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Program Timer sterilisasi UV 

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

This program was created by the 

CodeWizardAVR V3.12 Advanced 

Automatic Program Generator 

© Copyright 1998-2014 Pavel Haiduc, HP InfoTech s.r.l. 

http://www.hpinfotech.com 

Project :  

Version :   

Date    : 7/31/2016 

Author  :  

Company :  

Comments: 

Chip type               : ATmega16 

Program type            : Application 

AVR Core Clock frequency: 1.000000 MHz 

Memory model            : Small 

External RAM size       : 0 

Data Stack size         : 256 

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

#include <mega16.h> 

#include <delay.h> 

#include <stdlib.h> 

 

// Alphanumeric LCD functions 

#include <alcd.h> 

http://www.hpinfotech.com/


// Declare your global variables here 

bit timerrun=0,timernotend=1; 

unsigned char 

settingtimer=3,temp[4],detik=59,jam=0,menit=59,menitprep

are=5,detikprepare=0; 

//unsigned int dataadc=0; 

//float suhu;// Timer1 overflow interrupt service 

routine 

interrupt [TIM1_OVF] void timer1_ovf_isr(void) 

{ 

// Reinitialize Timer1 value 

TCNT1H=0xFC2F >> 8; 

TCNT1L=0xFC2F & 0xff; 

// Place your code here 

if(timerrun==1) 

 { 

 if(detik==0) 

 { 

 if(menit==0) 

 { 

 if(jam==0) 

 { 

timerrun=0;timernotend=0; 

}else{ 

 jam--;menit=59;detik=59; 

} 

 }else{ 

 menit--;detik=59; 



 } 

}else{ 

detik--; 

} 

} 

} 

// Voltage Reference: AVCC pin 

//#define ADC_VREF_TYPE ((0<<REFS1) | (1<<REFS0) | 

(0<<ADLAR)) 

// Read the AD conversion result 

//unsigned int read_adc(unsigned char adc_input) 

//{ 

//ADMUX=adc_input | ADC_VREF_TYPE; 

// Delay needed for the stabilization of the ADC input 

voltage 

//delay_us(10); 

// Start the AD conversion 

//ADCSRA|=(1<<ADSC); 

// Wait for the AD conversion to complete 

//while ((ADCSRA & (1<<ADIF))==0); 

//ADCSRA|=(1<<ADIF); 

//return ADCW; 

//} 

void main(void) 

{ 

// Declare your local variables here 

// Input/Output Ports initialization 



// Port A initialization 

// Function: Bit7=In Bit6=In Bit5=In Bit4=In Bit3=In 

Bit2=In Bit1=In Bit0=In  

DDRA=(0<<DDA7) | (0<<DDA6) | (0<<DDA5) | (0<<DDA4) | 

(0<<DDA3) | (0<<DDA2) | (0<<DDA1) | (0<<DDA0); 

// State: Bit7=T Bit6=T Bit5=T Bit4=T Bit3=T Bit2=T 

Bit1=T Bit0=T  

PORTA=(0<<PORA7) | (0<<PORTA6) | (0<<PORTA5) | 

(0<<PORTA4) | (0<<PORTA3) | (0<<PORTA2) | (0<<PORTA1) | 

(0<<PORTA0); 

// Port B initialization 

// Function: Bit7=In Bit6=In Bit5=In Bit4=In Bit3=In 

Bit2=In Bit1=In Bit0=In  

DDRB=(0<<DDB7) | (0<<DDB6) | (0<<DDB5) | (0<<DDB4) | 

(0<<DDB3) | (0<<DDB2) | (0<<DDB1) | (0<<DDB0); 

// State: Bit7=T Bit6=T Bit5=T Bit4=T Bit3=T Bit2=T 

Bit1=T Bit0=T  

PORTB=(0<<PORTB7) | (0<<PORTB6) | (0<<PORTB5) | 

(0<<PORTB4) | (0<<PORTB3) | (0<<PORTB2) | (0<<PORTB1) | 

(0<<PORTB0); 

// Port C initialization 

// Function: Bit7=In Bit6=In Bit5=In Bit4=In Bit3=In 

Bit2=In Bit1=Out Bit0=Out  

DDRC=(0<<DDC7) | (0<<DDC6) | (0<<DDC5) | (0<<DDC4) | 

(0<<DDC3) | (0<<DDC2) | (1<<DDC1) | (1<<DDC0); 

// State: Bit7=T Bit6=T Bit5=T Bit4=T Bit3=T Bit2=T 

Bit1=0 Bit0=0  

PORTC=(0<<PORTC7) | (0<<PORTC6) | (0<<PORTC5) | 

(0<<PORTC4) | (0<<PORTC3) | (0<<PORTC2) | (0<<PORTC1) | 

(0<<PORTC0); 

// Port D initialization 

// Function: Bit7=In Bit6=In Bit5=In Bit4=In Bit3=In 

Bit2=In Bit1=In Bit0=In  



DDRD=(0<<DDD7) | (0<<DDD6) | (0<<DDD5) | (0<<DDD4) | 

(0<<DDD3) | (0<<DDD2) | (0<<DDD1) | (0<<DDD0); 

// State: Bit7=T Bit6=T Bit5=T Bit4=T Bit3=P Bit2=P 

Bit1=P Bit0=P  

PORTD=(0<<PORTD7) | (0<<PORTD6) | (0<<PORTD5) | 

(0<<PORTD4) | (1<<PORTD3) | (1<<PORTD2) | (1<<PORTD1) | 

(1<<PORTD0); 

// Timer/Counter 0 initialization 

// Clock source: System Clock 

// Clock value: Timer 0 Stopped 

// Mode: Normal top=0Xff 

// OC0 output: Disconnected 

TCCR0=(0<<WGM00) | (0<<COM01) | (0<<COM00) | (0<<WGM01) 

| (0<<CS02) | (0<<CS01) | (0<<CS00); 

TCNT0=0x00; 

OCR0=0x00; 

// Timer/Counter 1 initialization 

// Clock source: System Clock 

// Clock value: 0.977 kHz 

// Mode: Normal top=0xFFFF 

// OC1A output: Disconnected 

// OC1B output: Disconnected 

// Noise Canceler: Off 

// Input Capture on Falling Edge 

// Timer Period: 1.0004 s 

// Timer1 Overflow Interrupt: On 

// Input Capture Interrupt: Off 

// Compare A Match Interrupt: Off 



// Compare B Match Interrupt: Off 

TCCR1A=(0<<COM1A1) | (0<<COM1A0) | (0<<COM1B1) | 

(0<<COM1B0) | (0<<WGM11) | (0<<WGM10); 

TCCR1B=(0<<ICNC1) | (0<<ICES1) | (0<<WGM13) | (0<<WGM12) 

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

TCNT1H=0xFC; 

TCNT1L=0x2F; 

ICR1H=0x00; 

ICR1L=0x00; 

OCR1AH=0x00; 

OCR1AL=0x00; 

OCR1BH=0x00; 

OCR1BL=0x00; 

// Timer/Counter 2 initialization 

// Clock source: System Clock 

// Clock value: Timer2 Stopped 

// Mode: Normal top=0xFF 

// OC2 output: Disconnected 

ASSR=0<<AS2; 

TCCR2=(0<<PWM2) | (0<<COM21) | (0<<COM20) | (0<<CTC2) | 

(0<<CS22) | (0<<CS21) | (0<<CS20); 

TCNT2=0x00; 

OCR2=0x00; 

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

TIMSK=(0<<OCIE2) | (0<<TOIE2) | (0<<TICIE1) | 

(0<<OCIE1A) | (0<<OCIE1B) | (1<<TOIE1) | (0<<OCIE0) | 

(0<<TOIE0); 

// External Interrupt(s) initialization 



// INT0: Off 

// INT1: Off 

// INT2: Off 

MCUCR=(0<<ISC11) | (0<<ISC10) | (0<<ISC01) | (0<<ISC00); 

MCUCSR=(0<<ISC2); 

// USART initialization 

// USART disabled 

UCSRB=(0<<RXCIE) | (0<<TXCIE) | (0<<UDRIE) | (0<<RXEN) | 

(0<<TXEN) | (0<<UCSZ2) | (0<<RXB8) | (0<<TXB8); 

// Analog Comparator initialization 

// Analog Comparator: Off 

// The Analog Comparator's positive input is 

// connected to the AIN0 pin 

// The Analog Comparator's negative input is 

// connected to the AIN1 pin 

ACSR=(1<<ACD) | (0<<ACBG) | (0<<ACO) | (0<<ACI) | 

(0<<ACIE) | (0<<ACIC) | (0<<ACIS1) | (0<<ACIS0); 

// ADC initialization 

// ADC Clock frequency: 500.000 kHz 

// ADC Voltage Reference: AVCC pin 

// ADC Auto Trigger Source: ADC Stopped 

//ADMUX=ADC_VREF_TYPE; 

ADCSRA=(1<<ADEN) | (0<<ADSC) | (0<<ADATE) | (0<<ADIF) | 

(0<<ADIE) | (0<<ADPS2) | (0<<ADPS1) | (1<<ADPS0); 

SFIOR=(0<<ADTS2) | (0<<ADTS1) | (0<<ADTS0); 

// SPI initialization 

// SPI disabled 



SPCR=(0<<SPIE) | (0<<SPE) | (0<<DORD) | (0<<MSTR) | 

(0<<CPOL) | (0<<CPHA) | (0<<SPR1) | (0<<SPR0); 

// TWI initialization 

// TWI disabled 

TWCR=(0<<TWEA) | (0<<TWSTA) | (0<<TWSTO) | (0<<TWEN) | 

(0<<TWIE); 

// Alphanumeric LCD initialization 

// Connections are specified in the 

// Project|Configure|C Compiler|Libraries|Alphanumeric 

LCD menu: 

// RS - PORTB Bit 0 

// RD - PORTB Bit 1 

// EN - PORTB Bit 2 

// D4 - PORTB Bit 4 

// D5 - PORTB Bit 5 

// D6 - PORTB Bit 6 

// D7 - PORTB Bit 7 

// Characters/line: 16 

lcd_init(16); 

// Global enable interrupts 

#asm("sei") 

lcd_gotoxy(0,0); 

lcd_putsf("Welcome"); 

delay_ms(3000); 

while(PIND.3==1) 

 { 

if(PIND.0==0)  //Jika PIND.0 ditekan 

 { 



 settingtimer=1;delay_ms(500);  

}else if(PIND.1==0){       //Jika PIND.1 ditekan 

settingtimer=3;delay_ms(500); 

}else if(PIND.2==0){       //Jika PIND.2 ditekan 

settingtimer=6;delay_ms(500); 

 } 

lcd_clear(); 

itoa(settingtimer,temp);lcd_puts("Setting: 

");lcd_puts(temp);lcd_puts(" Jam");      //Tampilkan 

Settingan 

delay_ms(200); 

} 

delay_ms(500); 

while(menitprepare>0||detikprepare>0) 

{ 

if(detikprepare==0) 

{ 

if(menitprepare>0) 

{ 

menitprepare--;detikprepare=59; 

} 

}else{ 

detikprepare--; 

}  

lcd_clear();lcd_puts("Persiapan");lcd_gotoxy(0,1); 

lcd_puts("0");itoa(menitprepare,temp);lcd_puts(temp);lcd

_puts(":");if(detikprepare<10){lcd_puts("0");}itoa(detik

prepare,temp);lcd_puts(temp); 



delay_ms(1000); 

} 

jam=settingtimer-1; 

timerrun=1; 

PORTC.1=1; 

while(timernotend) 

{ 

lcd_clear(); 

lcd_puts("Timer : "); 

if(jam<10){lcd_puts("0");}itoa(jam,temp);lcd_puts(temp);

lcd_puts(":"); 

if(menit<10){lcd_puts("0");}itoa(menit,temp);lcd_puts(te

mp);lcd_puts(":"); 

if(detik<10){lcd_puts("0");}itoa(detik,temp);lcd_puts(te

mp); delay_ms(100); 

} 

lcd_clear(); 

lcd_puts("Selesai..."); 

PORTC.0=1;PORTC.1=0; 

while (1) 

{ 

// Place your code here 

} 

} 
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UJI COBA TIMER DENGAN ALAT PEMBANDING 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GAMBAR KEGIATAN PEMBUATAN TUGAS AKHIR 
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MENGENAL MIKROKONTROLER 
AVR ATMega16 

 
Mokh. Sholihul Hadi 
m_sholihul_hadi@yahoo.com 
 
 
 

 
AVR merupakan seri mikrokontroler CMOS 8-bit buatan Atmel, 

berbasis arsitektur RISC (Reduced Instruction Set Computer). Hampir 
semua instruksi dieksekusi dalam satu siklus clock. AVR mempunyai 
32 register general-purpose, timer/counter fleksibel dengan mode 
compare, interrupt internal dan eksternal, serial UART, programmable 
Watchdog Timer, dan mode power saving, ADC dan PWM internal. 
AVR juga mempunyai In-System Programmable Flash on-chip yang 
mengijinkan memori program untuk diprogram ulang dalam sistem 
menggunakan hubungan serial SPI. ATMega16. 

ATMega16 mempunyai throughput mendekati 1 MIPS per MHz 
membuat disainer sistem untuk mengoptimasi konsumsi daya versus 
kecepatan proses. 

 
Beberapa keistimewaan dari AVR ATMega16 antara lain: 

1.  Advanced RISC Architecture 
 130 Powerful Instructions – Most Single Clock Cycle Execution 
 32 x 8 General Purpose Fully Static Operation 
 Up to 16 MIPS Throughput at 16 MHz 
 On-chip 2-cycle Multiplier 

2.  Nonvolatile Program and Data Memories 
 8K Bytes of In-System Self-Programmable Flash 
 Optional Boot Code Section with Independent Lock Bits 
 512 Bytes EEPROM 
 512 Bytes Internal SRAM 
 Programming Lock for Software Security 

 
3. Peripheral Features 

 Two 8-bit Timer/Counters with Separate Prescalers and Compare 
Mode 

 Two 8-bit Timer/Counters with Separate Prescalers and Compare 
Modes 

 
Lisensi Dokumen: 
Copyright © 2003-2008 IlmuKomputer.Com 
Seluruh dokumen di IlmuKomputer.Com dapat digunakan, dimodifikasi dan 
disebarkan secara bebas untuk tujuan bukan komersial (nonprofit), dengan syarat 
tidak menghapus atau merubah atribut penulis dan pernyataan copyright yang 
disertakan dalam setiap dokumen. Tidak diperbolehkan melakukan penulisan ulang, 
kecuali mendapatkan ijin terlebih dahulu dari IlmuKomputer.Com. 
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 One 16-bit Timer/Counter with Separate Prescaler, Compare 
Mode, and Capture Mode 

 Real Time Counter with Separate Oscillator 
 Four PWM Channels 
 8-channel, 10-bit ADC 
 Byte-oriented Two-wire Serial Interface 
 Programmable Serial USART 

4. Special Microcontroller Features 
 Power-on Reset and Programmable Brown-out Detection 
 Internal Calibrated RC Oscillator 
 External and Internal Interrupt Sources 
 Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-
down, Standby and Extended Standby 

5. I/O and Package  
 32 Programmable I/O Lines 
 40-pin PDIP, 44-lead TQFP, 44-lead PLCC, and 44-pad MLF 

6. Operating Voltages 
 2.7 - 5.5V for Atmega16L 
 4.5 - 5.5V for Atmega16 

 
Gambar 1  Pin-pin ATMega16 kemasan 40-pin 

 
Pin-pin pada ATMega16 dengan kemasan 40-pin DIP (dual in-

line package) ditunjukkan oleh gambar 1. Guna memaksimalkan 
performa, AVR menggunakan arsitektur Harvard (dengan memori dan 
bus terpisah untuk program dan data).  
 
Port sebagai input/output digital 

ATMega16 mempunyai empat buah port yang bernama PortA, 
PortB, PortC, dan PortD. Keempat port tersebut merupakan jalur bi-
directional dengan pilihan internal pull-up. Tiap port mempunyai tiga 
buah register bit, yaitu DDxn, PORTxn, dan PINxn. Huruf ‘x’mewakili 
nama huruf dari port sedangkan huruf ‘n’ mewakili nomor bit. Bit 
DDxn terdapat pada I/O address DDRx, bit PORTxn terdapat pada 
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I/O address PORTx, dan bit PINxn terdapat pada I/O address PINx. 
Bit DDxn dalam register DDRx (Data Direction Register) menentukan 
arah pin. Bila DDxn diset 1 maka Px berfungsi sebagai pin output. 
Bila DDxn diset 0 maka Px berfungsi sebagai pin input.Bila PORTxn 
diset 1 pada saat pin terkonfigurasi sebagai pin input, maka resistor 
pull-up akan diaktifkan. Untuk mematikan resistor pull-up, PORTxn 
harus diset 0 atau pin dikonfigurasi sebagai pin output. Pin port 
adalah tri-state setelah kondisi reset. Bila PORTxn diset 1 pada saat 
pin terkonfigurasi sebagai pin output maka pin port akan berlogika 1. 
Dan bila PORTxn diset 0 pada saat pin terkonfigurasi sebagai pin 
output maka pin port akan berlogika 0. Saat mengubah kondisi port 
dari kondisi tri-state (DDxn=0, PORTxn=0) ke kondisi output high 
(DDxn=1, PORTxn=1) maka harus ada kondisi peralihan apakah itu 
kondisi pull-up enabled (DDxn=0, PORTxn=1) atau kondisi output low 
(DDxn=1, PORTxn=0).  

Biasanya, kondisi pull-up enabled dapat diterima sepenuhnya, 
selama lingkungan impedansi tinggi tidak memperhatikan perbedaan 
antara sebuah strong high driver dengan sebuah pull-up. Jika ini 
bukan suatu masalah, maka bit PUD pada register SFIOR dapat diset 
1 untuk mematikan semua pull-up dalam semua port. Peralihan dari 
kondisi input dengan pull-up ke kondisi output low juga menimbulkan 
masalah yang sama. Kita harus menggunakan kondisi tri-state 
(DDxn=0, PORTxn=0) atau kondisi output high (DDxn=1, PORTxn=0) 
sebagai kondisi transisi.  

 
Tabel 1  Konfigurasi pin port 

 
 
Bit 2 – PUD : Pull-up Disable 
Bila bit diset bernilai 1 maka pull-up pada port I/O akan dimatikan 
walaupun register DDxn dan PORTxn dikonfigurasikan untuk 
menyalakan pull-up (DDxn=0, PORTxn=1). 
 
Timer 

Timer/counter adalah fasilitas dari ATMega16 yang digunakan 
untuk perhitungan pewaktuan. Beberapa fasilitas chanel dari timer 
counter antara lain: counter channel tunggal, pengosongan data timer 
sesuai dengan data pembanding, bebas -glitch, tahap yang tepat Pulse 
Width Modulation (PWM), pembangkit frekuensi, event counter 
external.. 
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Gambaran Umum 
Gambar diagram block timer/counter 8 bit ditunjukan pada 

gambar 2. Untuk penempatan pin I/O telah di jelaskan pada bagian 
I/O di atas. CPU dapat diakses register I/O, termasuk dalam pin-pin 
I/O dan bit I/O. Device khusus register I/O dan lokasi bit terdaftar 
pada deskripsi timer/counter  8 bit. 

 
Gambar 2 Blok diagram timer/counter 

 
Timing Diagram Timer/Counter 

Timer/counter didesain sinkron clock timer (clkT0) oleh karena 
itu ditunjukkan sebagai sinyal enable clock pada gambar 3. Gambar 
ini termasuk informasi ketika flag interrupt dalam kondisi set. Data 
timing digunakan sebagai dasar dari operasi timer/counter.  

 
Gambar 3 Timing diagram timer/counter, tanpa prescaling 

 
Sesuai dengan gambar 4 timing diagram timer/counter dengan 

prescaling maksudnya adalah counter akan menambahkan data 
counter (TCNTn) ketika terjadi pulsa clock telah mencapai 8 kali pulsa 
dan sinyal clock pembagi aktif clock dan ketika telah mencapai nilai 
maksimal maka nilai TCNTn akan kembali ke nol. Dan kondisi flag 
timer akan aktif ketika TCNTn maksimal. 
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Gambar 4 Timing diagram timer/counter, dengan prescaling 

Sama halnya timing timer diatas, timing timer/counter dengan 
seting OCFO timer mode ini memasukan data ORCn sebagai data 
input timer. Ketika nilai ORCn sama dengan nilaiTCNTn maka pulsa 
flag timer akan aktif. TCNTn akan bertambah nilainya ketika pulsa 
clock telah mencapai 8 pulsa. Dan kondisi flag akan berbalik 
(komplemen) kondisi ketika nilai TCNTn kembali kenilai 0 (overflow). 

 
Gambar 5  Timing diagram timer/counter, menyeting OCFO, dengan pescaler 

(fclk_I/O/8) 
 

Ketika nilai ORCn sama dengan nilai TCNTn maka pulsa flag 
timer akan aktif. TCNTn akan bertambah nilainya ketika pulsa clock 
telah mencapai 8 pulsa. Dan kondisi flag akan berbalik (komplemen) 
kondisi ketika nilai TCNTn kembali kenilai 0 (overflow). 

 
Gambar 6  Timing diagram timer/counter, menyeting OCFO, pengosongan data 

timer sesuai dengan data pembanding,dengan pescaler (fclk_I/O/8) 
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Deskripsi Register Timer/Counter 8 bit 

 
Gambar 7 Regiter timer counter 8 bit 

 
 
Bit 7 – FOCO : perbandingan kemampuan output 

FOCO hanya akan aktif ketika spesifik-spesifik bit WGM00 
tanpa PWM mode. Adapun untuk meyakinkan terhadap kesesuaian 
dengan device-device yang akan digunakan, bit ini harus diset nol 
ketika TCCRO ditulisi saat mengoperasikan mode PWM. Ketika 
menulisi logika satu ke bit FOCO, dengan segera dipaksakan untuk 
disesuaikan pada unit pembangkit bentuk gelombang. Output OCO 
diubah disesuaikan pda COM01: bit 0 menentukan pengaruh daya 
pembanding. 

 
Bit 6,3 – WGM01:0: Waveform Generation Mode 

Bit ini mengontrol penghitungan yang teratur pada counter, 
sumber untuk harga counter maksimal ( TOP )., dan tipe apa dari 
pembangkit bentuk gelombang yang digunakan. Mode-mode operasi 
didukung oleh unit timer/counter sebagai berikut : mode normal, 
pembersih timer pada mode penyesuaian dengan pembanding ( CTC ), 
dan dua tipe mode Pulse Width Modulation ( PWM ). 
 

Tabel  2   Deskripsi Bit Mode Pembangkit Bentuk Gelombang 

 
catatan: definisi nama-nama bit CTC0 dan PWM0 sekarang tidak 
digunakan lagi. Gunakan WGM 01: 0 definisi. Bagaimanapun lokasi 
dan fungsional dan lokasi dari masing-masing bit sesuai dengan versi 
timer sebelumnya. 
 
Bit 5:4 – COMO1:0 Penyesuaian Pembanding Mode Output 

Bit ini mengontrol pin output compare (OCO), jika satu atau 
kedua bit COM01:0 diset, output OC0 melebihi fungsional port 
normal I/O dan keduanya terhubung juga. Bagaimanapun, catatan 
bahwa  bit Direksi Data Register (DDR) mencocokan ke pin OC0 yang 
mana harus diset dengan tujuan mengaktifkan. Ketika OC0 
dihubungkan ke pin, fungsi dari bit COM01:0 tergantung dari 
pengesetan bit WGM01:0. Tabel di bawah menunjukkan COM 
fungsional ketika bit-bt WGM01:0 diset ke normal atau mode CTC 
(non PWM). 
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Tabel 3   Mode Output Pembanding, tanpa PWM 

 
Tabel 4 menunjukan  bit COM01:0 fungsional ketika bit WGM01:0 
diset ke mode fast PWM. 
 

Tabel 4   Mode Output Pembanding, Mode fast PWM 

 
Tabel 5 menunjukan bit COM01:0 fungsional ketika bit 

WGM01:0 diset ke mode phase correct PWM. 
 

Tabel 5 Mode Output Pembanding, Mode phase correct PWM 

 
 
Bit 2:0 – CS02:0 : Clock Select 

Tiga bit clock select sumber clock digunakan dengan 
timer/counter. Jika mode pin eksternal digunakan untuk timer 
counter0, perpindahan dari pin T0 akan memberi clock counter.  

Tabel 6 Deskripsi bit clock select 
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Sesuai dengan tabel diatas maka sumber clock dapat dibagi 
sehingga timer/counter dapat disesuaikan dengan banyak data yang 
dihitung. 

 
 

Register Timer/Counter TCNT0 

 
Gambar 8 Register timer TCNT0 

 
Register timer/counter  memberikan akses secara langsung, 

keduanya digunakan untuk membaca dan menulis operasi, untuk 
penghitung unit 8-bit timer/counter. Menulis ke blok-blok register 
TCNT0 (removes) disesuaikan dengan clock timer berikutnya. 
Memodifikasi counter  (TCNT0) ketika perhitungan berjalan, 
memperkenalkan resiko kehilangan perbandingan antara TCNC0 
dengan register OCR0. 
 
Register Timer/Counter OCR0 

 
Gambar 9. Register timer OCR0 

 
Register output pembanding  berisi sebuah haraga 8 bit yang 

mana secara terus-menerus dibandingkan dengan harga counter 
(TCNT0). Sebuah penyesuaian dapat digunakan untuk 
membangkitkan output interrupt pembanding, atau untuk 
membangkitkan sebuah output bentuk gelombang pada pin OC0. 
 
 
Register Timer/Counter Interrupt Mask 
 
Bit 1-OCIE0: output timer counter menyesuaikan dengan kesesuaian 
interrupt yang aktif. 

Ketika bit OCIE0 ditulis satu, dan 1-bit pada register status 
dalam kondisi set (satu), membandingkan timer/counter pada 
interrupt yang sesuai diaktifkan. Mencocokkan interrupt yang 
dijalankan kesesuaian pembanding pada timer/counter0 terjadi, 
ketika bit OCF0 diset pada register penanda timer/counter-TIFR. 
 
Bit 0 – TOIE0: Timer/Counter 0 Overflow Interrupt Enable 

Ketika bit TOIE0 ditulis satu, dan 1-bit pada register status 
dalam kondisi set (satu), timer/counter melebihi interrupt diaktifkan. 
Mencocokkan interrupt dijalankan jika kelebihan pada timer/counter0 
terjadi, ketika bit TOV0 diset pada register penanda timer/counter-
TIFR 
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Register Timer/Counter Register  - TIFR 

 
Gambar 10  Register timer TIFR 

 
Bit 1 – OCF0: Output Compare Flag 0 

OCF0 dalam kondisi set (satu) kesesuaian pembanding terjadi 
antara timer/counter dan data pada OCRO – Register 0 keluaran 
pembanding. OCF0 diclear oleh hardware ketika eksekusi pencocokan 
penanganan vector interrupt. Dengan alternatif mengclearkan OCF0 
dengan menuliskan logika satu pada flag. Ketika I-bit pada SREG, 
OCIE0 (Timer/Counter0 penyesuaian pembanding interrupt enable), 
dan OCF0 diset (satu), timer/counter pembanding kesesuaian 
interrupt dijalankan. 
 
Bit 0 – TOV0: Timer/Counter Overflow Flag 

Bit TOV0 diset (satu) ketika kelebihan terjadi pada 
timer/counter0. TOV0 diclearkan dengan hardware ketika penjalanan 
pencocokan penanganan vector interrupt. Dengan alternatif, TOV0 
diclearkan dengan jalan memberikan logika satu pada flag. Ketika I-
bit pada SREG, TOIE0 (Timer/Counter0 overflow interrupt enable), 
dan TOV0 diset (satu ), timer/counter overflow interrupt dijalankan. 
Pada tahap mode PWM yang tepat, bit ini di set ketika timer/counter 
merubah bagian perhitungan pada $00. 

 
Serial pada ATMega16 

Universal synchronous dan asynchronous pemancar dan 
penerima serial adalah suatu alat komunikasi serial sangat fleksibel. 
Jenis yang utama adalah : 

a) Operasi full duplex (register penerima dan pengirim serial 
dapat berdiri sendiri) 

b) Operasi Asychronous atau synchronous  
c) Master atau slave mendapat clock dengan operasi 

synchronous 
d) Pembangkit baud rate dengan resolusi tinggi 
e) Dukung frames serial dengan 5, 6, 7, 8 atau 9 Data bit dan 1 

atau 2 Stop bit 
f) Tahap odd atau even parity dan parity check didukung oleh 

hardware 
g) Pendeteksian data overrun 
h) Pendeteksi framing error 
i) Pemfilteran gangguan (noise) meliputi pendeteksian bit false 

start dan pendeteksian low pass filter digital 
j) Tiga interrupt terdiri dari TX complete, TX data register empty 

dan RX complete. 
k) Mode komunikasi multi-processor 
l) Mode komunikasi double speed asynchronous 
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Generator Clock 
Logic generator clock menghasilkan dasar clock untuk pengirim 

dan penerima. USART mendukung empat mode operasi clock: Normal 
Asynchronous, Double Speed Asynchronous mode Master Synchronous 
dan Slave Synchronous. Bit UMSEL pada USART control dan status 
register C (UCSRC) memilih antara operasi Asychronous dan 
Synchronous. Double speed (hanya pada mode Asynchronou ) dikontrol 
oleh U2X yang mana terdapat pada  register UCSRA. Ketika 
mengunakan mode operasi synchronous (UMSEL = 1) dan data 
direction register untuk pin XCk (DDR_XCK) mengendalikan apakah 
sumber clock tersebut adalah internal (master mode) atau eksternal 
(slave mode) pin-pin XCK hanya akan aktif ketika menggunakan mode 
Synchronous. 
 

 
Gambar 11 Blok diagram clock generator logic 

 
Keterangan sinyal : 
txclk : clock pengirim (internal clock) 
rxclk : clock dasar penerima (internal clock) 
xcki : input dari pin XCK (sinyal internal). Digunakan untuk operasi 

slave synchronous. 
xcko : clock output ke pin XCK (sinyal internal). Digunakan untuk 

operasi master synchronous 
fosc : frekuensi pin XTAL (system clock) 
 
Generator Internal Clock – Pembangkit Baud rate 

Generasi internal clock digunakan untuk mode – mode operasi 
master asynchronous dan synchronous. Register USART baud rate 
(UBRR) dan down-counter dikoneksikan kepada fungsinya sebagai 
programmable prescaler atau pembangkit baud rate. Down-counter, 
dijalankan pada system clock ( fosc), dibebani dengan nilai UBRR 
setiap counter telah dihitung mundur ke nol atau ketika register 
UBRRL ditulisi. Clock dibangkitkan setiap counter mencapai nol. 
Clock ini adalah pembangkit baud rate clock output (fosc/( UBBR+1)). 
Pemancar membagi baud rete generator clock output dengan 2, 8, 
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atau 16 cara tergantung pada mode. Pembangkit output baud rate 
digunakan secara langsung oleh penerima clock dan unit-unit 
pelindung data. Unit-unit recovery menggunakan suatu mesin status 
yang menggunakan 2, 8, atau 16 cara yang tergantung pada cara 
menyimpan status dari UMSEL, bit-bit U2X dan DDR_XCK. 

Tabel di bawah menunjukan penyamaan perhitungan baud rate 
dan nilai UBRR tiap mode operasi mengunakan sumber pembangkit 
clock internal. 
 

Tabel 7 Persamaan untuk menyeting perhitungan register baud rate 

 
note: baud rate menunjukan pengiriman rate bit tiap detik (bps) 

 
BAUD  :baud rate ( pada bit-bit per detik,bps )  fosc frekuensi sistem    

clock osilator 
UBRR :   terdiri dari UBRRH dan UBBRL,( 0-4095 ) 
 
Eksternal Clock 

Eksternal clock digunakan untuk operasi mode slave 
synchronous. Eksternal clock masuk dari pin XCK dicontohkan oleh 
suatu daftar sinkronisasi register untuk memperkecil kesempatan 
meta-stabilitas. Keluaran dari sinkronisasi register kemudian harus 
menerobos detector tepi sebelum digunakan oleh pengirim dan 
penerima.  

Proses ini mengenalkan dua period delay clock CPU dan oleh 
karena itu maksimal frekuensi clock XCK eksternal dibatasi oleh 
persamaan sebagai berikut  

Fxck < fosc/4          
Keterangan: fosc tergantung pada stabilitas sistem sumber clock.  
 
Operasi Synchronous Clock 

Ketika mode sinkron digunakan (UMSEL=1), pin XCK akan 
digunakan sama seperti clock input (slave) atau clock output (master). 
Dengan ketergantungan antara tepi clock dan data sampling atau 
perubahan data menjadi sama. Prinsip dasarnya adalah data input 
(on RxD) dicontohkan pada clock XCK berlawanan dari tepi data 
output (TxD) sehingga mengalami perubahan. 
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Gambar 12 Operasi synchronous Clock 

 
UCPOL bit UCRSC memilih tepi yang mana clock XCK  digunakan 
untuk data sampling dan yang mana digunakan untuk perubahan 
data. Seperti yang ditunjukan pada gambar di atas, ketika UCPOL nol 
data akan diubah pada tepi kenaikan XCK dan dicontohkan pada tepi 
XCK saat jatuh. Jika UCPOL dalam kondisi set, data akan mengalami 
perubahan pada saat  tepi XCK jatuh dan data akan dicontohkan 
pada saat tepi XCK naik. 
 
Inisialisasi USART 

USART harus diinisialisasi sebelum komunikasi manapun 
dapat berlangsung. Proses inisialisasi normalnya terdiri dari 
pengesetan baud rate, penyetingan frame format dan pengaktifan 
pengirim atau penerima tergantung pada pemakaian. Untuk interrupt 
menjalankan operasi USART, global interrupt flag (penanda) sebaiknya 
dibersihkan (dan interrupt global disable) ketika inisialisasi dilakukan. 

Sebelum melakukan inisialisasi ulang dengan mengubah baud 
rate atau frame format, untuk meyakinkan bahwa tidak ada transmisi 
berkelanjutan sepanjang periode register yang diubah. Flag TXC dapat 
digunakan untuk mengecek bahwa pemancar telah melengkapi 
semua pengiriman, dan flag RXC dapat digunakan untuk mengecek 
bahwa tidak ada data yang tidak terbaca pada buffer penerima. 
Tercatat bahwa flag TXC harus dibersihkan sebelum tiap transmisi 
(sebelum UDR ditulisi) jika itu semua digunakan untuk tujuan 
tersebut. 

 
 
REFERENSI 
www.atmel.com.Datasheet AVR ATMega16 
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Solid-State Relays

Features
Rugged, epoxy encapsulation construction
4,000 volts of optical isolation
Subjected to full load test and six times the rated 
current surge before and after encapsulation
Unique heat-spreader technology

Guaranteed for life

Overview
In 1974, Opto 22 introduced the first liquid epoxy-filled line of 
power solid-state relays (SSR). This innovation in SSR design 
greatly improved the reliability and reduced the cost of 
manufacturing. At that time, we also incorporated into our 
manufacturing process 100% testing under full load 
conditions of every relay we produced.

By 1978, Opto 22 had gained such a reputation for reliability 
that we were recognized as the world’s leading manufacturer 
of solid-state relays. Through continuous manufacturing 

improvements and the same 100% testing policy established 
over 40 years ago, Opto 22 is still recognized today for the very 
high quality and reliability of all our solid-state relays.

Description
Opto 22 offers a complete line of SSRs, from the rugged 120/
240/380-volt AC Series to the small footprint MP Series, 
designed for mounting on printed circuit boards. All Opto 22 
SSRs feature 4,000 volts of optical isolation, and most are UL 
and CSA recognized. The innovative use of room-temperature 
liquid epoxy encapsulation, coupled with Opto 22’s unique 
heat-spreader technology, are key to mass producing the 
world’s most reliable solid state relays. 

Every Opto 22 solid state relay is subjected to full load test and 
six times the rated current surge both before and after 

Opto 22 Power 
Series SSR

Part Numbers
Part Description

AC Switching

120A10 120 VAC, 10 Amp, AC Control
120A25 120 VAC, 25 Amp, AC Control
240A10 240 VAC, 10 Amp, AC Control
240A25 240 VAC, 25 Amp, AC Control
240A45 240 VAC, 45 Amp, AC Control
120D3 120 VAC, 3 Amp, DC Control
120D10 120 VAC, 10 Amp, DC Control
120D25 120 VAC, 25 Amp, DC Control
120D45 120 VAC, 45 Amp, DC Control
240D3 240 VAC, 3 Amp, DC Control
240D10 240 VAC, 10 Amp, DC Control

240Di10 240 VAC, 10 Amp, DC Control, with LED Indica-
tors

240D25 240 VAC, 25 Amp, DC Control

240Di25 240 VAC, 25 Amp, DC Control, with LED Indica-
tors

240D30-HS 240 VAC, 30 Amp, DC Control, with integrated 
heatsink

240D45 240 VAC, 45 Amp, DC Control

240Di45 240 VAC, 45 Amp, DC Control, with LED Indica-
tors

380D25 380 VAC, 25 Amp, DC Control
380D45 380 VAC, 45 Amp, DC Control
480D10-12 480 VAC, 10 Amp, DC Control, Transient Proof
480D15-12 480 VAC, 15 Amp, DC Control, Transient Proof
480D25-12 480 VAC, 25 Amp, DC Control, Transient Proof

480D25-HS 480 VAC, 25 Amp, DC Control, Transient Proof, 
with integrated heatsink

480D45-12 480 VAC, 45 Amp, DC Control, Transient Proof

575D15-12 575 VAC, 15 Amp, DC Control, Transient Proof
575D45-12 575 VAC, 45 Amp, DC Control, Transient Proof

575D30-HS 575 VAC, 30 Amp, DC Control, Transient Proof, 
with integrated heatsink

575Di45-12 575 VAC, 45 Amp, DC Control, Transient Proof, 
with LED Indicators

MP120D2 
or P120D2

120 VAC, 2 Amp, DC Control.
P model is low profile.

MP120D4 
or P120D4

120 VAC, 4 Amp, DC Control. 
P model is low profile.

MP240D2 
or P240D2

240 VAC, 2 Amp, DC. 
P model is low profile.

MP240D4 
or P240D4

240 VAC, 4 Amp, DC. 
P model is low profile.

MP380D4 380 VAC, 4 Amp, DC
Z120D10 Z Model, 120 VAC, 10 Amp, DC Control
Z240D10 Z Model, 240 VAC, 10 Amp, DC Control

DC Switching

DC60P or
DC60MP

60 VDC, 3 Amp, DC Control.
P model is low profile.

DC200P or
DC200MP

200 VDC, 1 Amp, DC Control.
P model is low profile.

DC60S-3 60 VDC, 3 Amp, DC Control
DC60S-5 60 VDC, 5 Amp, DC Control

Accessories

SAFETY COVER Power Series SSR safety cover
SSR-HS Power Series SSR heatsink
SSR-THERMOPAD Thermal conductive pad (pack of 10)

Part Description

AC Switching
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encapsulation. This double testing of every part before it 
leaves the factory means you can rely on Opto 22 solid state 
relays. All Opto 22 SSRs are guaranteed for life.

Accessories for the Power-Series SSRs include a safety cover, 
heatsink, and a matching thermal conductive pad. See page 3.

Power Series SSRs
Opto 22 provides a full range of 
Power Series relays with a wide 
variety of voltage (120–575 volts) 
and current options (3–45 amps). 
All Power Series relays feature 4,000 
volts of optical isolation and have a 
high PRV rating. Some Power Series 
relays include built-in LEDs to 
indicate operation. 
See page 4.

DC Series

The DC Series delivers isolated DC control to large OEM 
customers worldwide. All DC control SSRs are LS TTL 
compatible.

AC Series

The AC Series offers the ultimate in solid state reliability. All AC 
Power Series relays feature a built-in snubber as well as zero-
voltage turn-on and zero-current turn-off. Transient-proof 
models offer self protection for noisy electrical environments.

Z Series SSRs
The Z Series employs a unique heat 
transfer system that makes it 
possible for Opto 22 to deliver a 
low-cost, 10-amp, solid state relay 
in an all-plastic case. The push-on, 
tool-free quick-connect terminals 
make the Z Series ideal for high-
volume OEM applications. 
Operating temperature: –40 °C to 
100 °C. See page 7.

Printed Circuit Series SSRs
Opto 22’s Printed Circuit Series 
allows OEMs to easily deploy solid 
state relays on printed circuit 
boards. Two unique packages are 
available, both of which will switch 
loads up to four amps. Operating 
temperature: –40 °C to 100 °C. See 
page 9.

MP Series

The MP Series packaging is designed with a minimum 
footprint to allow maximum relay density on the printed 
circuit board.

P Series

The P Series power relays provide low-profile [0.5 in. 
(12.7 mm)] center mounting on printed circuit boards.

HS Series SSRs
The HS Series features an integrated 
heatsink, which makes them so cool. 
These relays have less thermal 
resistance inside, so heat dissipates 
more easily than in a standard SSR 
mounted to the same heatsink. With 
the heatsink built-in, you don't have 
to select one from a catalog, and 
installation is much easier. Includes a 
DIN-rail adapter. See page 13.

Specifications
(all Power Series models)
• 4,000 V optical isolation, input to output
• Zero voltage turn-on
• Zero-current turn-off
• Turn-on time: 0.5 cycle maximum
• Turn-off time: 0.5 cycle maximum
• Operating temperature: –40 °C to 100 °C
• Operating frequency: 25 to 65 Hz 

(operates at 400 Hz with six times off-state leakage)
• Coupling capacitance, input to output: 8 pF maximum
• Hermetically sealed
• DV/DT Off-state: 200 volts per microsecond
• DV/DT commutating: snubbed for rated current at 

0.5 power factor
• UL recognized
• CSA certified
• CE component
• Torque specs for screws (this spec is both the 

recommended torque and the maximum torque you 
should use):
Control terminals, 10 in-lb (1.13 N-m)
Field terminals, 18 in-lb (2.03 N-m)
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Power Series SSR Accessories

Safety Cover
A plastic safety cover (Opto 22 part number SAFETY COVER) is 
available for use with Opto 22 Power Series SSRs. The safety 
cover reduces the chance of accidental contact with relay 
terminals, while providing access holes for test 
instrumentation.

SSR-HS Heatsink
Custom designed for the Power Series SSRs, the SSR-HS 
heatsink provides excellent heat dissipation when mounted to 
the SSR with a matching thermal conductive pad, used in 
place of silicon grease. One thermal pad is included with the 
heatsink. Additional pads may be purchased in packs of 10 
(part number SSR-THERMOPAD). DIN-rail adapter is included.

Thermal Ratings

The thermal ratings shown in the following graphs were 
obtained with an SSR attached to a heatsink using a thermal 
conductive pad.

45 Amp Relay on SSR-HS Heatsink Derating

25 Amp Relay on SSR-HS Heatsink Derating

Heatsink Assembly

Before attaching the SSR, remove the protective film from 
both sides of the thermal pad, then place the pad on the 
heatsink making sure to align the holes. Secure the SSR to the 
heatsink with the two 8-32 x 3/8˝ panhead Phillips screws 
included in the kit. Use 20 in-lb (2.26 N-m) of torque.

An optional plastic safety cover can be installed on a Power Series SSR.
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V: Heatsink mounted to a vertical surface
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V: Heatsink mounted to a vertical surface
H: Heatsink mounted to a horizontal surface.

Screws

Thermal conductive pad

Power Series SSR 
(not included)

Heatsink

NOTE: To take advantage of the 
cooling effect of natural air flow, 
mount the SSR/heatsink assembly to 
a vertical surface with the Opto 22 
logo right side up as shown here.
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AC Power Series Specifications
Opto 22 provides a full range of Power Series relays with a wide variety of voltage (120–575) and current options (3–45 amps). All 
Power Series relays feature 4,000 volts of optical isolation and have a high PRV rating. Operating temperature is –40 °C to 100 °C.

Connection Diagram

rent Control varies with control voltage. See “Control 
ent Calculation” on page 17 for information.

Model
Number

Nominal
AC Line
Voltage

Nominal
Current
Rating
(Amps)

1 cycle
Surge

(Amps)
Peak

Nominal
Signal Input
Resistance

(Ohms)

Signal
Pick-up
Voltage

Signal
Drop-
out

Voltage

Peak
Repetitive

Voltage
Maximum

Maximum
Output
Voltage

Drop

Off-State
 Leakage

(mA)
Maximum**

Operating
Voltage
Range

(Volts AC)

I2t
Rating
t=8.3
(ms)

Isolation
Voltage

θjc*
(°C/Watt)

Dissipation
(Watts/
Amp)

120D3 120 3 85 1000 3VDC
(32V allowed)

1 VDC 600 1.6 volts 2.5mA 12–140 30 4,000VRMS 11 1.7

120D10 120 10 110 1000 3VDC
(32V allowed)

1 VDC 600 1.6 volts 7 mA 12–140 50 4,000VRMS 1.3 1.6

120D25 120 25 250 1000 3VDC
(32V allowed)

1 VDC 600 1.6 volts 7 mA 12–140 250 4,000VRMS 1.2 1.3

120D45 120 45 650 1000 3VDC
(32V allowed)

1 VDC 600 1.6 volts 7 mA 12–140 1750 4,000VRMS 0.67 0.9

240D3 240 3 85 1000 3VDC
(32V allowed)

1 VDC 600 1.6 volts 5 mA 24–280 30 4,000VRMS 11 1.7

240D10 240 10 110 1000 3VDC
(32V allowed)

1 VDC 600 1.6 volts 14 mA 24–280 50 4,000VRMS 1.3 1.6

240Di10 240 10 110 730 3VDC
(32V allowed)

1 VDC 600 1.6 volts 14 mA 24–280 50 4,000VRMS 1.3 1.6

240D25 240 25 250 1000 3VDC
(32V allowed)

1 VDC 600 1.6 volts 14 mA 24–280 250 4,000VRMS 1.2 1.3

240Di25 240 25 250 730 3VDC
(32V allowed)

1 VDC 600 1.6 volts 14 mA 12–280 250 4,000VRMS 1.2 1.3

240D45 240 45 650 1000 3VDC
(32V allowed)

1 VDC 600 1.6 volts 14 mA 24–280 1750 4,000VRMS 0.67 0.9

240Di45 240 45 650 730 3VDC
(32V allowed)

1 VDC 600 1.6 volts 14 mA 24–280 1750 4,000VRMS 0.67 0.9

380D25 380 25 250 1000 3VDC
(32V allowed)

1 VDC 800 1.6 volts 12 mA 24–420 250 4,000VRMS 1.2 1.3

380D45 380 45 650 1000 3VDC
(32V allowed)

1 VDC 800 1.6 volts 12 mA 24–420 1750 4,000VRMS 0.67 0.9

120A10 120 10 110 33K 85VAC
(280V allowed)

10 VAC 600 1.6 volts 7 mA 12–140 50 4,000VRMS 1.3 1.6

120A25 120 25 250 33K 85VAC
(280V allowed)

10 VAC 600 1.6 volts 7 mA 12–140 250 4,000VRMS 1.2 1.3

240A10 240 10 110 33K 85VAC
(280V allowed)

10 VAC 600 1.6 volts 14 mA 24–280 50 4,000VRMS 1.3 1.6

240A25 240 25 250 33K 85VAC
(280V allowed)

10 VAC 600 1.6 volts 14 mA 24–280 250 4,000VRMS 1.2 1.3

240A45 240 45 650 33K 85VAC
(280V allowed)

10 VAC 600 1.6 volts 14 mA 24–280 1750 4,000VRMS 0.67 0.9

Note: θjc* = Thermal resistance from internal junction to base. Maximum internal junction temperature is 110 °C.
** Operating Frequency: 25 to 65 Hz (operates at 400 Hz with 6 times the offstate leakage)

120/240/380 Volt

Connection Diagram, DC Power Series

*Control Current varies with control voltage. See “Control 
Current Calculation” on page 17 for information.

NOTE: Model numbers ending in -17 are replacement parts only. Their specifications are identical 
to the same model number without the -17. For example, 240D10-17 is identical to 240D10.
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120/240/380 Volt (cont.)
Surge Current Data

Connection Diagram, AC Power Series

Thermal Ratings

Time
(Seconds)

Time*
(Cycles)

3-Amp
Peak
Amps

10-Amp
Peak
Amps

25-Amp
Peak
Amps

45-Amp
Peak
Amps

0.017 1 85 110 250 650

0.050 3 66 85 175 420

0.100 6 53 70 140 320

0.200 12 45 60 112 245

0.500 30 37 50 80 175

1 60 31 40 67 134

2 120 28 33 53 119

3 180 27 32 49 98

4 240 26 31 47 95

5 300 25 30 45 91

10 600 24 28 42 84

Note: *60 HZ.

Mounted on a heat sink with 
2 °C/watt rating
Mounted on a heat sink with 
1 °C/watt rating

Side view: Part numbers 
DC60S3, 120D3, and 
240D3 only

Side view: All other 
part numbers

+
3-32VDC Control

Dimensional Drawings

NOTE: All dimensions are nominal.
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480/575 Volt

Surge Current Data Thermal Ratings

Model
Number

Nominal
AC Line
Voltage

Nominal
Current
Rating
(Amps)

1 cycle
Surge

(Amps)
Peak

Nominal
Signal Input
Resistance

(Ohms)

Signal
Pick-up
Voltage

Signal
Drop-
out

Voltage

Peak
Repetitive

Voltage
Maximum

Maximum
Output
Voltage

Drop

Off-State
 Leakage

(mA)
Maximum**

Operating
Voltage
Range

(Volts AC)

I2t
Rating
t=8.3
(ms)

Isolation
Voltage

θjc*
(°C/Watt)

Dissipation
(Watts/Amp)

480D10-12 480 10 110 1000 3VDC
(32V allowed)

1 VDC 1200 3.2 volts 11 mA 100–530 50 4,000VRMS 1.2 2.5

480D15-12 480 15 150 1000 3VDC
(32V allowed)

1 VDC 1200 3.2 volts 11 mA 100–530 50 4,000VRMS 1.2 2.5

480D25-12 480 25 250 1000 3VDC
(32V allowed)

1 VDC 1000 1.6 volts 11 mA 100–530 250 4,000VRMS 1.3 1.3

480D45-12 480 45 650 1000 3VDC
(32V allowed)

1 VDC 1000 1.6 volts 11 mA 100–530 1750 4,000VRMS 0.67 0.9

575D15-12 575 15 150 1000 3VDC
(32V allowed)

1 VDC 1200 3.2 volts 15 mA 100–600 90 4,000VRMS 1.2 2.5

575D45-12 575 45 650 1000 3VDC
(32V allowed)

1 VDC 1000 1.6 volts 15 mA 100–600 1750 4,000VRMS 0.67 0.9

575Di45-12 575 45 650 730 3VDC
(32V allowed)

1 VDC 1000 1.6 volts 15 mA 100–600 1750 4,000VRMS 0.67 0.9

Note: θjc* = Thermal resistance from internal junction to base. Maximum internal junction temperature is 110 °C.
** Operating Frequency: 25 to 65 Hz (operates at 400 Hz with 6 times the offstate leakage)

Time
Second

Time***
(Cycles)

10-Amp
Peak
Amps

15-Amp
Peak
Amps

25-Amp
Peak
Amps

45-Amp
Peak
Amps

0.017 1 110 150 250 650

0.050 3 85 140 175 420

0.100 6 70 110 140 320

0.200 12 60 90 112 245

0.500 30 50 70 80 175

1 60 40 55 67 134

2 120 33 49 53 119

3 180 32 47 49 98

4 240 31 43 47 95

5 300 30 40 45 91

10 600 28 35 42 84

Note: ***60 HZ

Mounted on a heat sink with 
1 °C/watt rating

Mounted on a heat sink with 
2 °C/watt rating
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480/575 Volt (cont)
Dimensional Drawings

NOTE: All dimensions are nominal.

Z Series Specifications

AC Power: 120/240 Volt
The Z Series employs a unique heat transfer system that makes it possible for Opto 22 to deliver a low-cost, 10-amp, solid-state 
relay in an all-plastic case. The push-on tool-free quick-connect terminals make the Z Series ideal for high-volume OEM 
applications. Operating temperature is –40 °C to 100 °C. 

NOTE: Part number Z240D10-17 is a replacement part only. Its specifications are identical to Z240D10.

Side view: Part numbers 
DC60S3, 120D3, and 
240D3 only

Side view: All other 
part numbers

+
3-32VDC Control

Z120D10 Z240D10

Nominal AC Line Voltage Nominal 120 240

Current Rating (Amps) 10 10

1 cycle Surge (Amps) Peak 110 110

Nominal Signal Input Resistance (Ohms) 1000 1000

Signal Pick-up Voltage 3VDC (32V 
allowed)

3VDC (32V 
allowed)

Signal Drop-out Voltage 1 VDC 1 VDC

Peak Repetitive Voltage  Maximum 600 600

Maximum Output Voltage Drop 1.6 volts 1.6 volts

Off-State Leakage (mA) Maximum** 6 mA 12 mA

Operating Voltage Range (Volts AC) 12–140 24–280

I2t Rating t=8.3 (ms) 50 50

Isolation Voltage 4,000 VRMS 4,000 VRMS

θjc* (°C/Watt) Dissipation (Watts/Amp) 4 4

Notes: θjc* = Thermal resistance from internal junction to base. Maximum internal junc-
tion temperature is 110°C.
** Operating Frequency: 25–65 Hz (operates at 400 Hz with 6 times the offstate leakage)



Solid-State Relays

Opto 22 • 43044 Business Park Drive • Temecula, CA 92590-3614 • www.opto22.com
SALES 800-321-6786 • 951-695-3000 • FAX 951-695-3095 • sales@opto22.com • SUPPORT 800-835-6786 • 951-695-3080 • FAX 951-695-3017 • support@opto22.com
© 2006–2014 Opto 22. All rights reserved. Dimensions and specifications are subject to change. Brand or product names used herein are trademarks or registered trademarks of their respective companies or organizations.

So
lid

-S
ta

te
 R

el
ay

s

PAGE
8

D
AT

A
 S

H
EE

T

Fo
rm

 0
85

9-
15

06
25

AC Power: 120/240 Volt (cont.)

Connection Diagram

Current vs. Ambient Ratings Surge Current Data

Mounted on a heat sink with 
2 °C/watt rating

*Control Current varies with control voltage. See “Control 
Current Calculation” on page 17 for information.

Dimensional Drawings

NOTE: All dimensions are nominal.
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Printed Circuit Series Specifications 

AC Power: MP and P Series
The MP Series packaging is designed with a minimum footprint to allow maximum relay density on the printed circuit board. The 
P Series power relays provide low-profile for 0.5-inch (12.7 mm) center mounting on printed circuit boards. Operating 
temperature: –40 °C to 100 °C.

Connnection Diagram

MP120D2 
or P120D2

MP120D4 
or P120D4

MP240D2 
or P240D2

MP240D4 
or P240D4

MP380D4

Nominal AC Line Voltage 120 120 240 240 380

Nominal Current Rating 
Amps 2 4 2 4 4

1 cycle Surge (Amps) 
Peak 20 85 20 85 85

Nominal Signal Input
Resistance (Ohms) 1000 1000 1000 1000 1000

Signal Pick-up Voltage 3VDC***
(24V allowed)

3VDC***
(24V allowed)

3VDC***
(24V allowed)

3VDC***
(24V allowed)

3VDC***
(24V allowed)

Signal Drop-out Voltage 1 VDC 1 VDC 1 VDC 1 VDC 1 VDC

Peak Repetitive Voltage 
Maximum 600 600 600 600 800

Maximum Output Volt-
age Drop 1.6 volts 1.6 volts 1.6 volts 1.6 volts 1.6 volts

Off-State Leakage mA 
Maximum** 5 mA 5 mA 5 mA 5 mA 5 mA

Operating Voltage 
Range (Volts AC) 12–140 12–140 24–280 24–280 24–420

I2t Rating t=8.3 (ms) 2 30 2 30 30

Isolation Voltage 4,000 VRMS 4,000 VRMS 4,000 VRMS 4,000 VRMS 4,000 VRMS

θjc* °C/Watt 20 6.5 20 6.5 6.5

Dissipation Watts/Amp 1.2 1.2 1.2 1.2 1.2

Rating (Motor Load) 1 FLA at 120 VAC
6 LRA at 120 VAC

2.5 FLA at 240 VAC
6 LRA at 240 VAC

1 FLA at 120 VAC
15 LRA at 120 VAC

2.5 FLA at 240 VAC
15 LRA at 240 VAC

2.5 FLA at 380 VAC
15 LRA at 380 VAC

Notes: θjc* = Thermal resistance from internal junction to base. Maximum internal junction temperature is 110 °C.
** Operating Frequency: 25 to 65 Hz (operates at 400 Hz with 6 times the offstate leakage)
*** = P Series 32 volts maximum.

*Control Current varies with control voltage. See “Control 
Current Calculation” on page 17 for information.

NOTE: Part numbers ending in -17 
are replacement parts only. Their 
specifications are identical to the 
same part number without the -17. 
For example, P240D4-17 is identical 
to P240D4.
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AC Power: MP and P Series (cont.)

Thermal Ratings

Dimensional DrawingsSurge Current Data

Time 
(Seconds)

Time*
(Cycles)

2-Amp
Peak Amps

4-Amp
Peak Amps

0.017 1 20 85

0.050 3 18 66

0.100 6 15 53

0.200 12 11 45

0.500 30 9 37

1 60 8.5 31

2 120 8 28

3 180 7.5 27

4 240 7 26

5 300 6.5 25

10 600 6 24

Note: *60 Hz

NOTE: All dimensions are nominal.
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DC Switching Series Specifications

Model DC60MP Basic Schematic (also applies to the other SSRs on this page)

NOTE: When controlling an inductive load, like a solenoid or coil, a commutating diode 
must be used. Install the commutating diode across the terminals of the load (not the 
SSR terminals). This will protect the SSR from damage caused by voltage spikes when 
turning off the load.

DC60P 
or DC60MP

DC200P or
DC200MP

DC60S-3 DC60S-5

Operating Voltage 
Range 5–60 VDC 5–200 VDC 5–60 VDC 5–60 VDC

Forward Voltage Drop 1.5 volts
at 3 amps

1.5 volts 
at 1 amp

1.5 volts 
at 3 amps

1.5 volts 
at 5 amps

Nominal Currrent Rating 3 amps 1 amp 3 amps 5 amps

Off-State Blocking 60 VDC 250 VDC 60 VDC 60 VDC

Signal Pickup Voltage
3 VDC 
32 Volts* 
allowed

3 VDC 
32 Volts*
allowed

3 VDC 
32 Volts
allowed

3 VDC 
32 Volts
allowed

Signal Dropout Voltage 1 VDC 1 VDC 1 VDC 1 VDC

Signal Input Impedance 1,000 ohms 1,000 ohms 1,000 ohms 1,000 ohms

1 Second Surge 5 amps 2 amps 5 amps 10 amps

Operating Temp. Range –40 °C to 
100 °C

–40 °C to
100 °C

–40 °C to
100 °C

–40 °C to
100 °C

Isolation Voltage 4,000 VRMS 4,000 VRMS 4,000 VRMS 4,000 VRMS

Off-State Leakage 1 mA 
maximum

1 mA
maximum

1 mA
maximum

1 mA
maximum

Package Type P/MP series P/MP series Power 
series

Power 
series

Turn-on Time 100 usec 100 usec 100 usec 100 usec

Turn-off Time 750 usec 750 usec 750 usec 750 usec

Note: *MP series maximum allowed control signal is 24 VDC.

Thermal Ratings

Mounted on a heat sink with 
2 °C/watt rating

*Control Current varies with control voltage. See “Control 
Current Calculation” on page 17 for information.
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Dimensional Drawings

NOTE: All dimensions are nominal.

Side view: Part numbers DC60S3, 
120D3, and 240D3 only

Side view: All other part numbers(+)

(+)

(+) (+)

(+)

(+)
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HS Series Specifications
The HS Series features an integrated heatsink, which makes them so cool. Because there is less thermal resistance internal to the 
unit than in a standard SSR mounted to the same heat sink, heat dissipates more easily. The built-in heatsink means you don't 
have to select a heatsink, and installation is much easier. Each HS-series SSR has built-in hardware for screw mounting and a built-
in DIN-rail adapter clip for mounting to a 35mm DIN rail. 

Surge Current Data, Peak Amps

Model Number 240D30-HS 480D25-HS 575D30-HS

Nominal AC Line Voltage 240 480 575

Operating Voltage Range (Volts AC) 24–280 100–530 100–600

Peak Repetitive Voltage Maximum 600 1000 1200

Off-State Leakage (mA) Maximum** 5 mA 10 mA 12 mA

Nominal Output Voltage Drop (RMS) 1.0 volts 1.0 volts 1.0 volts

Nominal Current Rating (Amps) 30 25 30

1 cycle Surge (Amps) Peak 610 610 610

I2t Rating t=8.3 (ms) 1550 1550 1550

Isolation Voltage (transient 4KV) 2,500VRMS 2,500VRMS 2,500VRMS

Dissipation (Nominal Watts/Amp) 1.0 1.0 1.0

Signal Pick-up Voltage 4VDC 
(32V allowed)

4VDC
(32V allowed)

4VDC
(32V allowed)

Signal Drop-out Voltage 1 VDC 1 VDC 1 VDC

Nominal Signal Input Resistance (Ohms) 730 1000 1000

θja* (°C/Watt) 2.2 2.2 2.2

Note: θja* = Thermal resistance from internal junction to ambient. Maximum internal junction 
temperature is 110 °C.
** Operating Frequency: 25 to 65 Hz (operates at 400 Hz with 6 times the offstate leakage)

Time 
Second

60HZ 50HZ

0.0167 610 580

0.05 394 375

0.1 300 386

0.2 230 219

0.5 164 156

1 126 120

2 112 106

3 92 87

4 89 85

5 85 81

10 79 75



Solid-State Relays

Opto 22 • 43044 Business Park Drive • Temecula, CA 92590-3614 • www.opto22.com
SALES 800-321-6786 • 951-695-3000 • FAX 951-695-3095 • sales@opto22.com • SUPPORT 800-835-6786 • 951-695-3080 • FAX 951-695-3017 • support@opto22.com
© 2006–2014 Opto 22. All rights reserved. Dimensions and specifications are subject to change. Brand or product names used herein are trademarks or registered trademarks of their respective companies or organizations.

So
lid

-S
ta

te
 R

el
ay

s

PAGE
14

D
AT

A
 S

H
EE

T

Fo
rm

 0
85

9-
15

06
25

HS-series (cont.)
Thermal Ratings

A

B

A: Single relay or with 0.75” spacing between relays. Derate above 40 °C; subtract 0.5 amp/°C.

B: Three relays side by side with 0.25” spacing. All relays with the same load. Derate above 40 °C; subtract 0.4 amp/°C.
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NOTE: This data is for SSRs mounted to a horizontal surface. To take advantage 
of the cooling effect of natural air flow, we recommend mounting HS-series SSRs 
to a vertical surface with the Opto 22 logo right side up as shown here.

A

B

3.21" (81.6 mm)

3.90" (99.1 mm)

3.50" (88.9 mm) 0.20" (5.1 mm)

1.25"
(31.8 mm)

4.81"
(122.2 mm)

1.75"
(44.5 mm)

0.25"
(6.4 mm)

Dimensional Drawing
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Applications: Tips

Heat Sink Calculation
Like all semiconductor devices, SSR current ratings must be based on maximum internal junction temperature. All Opto 22 SSRs 
operate conservatively at maximum internal junction temperatures of 110 °C. Use the equation below to calculate the maximum 
allowable heat sink thermal resistance for your application. It is good engineering practice to provide a margin for error instead of 
running the application right at the limits. If your application is near the thermal limit, it can be helpful to add a fan to move air 
across the heat sink.

IMPORTANT: Thermally conductive grease must be used between the relay base and the heat sink.

Sample Calculation 1
120-volt, 20-amp load; 50 °C ambient air temperature

Model: 120D25 SSR.

See the last two columns of the table on page 4 for thermal resistance and dissipation values for the 120D25. Also, see the note at 
the bottom of the table.

Dissipation: 1.3 watts/amp
Thermal resistance: 1.2 °C/watt
Maximum junction temperature: 110 °C

The calculation would be as follows:

This calculation indicates that you 
should select a heat sink with a thermal 
resistance of less than 1.1 °C/watt.
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Sample Calculation 2
240-volt,18-amp load, 25 °C ambient air temperature

Model: 240D45

See the last two columns of the table on page 4 for thermal resistance and dissipation values for the 240D45. Also, see the note at 
the bottom of the table.

Dissipation: 0.9 watts/amp
Thermal resistance: 0.67 °C/watt
Maximum junction temperature: 110 °C

The calculation would be as follows:

Duty Cycle Calculation
When solid-state relays are operated in an on/off mode, it may be advantageous to calculate the RMS value of the current through 
the SSR for heat sinking or determining the proper current rating of the SSR for the given application.

This calculation indicates that you should 
select a heat sink with a thermal resistance 
of less than 4.6 °C/watt.

IRMS = RMS value of load or SSR

T1 = Time current is on

T2 = Time current is off

ION = RMS value of load current during on period

I RMS =

T1 + T2

(ION)2 x T1
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Transformer Loads
Careful consideration should be given to the selection of the 
proper SSR for driving a given transformer. Transformers are 
driven from positive saturation of the iron core to negative 
saturation of the core each half cycle of the alternating 
voltage. Large inrush currents can occur during the first half 
cycle of line voltage if a zero-voltage SSR happens to turn on 
during the positive half cycle of voltage when the core is 
already in positive saturation. Inrush currents greater than 10 
times rated transformer current can easily occur. The following 
table provides a guide for selecting the proper SSR for a given 
transformer rating.

Solenoid Valve and Contactor Loads
All Opto 22 SSRs are designed to drive inductive loads such as 
solenoid valves and electromechanical contactors. The built-in 
snubber in each SSR assures proper operation into inductive 
loads. The following table is a guide in selecting an SSR to 
drive a solenoid or contactor.

Control Current Calculation
All Opto 22 DC-controlled SSRs have a control circuit 
consisting of 1000 ohms in series with an Optocoupler LED. 
The LED will drop 1 volt, so the voltage across the internal 
resistor will be 1 volt less than the control voltage.

The control current (IC ) can be calculated from the control 
voltage (VC ) as follows:

IC = (VC - 1)/1000

Examples:

3 VDC control voltage:
IC = (3 - 1)/1000 = 0.002 A (2 mA)

32 VDC control voltage:
IC = (32 - 1)/1000 = 0.031 A (31 mA)

For control voltages above 32 VDC, an external resistor can be 
added in series with the SSR to limit the control current. Also, if 
the device driving the control current to the SSR is limited, you 
can limit the control current by using an external resistor (Re).

IC = (VC - 1)/ (Re + 1000)

Re = [(VC - 1)/(IC)] -1000

To limit the control current to 2 mA, this simplifies to:

Re = 500 (VC - 3)

120-Volt Coils

SSR CURRENT
RATING

SOLENOID CONTACTOR

2-Amp 1-Amp NEMA Size 4

4-Amp 3-Amp NEMA Size 7

240-Volt Coils

SSR CURRENT
RATING

SOLENOID CONTACTOR

2-Amp 1-Amp NEMA Size 7

4-Amp 3-Amp NEMA Size 7
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Opto 22 SSRs for controlling single-phase motors are shown in 
the following tables:

Solid-State Relays in Series
In applications requiring higher voltage, two Opto 22 SSRs 
may be operated in series for double the voltage rating. The 
built-in snubber in each SSR assures proper voltage sharing of 
the two SSRs in series. In the following diagram, two 240-volt, 
45-amp SSRs are connected in series for operation on a 480-
volt line. The control is shown with a parallel hook-up but it 
should be noted that a serial connection can also be 
implemented.

Lamp Loads
Since all Opto 22 AC output SSRs use zero-voltage turn-on, they 
are ideal for driving incandescent lamps, because the initial 
inrush current into a cold filament is reduced. The life of the 
lamp is increased when switched by a zero-voltage turn-on SSR. 
The following table is a guide to selecting an Opto 22 SSR for 
switching a given incandescent lamp.

120-Volt Single-Phase
Non-Reversing Motors

SSR Model MOTOR RATING

P or MP120D2 1 Amp

Z120D10 1/4 HP

120D3 1-1/2 Amp

P or MP120D4 1-1/2 Amp

120D10 or 120A10 1/4 HP

120D25 or 120A25 1/3 HP

120D45 3/4 HP

240-Volt Single Phase
Non-Reversing Motors

SSR Model MOTOR RATING

P or MP240D2 1 Amp

Z240D10 1/4 HP

240D3 1-1/2 Amp

P or MP240D4 1-1/2 Amp

240D10 or 240A10 1/3 HP

240D25 or 120A25 1/2 HP

240D45 1-1/2 HP

120-Volt Single-Phase
Reversing Motors

SSR Model MOTOR RATING

P or MP240D2 1 Amp

Z240D10 1/4 HP

240D3 1-1/2 Amp

P or MP240D4 1-1/2 Amp

240D10 or 240A10 1/4 HP

240D25 or 120A25 1/3 HP

240D45 3/4 HP

240-Volt Single-Phase
Reversing Motors

SSR Model MOTOR RATING

480D10-12 1/4 HP

480D15-12 1/4 HP

120 Volt Lamps

SSR CURRENT RATING LAMP RATING

2-Amp 100 Watt

4-Amp 400 Watt

10-Amp 1 Kilowatt

25-Amp 2 Kilowatt

45-Amp 3 Kilowatt

240 Volt Rating

SSR CURRENT RATING LAMP RATING

2-Amp 200 Watt

4-Amp 800 Watt

10-Amp 2 Kilowatt

25-Amp 4 Kilowatt

45-Amp 6 Kilowatt
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Heater Loads
Care should be taken in selecting a SSR for driving a heater 
load if the load is cycled on and off in a continuous manner as 
might occur in a temperature control application. Constant 
cycling can cause thermal fatigue in the thyristor chip at the 
point where the chip bonds to the lead frame. Opto 22 
employs a thick copper lead frame for mounting the SCR chips 
in the power series SSRs to eliminate thermal fatigue failures. 
In addition, Opto 22 recommends operating any SSR at 75% 
rated current for cycling heater loads to ensure complete 
reliability.

The following table is a guide to selecting the proper SSR for a 
given heater load.

Single-Phase Reversing Motor Control
The circuit diagram below illustrates a typical 1 Ø motor 
winding inductance and the phase shift capacitor can cause 
twice-line voltage to appear across the open SSR. A 240-volt 
SSR should be used for a 120-volt line. During the transition 
period when one SSR is turned on and the other SSR is going 
off, both SSRs may be on. In this case, the capacitor may 
discharge through the two SSRs, causing large currents to 
flow, which may destroy the SSRs. The addition of RL as shown 
will protect the SSRs from the short circuit capacitor discharge 
current.

Single-Phase Reversing Motor Control (cont.)

The resistors are unnecessary if the control circuit is designed 
to ensure that one SSR is off before the other SSR is on.

Three-Phase Motor Control

Three-phase motors may be controlled by solid-state relays as 
shown. A third SSR as shown is optional, but not necessary. 
The control windings may be connected in series or parallel. 
Care should be taken to ensure that the surge current drawn 
by the motor does not exceed the surge current rating of the 
SSR.

Nominal SSR
Current Rating

Maximum
Recommended
Heater Current

2-Amp 1½-Amp

4-Amp 2½-Amp

10-Amp 7½-Amp

25-Amp 18-Amp

45-Amp 35-Amp

10 480V 8-Amp

10 480V 8-Amp

240 Volt Three-Phase Motor

SSR MODEL MOTOR

Z240D10 3/4 HP

240D10 3/4 HP

240A10 3/4 HP

240D25 2 HP

240A25 2 HP

240D45 3 HP
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Three-Phase Reversing Motor Control

Three-phase reversing motor control can be implemented 
with four SSRs as shown in the connection diagram. The SSRs 
work in pairs with SSR1 and SSR3 operated for rotation in one 
direction and SSR2 and SSR4 operated for rotation in the 
reverse direction. The resistor R1 as shown in the connection 
diagram protects against line-to-line shorts if SSR1 and SSR4 
or SSR3 and SSR2 are on at the same time during the reversing 
transition period. Use the following table as a guide to the 
proper selection of an SSR for this application.

FAQ: SSR Applications

Q : What is a solid-state relay?

A: A solid-state relay (SSR) is a semiconductor device that can 
be used in place of a mechanical relay to switch electricity to a 
load in many applications. Solid-state relays are purely 
electronic, normally composed of a low current “control” side 
(equivalent to the coil on an electromechanical relay) and a 
high-current load side (equivalent to the contact on a 
conventional relay). SSRs typically also feature electrical 
isolation to several thousand volts between the control and 
load sides. Because of this isolation, the load side of the relay is 
actually powered by the switched line; both line voltage and a 
load (not to mention a control signal) must be present for the 
relay to operate.

Q : What are the advantages of using an SSR over a 
mechanical relay?

A: There are many applications that require a moderate 
amount of power (W to kW) to be switched on and off fairly 
rapidly. A good example would be the operation of a heater 
element in a controlled-temperature system. Typically, the 
amount of heat put into the system is regulated using pulse-
width modulation turning a fixed-power heating element on 
and off for time periods ranging from seconds to minutes. 
Mechanical relays have a finite cycle life, as their components 
tend to wear out over thousands to millions of cycles. SSRs do 
not have this problem; in the proper application, they could 
be operated almost infinitely.

Q : What are the limitations of using an SSR?

A: SSRs have a few limitations when compared to the 
capabilities of their mechanical counterparts. First, because 
the relay is semiconductor-based, it will never turn all the way 
on, nor off. This means that in the “on” state, the relay still has 
some internal resistance to the flow of electricity, causing it to 
get hot. When in the “off” state, the relay will exhibit a small 
amount of leakage current, typically a few mA. This leakage 
can conspire to keep some loads, especially ones with a high 
impedance, from turning off! Additionally, SSRs are more 
sensitive to voltage transients; while Opto 22 relays are very 
well transient-protected, if a relay gets hit hard enough a 
sufficient number of times, it will die or degrade. This makes 
SSRs less ideal for driving highly inductive electromechanical 
loads, such as some solenoids or motors. SSRs should also 
never be used for applications such as safety power 
disconnects, because even in the off state, leakage current is 
present. Leakage current through an SSR also implies the 
presence of a potentially high voltage. Even though the relay 
is not conducting a large amount of current, the switched 
terminal will still be “hot,” and thus dangerous.

480 Volt Three-Phase Motors

SSR MODEL MOTOR

480D10-12 1-½ HP

480D15-12 1-½ HP

Opto 22
Relay

Motor Full
Load Rating

Resistor for
120V line

Resistor for
240V line

3-Amp 1.25-Amp 4 ohm 50 W 8 ohm 50 W

10-Amp 5-Amp 1 ohm 100 W 2 ohm 100 W

25-Amp 8-Amp .5 ohm 100 W 1 ohm 100 W

45-Amp 16-Amp .25 ohm 150 W .5 ohm 150 W

15-Amp 5-Amp 1 ohm 100 W 2 ohm 100 W
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Q : Do you make multi-pole or multi-throw SSRs?

A: Opto 22 manufactures only single-pole, single-throw SSRs. 
If multi-phase operation is required, just use a relay on each 
phase. Because of the limitations on semiconductor devices of 
the type used in SSRs, it is not practical to build single-device 
multi-throw SSRs. However, an alternative to multi-throw 
operation may be accomplished with multiple relays.

Q : Can I hook up SSRs in parallel to achieve a higher 
current rating?

A: No. There is no way to guarantee that two or more relays 
will turn on simultaneously when operated in parallel. Each 
relay requires a minimum voltage across the output terminals 
to function; because of the optical isolation feature, the 
“contact” part of the SSR is actually powered by the line it 
switches. One relay turning on before the other will cause the 
second relay to lose its turn-on voltage, and it won’t ever turn 
on, or at least not until the first relay fails from carrying too 
much current.

Q : What does a “zero-crossing” turn-on circuit refer 
to?

A: An AC sine wave will be positive for the first half of each 
cycle and negative for the second half of each cycle. The 
voltage will cross through zero when the sine wave changes 
from the positive half-cycle to the negative half-cycle, and vice 
versa. So the voltage crosses through zero twice with each full 
AC sine wave cycle. “Zero-crossing” turn-on means that the 
SSR will only turn on when the AC sine wave passes through 
zero voltage. The actual turn-on will occur at or near zero 
voltage. All Opto 22 AC output solid-state relays are designed 
with a zero-crossing turn-on circuit. Zero-voltage turn-on has 
the benefit of minimizing electrical noise. All Opto 22 AC 
output solid-state relays use a zero-current turn-off circuit as 
well.

Q : Can I use an AC SSR to switch DC?

A: No. Because of the zero-crossing circuit described above, 
the relay will most likely never turn on, and even if it is on, it 
will most likely not be able to be turned off.

Q : Can I use a DC SSR to switch AC?

A: No. The semiconductor device used in Opto 22’s DC SSRs is 
polarized. It may break down and conduct for the portion of 
the waveform that is reversed in polarity.

Q : Can a DC SSR be used to switch an analog signal?

A: This is not recommended at all. First, the voltage drop across 
the relay will cause signal loss. Second, the conduction 
characteristics of the SSR are very non-linear at low operating 

voltages and currents. Use a mechanical relay; it will work 
much better.

Q : What agency approvals do your SSRs carry?

A: In general, Opto 22 relays carry UL, CSA, and CE approval. 
See http://support.opto22.com. Additionally, some SSRs 
contain VDE-approved optocouplers; contact Opto 22 for 
more information.

FAQ: SSR Troubleshooting

Q : My SSR does not function anymore. What may 
have happened? 

A: There is no “normal” mode of failure for SSRs. They just stop 
working, by refusing to turn on or off. An improper installation 
is often to blame for an SSR failure, as these are very simple, 
reliable devices. If you have a failed SSR, it is important to look 
at the normal operating parameters of that relay within the 
larger system to make sure that the relay being used is 
appropriate to the application, and that the relay is being 
properly installed in the system. The three most common 
causes of SSR failure are as follows:
• SSR improperly matched to load. The relay was 

destroyed by overheating from carrying too much 
current too long.

• SSR insufficiently protected. Remember, a 
semiconductor is less tough than a simple metal contact. 
Reverse voltages exceeding the PRV rating of the relay 
will cause damage. Voltage spikes on the switched line, 
perhaps from inductive kickback, may have destroyed 
one or more of the internal switching devices. 
Remember to use snubbers, transorbs, MOVs, and/or 
commutating diodes on highly inductive loads.

• SSR improperly installed. The SSR was not mounted to 
a large enough heat sink, or no thermal compound was 
used, causing the relay to overheat. Also, insufficient 
tightening of the load terminals can cause arcing and 
ohmic heating of the relay. Opto 22 recommends 18 
inch-pounds of torque on the load screw terminals. 
Similar failures have also been attributed to the use of 
crimp-on terminal lugs or spades; make sure such 
terminals are tightly crimped, and even drip some solder 
into the joint to ensure good electrical contact and 
protection from corrosion.

Q : How can I test my SSR?

A: It is not possible to test an SSR by the same methods used 
to test mechanical relays; a typical SSR will always show an 
infinite impedance to a resistance meter placed across the 
output terminals. There are a few reasons for this. First, the SSR 
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requires a small amount of power to operate, derived from 
whatever voltage source is placed on the load terminals. A 
typical multimeter will not supply sufficient voltage to cause 
the relay to change state. Second, AC SSRs contain zero-
voltage turn-on and zero-current turn-off circuits. The SSR will 
not be able to turn on unless there is AC voltage connected to 
the output terminals. Most test equipment will supply a DC 
voltage to the relay, so it will never see the zero-voltage 
transition it requires to turn on. To test an SSR, it is best to 
operate it at the actual line voltage it will be used at, driving a 
load such as a large light bulb.

Q : I have an SSR driving a load. The load turns on 
okay, but never seems to turn off, unless I remove 
power from the relay entirely. What might be hap-
pening?

A: This is normally a problem when using an SSR with a high-
impedance load, such as a neon lamp or a small solenoid. 
Loads like these often have relatively large initial currents, but 
relatively small “hold in” currents. The result is that the off-state 
leakage current through the relay (see previous section) is 
insufficient to cause the load to turn on to start with, but 
sufficient to keep it on, once started. The solution is to place a 
power resistor, sized for 8–10 times the rated maximum 
leakage current for the SSR in parallel with the load. Make sure 
that this resistor has a high enough power rating for the 
application. For example, for a 5 mA leakage current at 120 
VAC, a resistor drawing 50 mA would be desirable. Using 
Ohm’s Law, the resistor value becomes 2,400 ohms. This 
resistor will dissipate 6 watts, so a 7.5 or 10-watt size power 
resistor should be used.

Q : I have a new AC SSR driving a solenoid. It turns on 
okay once, but will not turn on again. What is going 
on? 

A: Some solenoids, some types of halogen lights, and some 
types of strobe lights incorporate a diode in series with the coil 
or filament. This causes the light to behave as a half-wave 
rectifier. Opto 22 SSRs have a built-in R-C snubber circuit in 
parallel with the output. The capacitor in this circuit charges 
up but cannot discharge through the series diode, causing a 
voltage to appear across the SSR terminals. Because the SSR 
must detect the AC waveform cross through zero volts on the 
load terminals, it will not be able to turn on again. The solution 
here would be to put a high-value resistor (several tens of 
Kohms) across the terminals of the relay, to allow the capacitor 
to drain its charge.
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Products
Opto 22 develops and manufactures reliable, flexible, easy-to-use 
hardware and software products for industrial automation, 
energy management, remote monitoring, and data acquisition 
applications.

groov
groov puts your system on your mobile device. With zero 
programming, you can build mobile operator interfaces to 
monitor and control systems from Allen-Bradley, Siemens, 
Schneider Electric, Modicon, and many more. Web-based groov 
puts mobile-ready gadgets at your fingertips. Tag them from your 
existing tag database, and they automatically scale for use on any 
device with a modern web browser. See groov.com for more 
information and your free trial.

SNAP PAC System 
Designed to simplify the typically complex 
process of selecting and applying an 
automation system, the SNAP PAC 
System consists of four integrated 
components: 
• SNAP PAC controllers
• PAC Project™ Software Suite
• SNAP PAC brains
• SNAP I/O™

SNAP PAC Controllers
Programmable automation controllers 
(PACs) are multifunctional, modular controllers based on open 
standards. 

Opto 22 has been manufacturing PACs for over two decades. The 
standalone SNAP PAC S-series, the rack-mounted SNAP PAC R-
series, and the software-based SoftPAC™ all handle a wide range 
of digital, analog, and serial functions for data collection, remote 
monitoring, process control, and discrete and hybrid 
manufacturing. 

SNAP PACs are based on open Ethernet and Internet Protocol (IP) 
standards, so you can build or extend a system easily, without the 
expense and limitations of proprietary networks and protocols. 
Wired+Wireless™ models are also available.

PAC Project Software Suite
Opto 22’s PAC Project Software Suite provides full-featured, cost-
effective control programming, HMI (human machine interface) 
development and runtime, OPC server, and database connectivity 
software for your SNAP PAC System. 

Control programming includes both easy-to-learn flowcharts and 
optional scripting. Commands are in plain English; variables and I/
O point names are fully descriptive. 

PAC Project Basic offers control and HMI tools and is free for 
download on our website, www.opto22.com. PAC Project 

Professional, available for separate purchase, adds one SoftPAC, 
OptoOPCServer, OptoDataLink, options for controller redundancy 
or segmented networking, and support for legacy Opto 22 serial 
mistic™ I/O units.

SNAP PAC Brains
While SNAP PAC controllers provide central control and data 
distribution, SNAP PAC brains provide distributed intelligence for 
I/O processing and communications. Brains offer analog, digital, 
and serial functions, including thermocouple linearization; PID 
loop control; and optional high-speed digital counting (up to 20 
kHz), quadrature counting, TPO, and pulse generation and 
measurement.

SNAP I/O
I/O provides the local connection to sensors and equipment. 
Opto 22 SNAP I/O offers 1 to 32 points of reliable I/O per module, 

depending on the type of module and your 
needs. Analog, digital, and serial modules are 
all mixed on the same mounting rack and 
controlled by the same processor (SNAP PAC 
brain or rack-mounted controller). 

Quality
Founded in 1974, Opto 22 has established a 

worldwide reputation for high-quality products. 
All are made in the U.S.A. at our manufacturing 
facility in Temecula, California. Because we 

test each product twice before it leaves our 
factory, rather than only testing a sample 
of each batch, we can guarantee most 

solid-state relays and optically isolated I/O 
modules for life.

Free Product Support
Opto 22’s California-based Product Support Group offers free, 
comprehensive technical support for Opto 22 products. Our staff 
of support engineers represents decades of training and 
experience. Support is available in English and Spanish by phone 
or email, Monday–Friday, 7 a.m. to 5 p.m. PST.

Additional support is always available on our website: how-to 
videos, OptoKnowledgeBase, self-training guide, troubleshooting 
and user’s guides, and OptoForums.

In addition, hands-on training is available for free at our Temecula, 
California headquarters, and you can register online.

Purchasing Opto 22 Products
Opto 22 products are sold directly and through a worldwide 
network of distributors, partners, and system integrators. For 
more information, contact Opto 22 headquarters at 800-321-
6786 or 951-695-3000, or visit our website at www.opto22.com.

www.opto22.com

http://www.opto22.com/site/downloads/dl_drilldown.aspx?aid=3146
http://www.opto22.com/site/training_register.aspx
http://www.opto22.com
http://groov.com
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