
WO Registens
00 $0020
01 200
5y 20002
830 S00ED
LI BO05E
4= [T
Inbeimial ERAM
B0060
B00E1
0458
045
] 17
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DBT.B Hmm‘yﬁm This sectlon describes the wl’EE| aCC2EE ﬂI'I1|I'!g IIII'IGE'FI[E- far intarnal MEMOrY JCCEES. Tha
Infemal data SRAM access i performed In T clk ., Cytes 35 descried In Figure 10,

Figurs 10. On-chip Data SRAM Accass Cycles
Ti T2 T2

i i
1 1
ok, —A N
= 1 1
Agdrass | Compits Address | Address Walid
1 1

Data —i—ri.:D—]

Y I S
-

1
! !
WR | ——h
1

Data

Write

Hmmd

1
1
i
1 1
RD 1
T
1

I
1
i
1
i
.\‘-\__ _FJ

Memery Ascess Inalruction Fiend | naitruction

EEFROM Data The ATmegatls contairs 512 bytes of data EEPROM memary. It Is organized as a separate data

Memaory space, In which single byles can be read and written. The EEPROM has an endurance of at
least 100,000 writeferase cycles. The access between the EEPROM and the CPU Is described
In the foliowing, speciying e EEPROM Address Registers, the EEPROM Data Register, and
the EEPROM Control Register.

For a detalled gescription of 5P, JTAG, and Parallel data downioading to the EEPROM, se2
page 273, page 274, and page 262, respectively.

EEPROM ReadiWrite  The ESPROM Access Regisiers are accessibie In the 110 space.

The wrile access Ime for the EEPROM Is given In Table 1. A seif-Iming funciion, however, iets
the user software detect when e next byle can e written. If the user code contains Instructions
that write the EEPRIOM, some precauiions must be takan. In heavly iitered power supplies, V.
I5 kety to rise of fall slowty on Power-upisown. This causes the devics for some peniod of time
to run @t @ voltage lower than spectied a8 minimum for the clock frequency used. See “Pravent-
Ing EEPRCM Comuption” on page 22 for detalls on how to avold prodiems In thase shuations.

In order to prevent unintentional EEPROM writes, a specific wrile procedure must be Tollowead.
Refer to the description of the EEPROM Control Register for details on this.
When the EEPROM |5 read, the CPU ks halted Tor four clock cydies before the next Instuction Is

execuied. When the EEPROM Is wiithen, the CPU s haited for two clock cycles before the next
Instruction Is executed.

2aEE]-A-I0

L ATmega1 EI: L]

Tha EEPROM Sddrass

Reglster—EEARHaND 1= " 1 12 n 0 ] [
EEARL 1 — 1 — 1 - T - T - 1 - Jeom] e
| eeany | eeans | eeams | emans | eesns | eeasz | emam | eeans | oeeam

T ] 3 I 3 2 1 0

MmN L} L L] n L L L] Lol

Y L ww e L] W e L

Il Vinkm o o -] o o -] o ]

x ] = H % = x ]

= Elts 159 — Res: Ressrved Bits
These bits are reserved bis In the ATmegalé and will ahways read as zem.

= Blts 8.0 - EEARS..0. EEPROM Address

The EEPROM Address Reglsters - EEARH and EEARL — spedy the EEPROM address In the
512 byles EEPROM space. The EEPROM data bytes are agdressed Inearly bebaeen © and
S11. The Initial value of EEAR. |s undefined. A proper value must be written Defore the EEPROM
may be accessed.

The EEPROM Data

Raglster - EEDR = r [ 5 1 E] 2 1 1
| = —_ T T T =8 I Eeos

e te e W e e = W e W

Ikl Vakm o o o o o o o o

= Blts 7.0 - EEDR7.0: EEFROM Data

For the EEPROM write operatlon, the EEDR Register contains the data to be written to the
EEPROM In the address given by the EEAR Register. For the EEPROM read operation, the
EEDR contains the data read cut from the EEPRCM at the address given by EEARL

The EEPROM Comtrod

Mﬂlmr'EE':H- = T B £ 4 3 2 1 o
| - - — - | eeme Jeewwe | eewe | eenr | oeecw

Fmadns ] [ " ] R ] T ]

Intinl Vinks o o -] o o o X o

= Bltz 7.4 - Ras: Resarved Bits
These bits are reserved bis In the ATmegal and will 3ways r2ad as Zem.

- Blt 3 - EERIE: EEPROM Raady Intemupt Enable

\Writing EERIE to one enabdes the EEPROM Ready Intesrupt f Tie | bt In SREG Is se1. Wiiting
EERIE to zeqo disables the Intemupt. The EEPROM Ready Intemupt generates a constant Inter-
rupt when EEWE |5 cleansd.

» Bt 2 - EEMWE: EEPROM Master Write Enabla

The EEMWE bit determines whether seiting EEWE o one causes the EEPROM o be wiitien.
When EEMWE |s e, setiing EEWE within four clock cycies will wiits data to the EEPROM at
the sedected address If EEMWE s zero, seting EEWE will have no effect When EEMWE has
been written to one by softwane, hardware ciaars the bl to 2ero afer four clock cycles. See the
description of ie EEWE bit for an EEPROM wiite procedure.

L] 13
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System Clock
and Clock
Options

Clock Systems
and their
Distribation

CPU Clock — ol

VO Clock — el

Flash Clock — clky, e

Figurz 11 prasents the principal ciock systems In fie AVR and Melr distrioution. All of the ciocks
reed not e aclive at ZgWEﬂ fime. In orger io reduca [owET MS-I.II'I'IPHDI'I. ihe clocks 1o moduies
not being used can be halted by using diferent sieap modes, 35 described In “Power Manage
ment and Sieep Modes” on page 32. The clock systems are detalled Figure 11.

Fligure 11. Clock Distrioution

Amprcironoes Ganmrul D) o ]
| P - || || . || - || o || FE |
i
E - AT Cock ok,
Contraillini
oy o
I:W-:“q:llﬂ'
¥
Sourm Siock Wiskcheing Dl
d o ocek M "Waichog
[IrTss=sy =
¥ T
i Couin il AD el Chack o Lo Caltxning FC
[T lnicr =™ Cryatl Cacilsios o

The CPU clock Is noutad o Fl3'|5- of the 5-}'E|:EI'I1 concamed with [*IETZ‘“IH"I of the AVR care.
Examples of such modules are e Generl Pupose Reglster Fliz, the Status Register and the
data memory hoiding the Stack Pointer. Halting the CPU clock Inhibls e cone from performing
general operations and calculations.

The K0 ciock 15 used by the majortty of the KO modules, ke TimernCounters, SPI, and USART,
The |40 clock ks ais0 used by the Extemal Intermupt module, bt node that some extemal Inter-
rupts are detected by asynchronous logic, llowing such Intemupts o be deteciad even I the 1O
clock b5 halted. Also note that addrass recogniticn In tha TWI mosiuie 15 camied out asynchro-
nously when ok, I haltesd, enabling TWI address recaption In all si2ep modes.

The Flash clock controls operation of e Flash Intestace. The Flash ciock Is usually active simul-
tanepusly with the CPU clock.

Asynchroncus Timsr  The Asynchinonows Timer clock allows the Asynchronous Timer'Counter to be chocked directly

Clotk — Clk ey from an external 32 kHz clock crystal. The dedicated clock domaln allows using this
TimerCounter a5 a rea-lime counter even when the device ks In sieep mode.

L | 24
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ADC Clock — el

Clock Sources

Default Clock
Source

Crystal Oscillator

The ADC s provided with a dedicated clock domain. This alows halting the CPU and 10 chocks
In arder o reduce nolse generated by dighal cireulimy. This gives More accurate ADC conversion
resufis.

The device has the following clock sowce ophions, selectable by Flash Fuse bits as shown
below. The clock fom the selacted source s Input to e AVR clock generator, and routed to the
appropriats modules.

Table 2. Device Clocking Options Salect”

Davloa Claoking Cotion CEEELE.D

External CrystallCemmic Resonaior 1411 - 1010

External Low-frequency Cryssal oo

Exiernal RC Oscllabor iooo - o101

Callbrated Internal RC Oscllaior 000 - o001

External Clock Q00
Mobes 1. Foral fusss *1* means unprogrammed whiks 50" means pogrammed.

The varlas chokees for each clocking option Is given In the follawing sections. When the CPU
wak2s up from Power-down or Powser-save, e selected clock source s usead o ime the stat-
up, ensuring stable Cscdlator operation before Instruction execution siarts. When the CPU staris
from Reset, thera Is as an addrional delay H|l:l'l'|ﬂg ihe power ta reach a stable lavel befona
commencing nommal oparation. The Watchdog Oscilator is used for timing this real-ime part of
the start-up ime. The number of WDT Osclliatr cycies used for each Hmea-out Is shown In Tabie
3. The frequency of the Walchdog Osclliator |5 voitage depandent 35 shown i “ATmegals Typ-
leal Charactesistios” on page 209,

Table 3. Number of Watchdog Oscliator Cycles
Typ Time-out [V = 6.0W) Typ Time-cat (W, = 3.0V) Humibar of Cyolec
41ms 4.3ms 4K {4,0%€6)
65 ms B3 ms E4K {55,538

The device Is shippad with CKSEL = "0001" and SUT = “10°. The default clock sowrce setting Is
theredore the 1 MHz Intemal RC Cscllator with longest sianup time. This default satiing ensunss
that all users can make their desired clock source setting wsing an In-System or Parallal

Programmer.

XTAL1 and XTALZ ars Input and output, respectvely, of an Inverting ampifier which can be con-
figured for use as an On-chip Oscliator, as shown In Figure 12. Elther 3 quanz crystal or a
ceramic resonator may be used. The CHOPT Fuse ssigcts betwesn wo different Osciiator
ampifiar modes. When CKOPT Is programmed, the Oscliator outpat will oscliate wil 3 ful ralk-
torall swing on the owput. This mode Is suitable when operating In a very nolsy environment or
when the wlput from XTALZ drives a second clock buffer. This mode has a wide fI'EqI.EI'II::f'
range. When CKOPT is unprogrammed, the Oscliator has a smalier output saing. This reducss
power consumption conslderably. This mode has a imitad freguency range and It can not be
used fo drive ather clock barfars.

Fur resonators, the maxmum fraquency |s 3 MHZ with CK.OPT unprogrammed and 15 MHZ with
CKOPT programemed. C1 and C2 should always be equal for both crystals and resonators. The
ootimal value of the capaciiors depends on the crystal or resonator In use, the amount of stray
GEFIRIEMFE. and the Elec'lrnmagnetln nalss of the environment. Some Inltdal gl.lﬂE"ﬂEE- far
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choosing capaciiors for use with crysials are given In Table 4. For ceramile resonators, the The CHSELD Fuse together with the SUT1..0 Fuses select the sian-up times as shown In Tablke
capachor values given by the manufacturer should be ssed 5
Figure 12. Crystal Cscllaior Connections Table 5. Start-up Times for the Crystal Osclilator Clock Sslection
c Stari-up Time from | Addiicnal Delay
F o WTAL2 Powsr-down and from Raced
L CHIELD | 3UTL.0 Power-cave ¥ e = 5OV Recommeanded Ucage
g T TAL1 =
t e R ramic resonaior, tast
F o oo 258 CK 41 ms fhving power
GHD . _— ‘Ceramic resonaior, siowly
o o 258 CK ESms iving power
- Caramic res EOD
o 10 .K,:..;l.‘u - MIC rEsORator,
enabied
The Cesclliaior can operate In three @ifferent modes, each optimized for a specific frequency 8 0 1K oxc® A1 ms ‘Cemmmic rezonatr, tast
range. The operating mode ks selected by the fuses CKSELI.1 a5 shown In Tadle 4. Fising power
\ Caramic resoraior, slowly
4 o - ; ] "
Table 4. Crystal Cscliator Operating Modes 1 oo LR=t EEms Fising pawer
Fraguancy Range R=sommended Rangs for Capaoiton . Cryssal Csciiaton, BOD
CHOPT | CHEEL3.A {MHz} 1 and CF for Uss with Cryetals (pF) 1 o e oK - enabied
1 1ot 0.4-08 - —_— -
1 10 1ex K 4ams {’f:"" Cicliator, et
1 110 0.2-34 12-22 rising power
1 11 30-840 12-22 1 1 Ex o &2 ms Cryssal Ozcllator, siowly
rising power
o 181, 110, 111 185 12-22
Noges: 1. These options should only be ussd wihen not operating dose 1o the madmum freguency of the
Fioge: - This opion should notbe used with rysinis, only with ceramic resonakors. device, and only ¥ frequency stabllty af startup 15 not important for the application. These

options are not sultable for oryssals.

2. These opbons are intended tor use Wit ceramic resonators and wil ensure frequency stability
at start-up. They can aiso be used with oysials when not operaing close: o B maximum fre-
quency of the GeviCE, and I equency $Sabilly at Star-up |5 not Important for the appiicatian.
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System Control

and Reset

Regatiing the aVR

Rasat Sourcas

During Resst, all 140 Registers are 2t fo their nltial valuss, and the program starts exscution
from (e Reset Vector. The Instruction placed at the Reset Vector mist be a JMP — absolute
|umip — Instruction to the resat handling routine. If the program neves enables an Interrupt
sowrca, the Imtemupt Vectors are not usad, and regular program code can be placed at thess
lpcations. This ks also the case f the Reset Vector is In the Application saction while the Intemupt
ectors are In the Boot sechion or vice warsa. The cincult dlagmn In F|gJI'E 15 shows the reset
logic. Table 15 defnes the slecinical parameters of the resat circuisy.

The 1D ports of the AVR ars Immemately reset to thelr Initial state when a resst source goss
active. TNis 0S5 NOL MSqUINe amy CIOCK SOUMGSS b0 be unning.

After all reset sources have gone Inactive, a delay counter Is invoked, stretching the Intemal
Resat This allows the power o reach a stable level before normal tion starts. The tme-out
period of the delay counter Is defined by the user through the CKSEL Fuses. The diferent salec-
tions for the delay period are presanied In “Clock Sources” on page 25

The ATmega s has five sources of reset:

+  Powsr-on Resst
The MCU Is reset when Tie supply voliage is below the Power-on Reset threshold (Vo).

+  External Resat
The MCU Is reset when a low |evel s present on the RESET pin for longer than the minimum
puise [engin.

Watchoog Reset.
The MCU IS reset when e Watchdog Timer period expires and the Watchdog is enabled.
+  Brown-out Resst
The WCU Is resel when Me supply voliage Ve |5 below the Brown-oul Resst threshold
[Waas) @nd the Brown-out Detector 5 enadled.
« JTAG 2WR Resst
The MCU 15 resel & long as there |5 a loglc one In the Reset Reglster, one of the scan
chalns of the JTAG sysiem. Refer to the section “IEEE 11491 [JTAG) Eoundary-scan” on
page 226 for detals.

_l 7
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Figurs 15. Reset Logc

I L

ST TR

Table 15. Reset Characterstics

Eymbod | Parameder Condion Min Typ Max Unis

Power-on Reset
Threshod VoRspe (Msing) 14 3

Veor | Fower-on Reset
Threshoid Vokage 1.3 3 W
(Eailing!
FEZET Fin Trreshoid '

Vit | yeimge 0.4V D.5Veo
Minimum pulse width on - .

kst | Z=zETEN £ K=

Brown-out Reset BODLEVEL = 1 25

 — p @ . w
b Threshiaid v BODLEVEL =0 36 X

2
B
i
]

.
=
ol
in

Minimu low wokage BODLEVEL = 1 2
tagn | Peericd for Brown-out ]
Dt ction BODLEVEL = 0 2
. Erown-out Detector '
THEET | myssermels 50 i
Noges: 1. The Power-on Reset wil not work uniess e supply volage has been beiow Vg (failng.

[N

. Voo May be beiow Rominal minkmum operadng vokage for some devices. For devices wihere
this |5 e case, the device 15 iested down 10 Ve = Vger during the production best. This guar-
anizes that a Brown-out Reset will ocour before Vo, drops o 2 wRage whers comect
operaton of the microconfroler I= no longer guaranieed. The fe=st |z performed wsing
EQDLEVEL = 1 for ATmegaicl and BODLEVEL = O for ATmegals. BODLEVEL = 1 ks nat
appicabie for ATmegads.

L | 38
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Power-on Reset

A Power-on Reset [POR) pulse ks generated by an On-chip tetecton circull. The delzction level
Is defined In Tasle 15. The POR is activated whenever V.. Is below the detection level. The
POR eircult can be wsad fo trigger e Star-up Reset, a5 well as to detect 3 fallure In supply
wolage.

A Power-on Reset (POR) circult ensures that the device I reset from Power-on. Reaching the
Power-on Reset threshold l'lﬂ‘lEE' Invokes the ﬂela}' counter, which detemines how |Ell1g the
device ks kept In RESET aMer V... fise. The RESET signal Is activated again, without any deiay,
whean V. decreases below the detection laved.

Figurs 16. MCLU Start-up, RESET Tied 1o V..

MTLHNAL
13- 5 ——
Figure 17. MCLU Start-up, RETET Extended Extemally
- Wzt

RESET A

MTLARAL |
MESET

_! i3
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External Ressat

Brown-out Datection

An Extemal Reset ks generated by a low level on the RESET pin. Reset puses longer than the
minilmien FII.ISE width I:SEE Taole 15] will generme aresat, even If the clock s not I'I.I"II'I|I1g.
Shorter pulsss are not guarantesd to generate a resel. When the applled signal reaches the
Reset Threshold VoHEge — Vi — on |5 posiive edge, e delay counter stans ihe MCU aftar
the Time-out perod t, has expired.

Figure 18. External Reset During Operation

Ve
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\
S i
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ot —

TIE=CLT

IHTERRAL
RESET

— |

ATmegalt has an On-chip Brown-out Detaction (B0D) circult far monitorng fe Ve, level dur-
Ing operation by comparing It to @ Mxed tigger level. The trigger level for the B0 can be
selacted by Te fuse BODLEVEL w0 be 2.7V (BODLEVEL unprogrammed), or 4.0V (BODLEVEL
programmed). The trigger leval has a hysieresls 1o ensure spike free Brown-out Detection. The
hysterasis on the detecion lewel should be Interpreted a8 Vg, = Vsar + Vw2 and Vygy =
Viaor ~Wipsr2.

The BOD clreult can b= enabled'disabled by the fuse BODEN. When the BOD s enabled
{BODEM programmed), and V. decreases to a value below the trigger level (V... In Figurs
13), the Brown-put Reset |s Immediataly acivated. When V.. Increasas above the trigger leval
(Vs In Figure 139, the delay counter starts the MCU after the Time-out penod ty.,, has
expirad.

The BOD circutt wil oniy detect @ drop In V.. If the voitage stays balow tha trigger level for lon-
T 3N tyee gIven In Table 15,

Fligurs 19. Brown-out Reset During Cperation
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Watchdog Resst

MCU Controd and
Status Regleater -
MCUCER

When the Walchdog tmes cart, It will ganarate a short reset pulse of one CK cycis duration. On
the falllng edge of this pulse, e delay tmer starts counting the Time—Cut perod b, . Refer to
page 42 for detalls on operation of the Watchdog Timer.

Figure 20. Watchdog Reset During Oparation

Ve

RESET

TIME=CLIT

RESET
TIME-CLIT

IMTERKAL

The MCU Control and Status Regisier provides Information on which resel sounce caused an
MCU Reset.
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Indiml Vs o o (-] Zam B Cmmcription

= Blt4— JTRF: JTAG Resst Flag

This bit |5 sat If a reset |s being caused by a kogic one In the JTAG Reset Register selected by
the JTAG Instruction AVR_RESET. This bit Is resat by a Power-on Reset, or by wiiting a logle
zero to the flag.

= Blt3-WDRF: Watchdog Resst Flag

This bit Is set If a Watchdog Reset ooours. The bit ks reset by 3 Power-on Resat, or by wiiling a
logic zem to the flag.

= Blt 2 - BORF: Brown-ocut Resst Flag

This bit Is set I 3 Brown-out Reset ooours. The bitls resst by 3 Power-on Reset, or by wiiling a
logic zem to the flag.

= Blt1-EXTRF: Extarnal Resstl Flag

This bit I5 st If an Extemal Reset occurs. The bit s reset by a Power-on Reset, or by wiiing a
logic zem to the flag.

= Bit 0 - PORF: Powsr-on Resst Flag

This bit s sat If 3 Power-on Reset ocours. The bitIs reset only by witing a logic zero to the flag.

To make use of e Reset Flags i |ﬂEﬂ1ﬂT’ a reset condltion, the user should read and then reset
the MCLICSR as early as possltéa In the program. If the register Is cleared before ancther resst
ooours, the sounce of Me reset can be found by examining the Reset Flags.

L] 41
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Internal Voltage
Reference

Voltage Reference

Enabla Signals and
Start-up Time

Watchdog Timer

ATmegal 6 featurss an Intemal bandgap referenca. This ressrence Is used for Brown-out Detec-
tion, and It can be used 3s an |ﬂ|}|ﬂ 1o the F\I"IHDQ -.‘:m‘paamrnr the ADC. The 2.55V referanca
to the ADC Is genarated from the Intemal bandgap rafarence.

The voltage reference has a start-up time that may imfuence the way It should be wsed. The
start-up ime Is gven In Table 16. To save power, the refaranca I not always umed on. The ret-
enence |s on during the following situations:
1. When the BOD Is enabled (by programming the SODEN Fuse).
2. When the bandgap reserence Is connecied to the Analog Comparator {by sesting the

ACBE bit In ACSR).
3. When the ADC Is enabled.
This, when the BOD Is not enadled, after seting the ACES bit or enabling e ADC, the user
must always allow the reference to start wp befors the output from the Analog Comparator or
ADCT s used. To reduce [power [HH'IBI.I'ﬂFﬂk]I'I In Poswer-down mods, the usar can avoid he thres
conditlors above to ensure that the reference s wmed of b=fone enbenng Power-down moda.

Table 16. Internal Voltage Reference Charactensics

Symbol | Paramater Win Typ | Max | Uniic

Waa Eandgap referenos voltage 145 123 1.4 W

Eag Eandgap reference start-up Gme 0 70 [

by Eandgap reference current consumpiion 10 [T

The Waichdog Timer ks clocked from a separate On-chip Csciliabor which runs at 1 MHz. This I
the typical valus atVi,- = 5V. See characterzation data for typlcal valuss at other V.. levels. By
controling the Watchiog Timer prescaler, the Watchiog Resst Interval can be adjusted as
ghown In Takie 17 on page 43. The WDR — Watchaog Reset — Instruction resets the Watchdog
Timer. The Watchdog Timer Is also reset when I Is fisabled and when a Chip Reset occurs.
Eight differant clock cycie pericds can be selectad to determine the reset pariod. If the reset
period expines without another Watchdog Reset, the ATmegals resets and executes from ihe
Resat Vector. For iming detalls on the Watchdog Reset, refer i page 41,

To prevent uninentional disabilng of the Watchdog, 3 special turn-off saquance must De fol-
lwed when the Watchdog Is disabled. Refer to the descripfion of the Watchdog Timer Control
Register for detals.

Figure 21. Watchdog Timer

VR TOHDOG
OECLLATOE

WATCHOOGE
RESET

WOrT
WO
]

WoE

MU NEBET
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‘Watchdog Timer

Confrol Regleter — - r B 5 i 2 3 i "

WDTCR - - - WOTOL WD WOPZ Ll WD WOTCR
] n " L W L A RN nw
ritiml ks o a Q a o o a Q

- Blts 7.5 Res: Resarvad Sits
These bits are reserved DRS In the ATmMegals and will 3Ways 12ad 36 Zem,

= Blt 4 - WDTOE: Watchdog Tum-off Enable

This bit must be st whan the WDE bit s writien to logic zeno. Otherwisa, the Waichdog will not
be disaied. Once wiitlen bo one, hardwane will clear this bit after four ciock cycies. Refer 1o the
description of e WDE bit for 3 Wabchdog dlsable procagure.

= Blit 3 - WDE: Watchdog Enable
When the WDE Is writien to logkc onie, the Watchdiog Timer ks enabied, and I the WDE Is written
bo logle zeno, the Waichdog Timer funcion ks disabled. WDE can only be cleanad If e WDTOE

bit has logic lewal one. To disaibie an enabled Watchdog Timer, the following procadurs mus? be
Tollowed:
1. Inthe same operation, write a loglc one to WOTOE and WODE. A logic one mus? be writ-
ten to WDE even thowugh it ls 561 to one before the disable oparation starts.
2. Waithin the next four clock cycles, write alogic 0 to WDE. This disables the Watchdog.

= Blts 2.0 - WDP2, WDP1, WDPO: Watchaog Timer Prescaler 2, 1, and 0

The WDPZ, WDP1, and WDPD bits determine the Watchdog Timer prescaling when the Watch-
dog Timer |5 enabled. The diffierent prescaling values and thelr comesponding Timeout Perods
are shown In Table 17.

Table 17. Walchdog Timer Prescale Telect

HKumiber of WDT Trploal Time-owt | Typloal Tens-out
WODFZ | WDF | WDPd Dealllator Cyolsc at Vo = 3.0% at Vo, = 6.0W

o o o 16K [1E,384] 171 ms 6.3 ms
o o 1 32K (32,7681 H43ms 325ms
] ] BAK (65,536] 6B.5 ms EEms
] 1 128K (131,072} 014 s oi3s
1 o a 255K (382, 144) 03Ts 026 s
1 o 1 512K [524,288) 0DEss OE2s
1 L a 1,022K (1,048,575) 11s il0s

1 L 1 2,048K (2,087 ,152) 2Zs 2is
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The following code sxample shows one assembdy and one C function for tuming off the WOT.
The example 355UMSs tNat INSTUDts are comroled (for exampe by disaning INemupis gooay)
50 that no Intemupts will occur during exscution of these functions.

Aszsambly Code Example

; Bmest MIT
R

; Moibe lagicel one ko MOTOR and MOR

(LM}

T Code Example

wold WIOT off [wodd]

#* Memsk HDTS)

L= 14
#* Write logicel ane bo MUTOR asnd MR */
WOTOR | LW [ Lo WIRT)
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Interru pis This seciion g2scribes Me speciics of he Intemupt handiing a5 perfommed In ATmegals. For a
general explanation of the AVR Interrupt handling, refer to “Reset and Interrupt Handing™ on
page 13
Interrupt Vectors
in ATmegalé
Table 18. Reset and Int2rmupl Vectors
Frogram
Weotor Mo, | Addrecs™ ounoe Intesmnapt Defintion
1 Fo00i RESET External Fin, Power-on Resst, Brown-cut
Reset, Watchdog Reset, and JTAG AVR
Resst
2 $002 INTD External infemupt Regquest 0
3 F002 L External Intemupt Request 1
4 005 TIMERZ COMF TimenCounisr? Compan: Match
& $008 TIMERZ OWF TimenCounberd Crverfiow
B FO0A TRMER1 CAFT TimerCounier] Capiure Event
T F00C TIER1 COMPA | TimenCounter] Compare Maltch A
B FOOE TIMERT C:OMPE | TimenCounber] Compare Maich B
g $010 TIMERA CWF TimerCounier] Overfiow
o #012 TIMERD CWF TimerCounterd Overfiow
11 $012 2Pl ETC Zerial Tarsfer Complete
12 F016 USART, RXC USART, R Complebs
13 018 \F3ART, UDRE USART Data Register Ermply
14 A U2ART, TEC USART, Tx Complete
is i ADC ADC Conwersion Compleie
g FE EE_RDY EEFROM Ready
i7 020 AMA_COMP Anaiog Comparabor
g #0222 TWI Tworwine Serial inberiace
19 §O22 INT2 External Infermupt Request 2
20 025 TIERD COMF TimenCoundsl Compan: Match
Fa 028 SPM_RDY Shore Prograim Memory Resdy
Hofes: 1. When the BODOTRET Fuse ks programmed, the device will jump bo the Soot Loader address at
reset, see “Boot Loader Support — Read-While-irie Sef-Frogramming” on page 246,
2. When e IWZEL bit In GICR Iz set, Intermupt wechors will be moved 1o the skart of the Boot
Flash section. The address of each Inferrupt vecior wil then be the address In this abie added
1o the sSarf address of the: Boot Flash secion.
Table 12 shows Reset and Interrupt Vectors placement Tor the vanous combinations of
BOOTRST and IWSEL seffings. If the program newer enabies an Inbarmupt sounca, the Intermupt
Vechors are not used, and reguiar program code can be placed at these locations. This IS also
the case I the Resst Vector |5 In the Application section while the Intermupt Vectors are In the
Boot seciion o vice VErsa.
1 ‘ 45
A TR0
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Table 15. Resst and Interrupt Vectors Placement!™

BDOTRET WEEL Recet addrace Intsrrupt Weotors Btar Addrece
L a F0000 F000Z
L 1 F0000 Boot Reset Address + J0002
o a Bt Reset Address F000Z
o 1 Boot Reset Address Boot Reset Address + §0002

Notem 1. The Boot Reset Address Is shown In Table 100 on page 257. For the BOOTRET Fuse *1"
means unprogrammed while *0" means programmed.

The miost 'TPGH and gEnE"-3| Prograim Geilg for the Reset and |I'||.EF'LIF-'. Weolor Addressas In

ATmegals s:

AsciruEs  Lebulm Code

Commmntm

EREET
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Moving Interrupts The General Intemupt Contol Reglster controis the placement of the Imtemupt Veclor table.
Batwean Application
and Boot Space
Ganaral Intermupt
Confrol Reglater — - ¥ " . 4 s 3 " 8
GICR INT1 K11 wiz | - — - [ msn | nee | ooiee
Mma Nt N A N L] L] n == W
Iritinl Wk e o e o e o e o

= Bt 1-WSEL: Intarrupt Vechor Salect

Whan the IVSEL bit s cleared {zarp), the Intemupt Vectors are placad at he start of the Flash
memory. When this bit Is sat {one), the Intemupt vectors are moved to the beginning of the Boot
Loader section of the Flash. The actual address of the start of the Boot Flash section |s deter-
mined by the EQOOTSZ Fuses. Rafer bo the section "Boot Loader Support — Read-Whiis-Writa
Zaif-Programming” on page 245 for detalls. To avold unintantional changes of Intermupt Vecior
tabies, 3 special wiite procedurs must be followed to change the IVSEL bit

1. Wirite the Intermupt Viechor Change Enable (IVCE) bit to one.

2. WItTIN fOUT Cycies, WITE the oesiied value to PSEL while wiiting 3 Zerg to IVCE.

Irtesmuspts will aubomatcaily be dlsabled while this sequence Is executed. Inbarmupts are disabled

In the cycie WCE Is sat, and they remain disabled untl after the Instruction following e wite to

IWSEL. If WSEL ks not writhen, Imemupts ramaln disabled for four cycies. The |-bit In the Status

FRegister s unafMacted by the automatic dsabling.

[ == If Interrupt Veciors are placed In the Boot Loader section and Boot Lock bE BLBO2 ks programmed,
Imi=rrupts are disabied whiks se=cufing from e Applicalion s=chion. I inkerrupt Veciors ars placed
In the Applicaion secon and Eoot Lock bk BLE12 k= programed, intermupés are disabied wihile
ex=cuting from S Boot Loader seclion. Refer fo the ssciion "Socd Losder Support — Read-ivhiie-
Wite Sef-Programming® on page 245 for detals on Boot Lock bits.

= Bit 0 - WCE: Interrupt vector Changs Enabla

The IVCE bit must be wiitten to logic one io enabie change of the IVSEL bit IVCE s cleared by
hardware four cycies afer i Is writien or whan IVSEL Is wiitten. Sefting the IVCE bit wil disabia
Infemupts, a5 explained In the IVSEL description above. See Code Example below
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Two-wire Serial

Interface
Features * Bimipls ved Powerful and Fleaibls Communication Infsrfass, Only Two Buc LInsc Mesded
* Eoth Macter and Elave Opesmation Eupported
* Dwwlos Can Opsraie ac Trancmitber or Recabwar
* 7o8 Asdrscc 3pacs allows up to 128 DiMerant Slave AOOrscosc
» Wutimacisr Arbtirafion Support
* Upto 400 kHz Dada Trancisr Speed
* Elew-rate Limied Outpat Driverc
* Holcs 3uppreccion Clrouliry Rejscdc 3 plksc on Buc Linsc
* Fully Programmabls 2lave Addrecc with Ganseral Call 3upport
" Addrecc Recognition «aUcsc Wake-up whan AVA ik in Tlesp Mods
Two-wire Serial The Two-aire Senal Inferface (TWI) Is idaally sulted for typleal microcontrolier applications. The
Interface Bus TWI protocol allows the systems designer to Inferconnect up to 128 different devicas using only
Definition two bé-girectional bus lines, one for clock [SCL) and one for data (SDA)L The only extemal hard-
ware needed to Implement the bus |5 a single pull-up resisior for 2ach of the TWI bus lines. All
dewices connechad to the bus have Indlvidual addresses, and meachanisms for resolving bus
contenfion are inhenznt In the TWI protocol.
Fligure 76. TWI Bus Interconnacion
Ve
Diewice 1 Device 2 Dewice 3 | .. Device n 23] R2
SCL =
TWl Terminology The following definifons are freguently encountened In this seclion.
Table 72. TW1 Teminology
Tarm Dacoripdion
Masier The device that InEates and berminates a transmission. The Master also
generates the SCL ciock.
Slwe The device addressed by a Master.
Transmitter | The device placing data on e bus.
Receher The device neading data from the bus.
| ! 172
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Elecirical
Intarconnection

Diata Transfer and
Frame Format

Transfaming Bits

START and STOP
Conditions

As depictad In Figure 75, both bus Iines are connacted bo the postive supoly voitage through
pull-up reslstors. The bus drivers of all TWi-compllant devices are open-draln or cpen-collecior.
This Implements 3 WIrSg-AMD fUncton which |5 E55ental to e CpETation of e IMerace. A low
leval on @ TWI bus lIne Is generated when one o more TWI devices output @ zar. A high level
I5 cutput when il TWI devices tri-state thelr outputs, allowing the puil-up resistors o pull the line
high. Mote that all AVR devices connected to the TWWI bus must be powesed In order to allow any
bus oparation.

The number of devicas that can be connected to the bes Is only Imited Dy the bus capaditance
limit of 400 pF and the 7-bit Save address space. A detalied specifiication of the alectrical char-
acterislics of the TWI Is given In “Two-aire Seral Interface Characiensics™ on page 234. Two
different sets of spaciicalions are pressnted there, one relevant for bus speeds beiow 100 kHz,
and one walk for bus speads up o 400 KHz.

Each gata bit transfemed on the TWI bus s accompanied by 3 pulse on the clock Ine. The level
of Me data line must be stable whan the clock line Is high. The only exception to this rule Is for
generating start and stop conditions.

Figure 77. Data Valdity
=/
= /U O\

Cala Elabia Dafa Slable

Daln Change

The Master infiates and terminates a data Fansmisslon. The fransmission Is Inklabad when the
Master [ssues 3 START condillon on the bus, and 11 Is terminated when the Master [ssuss 3
STOP condiion. Between a START and a STOP conmoon, the DUS |5 considersd DUsy, and na
othar Master should ¥y to setze control of the bus. A special c3se OCCUTS WHEN 3 new START
condition I Issued between @ START and STOP condition. This s refemed to 35 3 REPEATED
START condifon, and Is used when the Masher wishes i INSate 3 new ansfer without releas-
Irg control of the bus. After 3 REPEATED START, the bus ks consklered busy untl the next
STOP. This I Identical to e START benavior, and thansfore START 15 used 10 descrioe both
START ant REPEATED START T0r M ramainder of s SatEsnest, UNISss DMerwiss noted. As
depicted balvw, START and STOP conditions are signalied by changing the level of the SDA
line when the SCL Ing ks high.

_- 173
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Addrass Packst
Fommat

ATmega16(L)
Figure 78. START, REPEATED START, and STOP Conditlons
EG \ /&\\ / \ 5 / IRE=al

START STOF START

Al ackiress packess Tansmittad on the TWI Dus are nine biss long, consistng of seven address
bits, one READVWRITE confrol bit and an acknowledge bt I the READWRITE bit Is 5e4, a read
operation Is 10 be performed, otherwlse a write operation shoukd be peformed. When a Slave
recagnizas that i 15 being addressed, | should acknowledge by pulling S0 kow In e ninth SCL
(ACK) cycie. If the addressed Slave |s Dusy, or Tor 50me other r2ason can not sendcs me Mas-
ter's request, the SDA line showd be left high In the ACK clock cycle. The Master can then
transmik 3 STOP condition, or 8 REPEATED START condition to Inifiate 3 new transmisskon. An
address packet consisting of a Slave address and a READ of 3 WRITE bit ks called SLA+R o
SLA+W, respeciivaly.

The MSE of the address byte Is ransmiied frst. Slave addresses can freely be allocated by the
designer, but the address 0000 DDJ ks reserved for a general call.

When a general call Is Issuad, al Slaves should respond by pullng e SOA Ine low In the ACK
GT'GE. A ;I’IEIE| call s used when a Master wishes 1o transmit the same H'ES-'E-EQEU:I sayeral
Siaves In the system. When the general cail adaress folowad by 3 Wita bit Is transmiti=d on tha
bus, all Siaves setup to ackmowiedge Me ganaral cail will pull the SDA line low In the ack cyce.
The foliowing data packats will than be recelved by all the Staves that acinowisdged the genaral
call. Mote that ransmikting the general cal address followed by 3 Read blt Is meaningless, as
this would causa contanton If several Slaves stared transmiting differsnt data.,

All agdrasses of the format 1111 o should be resenved for fUILre pUpOSEE.

Flgure 73. Address Packet Format
Addr M8 AGIrLER AW ACK

sou /XX T

SCL

L | 174
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2-Way Hot Water

and Steam

Direct Acting & Pilot Operated Valves

1/4" - 1 1/2" NPT

General Description:

2-Way Hot Waler end Steam valvee e
spacticaly cesigned b tand harsh
gpplication condtions. Marty designs
ncluce integral staniess steel main and
piot onfoss.

Installation
Valves shouid be mountad vertical
and upngnt

Standard Materials of Construction
Plaase reter to page D33

Compatible Fluids
load for the control of not water and
steamina verety of Epplcations.
Electrical
Characteristics:

Standard Voltages:
AC -24/80

DC-12.24 _\_:v
For other voiteges - consut tactory
Coll Classification:
Class F Standarg
i Standard for madia
tempesaturas over 297°F

Note: Magnalatch cols are not avalabie
on staam vaves

Agency Approvals:

Stancard vaives with NEMA 4X

or explosion pecienold enciosures
e UL Listed and CSA Cerified. For
sdational datals, consult factory.

Maximum Amblent Temperature

150° F

Piaase refer 1o Page D24 for detalls.

Applications:

« Inoustrial laundry machines

Inoustrial dish washing machines

« Institutional cooking and
food warming equipment

« Steam tables, staam
cookers/Katlies

* Sterfizers

Dry cleaning equipment

and steam ¥ons

« Hospital equipment

Steam prasses

Steam baths

Autoclaves

o1 ENGINEERING YOUR SUCCESS,

86

2-Way Hot Water and Steam - Normally Closed - Brass

Data sheet solenoid valve

Operating Pressure
Differential [MOFD]

Pl Max. Raference
Fort | Drifice | Flow Mediz
Smo See | Factor Huot Temp. Prosuro Vessol
HFT in. Cv | Min. | Water | Steam | Watt “F | Seal®** Numbsr** Coll | Valwm

AC TECHMNICAL SPECIFICATIONS

174 1364 076 0 100 - 10 210 EPDM 7121 KBMN2SEND 7 D21
14 1264 076 0 - a0 0 285 EPDM TI2TKBNZSESD ¥ D
174 e 200 3 160 - 10 210 EPDM 732 KBN2REDD 7 D2
174 TG 200 3 45 10 283 EPDM T3 KBNZAESD 7 Dz
B TG 250 3 150 - 10 210 EPDM 7321 KBMNISEND 7 Dz
g ) 200 L] 160 50 11 and EPDM OBFSACEI0ACE 4 (]
e 548 200 5 150 - 10 210 EPDM TA218BRATEDD 7 (2]
o ) 200 0 100 - 0 10 EPDM TEEBNATEND ¥ D4
e 1932 4.40 L] 150 10 210 EPDM TZNGENSVEDD 7 D3
&8 5/8 200 3 125 10 353 FTFE TENBENATTS0" 7 D0
ot 12 200 1 125 11 83 PTFE OEFSSC2432ACH" 4 Do
&8 1/2 200 1 ] 11 30 FTFE OBFS5CR432ACF 1 )
ot 58 200 0 50 0 X7 EPDM TENBENITESD 7 D4
e 58 200 5 50 10 207 EPDM TEBENITES) 7 (2]
&8 12 200 1 ] 11 ) EPDM OBFSHCEIZ2ACK 1 )
ot 189/32 440 L] 4& 10 b ) EPDM TENGENIVESD 7 D3
1/2 THE 200 3 150 - 10 X0 EPDM TAKBMNASEDD 7 D2
12 5/ 4.00 5 150 - 10 210 EPDM T31BENAUED) 7 D0
12 5/8 4.00 0 100 - 10 210 EPDM T2218BNaUED) 7 D4
/2 1932 440 L] 150 - 10 210 EPDM 722 GENAVEDD 7 D3
12 5/8 4.00 0 150 ] 11 am EPDM OBFE3CEIDACF 1 (]
1/2 12 2ED 1 - 126 11 153 PTFE OBFSSCR4ABACH" 4 Do
12 1/2 260 1 ] 11 3 FTFE OBFEECR432ACF 1 )
1/2 12 2ED 1 50 11 g EPDM OBFSECEITIACK 4 Do
12 TG 200 3 46 10 i EPDM TAXKBN4SESD 7 Dz
12 5/8 4.00 3 125 10 aga FTFE TREBRUTE]" 7 D0
1/2 58 400 L] 50 10 247 EPDM T2 EBNALESD 7 D4
142 58 4.00 5 50 10 287 EFDM TA 58BN LESD 7 D0
12 1932 440 L] 4& 10 bt EPDM T2 GEMNAVESD 7 D3

* High pressure sieam valwes require Closs H'
Medals xx55xx have an intagral stainkess steel main orifice saat.

4

coils only from referenced coil chart.

Medals 7224 8x & T224Gxxx are direct lift and will open at zerc pressurs differential but not ot full flow.
= Valvos with EPDM [Ethykno Propylena) olastomers are imited to prossuro range shown (45 or 50 psi) AND
temparature rating shown (293-300F F). Do not use on higher prossuro stoam with pressure reducing walve; this may

resuht in suporhoatod stoam.

Parikor Hannifin Cospomtion

Fluid Control Divi
1 BOO

wivw.parkecoomfcd




2-Way Hot Water and Steam - Normally Closed - Brass (Continued) 2-Way Hot Water and Steam - Normally Closed - Brass [Continued)

Dparating Pressurs Oparating Pressura
Dfferantial MOPO) Differantial [MOPDY P51 Max Refarance
_ Pl Max. Refarsnca Port | Drifice | Flow Madia
Port | Drifica | Flow Media Sma Siza | Factor Hat Temp. Praessure Vessol
Sizg Sma | Factor Hat T'Domp- . F'NSH-IN\"G:H- i HFT in Cv Min. | Water | Steam | Watt “F Sgal*** Mumbar**® Codl | Vake
NPT in. Cw Mir. | Water | Stoam | 'Watt F Soal Mumbser Conl WValwe DC TECHNICAL SPECIEICATIONS
e N - 14 1284 076 D 40 - 10 210 EPOM  7iZiKEBM2SEOD 7 Do
ye e soD B 18 - 10 =0 EPOM  Ta1EENSVELD L /4 1am4 076 0 100 - 22 210 EPOM  TIZIRBNZSEO0 B D&l
LB L U — O =10 EPOM  ToMIBBNGVEDD T Dh4 W4 716200 3 150 - 22 710 EPDM__ 7aZIKBNZREGD & O
a4 W@ 50 0 150 - 10 210 EPOM  7221GBNEEN 7 D23 P T T —— e - o 20 oM TarEoRmmn T o=
v4 34 SO0 0 180 50 11 300 EPOM  I2PSICoMEACE 4 Om 4 1aed 0760 - 40 2r @85 EPDM _ 7i2IRBMZEES0 B D@l
e B 480 3 0 - 28 10 358 PTRE TEMIBBMEWTSLT 0 T Ded 14 78 200 3 - 45 92 993 EPOM  7AJIKBNZRESD B D9
a4 a4 BO0 D - 50 10 287 EPOM  72218BNSVESD 7 oid
ve a4 SO0 B - S0 10 a7 EPOM  TAnABNSWESD 0 ¢ Ded w8 w16 250 @ 150 - 22 210 EFDM  Ta2IKENISEQD & D@
4 1982 EED D - 45 10 203 EPDM __ T221GBNS1ES0 7 Dz T T — &0 - T 0 oM TaorEnEmn T o=
¥4 a4 740 1 - 126 11 353 PTFE  12FSECRMBACH 4 D25 T — 0 - = 0 EFOM  TaeEiaTEm ER—T
va A 74D 1 - 20 11 380 PIFE  1GFSECAMARACF 4 Dod W6 &M 300 0 100 - 116 160 EFOM __ DGFZICeMOME 6 OO0
ad a4 740 1 - 50 i1 300 EPDM  12FS5C234BACF 4 D26 e s sm : P - 6 20 troM  TasiesnaTEon T om
YE  &@ 400 B 40 E 116 160 EPDM  OBF22C2M4DAF 6 D0
1 a2 550 0 160 - 10 210 EPOM __ 7221GENGIEN 7 D23 PR TEyT— o0 - = o0 CFOM  TEECoIEVEO B D&
1 1116 1350 B 125 - 10 210 EPDM  7221BBNGLENO 7 G P T — - = = m oM oo 5 o=
1 1 1170 0 180 - 10 210 EPOM  7221GBNBAEN0 7 D23 2
1 1 TR0 1 180 S0 11 300 EPOM  IEFSSCOMMACY 4 DnZ L8 = e ao0 3 80 - 22 210 EFOM  7aIKENMSEN B D&
1 a2 5ED O - 45 10 203 EPOM __ 7221GBNGIESD 7 D23 © = e im 3 5 - T 20 oM Tmrmhiemm T o=
1 L 45 10 250 EPOM  TeIGEMNEESD 7 Ded i’ 72 &8 400 & 150 - 10 210 EPOM  7aZig@MALEDD 7 D20
1 120 1 - T M e PR 1£F5:f.':“z-1&-1@c—_ 4 e 2 &8 400 0 W00 - 115 150 EPOM  0BFI2CRMOAIF 6 D0
1 1220 1 - & 1 500 PTFE  IGFSSCoMMACE 4 D2 2 &M@ 400 6 &0 - 116 160 EFOM  OBFZ3C2MOAF 6 OO0
1 1118 1250 & 126 10 353 PTFE  7aZ1aBNG4TE0" 7 o7 2 &e i@ D 0 - 2 210 CPOM  ToZiEDNAED0 B D
1 1116 1350 6 - 50 10 297 EPOM  7a21EBNB4ESD 7 o6 TR Y 00 - = o0 oM Tmconnmn B 0@
2 THE 00 3 - 45 22 203 EPDOM  7XTKBMS4BESD 8 D@
114 118 1600 6 125 - 10 210 EPDM  7a21BBNTSEND 7 ol T e a0 - s & 2m  tFOM  Tamcaiest 5 om
114 118 1600 & 160 &D & 300 EPDM  D0FS4CIATRAAF 1 o2
114 118 1600 6 - 50 10 287 EPOM  7a21EBNTSESD 7 ol T TR — T - T 0 oW miseEm @
114 118 1600 & - 126 10 363 PIFE  7a218BN7ETS0 7 D7 YT R — 00 - 5 120 cPoM  rmomeaar 6 om
w4 a4 500 B 40 - 116 160 EPDM  12F29C24BASF & D11
112 1104 2050 6 126 - 10 210 EPOM __ Ta21BBNETEDD 7 oig Y T — = - = T oM S iamEiEm PR
112 11/2 2080 & 160 &D & 300 EPDM  DAFS4CI3BOAAF 1 oia T T a— 0 - = 0 oM oceEm B o:
12 114 250 5 - 50 10 267 EPOM  TaziBENSTESO 7 oig i e i@ o - = = 1m0 =oonieel B o0&
1i/2 118 2250 6 - i35 10 363 PTFE  7a218BNE7TSl 7 oig
* High pressure steam valves require Closs H' coils only from refersnced coil chart.
* High pressura staom vahres require Class 'H' ooils only from referenced coil chart. * Medals xxS5xx have an inogral stainkoss steal main orifice saat.
** Mladls xx35xx have an imagral stainkiss steal main orifics seat. Modals 722 8o & 7224 G are direct [ift and will opan ot zoro pressure diffarantial but not ot full flow.
Modals T221Bxxx & T2 Gxxx ore direot it and will open ot zero pressure differsntial but not at full Sow. +* Vahsos with EPOM [Ethylena Propylna) alastomars ars imitsd to prossura range shown (45 or 50 psi) AND
*** Walvas with EFDM ([Ethylene Propylens] alastomars are limited to pressura range shown (45 or 50 psi) AND {emperature rating shown [293-300F F). Do not use on higher pressura stoam with pressure reducing wabva; this may
temparature rafing shown |283-300° Fl. Do not use on higher pressure steam with pressure reducing valve; this may result in supsrhoatod stoam.

rasult in superheated steam.
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2-Way Hot Water and Steam - Normally Closed - Brass |Continued)

Diparating Pressurs
Differantial (MOPD) PSI Max. Referance
Port | Drifice | Flow Media
Size Ske | Factor Hat Temp. Pressure Vessal
NFT in. Cw Min. | Water | Steam | Wakt “F Sal™* Humbar** Coil | Valwe
DT TECHNICAL SPECIFICATIONS
1 WX 56D a 100 - x 0 EPDM T2 GBNETEGD B 023
1 1 11.70 O 100 - X2 210 EPDM T221 GENE4END B Dea
1 1116 1350 5 125 - 10 210 EPDM TINEBNELEDD T g
1 1waR 560 0 - 45 X2 233 EPDM T2 GENG1ESD B 3
1 1 11.70 QO - 45 22 253 EPDM T2 GENB4ESD B Dea
11/4 1148 1600 5 125 - 10 210 EPDM TIHBEBNTEEDD T g
11/2 11/ 2250 5 125 O 210 EPDM T3 EBNETEDD T (5]

2-Way Hot Water and Steam - Normally Closed - Stalnless Steel

Dparating Pressure
Differantial (MOPD) PSI Max. Referance

Part | Drifice | Flow Media

Size Sge | Factor Hot Temp. Presure Vessel

NPT in. G Min. | Water | Stoam | Watt “F Saal**® Humber** Coil | Valwe
AC TECHNICAL SPECIFICATIONS

1/4 532 062 QO - 10 i1 344 FTFE  D4FSOCH410ACH" 4 a4

48 i) 4.00 [i] 100 - 10 210 EPDM T2 BANATEDD T 4

172 o] 4.00 a0 100 - 10 210 EPDM 722 16RN4UEDD T D4

142 o] 4.00 0 - 50 10 237  EPDM TEZNBEAN4UESD T 4

v &4 5.00 O 100 - 10 210 EPDM T2 BRNSVEDD T D4

A4 N4 0 Q - 50 10 2397 EPDM 72218RNEVESD T o4
DT TECHNICAL SPECIFICATIONS

4 o] 3.00 a0 40 - X2 210 EPDM T2 BANATEND B D4

142 ] 4.00 a 40 - x X0 EPDM 722 1BRNAUEDD B o4

44 4 5.00 a 40 - X2 210 EPDM T2 BRNSVED] B 4

* High prassure staam vahees require Class "H' ooils only from referenced coil chart.
** Modals xx35xx have an integral stainkss sieel main orifice seat.
Modals T2248xxx & T2 Grxx ore direct it and will open ot zero pressure differential but not at full Sow.
=== Walws with EPDM (Ethylens Propylens) elastomers ore limited to pressurs rangs shown (45 or 50 psi) AND
temparature rofing shown [283-300° Fl. Do not uss on higher pressure steam with pressure reducing vals; this may
rasult in superheated staom.

Fluid Control Di
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2-Way Hot Water and Steam - Mormally Open - Brass
Dparating Pressurs
Differential [MOPDN P51 Max Fefarance
Port | Orifice | Flow Media
111 Swe | Factar Hot Temp. Pressure Vessal
HPT in Cw Mir. | Water | Steam | Watt “F Soal*** Mumber** Cail | Vabwe
AC TECHNICAL SPECIFICATIONS
W8 58 ao o 126 - 22 210 EFDM 72XFABNITEOD B oe
W8 58 ao ] 125 10 363 PTFE TAZ2EBNATTS0 T )13
L] 58 an 0 - 50 10 287  EPDM T2Z2EBNATESD 7 D16
12 58 4.0 o 126 - 22 210 EFDM T2ZZBBNIUEDD B oe
12 1/2 1 - 125 11 363 PTFE  DBFSB02432ACH" 4 o8
172 58 & - 125 10 a3 PTEE TAZ2EEN4UTSD" 7 D16
12 58 o - B 10 287 EFDM TEXFABNAUESD T oe
4 ad B.O o 126 - 22 210 EFDM TE22BBNEVEDD B D18
a4 ad B0 0 - 5 10 287 EPDM TEX2BBNEVESD 7 D18
4 ad 7.5 ] - 125 10 363 PTFE TAXZEBNEITS0" T DS
4 ad T4 1 - 25 1 363 PTFE  12FS502448ACH" 4 025
1 11186 a.6 & - 125 10 a3 PTEE TAX2EBNEATS0" 7 o017
)
% 114 11/8 6.0 ] - 125 10 363 PTFE TAXZBBNTETS0" T o7
g‘ 112 114 226 ] - 125 10 363 PTFE TAXZBBNETTS0" T D139
DC TECHHICAL SPECIFICATIONS
W8 58 an o 126 - 22 210 EFDM 72XFABNITEOD B D18
12 548 4.0 o] 126 - 22 210 EFDM T2EXZEBNAUEDD B D18
4 ad B.O o 126 - 22 10 EFDM TE22BBNEVEDD B D18

* High pressure steam valves require Class "H' coils ondy from referenced coil chart.
* Modals xx35mx have an integral stainkss steel main orifice saat.
Modals 722 8o & 7221 Gaxx are direct lift and will opan ot zero pressure differential but not of full flow.
= Vabwas with EPDM [Ethykns Propylens) slastomers are imited to pressurs range shown (45 or 50 psi) AND
tomporatura rating shown [293-300° F). Do not usa on higher prossuro stoam with prossure raducing valva; this may
result in superhoated stoam.
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2-Way Hot Water and Steam - Normally 0 - Stalnless Steal
Dpzrating Pressure
Differantial (MOPD) PSI Max. Referance

Port | Drifice | Flow Media

Size Ske | Fador Hat Tamp. Pressure Vessal

NPT in. Cor Min. | Water | Stoam | Wart “F Seal Humbsar® Codl | Valw
AC TECHMICAL SPECIFICATIONS

38 58 a0 1] 125 - x2 210 EPDM T2 IERNATEND B =1

152 58 4.0 1] 125 - x2 210 EPDM  T222BRN4UEDD B oe

4 e 5.0 1] 125 - X 210 EPDM  TXEXISANEVEOD B g
D TECHHICAL SPECIFICATIONS

3 ] 30 1] 125 - ¥ 0  EPDM TIIEANATEOD B Orig

12 58 4.0 Q 125 - x2 210  EPDM  T222BRN4UEDD B e

) ] 5.0 4] 125 - X2 210 EPDM  TE2EANEVEOD ] Crig

*Modals T222xxx is o direot it and will opon ot zoro prossuro diffsrential but not at full flow.
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Data sheet Transistor BC55

MOTOROLA [ —
SEMICONDUCTOR TECHNICAL DATA by BUCESAD
BC556.B BCS5TAB,C BCSSEDR
R i ELECTRICAL CHARACTERIZTICE (Ta = 25°C Uniess alfserwiss noled) [Continied |
Amplifier Transistors :
. BG&&E,B | [E T | symbel | mis Tip | Wax | uei |
PP Silicon BC557A.B.C O CHARACTERIZTICE
= DG Current & rFE -
BC558B ke = =30 pAde, Vs = -E0V) _ - _
= 450 =
- 270 -
{le = =20 mide, MoE= E0V) 120 - 500
120 - 00
120 — 00
120 70 220
\;} 180 260 &0
# 420 500 800
g = —200 M, Viog = -50W) - e —
= = =
MAKIMUS RATINGE - 300 —
BC | BC [&C 5 [F— W
Aalisey Symbed | 556 | 557 | 5% | wna _ T .
— -03 —0
Callector — Emitter Voltage vezg |85 | 8 |20 | wee CASE 3004 STYLE 17 _ a5 aes
e ——— — = — TO-02 (TO-2MARY
Collcier — B Wolige Voo |80 | -s0 |0 | vae prer— B r
Emitier — Bt Wollage VEBD 50 Ve - “;""'_: -
Collecior Cument — Coninuous Iz ~10d e — — —
Bt E i O Wollage YRE[on] W
Titad Dorvioe: Disssipation & Ta, = Fo g5 i (e =20 e —055 —0E2 -oF
Durabe abeve 25°C 50 A (e = =50 msde - -07 -0 B2
Total Dervice Ciasipation & Te: Frs T e SMALL-SIGHAL CHARACTERIETICE
Crarabe aleree 25°C 12 AR Gain — Bandwidh Produg T e
Cperaling and Slorage Jundion T Taig —55 iy +150 T 0wk, V2E = 100 MHZ) BESE = .:sc —
Temperalne Rangs - e -
THERMAL CHARACTERISTICE Ton — a0 =0 =
Crtuar il stk [ Unit
Fesitance becton 1o Ambsent 200 TN HF 28
- 20 10
Tesbilands, Jonclion io Case " Ba3 AN - 203 10
ELECTRICAL CHARACTERIETICE [T, = 25°C uriesss aifenwise haied) - e i
Churacis it | = EEHEEEEEE - - _ - -
OFF CHARACTERIZTICE 12 — oo
— 125 250 250
fier Ereakciown Yol age ViBRCED W 40 330 ]
. : — — 450 B0 ]
: : kote 10 0 = —10 el o The conslant base coment charasenstvs, which yeids Pe poin IC = -1 mbde, Wop= 10
Coolleoiod — Base Breabdown Volads WIBR R W
[k = = D00 i) - -
Emiltier — Buriis Braaicion Vollage VIER'EBO W
il =-100pAde, i =0} — —_
Collecie—Emiier Leakage Cument (o =]
(VoEE=-20W) - 20 ~100 ni
(VCEE=-20W) = 20 ~100)
= 20 ~100
(VCEE =20 TA =125°C) = = A0 uA
- - A0
- - A0
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SONGLE RELAY

% 3% 4 H #886-3-5753170
LAY 1 e L% 86-21-34970660
A% ) e F sl B6 T80 S3208787

Hitp  www 100y com. tw

RELAY 1SO9002 S

RD

1. MAIN FEATURES

{1 Switching capacity avaiiable by 10A in spite of
small size design for highdensity P.C. board
mounting technique.

O UL,CUL.TUV recognized.

a "

better

of plastic ial for high temg

solution per

O Sealed types
avalable.

1 Simple relay magnetic circull 1o meet low cost of
mass production.

2. APPLICATIONS
O D app office machi

audio, equipment, aulomobile, atc.

( Remole control TV receiver, monitor display, audio equipment high rushing current use application.)

3. ORDERING INFORMATION
SRD XX VDC s L C
- ST oT _
S PN W WS
) S:Sealed  type L0.36W I
0305060982 R4M8VDC e m
F-Flux froe tvre NN 4asw 1 fowen O
4. RATING
cce FILE NUMBER:CQC03001003729  7A/240VDC
cce FILE NUMBER:CQC03001003731 10A250VDC
UL/CUL  FILE NUMBER: E167996 10AM25VAC 28VDC
TUV FILE NUMBER: R50056114 10AR50VAC 30VDC
5. DIMENSION (enit:smemg DRILLING jusit em) WIRING DIAGRAM
—iBlm e

i

L

MU =

g [

6. COIL DATA CHART (AT20° C

Data sheet Relay 12V

col C [ Fowe [ P | 3 e
— ?\3&' t=A) | O W) m m (VIX')
|20 — oot 036w [rowatan. [10% Min [ 12
fHgn

k’:‘,SlSSB ¥ B 854

TR TIITE (kR o et o

S.REFERENCE DATA
ok Targpensse Ran

- /

Twegmean Vs 1)
.

“om
Operation Tse
|
- - L b e o
xlagt B 1m-u.n_
Pperation Tane 10mses Mas. = N
Fudease Time [Sensee Mac. E N
Sekininesl s asnteat— 1y ; I A A
Betwenn cOMtaCt 1000MAC SOBOHZ (1 minute J1 Rl
Prevudaton Risstancs 100 ML Mis, (SOOVDC)
Prin— NS5 ey
arhaninah 0 P——
30 coeratniwin o
IAebiant Temperatura L.25Ew+70 C g
Oomheﬂmnﬂ. 145 10 85% RH "
10 1 55Hz Doutda Amplitude 1 Seem
o Opération 10 1o 55Hz Doutda Amplitude 1 5em
10005 Min.
Operation 10G Min.
Secrcaty 107 oparatons. Min. (a raed ool volinga) B
Waigte e 10gs. :
B WA M6 i
BN RN 25213 3 B
BN Faee a6 788 532977

ey wuw 100y com 1w
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