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« LAMPIRANI1
PROGRAM

#include <repSl.h>

sbit valve_dingin = P0"S;
shit oo_valve_panas = PO,
sbit bf_valve_panas P076;
sbit powpa = PO,

Il

i

P2n2;
Pz/\‘i.

sbit egelas
sbit dgelas 3;
shit sgelas P274;
sbit panas P275;
shil biasa = P27,
sbit dingin =~ = P27,

oW i

fdeline mdra Pl
int kondisi,banyak, waktu,waktus;

void delay_timer(int loop2)

§
t

int aa;
in
loop2--,
for (aa=0j2a<=5;aat++)

{
TMOD=0B00010000;
TH1=0X3C;
TL1=0XAF;
TRI=1;
while (TF1=0),
TRI=0;
TF1=0;
}

}

while (loop2!=0);

TRI=0;

TF1=0;

St



void main()
]
1

awal:
P0=0x00;

12-0xFF;
P1=0xFF;

banyak=0;
kondisi=0,
waktu=0;
wuktus=0;
oo_valve_panas=l;
bi’_valve_panas=0;
valve_dingin=0;
poipa=l;

delay timer(9);
00_valve panas=0,
P1+0x00;
Jdelay_timer(2);
Pi=0xfF;

while {(banyak==0)
yang diinginkan

/ftutup valve panas
//tutup valve panas

/fukuran gelas dan isi

i // seperempat gelas
if (egelas==0)
{
while (waktus==0)
if (infra==0B00011111){waktus="1";} Hgelas <ecil
if (infra==0B00001111){waktus="2";} /lgelas ;2dang
if (infra==0B0000001 1 ){waktus="3";} Hygelas >esar
banyak='}l",
)
/- //setengah gelas
if (dgelas==0)
{

while {waktus==0)



{
if (infra==0B0001 1111 ){waktus='4"} /igetas Lexil
if (infra==0BOV00 T 111){ waktus='5";} /{gelas < edang

if (infra==0B0000001 1)}{ waktus='6";} //gelas hesar
banyak="2";
}
}
/" - //satu gelas penuh
if (sgelas==0) ‘
{
while (waktus==0)
{
if (infra==0B00011111){waktus='7";} /gelas Lecil
if (infra==0B000011 11){waktus='8";} //gelas sedang
if (infra==0B0000001 1){ waktus='9";} Hgelas besar
banyak='3",
}
}
while (kondisi==0)/ // kondisi air yang mau dikelua Jan???
/- {/Panas

if (panas==Q)

{
kondisi='l";
while (waktu==0)

{
if (waktus='1") {waktu=11;}//seperempat gelas kccil pana:
if {waktus=="2") {waktu=12;}//seperempat gelas sedang par:s
if (waktus=='3") {waktu=15;}//seperempat gelas besar pana; (fix)
if (waktus=="4"} {waktu=22;}//setengah gelas kecil panas
if (waktus=="5") {waktu=24,}//setengah gelas sedang panas
if (waktus=='6"y {waktu=30;}//setengah gelas besar panas
if (waktus=='7") {waktu=44;}//segelas kecil panas
if (waktus=="8') {waktu=48;}//segclas sedang panas
if {waktus=='9") { waktu=60;}//segelas besar panas

........... {/biasa
if (biasa==()

{

kondisi='2";



while (waktu==0()

{
if (waktus=='1") {waktu=10;}//seperempat gelas kecil biasa
if (waktus=="2") { waluu=11,}//seperempat gelas sedang bia;z
if (waktus=='3") {wai.tu=13;}//seperempat gelas besar biaso
if (waktus=='4") {waktu=20;}//setengah gelas kecil biasa
if (waktus=='5") {waktu=22;}//sctengah gelas sedang biasa
if (waktus=="0") {waktu=26;)//setengah gelas besar biasa
if (waktus=—="7") {waktu=40;}//seprclas kecil biasa
if (waktus='8') {waktu=44;}//segelas sedang biasa
if (waktus=='9") {waktu=52;}//sepelas besar biasa
}
} .
-~ /fdingin
if (dingin==0)
{
koundisi='3";
while (waktu=0)

{
if (waktus=="1") {waktu=14;}//seperempat gelas kecil dingis
if (waktus=="2") {waktu=16;}//seperempat gelas sedang din;in
if (waktus=="3") {waktu=20;}//seperempat gelas besar dingin
if (waktus=='4") {waktu=28;}//setengah gelas kecil dingin
it (waktus=="5") {waktu=32;}//setengah gelas sedang dingiu
if (waktus=="6") {waktu=40;}//setengah gelas besar dingin
if (waktus=="7") {waktu=56;}//segelas kecil dingin
if (waktus='8") {waktu=04;}//segelas sedang dingin
if (waktus=="9") {waktu=80;}//segelas besar dingin
]
}
}

it tkondisi=="1") //kondisi air yang diminta panas: valve panas buka, “~dve
cingin wiup,dgn delay sesuai input ge'las & isi

oo_valve_panas=l;
bf valve panas=l;
valve_dingin=0;

pompa=0;
delay timer(waktu);
}
il (kondisi=="2") /fkondisi air yang diminta biasa: valve panas buka, valve

dingin buka,dgn delay sesuai input gelas & isi

{

oo_valve_panas=1;



bl_valve_panas=1,
valve_dingin=1;
pompa=0;

delay tuner(wakm);

i (kondisi=="3") /fkondisi air yang diminta dingin: valve panas tutup. valve
dingin buka,dgn delay sesuai input gelas & isi

00_valve punas=0;,
- bl_valve panas=0;
. valve_dingin=1;

pompa=0;

delay_timer(waktu’;

pompa=;

valve_dingin=0; //tutup ‘alve dingin
o0_valve panas=1; //tutup valve panas
LI valve panas=0; /ftutup valve panas

delay _timer(20); /idelay sebelum program kembali-ke awal untuk me uberi
Lesempatan perulangan
polo awal; -

}
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patible with IV CS-51* Products
K Bytes of In-System Programmable (ISP) Flash Memory
~ Endurance: 1000 Write/Erase Cycles
.0V to 5.5V Opersting Range
FEHEODpmt v I0ns HH 1131 MMz

reedevetP Riprm s A %mory Lock k
8 x 8-bit Intarmal IAM

Programmable 1) Lines
0 16-bit Timer/Counters
Interrupt Sources
il Duplex UART &:rial Channel
w-power Idle an( Power-down Modes
errupt Recovery f-om Power-down Mode
tchdog Timer
! Data Pointer
er-off Flag

Programming Time
xible ISP Prograniming (Byte and Page Mode)

cription

\T88S51 is & [cvr-power, high-performance CMOS 8-bit microcontroller with 4K
of in-systen: pragrammable Flash memory. The device is manufactured using
I's high-dens'ty r onvolatite memory technology and is compatible with the indus-
andard 80CE1 ir struction set and pinout. The on-chip Flash allows the program
ory to be rep-ogtammed in-system or by a conventional ncnvolatile memory pro-
mer. By combin r g a versatile 8-bit CPU with in-system programmable Flash on a
olithic chip, the /.tmel ATBSSS1 is a powerfui microcontroller which provides a
y-flexible and cos t-eHective solution to many embedded control applications.

AT89S51 provide:; the following standard features: 4K bytes of Flash, 128 bytes of
1 32 /0 lines, Wa chdog timer, two data pointers, two 16-bit timer/counters, a five-
T two-leve! imerr ipt architecture, a full duplex serial port, on-chip oscillator, and
: circuitry. In adcition, the AT89S51 is designed with static logic for operation
| to zero frequien iy and supports two software selectable power saving modes.
dle Mode stops te CPU while allowing the RAM, timer/counters, serial port, and
upt system tc co stinue functioning, The Power-down mode saves tha RAM con-

but freezes the cscillator, disabling all other chip tunctions until the next external
upt or hardwzre 1aset.

8-bit
Microcontroller
with 4K Bytes
In-Sysiem
Programmable
Flash

AT88551

Preliminary

Rev. 2487A-10/01
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Description

to

t1

rt 2

rt 3

AT89S51

Supply voltage.

Ground.

Port 0 is an 8-bit open drain bidirectional 1/O port. Az an output port, each pin can sink eight
TTL inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance
inputs. ‘
Port 0 can also be configured to be the multiplexed tow-order addross/data bus during
accesses to external program and data memory. in this mode, PO has intemal pull-ups.

Pont 0 also recelves the code bytes during Flash programming and outputs the code bytes _
during program verification. External pull-ups are required during program verification.

Pon 1 is an 8-bit bidirectional /0 port with internal pull-ups. The Port 1 output buffers can
sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high by the
intemal pull-ups and can be used as inputs. As inputs, Port 1 pins that ara extemally being
pulled low will source current (1) because of the intemal puli-ups.

Port 1 also receives the low-order address bytes during Flash programming and verification.

Port Pin Alternate IF'unctions

P1.5 MOSI (used for In-System Programming})
P1.6 MISO (used for in-System Programming)
P17 : SCK (used for In-System Programming)

Pont 2 is an B-bit bidirectional 1’0 port with intemal pull-ups. The Port 2 output buffers can
sink/source four TTL inputs. When 1s are written (o Port 2 pins, they are pulled high by the
intemal pull-ups and can be usod as inputs. As inputs, Port 2 pins that are extemally being
putled low will source current (i) because of the intemal pull-ups.

Port 2 emits the high-order address byte during fotches from extema! program memory and
during accesses to extemal data remory that use 16-bit addresses (MOVX @ DPTRY). In this
application, Port 2 uses strong intermal pull-ups when smitting 1s. During accesses to external
data memory that use 8-bit addresses (MOVX @ R!), Port 2 emits the contents of the P2 Spe-
cial Function Register.

Port 2 also receives the high-ordar address bits and some control signa!s during Flash pro-
gramming and verification.

Port 3 is an 8-bit bidirectional I/Q port with interal pull-ups. The Port 3 output buffers can
sink/source four TTL inputs. When 1s are written 1o Port 3 pins, they are pulled high by the
internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are extemally being
pulled low will source current (I,,) because of the pull-ups.

Fort 3 recelves some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the°'AT823551, as shown in the
foliowing table.

2487A-10/01
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AT89S51

Port Pin Alternate Functions

P3.0 AXD (snrlal input port)

P3.1 TXD (serial output port)

Pa.2 INTC (external interrupt 0)

P3.3 ' INTT (externa! interrupt 1)

P3.4 TO (timer ¢ external input)

P3.5 T1 (timer 1 externa! input)

P38 WH (external data memory write strobe)
Pa.7 RD (exterral data memory read strobe)

Reset input. A high on this pin for two machine cycles while the oscillater Is running resets the
device. This pin drives High for 98 oscillator periods after the Watchdag times out. The DIS-
RTO bitin SFR AUXR (address £EH) can be used to disable this feature. In the default state
of bit DISRTO, the RESET HIGH out feature is enabled.

Address Latch Enable {ALE) is an output pulse for latching the low byte of the address during
accesses to external merory. This pin is also the program pulse input {PROG) during Flash
programming.

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and may
be used for external timing or clocking purposes. Note, however, that one ALE pulse is
skipped during each access to extenal data memory.

I desirad, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE Is active only during a MOVX or MOVC instruction. Qtherwisa, tha pin Is weakly pulled
high. Setting the ALE-disable bit has no effect if the microcontraller is in external execution
mode. :

Program Sf‘g;e Enable (FSEN] is the read strobe to extemal program memory.

When tha ATB9S51 Is executing code from external program memory, PGEN is activated
twice each machine cycle, except that two PSEN activations are skippod during each access
to external data memory. .

External Access Enable. EA must be strapped to GND in order to enable the device 1o foich
code from external program memory locations starting at 0000H up to FFFFH, Note, however,
that if lock bit 1 is programmed, EA will be intemally latched on reset.

EA should be strapped to Ve forintemal program executions.
This pin also receives the 12-volt programming enable voltage {(Vpp) during Flash
programming.

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

Output from the inventing oscillator amplifier

ATMEL 5
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ecial A map of the on-chip memory area called the Special Function Register (3FR) space is shown
ction in Table 1.
gisters Note that not alf of the addresses are occupied, and unoccupied addresses may not be imple-

mented on the chip. Read accesses 1o these addresses will in general retum random data,
and writa accesses will have an indeterminate sffect.

e 1. ATBIS51 15 =R Map and Reset Values

FéH OFFH
FOH 8 OFTH
00000000
E8H 0EFH
ACC
EOH | cononaso 0E7H
8H 0DFH
PSW
H 1 00000000 007H
CaH OCFH
COH 0C7H
B6H P 087H
XX00000 _
P3
BOH 11111101 087H
ASH I OAFH
0X000000
p2 AUXR1 WDTRST .
AOH L 411111 4 XXXXXXXO YRXEKKX OATH
SCON SBUF
SBH 1 00000000 | XXO000KK 9FH
P1
(Sl IFPPEPPE | g7H
s | TCON T™OD L0 T O TH1 AUXR -
00000000 | 00000000 00000000 | 00000000 | 0ODODOOO | 0O000CU0 |  XXXCOXXO
80H PO SP PO DPOH DPIL DPIM PCON B
111111°1 | 00000111 00000000 00000000 | 00000000 | 0000000 QOXO000

AT 39551 muremrresssm——

o
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AT89S51

User software should not write 1s to these unlisted locations, since they may be used in future
products to Invoke new features. In that case, the reset cr Inactive values of the new bits will
always be 0,

Interrupt Registers: The individual interrupt enable bits are in the (E register. Two priorities
ean ba pet for sach of the fiva interrupt sources In the IP ragiatar,

Table 2. AUXR: Auxiliary Registar

AUXR Address = 8EH Reset Value = XXX00XX08
Not Bit
Addressable
- - - | WDIDLE | DISRTO - - DISALE
Bit 7 6 5 4 3 2 1 0
- . Reserved for future expansion
DISALE  Disable/Enable ALE -
"DISALE
Operating Mode
0 ALE is emittad at a constant rate of 1/6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction
DISRTO Disable/Enable Reset out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only
WOIDLE , ~ Disable/Enable WDT in IDLE mode
WDIDLE ., _
o WDT continues to count in IDLE mode
1 WODT halts cournting in IDLE mode

Dual Data Polinter Registers: "o facilitate accessing bath intemal and cxtema! data memory,
two banks of 16-bit Data Pointer Registers are provided: DP0 at SFR addrass focations 82H-
83H and DP1 at 84H-85H. 8it DPS = 0 in SFR AUXR1 selects DP0 and DPS = 1 selects DP1.
The user should always initialize the DPS bit to the appropriate value bafore accessing the
respective Data Pointer Register.
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Power Off Flag: The Power Oft Flag (POF) Is located at bit 4 (PCON.4) in the PCON SFR.

POF Is set to “1” during power up. It can be set and rest under software contro! and is not
aftected by'resat.

Table 3. AUXR1: Auxiliary Registar 1

AUXAY
Address = A2H
Reset Value = XOOOOXXX08
Not Bit
Addressable
- - - - - - - DPS
Bit 7 6 5 4 3 2 1 V]
- " Reserved for fulure expansion
DPS Data Pointer Register Select
DPS
0 Selects DPTR Registers DPOL, DPOR
1 Selects DPTR Registers DP1L, DP1H

MCS-51 devices have a separate address space for Program and Data Memory. Up to 64K
byies each ot external Program and Data Memory can be addressed.

I the EA pin is connected to GND, all program fetches are directed to exiemnal memory.

On the AT89S51, if EA is connected to Ve, program fetches to addresses 0000H through
FFFH are directed to intemal memory and fetches to addresses 1000H through FFFFH are
directed to external memory.

The AT89S51 implerments 128 bytes of on-chip RAM. The 128 bytes are accessible via direct
and indirect addressing modes. Stack operations are examples of indirect addressing, so the
128 bytes of data RAM are available as stack space.

The WDT is intended as a recovery method in situations where the CPU may ba subjected to
software upsets. The WDT consists of a 14-bit counter and the Walchdeg Timer Reset
(WDTRST) SFR. The WDT is de ‘aulted to disable frcm exiting reset To enable the WDT, a
user must write 01EH and OE1H in sequence to the WDTRST registar (SFR location QAGH).
When the WDT is enabled, it will increment every machine cycle while the osciliater is running.
The WDT timeout period is dependent on the extemnal clock frequancy. There is no way tc dis-
able the WDT except through reset (either hardware reset or WDT overflow reset). When
WDT overflows, it will drive an output RESET HIGH pulse at the RST pin.

To enable the WOT, a user must writea 01EH and OE1H in sequence 10 the WDTRST ragister
(SFR location DA6H). When the WDT is enabled, the user needs to servica it by writing 01EH
and OE1H to WDTRST to avoid a'WDT overflow. The 14-blt counter averflows whon it reaches
16383 (3FFFH), and this will resst the device. When the WDT is enabled, it will increment
evory machine cycle while the osclifator is running. This means the user must rosst the WOT
at least every 16383 machine cycies. To reset the WDT the user must write 01EH and OE1H
to WDTRST. WDTRST is a write-only register. The WDT counter cannot be read or written,
When WDT overflows, it will genarate an output RESET pulse at the RST pin, The RESET

ulse duration is 98xTOSC, where TOSC=1 /FOSC To make the bﬂst use of the WDT it

24BTA-1001



ner 0 and 1

errupts

AT89S51

should be serviced in those sections of code that will periodically be exocuted within the time
required to prevent a WDT reset.

In Power-down mode the osciltator stops, which means the WDT also stops. Whila in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a levei-activated external interrupt, which Is
enabled prior to entering Powsr-down mode. When Power-down Is exited with hardware reset,
servicing the WDT should oceur as it normally does whenever the AT82S51 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the oscillator to stabillze. When the interrupt Is brought high, the interrupt is serviced. To pre-
vent the WDT from resetting the device while the interrupt pin is held low, the WDT is not
started until the Interrupt is pulled high. it is suggested that the WDT ba reset during the inter-
rupt service for the interrupt used to exit Power-down mode.

To ensure that the WDT does not overfiow within a few states of exiting Power-down, it is best
to reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whather
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit =
0) as the default state. To prevent the WDT from resetting the AT89551 white in IDLE mode,
the user should always set up a timer that will periodically exit IDLE, service the WOT, and
reenter IDLE mode.

With WDIDLE bit enabled, the W DT will stop to count in IDLE mode and resumas the count
upon exit from IDLE.

The UART in the AT89851 operates the same way as the UART in the ATBICS1. For further
information on the UART operation, refer to the ATMEL Web site (http//www .atmel.com).
From the home page, select ‘Products’, then ‘8051-Architecture Flash Microcontroller’, then
‘Product Overview'.

Timer 0 and Timer 1 in the AT&9S51 operate the same way as Timar 0 and Timer 1 in the
ATB9C51. For further information on the timers' oreration, refer to the ATMEL Web site
{http//www.atmel.com). From the home page, select ‘Products’, then ‘8351-Architecture Flash
Microcontrolier, then ‘Product Overview’,

The AT89S51 has a total of five interrupt vectors: two external interrupts (INTO and INTT), two
timer interrupts (Timers 0 and 1), and the serial port interrupt. These interrupts are all shown in
Figure 1. ) o

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a
bit in Special Function Register IE. |E also contains a global disable t:it, FA, which disables all
interrupts at once.

Nota that Table 4 shows that bit position IE.6 is unimplemented. In tho AT89S51, bit position
IE.5 Is also Unimplemented. User software should not write 15 to these bit positions, since they
may be used'in future AT89 products.

The Timer 0 and Timer 1 flags, TF0 and TF1, are set at S5P2 of the cycle in which the timers
overflow, The values are then pollad by the citeuitry in the naxt cycle
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should be serviced in those sections of code that will periodically be exccuted within the time
required to prevent a WDT reset.

in Power-down mode the oscillator stops, which means the WDT alse stops. While in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a level-activated extemnal interrupt, which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as it normally does whenever the ATE3S51 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is he!d low long enough for
the oscillator to stabilize. When the interrupt is brought high, the internupt s serviced. To pre-
vent the WDT from resetting the device while the interrupt pin is held low, the WDT is not
started until the interrupt is pulled high. It is suggested that the WDT be reset during the inter-
rupt service for the Interrupt used to exit Power-down mode.

To ensure that the WDT doss not overflow within a few states of exiting Power-down, it is best
to reset the WOT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used 1o determine whether
the WDT continues to count if enabled. The WDT keeps counting during IBLE (WDIDLE bit =
0) as the default state. To prevent the WDT from resetting the ATB3S51 while in IDLE mode,
the user should always set up a timer that will periodically exit IDLE, service the WDT, and
reenter IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the count
upon exit from IDLE,

The UART in the AT89551 operates the same way as the UART in the AT89C51. For further
information on the UART operation, refer to the ATMEL Web site (hiip//wwv.atmel.com).
From the home page, select 'Products’, then ‘8051-Architecture Flash ticrocontroller, then
'Product Overview’

Timer O and Timer 1 in the ATB9S51 oparate the sameo way as Timar 0 and Timer 1'in the
AT8I9CSH1. For further information on the timers’ operation, refer ta the ATMEL Web site
(hitp/Awww.atmal.com). From the home page, select ‘Products’, then *8051-Architectura Flash
Microcontroller, then ‘Product Qverview’.

The AT89S51 has a total of five interrupt vectors: two external interrupts (INTO and INT1), two
timer interrupts (Timers 0 and 1), and the serial port interrupt. Thess interrupts are all shown in
Figure 1,

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a
bit in Special Function Reglster IE. |E also contains a global disable bit, EA, which disables all
interrupts at once.

Note that Table 4 shows that bit position IE.6 is unimplemented. In tha AT89S51, bit position
IE.5 is also unimplemented. User software should not write 1s to these bit positions, since they
may ba used in future AT89 produsts.

The Timer 0 and Timer 1 flags, TF0 and TF1, are set at S5P2 of the cycle in which the timers
ovarfiow. The values are then potied by the circuitry in the next cycle

I[N a
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Teble 4. Interrupt Eqable (IE) Register

(MSB) 058}
A |- | - [es Jern  [exa |ero X0
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the Interrupt
Symbol Position Function
EA 1E.7 Disables al! interrupts, If EA = 0, no intempt is
acknowledgad. If EA = 1, each interrupt source is
individually enabled or disabled !y setting or clearing
its enabla bit.
- IE.6 Reserved
- IE.S Reserved
ES IE4 Serial Port interrupt enable bit
ET1 IE.3 Timer 1 interrupt enable bit
EX1 IE.2 External interrupt 1 enable bit
ET0 1E.1 Timer 0 interrupt enable bit
EX0Q £ IE.D External interrupt 0 enable bit
Urs;e;; software should never write 1s to reserved bits, because they may be used in future AT89
products,

Figure 1. Interrupt Sources

AT88S551
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Characteristics

ldle Mode

Power-down
Mode
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XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 2. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an external clyzk source, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 3. Thiore are no require-
ments on tha duty cycle of the extemal clock signal, since the input to tha intemal clocking
circuitry is through a divide-by-two flip-flop, but minimum and maximum viltage high and low
time specifications must be observed.

Flgure 2. Oscillator Connections

<2
Y T XTNZ
=
¢ T
3 > XTALY
GND
k4

Note:  C1, 02 =30 pF £ 10 pF for Crystals = 40 pF + 10 pF for Ceramic Resona'crs

Figure 3. Extemal Clock Drive Configuration

NG XTALZ
EXTERNAL
OSCILLATOR ———]  XTALY
SIGNAL
— ano
i ——

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The
mode is invoked by software, The content of the on-chip RAM and alf the special function
registers remain unchanged during this mode. The idle mode can be tarminated by any
dfinkled Inurrapt &f iy B heiivk el

Not# thet whan Idle mode Is terminated by & hardware reset, the davice non rally resumes pro-
Sram sxecution from whoere It Teft off, up to two machine cycles before the internal reset
slgorithm takes control. On-chip hardware inhiblts access to Intemal RAM in this event, but
access 1o the port pins Is not inhibited. To eliminate the possibility of an une:xpected wrile'to a

port pin when idie mode Is terminated by a reset, the instruction followi i
: . ' owing th3 on
idia mode should not write to a port pin or to external memory. I one that invokes

In the Power-down mode, the osdillator is sto
dom is tha last instruction executed. The onchi

_ ‘ @ the on-chip RAM. Th: reset should not
be activated before Vee ; o long
¢ 1S restored 10 its normal opsrating level i

enough 0 allow the oscitfator to restart and s:abng. . g loveland must Le haid active 'ong

Y
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Table 5. Status of Extemal Pins During idle and Power-down Modes

Mode Program Memory | ALE | PSEN | PORTO | PORTI | I'OHTZ | PORTS
Idie Internal Data Data ) Deta Data
idle External Float Data ;dd eSS Data
Power-down | Internal

Power-down | External

Data Data Deta Data

Float Data Dzta Data

olola]|=
OO |« |-

The AT89S51 has three lock bits that can be left unbrogrammed (V) or caun be programmed
(P) to obtain the additional features listed in the following table.

Table 6. Lock Bit Protection Modas

Program Lock Bits
L31 LB2 LB3 | Protection Type _
8] U u No program lock features _

2 P U U MOVC instructions executed from externi praogram
memory tre disabled from fetching code Hytes from internal
memory, EA is sampled and laiched on 1 23et, and further
programming of the Flash memory is dis.1%ed

P P U Same as mode 2, but verify is also disab ed
P P P Same as mode 3, but external execution i a0 disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled :ind latched during
reset. If the device is powered up without a reset, the latch initializes to a random value and
halds that value until reset is activated. The latched value of EA must agre: with the current
loglc level at that pin in order for the device to function propery.

The AT88S51 is shipped with the on-chip Flash memory array ready lo be programmed. The
programming interface needs a high-voltage (12-volt) program enable sigrz! and is compati-
ble with conventional third-party Flash or EPROM programmers.

The ATB3S851 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the ATB9S51, the address, data, and control
signals should be set up according 10 the Flash programming mode table and Figures 13 and
14 Ta program the ATBSSEY, take the following steps:

1. input the desired memory location on the address lines.

2. Input the appropriate data byte on the data lines. '

Activate the correct combination of control signals.

Raisg mpp to 12V,

Pulse ALE/PROG once to program a byte in the Flash i
_ armay or the lock its. The byte-
write cycle is self-timed and typically takes no more than 50 ks. Repea! steps 1 o

through 5, changing the address and data for t i i
objet e is ranging | for the entire array or until the end of the

Batfa Polling: The AT89851 features Data Polling to indicate tha end of

@ byte write cycle.
» &n attempted read of the last byts written will result in 1-e com
) ‘ . ! ement of
the written data on PQ.7. Once the write cycle has been completed, true datz s validpcin all out-

puts, and the next cycle i I i j i
Daw and Ihe ycle may begin. Data Polling may begin any time after .1 write cycle has

LIS

P

R S | N SE——
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Ready/Busy: The progress of byte programming can alsc be monitored by the RDY/BSY out-
put signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0
is pulied high again when programming is done to indicate READY,

Program Verity: If lock bits LB1 and LB2 have not been programmed, the programmed code
data can be read back via the address and data lines for verification. The & tatus of the individ-
val lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same >rocedure as a nor-
mal verification of locations 000H, 100H, and 200H, except that P3.6 and 3.7 must be pulled
10 a logic low. The values retumed ara as follows.

(0Q0H) = 1EH indicates manutactured by Atmel
{100H) = 51H indicates 89551
(200H) = O6H

Chip Erase: In the parallel programming mode, a chl;;' é_rase operation is r.ilialed by using the
proper combination of control signais and by pulsing AI,.EI'P—ﬁﬁ’G' low for a duretion of 200 ns -
500 ns. ’

In the serial programming mode, a chip erase operation is initiated by isst ing the Chip Erase
instruction. In this mode, chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location will returm 00H &1t ths data output.

The Code memory array can be programmed using the seral ISP inteiface while RST is
pulled to V.. The serial interface consists of pins SCK, MOSI (input) and MiSO (output). After
R8T is set high, the Programming Enable instruction needs to be executec fiist before other
operations can be executed. Before a reprogramming sequence can o« ¢ur, a Chip Erase
operation is required, o

The Chip Erase operation turns the content of every memory location in the Code armray into
FFH.

Either an external system clock can be supplied at pin XTAL1 or a cryste! needs 1o be con-
nected across pins XTAL1 and XTAL2. The maximum serial clock (SCK) fr :quancy should be
less than 1/16 of the crystal frequency. With a 33 MHz oscillator clock, the inaximum SCK fre-
quency is 2 MHz.

To program and verify the AT89S51 in the serial programming mode, the I>llowing sequence
is recommended:

1. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to “H",

If a crystal is not connected across pins XTAL1 and XTAL2, apply a 4 NiHz to 33 MHz
clock 10 XTAL1 pin and wait for at least 10 milliseconds.

2. Enatle serial programming by sending the Programming Enable serial iristruction to
pin MOSI/P1.5. The frequency of the shift c'ock supplied at pin SCK/P1.7 needs to be
less than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time in either the Byte or [>ags mode.
The write cycle Is self-timed and typicaily takes less than 0.5 ms at 5V.

4. Any memory location can be verified by using the Read instruction that retuins the con-
tont at the selected address at serial output MISO/P1.8.

5. Atthe end of a programming session, RST can be set low to commence notmal device

operation.
ATMEL 13
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Power-off sequence (if needed):
Set XTALT to “L” (i a crystal is not used).
Set RST to “L".
Tumn Vg power off,
Data Polling: The Bata Polling feature s also avallable in the serial mode. in this mode, dur-

ing a write cycle an attempted read of the last byte written will result in the conplement of the
MSB of tha serlal output byte on MISO,

Serial The Instruction Set for Serial Programming follows a 4-byte protocol and i shown in Table 8
Programming on paga 18,

Instruction Set

Progr amming Every code byte in the Flash amay can be programmed by using the apprcpriate combination
Interface ~ of control signals. The write operation cycle is self-timed and once initiatec, will automatically

Parallel Mode time itself to complation.
i 0]
All major programming vendors offer worldwide support for the Atmel mic-ocontroller series.
Please contact your local programming vendor for the appropriate software revision.

Table 7. Flash Prograrnming Modes

ALE/ K po7o | P23 | P10
Mode Vee | RST | PSEN | PROG Vep P26 | P27 | P33 | P36 | P37 Data Address
@
Writo Code Data 5V H L ~~ 12v L H H H H D A11-8 A7-0
Aoad Code Dala Y H L H H L L L H H Dour Al1-8 AT0
. &
Write Lock Bit 1 5V H L —-— 12v H M H H H X < X
- .
Write Lock Bit2 | - 5v H L _\_/'_' 12v H H H L L X X X
_ ’ ‘ ] - -
Wrile Lock Bit 3 5V H. L ~ 12v H L H H L X X X
Read Lock Bits Po.2,
sV H L H H H H L H L P0.3, h X
1,2,3 PO.4
i) ok -
- G Braen 3 H i 12v H L H L L X b X
Fﬁg@g une) ik . L0 LT T H H L L L L L 1EH 0000 00+
Fand ﬁw‘&v ik & s L M o) L L L L L 51H 0001 00H
Read Device ID sV H L | H H L L L L L 06H - 0010 00H
Notes: 1. Each PROG pulse is 200 ns - 500 s for Chip Erase. '_

Each Pm pulse is 200 ns - 500 ns for Write Code Data.
Each PROG puise is 200 ns - 590 ns for Write Lock Bits,

RDY/BSY signal is output on P3.0 durin i
X = don't care. S programming.

G hwt
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Figure 4. Programming the Flash Memory (Parallel Mode)

Figure 5. Verifying the Flash Memory (Paralis! Modas)

v
ATBOS51 T
apom, ALAT ooy Vi
COODHAFFH PGM
AFTATT™] P20 - P23 PO fe—— (0N
— o P28
SEE RLASH | —# P27 ME |+—- FROG
PROGRAMMING— ———» P33
MODES TABLE | — o] p3g
——] P37
T XTAL2 EA fe—— V, V)
333 an‘[
T ROY/
[ P30 — 5y
[ XTAL1 RST ome V,,
GND PSEN
L
- =
Ve
AT89SS T
apph, AL AT oiopir Ve bk
ODOOH/FT FH FGM
ARTATT™ P20 - P23 PO e usE 10K
UPS
A P2e PULLUPS)
SEE FlLASH | —»] P27 ALE 14—
PROGRAMMING - ——# P33 |
MODES TABLE | —pl P36 .V
— P37 T
i XTAL2 EA b
i
¥33 MMz | =
C3
XTALY AST H— V,,
GND PSEN
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Flash Programming and Verification Characteristics (Parallel Mode)
T, = 20°C to 30°C, Vg = 4.5 10 5.5V
Symbol Paramaeter Min Max Units
Vis Programming Supply Volage 115 12.5 v
Ipp Programming Supply Current 10 mA
leq Ve Supply Current 30 mA
e Oszillator Frequency 3 33 ) MHz
tavet Address Setup to PROG Low 48t
laax Address Hold After PROG 48teoL -
i tovar Data Setup to PROT Low 48tcioL .
torpx Data Hold Aker PROG 4Bte i
L P2,7 (ENABLE) High to Vee 48tci oy
tsHoL Vi Setup to PROG Low "i'Q ] ps
tansL Ve Hold Atter FROG . 1d ) ps
taLon FROG Width 02 1 us
tavay Audipss to Data Valid 48loyc,
teov ENABLE Low to Data Valid P
eroz Data Float After ENABLE 0 48t ¢ :
taroL FROG High to BUSY Low 1.0 ps
twe Eyte Write Cycle Time 50 ) ps
Figure 6. Flash Prograrming and Verification Waveforms ~ Parallel Mode
P10 - P17 , PROGRAMMING VERIFICATION
P2o . pog — % ADDRESS j—j ADDRESS  )——-—
+— twav
PCAT 0 ‘ DATA IN p DATA QUT p———-—
tA\'GL F—" 'DJ‘GL tanox [* tarax
ALEPROG N A
tshaL et a1 * tanst
O — D R 1 P ——
E_p?;z,_, “'l —teusn teav o [— tEHOJ‘.—
(ENABLE) /[ et
P3.0
(RDY/E:5Y)

16 1 I I
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Figure 7. Flash Memory Serial Downloading

AT89S51 j
Vee
INSTRUCTION

INPUT -—-—-'F P1.5MQOSI

DATA OUTPUT +—— P1.6/MISO
CLOCK 1IN ——» P1.7/8CK

1——7—— XTAL2
3-33 MHz

ETj

-ot—

-

3! XTAL1 RST j—— V,
GND

f

..|||.T

Flash Programining and Verification Waveforms — Serial Mode

‘Figure 8. Serial Programming Waveforms

SER/AL %ﬂ:.r;(ﬁgg?; / Mfg_x X )( X X X )( LSB 'x
SERIAL DAE?E%;K;%?; / .Mlii X X:_)(__D X )(Lsa X
SERIAL CL%??E;%UKS H H l_‘ [—l |—| I:I |—| r}

7 6 5 4 3
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[able 8, Serial Prograniming Instruction Set
Instruction
Format
Instruction Oyte 1 Byte 2 Byte 3 Byte 4. Operation
Programming Enable 1010 1100 0101 0011 XXXX X000 XXX XXX Enable Se 12l Programming
. ’ 0110 1001 while RST i high
(Output) i
Chip Erase 1010 1100 100x 2000 XXX X0 WX 300K Chip Erasc Flash memory
. aray
Read Program Memory | G010 0000 XOx Z223 | toow ooto Kgay oo-o | Head data f-om Program
{Byte Mode) memory in the bryte mode
Wrile Program Memory | 0100 0000 2000 rooo rao o | hwow oo-a | Wrils dala 1o Program
(Byte Mode) 28R | WR AR | oo8s s memory in 1ne byle mode
Write Lock Bits@ 1010 1100 1110 00 Z& | oo xox Write Lock tits. See Note (2).
Read Lock Bits 0010 0100 XN XX XU X0 XX ‘géxx Read back cunent status of
3 3 the fock bit ; (a programmed
fock bit res 3s back as a *17)
Read Signalure Bytes!” | 0010 1000 X B YR |gXX xoox Signature Byts | Read Sign vure Byte
Read Program Memory | 0011 0000 oxx oom | Byled Byle 1... Read data fiom Program
(Page Mode) Byte 255 memory in the Page Mode
{256 bytes;
Write Program Memory | 0101 00Q0 xxx  roge | ByteO Byte 1... Write gala « P ogram
{Page Mode) << Byte 255 memory in tha Page Mxie
(266 bytes)

fotes: 1.

The signature Lytes are not readatle in Lock Bit Modes . and 4.

2. B1=0,B2=0—> Mode 1, no luck protection

B1=0,B2=1->Mode 2, lock bit 1 activated
B1 =1, B2=0 > Mode 3, lock bit 2 activated

Bl=1,B1=1->Mode 4, lock bit 3 activated

Each of the lock bits needs to be activated seq 1.:ntialty before
Mode 4 can be execuled.

After Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to clod: in the enable data
byles. to puising of Reset signal is nacessary, SCK should be no faster than 1/16 of the system clock at J{TAL1.

For Page Read/\Write, the data atways starts from byte 0 to 255. After the command byte and upper acldress byte are
latched, each byta thereafter is treated as data until all 256 bytes are shifted in/out. Then the next instruc ion will be ready to

be decoded.

1
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Serial Programming Characleristics

Figure 9. Seral Programming Timing

most X X _ X

tovsH —ste »{tsHox IsisH

SCK \_/ Q\_F
tsHsL

MISO X X ’jtcuv

Tabl@9.58dduPRiggrammnigg Characteisties] I =48 CRAB 8LV Y =400 5 STV uRissCOtherwisd HNatad)

Symbol | Parameter Min Typ Max Units
HeLeL Oscillator Fraquency 0 33 . MHz
teLet Oscillator Period 30 ) ns
tapg SCK Pulse Width High 8 ool ) ns
tsisH SCK Pulse Width Low 8t . ns
tovsH MOSI Setup to SCK High toLeL ns
tsHox MOSI Held alter SCK High 2teioL ns
tsuv SCK Low to MISO Valid 10 16 32 ns
tERASE Chip Erase Instruction Cycle Time 500 ms
tawe Serial Byte Write Cycle Time 64 toy g + S -]

AIMEL 19
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Absclute Maximum Ratings*

Operating Temperature . ...u.v...voevvo -55°C 10 +125°C *NOTICE:
Slorage Temperature ...... v, -65°C to +150°C

Voltage on Any Pin

with Respect 1o Ground ... vviveienren e -1.0V 10 47.0V

Maximum Operating YOIEQe ..o 6.6V

DC Output CUMBNL.ccuveurerers it ceeeeereres e eon 15.0 mA

DC Characteristics

The values shown In this table are valid for T, = 40°C to 85°C and Ve = 4.0V 10 5.5V, unless otherwis 2 noted.

Stresses beyond those listed « ndar "Absolute
Maximum Ratings™ may caus : penmanent dam-
age to the device. This is a sh ess rating only and
functional operation of the de iize at these or any
other conditions beyond thos:: incicated in the
operationatl sections of this s «cil cation is not
implied. Exposure to absolute naximum rating
conditions for extended perio 13 n ay affect
device reliability.

Symbol Parameter Condition Min ! 1 £ 4 Units
Vi Input Low Vollage (Except EA) 05 02V, ,c-).1 \"
Vi input Low \okage (EA) 0.5 02V c03 v
Vin Input Hinh Vohage {Except XTAL1, RST) 0.2 Ve +0.9 Ve 0.5 v
Virn Input High Voltage (XTAL1, RST) 0.7 Ve VC(E»O.:S v
Output Low Voltage™ (Ports €15 v
VoL 1,2,3) lop = 1.6 mA )
Qutput Low Voltaget" .45 \Y
Vour {Port 0, ALE, P&EN) lou = 3.2 MA
low = -60 A, Vo = 5V £10% 24 v
= . 3 A"
Output High Voitage low = -25 WA 0.75 Vee -
Vou (Ports 1,2,3, ALE, PSER) fon = -10 pA 0.9 Ve ) v
IOH = -800 PA. Vcc =5V £10% 24 _ \"
Output High Vottage o = -300 pA 075 Vec i v
Vou (Port 0 in External Bus Mode) lgi = -80 pA 0.9 Vg ) v
Logical 0 {nput Curreat {Ports =50 HA
l"_ 1,2,3) VIN = 0-45V
Logical 1 10 0 Transition Current €50 HA
n {Ports 1,2,3) V=2V, Ve =5V £ 10%
Input Leakage Current (Port 0, 110 WA
p EA) 045 < Vi < Ve ]
RRST Reset Pulidown Resistor 50 3 ]3 KQ
Cio Pin Caguniance Test Freg. = 1 MHz, Ty = 25°C 13 pF
Active Mods, 12 MHz b mA
Power Supply Current ldie Mode, 12 MHz €. mA
lee Power-dawn Mode® Vee =5.5V o pA
Notes: 1,

Unaer steady stale (non-transient) conditions, lo, must be exterally limited as follows:

Maximum ly_ per port pin: 10 mA
Maximum lo, per 8-bit port:
Part 0: 26 mA

Ports 1,2, 3: 16 mA

L}

Maximum tota! 1o, for all output pins; 71 mA )
It I, exceeds the test condition, VoL may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum Vg for Power-down is 2V,

20
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capecitance for all other

outputs = 80 pF.

External Program and Data Memory Characteristics

AT89S51

12 Mz Oscillator Variable Oscillaior

Symbol Parametor Min Max Min [} ﬁu: Uniis

Mewse - | Osclllator F?uquenw 0 33 MHz
e ALE Pulse Widih 127 2t 40 ns
faves Address Valid to ALE Low 42 lee 25 ] ns
Y ax Address Hold Atter ALE Low 48 toic25 ns
tuv | ALE Low to Valid Instruction In 233 Ate, 565 ns
LI ALE Low to PSEN Low 43 e 25 ns
torpi PSEN Pulse Width 205 Bte 45 ns
tauy PSEN Low to Valid Instruction In 145 3y ;L-so ns
toxix input Instruction Hold Alter PSEN 0 0 ns
texiz fnput Instruction Float After PSEN 59 tew ;E‘. ns
toxav PSEN to Address Valid 75 A ng
taviv Addrasa 10 Valld Instruction In 3z Btm- <80 ne
teiaz P3EN Low to Address Float 10 0 ns
tan AD Pulse Width 400 6lcic-100 ) ne
W WH Pulse Width 400 6tc . -100 ns
tarov RO Low to Valid Data In 252 Stgy 5 90 ns
tarox Data Hold Ater RD 0 0 ) ns
tannz Data Fioat Aller RD 87 2oy ;28 ns
tuov ALE Low to Valid Data In 517 8leic-150 ns
tavov Address lo Valid Data In 585 e 165 ns
tiwe ALE Low 1o BD or WR Low 200 300 Bt 50 Bl +59 ns
tavwiL Address to RO or W Low 203 A 075 i ns
tovwx Data Vaiid 1o WR Transition 23 louc 30 ns
tavwh Data Vakd to WR High 433 ol 130 ns
| tamox Data Hoid Atler WR 33 to-25 ns
taiaz RD Low ‘0 Address Float 0 0 ns
i RD or WH High to ALE High 43 123 toc-25 loici 128 ns

21
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xternal Program Memory Read Cycle

Yy —
ALE N V4N i
+ teypn
1 re ”
L aviL S DY LTEY
PSEN / N — touy \
o—texa )
tax e B s txe
N txx—+ o
PORT 0 > A0-A7 KINSTRIN b r-ar >
“ taviv
PORT » a( AB - A15 X __AB-Al5 }

xternal Data Memory Read Cycle

. by e
ALE F \,\ ){:_;/ e
M Yo

PSEN — o 1y —— N
o Rt Ay —
e—— by ——n
ED 1——tu_Ax———.. \——-—.—_—/, i

et lp oy { Yoz

"_“"lAVLL"""j 1
RAZT™ — LT
PORT O ~KAD - A7 FROM RI OR DPLX, 9 K DATA IN AQ - A7 FROM PCL)~ INSTR 11
= !
* Low
ooy ———————+]
PORT 2 . 4 P24 - P27 GR AB - A15 FHOM DPH X AB - A5 FROM PCH

2 AT88551 e —
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External Data Memory Write Cycle

) f—-+]
ALE JF N /l:j—"'\________/

PSEN __/ AN
*——‘tm—T—twu.wu—'

WR et ax — \\_____/V
t lowx =P [ — ¢ turax
AVLL =~ N -
PORT 0 A - A7 FROM RI OR DPL DaTA OUT K CAO - A7 FROM PCLY-CINSTR 11
I .

Lavwt
PONRT 2 )L P20 - P27 OR AB - A15 FROM DPH S AB - AlS FROM PCH

External Clock Drive Waveforms

| !
Voo - 0¥ Lerex ij\ toren —*1 tonox - toncL
0.% Ve |
sty —%.2 Veg - 0.1V N 7 <
taex
- tG.G. L
External Clock Drive ]
Symbol Parameter Min Max ___Units
Meico Osciliator Frequency o 33 i MHz
toce Clock Period 30 ‘ ) ns
teex High Time 12 o ns
teex Low Time 12 ) oS
toien Rise Tima ) ns
tenoL Fall Time ns

ATMEL | z
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ATMEL

Serial Port Timing: Shift Register Mode Test Conditions
The values In this table are valid for Vee=4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Varialia Osciliai or
T e re——
Symbol Parameter Win Max Min J ax Units
t)u_m_ Serial Port Clock Cycle Time 1.0 1% i Bs
tavxy Oulput Data Setip 1o Clock Rising Edge ‘700 10t 133 i ns
txHax | Output Data Hold After Clock Rising Edge 50 oo 0180 A ns
oy Input Daia Hold After Clock Rising Edge Y] w0 ) ns
oy Clock Rising Edge to Input Data Valid 700 | 10t 213D ns
Shift Register Mode Timing Waveforms
INSTRUCTION P } =2y | e 3 | @y ] o 8 - | g € |
ALE 'l_ll!lllll9l|||l.|lH,|L.|L|UL“-.rLJ
* baxe
CLOCK Tl I ror
Yavan 's——-——b "_ t ]
—> XHQX )
WRITE TO SBUF NN T X X X B X o X377
t -
OUTPUT DATA Loy -—'..1_'] F—towx S~-:|’THT
_CLeAR HEX HEI XTI OB NI O@CDK XX
v
INPUT DATA ' sir R!T

AC Testing Input/Output Waveforms(

Voo 05V 02 Vo + 06V
TEST POINTS
0.2 Voo - 0.1V

0.45v £L

Note: 1. AC Inputs during testing are ariven at Vee - 0.5V for alogic 1 and 0.45V for a logic 0. Timing measuren:ats are made at Vi
min. for & logic 1 and V. max, for a logic 0.

Float Waveforms(!

Timing Relerence
Poinis

VOL’ 0.1V

Note: 1. For timing purposes, a port pin is no jonger floating when a 100 mv change trom load voltage occurs. /A part pin begins to
float when a 100 mY change from the loaded Vor'Vo level oceurs.

4 AT89551 = | 2 ——
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Ordering Information

AT89S51

ATB9551-24P(

Speed Power
(MHz) Supply Ordaring Cade Package Operation Flange
24 40V1I05.5V | ATBIS51-24AC 44A Cominercial
ATB9S51-24JC 449 (0°C t2 70~C)
AT89551-24PC 40P8
ATBGS51-24A| 44A Industrinl
ATBESS1-2441 44J (-40°C 1o 83°C)

| ATB9S67-33AC -

\TBac

| = Preliminary Availability

_ Package Type

44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)

444 44-lead, Plastic J-leaded Chip Cardier (PLCO) )
40P6 40-pin, 0.600" Wide, Plastic Dual nling Package (PDIP) :

ATMEL
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ackaging Inforination

A, A4-icad, Thin (1.0 mm) Plastic Gull Wing Quad
Fiat Package (TQFFP)
Dimensions in Millimeters and (Inches)®

12210.478) o

PIN11D 11,750,458,

0.45(0.018)_

== T

= = 0.3%10.012)
Wi

[ =18 B

& =8

0.80{0.031) BSC '1_
.f__

| . 10.19(0.394)
890\0.580) sa
IS r 1.20{0.047) MAX
0.20{ 008) 7
o603y j-{-- " &

C e

*Controlling dimension: millimeters

}_

[ 0.750.000)  0,15(0.006)
CAS(GDE D.0(0.L02)

444, 44-lead, Plastic J4eadod Chip Ca 1ier (PLCC)
Dimensions in Inches and (Millimetess)

O45{1.14) X 45" PINNO.1 DAL R 7"-' D12(.205)

e e T o0e()

._—-——d———-—!( v l
E E sss18.1) ::E"[ 830{16.0)
}_ 550(”7«?,’5)50‘ 5(150)
oz T 2 : 7 aei(s3)
026(,660) ~ { - B 595(‘7 N 1o 0V, 330)
' 1 E eas{i7.4)% I
Z F H.
‘ J‘ 1 | fa

050(1.27) TYP —TrooT T mT=

1 v:g_s}‘»‘_' 031,00

S00(12.7; REF 5Q 020( 508)
L LA2A05)

L, w T ooz
SJSHLL Y e 804ST)
i : A6E(4.19)
z= =
o= = (st e
e ) 02 XAS L X
T Riar
. H!{HU n ';Jf

4GP6, 40-pin, 0.600" Wide, Plastic Dual Inline
Package (PDIP)

Dimensions in Inchcs and (Millimeters)

JEDEC STANDARD MS-011 AC

|

; EXTCIN B

‘.-.J.Lrumz__\
,.‘ 5{36(1{.4)
; 533(13.5)
'm ‘LL” (v“"‘ "——‘L

o] »--— 090(2.29)
- 1LO{48.26; REF —-<-

| 207i528) _{

220{5.50)

MAX i 005(3;}
T o H—
SEATING ] M =L
PLANE 1R i [
; ! L i 065{1.65)
16174 55] .y i B15.387)
1251&}2 1 — i 022{559)
CE5(1,68) B3 355)
. 110;2.76) 041{1 04) 014655
904.29) 630{16.0)
™ Za|is.oy
[P
,,T.. L ReF
oszig08) /- ol B
v ~

i _ 690175}
-~ eum&s)—’4

AT83551 e —
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TEL (408) 441-0311
FAX (408) 487-2600

Atmel Product Operations

Atmel Colorado Springs
1150 E. Chayenne Mtn, Bivd,
Colorade Springs, CO 80908
TEL (719) 576-3300
FAX (719) 540-1759
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LA ORI AR o Ly o S n
Alﬁt‘: kI
SEMICONMDUCTOR m
Medium Power Linear and Switching
Applications
+ Complement to BD136, BD138 and BD140 respectvely
i TO-126
1. Emitter 2.Coullector 3 fiase
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 1.=25:C unless otherwise noted
Synmiool Parameter Value Units
Vesa Collector-Base Voltage . BD13S 45 W
1 BD137 80 v
: BD139 80 v
Veeo Collector-Emitter Voltage : BD135 45 W
: BD137 60 v
: BD139 a0 M
Veso Emilter-Base Voitage 5 v
lg Collector Current (DC) 1.5 ) __:\
lep Collector Current (Pulse) 3.0 A
ig Base Currant 0.5 A
Pe Collecior Disuipaton (Tg=25C) i 12.5 _ W
Pe Collector Dissipation (T,726°C) 1.25 \Y
Ty Junction Temparature 150 __°c
Tstg Storsge Tamperature « 595~ 150 “C
Electrical Characteristics T¢=25C unless ctherwise noted
T P Yot Condiion Wi | Typ. | Ma: | Unte
T R N — L
1 BD13S lcw 30mMA, (g=0 45 v
: BDY? 80 v
oog Collactor CUt oAl Caurvent Vea = 30V, i =0 o TA
o Emitter Cut-off Current Vgs =5V, ic = 0 n pry
heE DC Current Gain  : ALL DEVICE Veg =2V.Ic=5mA - | 25 T
= : ALL DEVICE Ve =2V, Ig = 0.5A 25
hgga . BD13s5 VCE =2V, ‘C = 150mA AC 25
: BD137, BD139 1 40 18
:ce(sat) Collactor-Emitter Saturation Voage Ic = 500mA, Iz = 50mA 0t TV
g(on) Bass-Emiter ON Vollage Veg =2V, Ic = 0.5A R
hre Classification
Classification 8 10 16
heea 40~ 100 63~ 160 100~251

2000 Farohikd Sacr-iswhsiior iftomanonal
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Typical Characteristics

-
©
a

% ¥ & ¥ 8 % £ B

e, DC CURRENT GAIN

-
s

§
£

\fmaj, COLLECTOR CURRENT

Figure 1, OC current Gain

LY IO S

e
g =r
E ..
L -
& mf-
Em
¥ e

1clA), COWLECTOR CURRENT

Figure 2. Collector-Emitter Saturation Vc hage

3
N

1e MAX. (Pulsed)
1. MAX, (Cortinuoys)
L

g

[ TR |

H
3 !
1
b= i
g § A
E 1) :«:‘g . % i
g e g i
" Bt e e ..?. o
¥ s 23t |
73 IR gy |
a1 . [ ] hi P
1s-2 (1] [ 8] 1 " 1 ” "
k{AL COLLECTCR CURRENT VeelV], COLLECTOR-EMITTER VOLTAGE
Figure 3. Base-Emitter Voltage Figure 4. Safe Operating Area
§
%
z
-] L 7‘! o 128 18 1
To{’C], CASE "EMPERATURE
Figure 5. Power Derating
2000 Farchid Semicand L Inarmatons ! ne A, mngary W00
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Package Demensions

TO-126

2|
5 8.00 20.30
2
™
j O _(Q
7
[SETIN PR %
| p
Ll
T h
.
0355030 1 W[ 1| ﬁf
1,60 10,10 f !T_ !
I
500l ! i §
il =
'; ¥ i
it
] | ]
+;n + “‘J 3
_2.28TYP 2.28TYP
(2.2840.20] {2.2840.20)

11.00 10.20

16.10 =020

3.25 1020

[

{1.00)

{0.50)

[ a8

Dimensions in iAillimeters

G000 Farem Bonsicolkukr ItBrietonl
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TRADEMARKS

The following are registersd and unvegistered trademarks Fairchild Semicenductor owns of is authorized 1o Ute andis
notintendad 1o be an exhaustive list of all such trademarks.

ACEXM™ HiSeC™ SuparSQT™ -8
Botlomiess ™ ISOPLANAR™ SyncFET™
CoulFET ™ MICROWIRE™ TinylLogic™
CROBSVOLT™ POP™ UHC™
E*CitO8 ™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTr™ SuperSOT™.-3
GTOom SuperSOT™.6

DISCLALER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE T( ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME: ANY
LIABILITY ARIBING QUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN,
NEITHER GOES {T CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIiFE 6U#PORT POLICY

FAIRCHILDS PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE : JPPORT
DEVICES OR SYSTEMS WiTHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICO!IDUCTOR

INTERRATIONAL.,

As used herein;

1. Life sty port devices or systems are devices or systems
which, (a} are intended for surgical implant into the body,
or {b) support or sustain life, or (c) whose failure to perform
when proparly used in accordance with instructions for use
provided 10 the labeling, can be reasonably expected to
result in significent injury to the user.

2. A ciitical component is any component of a ife support
davice or system whose fallure 10 perfort can be
reasonably expected to cause the failure of the e support
device or system, or to affect ite saisty or effec \enuss.

PRODUCT 3TATUS DEFINITIONS
Definition of Terms

Oatashoet idontification Product Status

Definition

Adviance Information Formative or in

This datasheet containe the design spocmcauo ¥i for

Danign product dwolopmsm ‘Bpecifications may chan 1 in
any mannar without notice,
Preliminary First Production This datasheet contains preliminary data, and

supplementary data will be published at a iatst date.
Fairchild Semiconductor reserves the right to i ke
changes at any time without notice in order to i nprove
design.

No Iden:tfication Needed Fult Preduction

This datasheet contains final speafications, Fa r hild
Semiconductor reserves the fight to make char ces it
any time without notice in order to jmprove des. gn,

Gbsolele Not In Production

This datasheet contains specificatians an a pro 1 ¢t
that has been discontinued by Fairchild semico 1 Juctor.
The datasheet is printed for refetence informat 33 only.

G2 Faruhi Bkl norrwisonel




'QED121/122/123
PLASTIC INFRARED
LIGHT EMITT{EG DIODE

0.195 (4.86)

\ FEATURES
/1\“1 * A= 880 nm
Rﬁsﬁgt' ,:.u?: . 0.303 (1.75) « Chip material =~ AlGaAs
\ ; » Package type: T-1 3/4 (5mm lens dian cter)
B o o Bl * Matched Photosensor: QSD122/123/1. 4
} | 0 0401.02) * Narrow Emission Angle, 18
MG
800 .. 3) s High Output Power
tigd
hg " » Package material and color: Clear, pe: ch linted, plastic
0.080 (LY , d“ = CATHODE
? ?_’_ E 0100 (254 o . .
U ok 1. Derate power dissipation linearly 2.67
mwW/°C above 25°C.
“‘“‘”‘““T 2. AMA flux is recommended.
e 0248 (8.10) 3. Methanol or isopropyl alcohols are SCHEMATIC
(e 0.215 (5.45) recommended as cleaning agents.
0020 (0.51) ) 4. Soldering iron 116" (1.6mm) minimum
NOTES; 5a- {23 T from housing.
ANODE
1. Dimensicns for ali drawings are in inches {mm). .
2. Tolerance of £ .010 {.2%) on all non-nominat dimensions CATHODE
unless otheowisa spacified,
ABSOLUTE KAXIFAUM RATINGS (T4 = 25°C unless olherwise specitied)
Parameier Symbol Rating ; Unit
‘ OperaUng .vmperalu:a TorR -40 to +100 L °C
Storage Twmperature Tsta 40 to +100 °C
Soldering Tamperatuva {ron)23.4 TsoLq 240 for 5 sec °C
_ Scidering Tomperalirs (Flow)e3) ' TooLr 260for10sec | C
" Conlinuous Forward Current le 100 i mA
Reverse Voitage VR 5 ) v
Power Dissipationi!) Py 200 mw
ELECTRICAL / OPTICAL CHARACTERISTICS (Ta =25°C)
PARAMETER TEST GONDITIONS SYMBOL MIN TYP MA> UNITS
Peuk Emission Wavelangth Iy = 20 mA - — 880 - am
cmnssron Angla =100 mA © — 19 - Deg.
Forward Vglm_)e e = 100 mA, 1p = 20 ms Vg -_ — 1.7 v
__Raverse Cunent Va=5V In - — 10 PA
Radiant intensaty QEDIZY le =100 mA, tp = 20 ms lg 16 -— 40 mWi/sr
Radiant Intensity QED!22 g =100 mA, tp = 20 ms le 32 — 100 mWiar
Radiant intensity QErni23 =100 mA, tp =20 ms lg 50 — — mwW/sr
Rice Time t, -_ 800 —_ ns
Fall Time le = 100 mA t — 500 — ns

© 2001 Falrehlid Semiconciuctor Corporation
0530033 471901 10F3 o +rww. fairchiidsemi.com
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— QED121/122/123
P s HILD PLASTIC INFRARED
S EMICONDUGT G LIGHT EMITTING DIODE
‘m‘ml_

TYPICAL PERFORIMANCE CURVES

w

-

= 100 A, Ta » 265'C et Pui 2 Widhm 100 15
el o8 = 100 mA Dut ¢ ycex B.1%

\
I

\( Vi . SV |
A 005

"'L Ta. i8C

NN

AN NORE

o
@

NORMALIZED RADIANT iNTENSITY
bt
ALY
Y
\T‘_
\
NORMALIZED COLLECTOR CURRENT
g

= d N o
0.0t \< \

L oz N o
| } ~ — \
0.001 I o e e e
' 0 100 1000 [ t 2 3 ‘ 5 s

Ie + INPUT CURRENT {mA) LENG TIP SEPERATION {(INGH £ 3)
Fig. 1 Noraalized Radiant intershty vs. input Guirent Fig. 2 Coupling Characieriatics of QED12). :and GSO1ZX

w /—R T
09 —
£ / \
25 -
T 1 T T g X ] / +
) 2 e 1A ,./"]"' o ma l g o7 — y, x
("] - 22 S i
3 \"M.. 3 ML“L\- 1’ § s ;
- e i
§ s - -L"'::NL*..___ I S e g 08 [[ } ___‘
8 ‘\ \ o s, i g | a o4 fr___
4 LI S S b w10 mA _— “?Oﬁn»\ t llﬂ !
: CTLTT ) / BEAN
rd ! 62
w O bt Paeviohetoop |} | /
B Dusy G w 0.1% % : 01 bl e
. [ | |
40 B -2 -9 0 W A 0 4 50 60 70 & 60 100 ™ Lo 80 L L& e bl
Ta - TEMPERAT URE {C) A (nm)
Fig. 3 Forward Voltuga ve. Temperature Flg. 4 Normalized Radiand ivdensity v 3. W velength
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T QED121/122/123
.__'H'L‘-‘f? PLASTIC INFRARED
nEMrGDNQQGTOﬁ‘f LIGHT EMITTING DIODE

HECLAIMER

AIRCHILD SEMICGHNDUCTOR RESERVES THE THE RIGHT TO MAKE CHANGES WITHOUT FiIJRTHER NOTICE
O ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTIOM OR DESIGN. FAIRCHILD >OES NOT
SSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR GIRCUIT

ESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE
HGHTS OF OTHERS.

IFE SUPPOAT POLICY

AIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
EVICES OR SYSTEMS WITHQUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT JF FAIRCHILD
EMICONDUCTOR CORPORATION. As used herein:

. Life support devices or systams are devices or 2. A critical component in any comporant of a fife support
systems which, (&) are intendad for surgical device or system whose lailure to perform can be
implant into the body,or (b) supnon or sustain lite, reasonably expected to cause the {2ilure of the hfe
and {c) whose lailure to perfoim when properly suppon device or system, of to affect its safety or
used in accordance with instructions for use provided affectiveness.

in labsling, can be reasonably expected to result in a
significant injury of the user.

mm_mm ¥ Mgt SR

00336  4/19'01 JOF3 s varw.Iairchildseml.com
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SES-THONISON IRF:340
'%’ MICROELECTRONICS IRF540F

N - CHANNEL100V - 00.50%2 - 30A - TO-220/TO-2:0F
POWER MOSFIZT

TYPE Vose Ros(on] Io
IRF540 1WoVv (<0017 0 30 A
IRES540F! 100V 1<0.0TT R 16 A

TYPICAL Rpsiony =0.050

AVALANCHE RUGGED TECHNOLOGY
100% AVALANCHE TESTED

REPETITIVE AVALANCHE DATA AT 100°C
LOW GATE CHARGE

HIGH CURRENT CAPABILITY

175°C OPERATING TEMPEFRATURE
APPLICATION QRIENTED
CHARACTERIZATION

APPLICATIONS -
» HIGH CURRENT, HIGH SPEED SWITCHING :
» SCLENOID AND RELAY DRIVERS -

« DC-DC & DC-AC CONVERTER INTERNAL SCHEMATIC DIAGRAN
s AUTOMOTIVE ENVIRCMMENT (INJECTION, ol
ADS, AIR-BAG, LAMP DRIVERS Etc.)
o1y
(3
K14
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Jnit
IRFS30 | IRFS30FI |
Vos Diatn-source Voltage (Vgs = 0) 100 '
Voor ) Drain- gate Voltage (Rgs = 20 kQ) 100 v
Vis Gate-source Voltags 120 ¥
fp Eraln Current {continuous) at T = 25°C 30 17 A
o Di1in Current (continuous) at Te = 100 °C 21 12 A
low({+)_|Drain Cument (puised) 120 120 A
Pt |Total Dissipation at T, = 25 °C 150 45 W
Derating Factor 1 0.3 \!55:
Viso llnsulation Withstand Voltage (DC) - 2000 M
Tsta Sturage Temperalure -85 to 175 °C
T Max, Operating Junction Temperature 175 ‘C |

(*} Pul width liniled by sale operating area (1) 150 S30 A, difdt<s 200 A/uS, Voo S Vimoss, TS Taar

Aprit 1938 16




IRF540/IRFS40F

THERMAL DATA

10-220 tozza€t ||
Ritj-case {_Tharmai Resistance Junclion-<ase Max 3.33 _"CM
Rinpam | Thermal Resistance Junction-ambient Max 62.5 ’)CIW
Ru-wnk |Thermal Resistance Case-sink Typ 0.8 %IW
Ti Maximum Lead Temperalure For Soldering Purpose 300 ) <
AVALANCHE CHARACTERIETICS
Symbol Paramaeter Max Value _Unu
lar Avalanche Cunent, Repetitive or Not-Repetitive 30 A
{pulze width limited oy 7, max -
Eas Sinyle Pulse Avalanche Energy 200 muf
{srarting T/ = 25 °C, io = lar, Voo = 25 V) .
ELECTRICAL CHARACTERISTICS (Taase =25 °C uniess otherwise specified)
OFF
Symbol Parametar Test Conditions Min, | Typ. | Wax. | Unit
Vieripss | Drain-source Io=250pA Vas=0 100 v
;Breakdown Voltage _
lbge |Zerc Gale Voltage Vos * Max Rating 1 HA.
1Drain Current {Vgs = 7} Vps = Max Rating Te=125°C 10 HA
lss  |Cate-body Leskage  Vgs=z20V +100 ] nA
(Current (Vos = 0) -
ON (+)
Symbol : Parameter Test Conditions Min. | Typ. | Max, | uUnlt
Vasgn |Gate Threshoid Vos = Vas lo = 250 pA 2 3 4 v
IVoltage o
Rus(on; |Slalic Drain-source On Ves = 10V lp=15A 0.05 | 0.077 a
'Resistance
1D(on) iOn State Draln Current Vos > o) X RoS(on)max 30 A
! Ves =10V -
DYNAMIC
Symbol Parameter Test Conditions Min, | Typ. | Max. | tinit
gis {*) [Forward Vb$ > Itxon) X Roseaymax 1D =15 A 10 20 S
Transconductance _
Ciss (nput Capacitance Vps=285V f=1MHz Vgs=0 2600 | 3600 pF
Cass QOutput Capacitance 350 500 pF
Cras iﬂeuarse Transfer 85 120 pF
ICapacitance T R

2i6
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IRF540/1R I 540F)

ELECTRICAL CHARACTERISTICS (continued)
SWITCHING ON

Symbol Paramseter ] Test Conditions Min. | Typ. | Max. }- Urit
taten) [Turm-on Time Vpp=50V 1p=15A 20 28 ns
tr Rise Time Re=4.70 Vgs =10V 60 85 ni
Qg  |Total Gate Charge  |Voo =80 V 15 =20 A Vas = 10 V 80 | 110 . oG
Qgs Gala-Source Charge 13 nc
Qqa Gale-Drain Charge 28 at
SWITCHING OFF
Symbai | Parametsr f Test Conditions. Min. | Typ. | Max. | Unit
tyvory |Oli-voltage Rise Time [Voo=80V Ip=30A 22 a0 s
tt (Full Time Rg=4.70R Vag=10V 25 35 ne
tc 'LCruss~over Time 55 75 -_T;.....J
SQURCE DRAIN DIODE
Symbo!l Paramaeter Test Conditions Min. | Typ. { Max. [ Unit
Isp Source-drain Cusrent 30 A
isom{*) |Source~drain Current 120 A
(pulsed) -
Vso {*) |Forward On Vollage iIsp=50A Ves=0 1.5 v
ter Reverse Recovsry didt = 10Q Afns 178 ns
Time Vop =30V T;=150°C
Qr Reverse Recovery 1.4 pé:
Charge
IRRM Reverse Recovery 2.5 A
{Current NS
{*} Puised. Pulne durebion = 300 ps, duty cyce 1.5 %
{*) Puise widurkmited by safe operating area
57 ¥
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IRF540/IRF540F)

TO-220 MECHANICAL.DATA

DM, mm inch
MIN. TYP. MAX. MIN. TYP. :
A 4.40 4,60 0.173 0.1¢ 1
c 1.23 1.32 0.048 0.0¢ 1
D 240 272 0.094 0107
D1 127 0.050
E 0.49 0.70 0.019 0.0:7
F 0.61 0.8 0,024 0.034
F1 114 1.70 0.044 0.007
F2 114 176 0.044 0067 |
G 4.95 5.15 0,194 0203 |
61 2.4 27 0,084 0.1C3
H2 10.0 10.40 0.393 0.403
2 16.4 0.645 —
) 130 14.0 0.511 0.551
L5 265 2.95 0.104 0.115
L6 15.25 15.75 0.600 4621
L 62 66 0.244 026) |
Lo 35 3.83 0.137 0151 |
DA 375 385 0.147 0.151
w
PR =
S R . {o
a
L2
s
T
. m; —
hém_\ O, -2 ¢
B
Dia.
'S
L5 i
L9
L7
L6 L4
POTIC
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IRF540/1R *540FI

ISOWATT220 MECHANICAL DATA

BIM mm inch
MIN. TYP. " MAX. MIN. TYP. G
A 4.4 48 0.173 0.484
B 25 27 0.008 0.176
T = o e
o 25 275 0.098 0.128
- urme ——y
E 0.4 0.7 0.015 0.0:7
F 0.75 1 0.030 0.033
F1 115 1.7 0.045 00E7
F2 1.15 1.7 0.045 0.057
G 485 5.2 0.195 ) 0.274
G 24 27 0.0%4 013
H 10 10.4 0.393 043
L2 16 0.630
13 28.6 30.3 1.126 1234
L4 9.8 105 0.385 0417
; w vt mey
L6 15.9 16.4 .628 06is_ )
L7 g 9.3 0.354 0.353
) 3 3.2 0.118 0.123
w
< r—— 4 3 =
P a
S
L3 B
L6
Ly
b
—x ]
4 " o
= > (¢!
if
> -
s ]
1213
2 4 - PO11G
1$73 8




IRF340/IRF540F]

Information fumisied is believed to be accurals and refiable. However, SGS-THOMSON Microelectronics assumes no respons. Lility for the
COnBcNCRs Of use of suth infonmalon nor fur any infringement of patents or other rights of third parlies which may resdits fror, 15 use. No
liconsa is grantad Ly nogiicaion or viherwise under any patent or patent rights of SGS-THOMSON Microelectronics, Specification ; meyitioned
in this pubiication are subject to change without notice. This publication suparsedes and replaces all information previously supp ed,
SGS-THUMBON Micruulacironics proaucts are nol authorized for use as critical components in fife support devices of systems will cut express
writlet approval of 8GS-THOMSON Microelecionics.
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HATSHX/LATBXXA

3-Terminal 14 Positive Voltage Regulator

Features

+ Qutput Currentup to 1A

* Output Voltuges of 5,6, 8,9, 10,12, 15, 18, 24V
*» Theneal Overload Protection

+ Short Circuil Protection

+ Output Transisior Safe Operating Arca Protection

Internal Block Digram

Description

The KATEXX/KATEXXA serics of three- connal positive
regulator are available in the TO-220vD-1 'K package and
with several fixed output voltages, muking thera useful in a
wide range of applications, Each type empl + 3 internal
current linsiting, thermal shut duwn and sa ¢ opcraling arca
protection, making it essentially indesiruct ble. If adequate
heat sinking is provided, they can deliver over 1A oulpit
cumrent. Although designed primarily as fixi ¢ veltage
regulators, these devices can be used with ¢ detnal
components so obtain adjustable voltages ar d curents.

T0O-220

1. Input 2. GND 3. Output

BiruT BEES ouTm T
¥ PAES 2 d
‘ ELEMENT a
CUANENT SO o
GENERAION PACTECTION ‘1-
SIARTING RAEFERENCE ERROR
CHcnT VOLINOE AMPLIRER
-
<
™ b
PROTECTION
@

e

Rev. 1.0.0

©R001 Fairchild Sainiconductor Corporation



KATBXUKATEX KA

Absolute Maximum Ratings

Parainater Symbol Value Unit
Input Voltage (far Vo = 5V (0 18V) Vi 35 Y,
{for Vo = 24V) Vi 40 v
Thermat Resistance Junction-Cases (TO-220) RaJc 5 T ow
Thermal Resistance Junction-Air (TO-220) RoJA 65 cwW
Operating Temperature Range (KA78XX/AVR) TOPR 0~ +125 c
Storage Tempaiature Range TSTG 65 ~ +150 TC

Eilectrical Characteristics (KA7805/KA7805R)
(Refer to test Gircuit ,0'C < Ty < 125°C, 10 = 500mA, Vi =10V, C= 0.33pF, CO=0.1uF, unlgss otherv 138 specified)

Parumsier Symbol Conditions — KA7625 -—— Unit
Min. | Typ. | Yiax,
Ta=+25°C 48 | 50 | 5.2
Output Voltage Vo 50mA < |0 < 1.0A, PO < 15W - "‘ v
Vi = TV to 20V ~ 14751 50 | 525
Line Reguiuion {Note1) | Regline | Ty=+25°C ::’:aa:’éiv :ig A ;-f-q mv
Load Reguluiion (Note1) Regload | Ty=+25°C lo = S.0mAto1.5A i 8 j.qg.d mv
10 =250mA o T50mA | - 4 50
Quiescent Current Ia Ty=+25°C - 50|60 mA
. 10 = 5mA to 1.0A - 1003 05
Quiescent Cuiront Change alg Vie TV o 25 ~To3 1 73] mA
Ouipiit Volioge Drift AVO/AT | l0= 5mA - o8] - |mwoc
Output Noiz Vollage VN f = 10Hz to 100KHz, TA=+25°C - | a2 '; uVivo
Rippte Rejeution RR |21 ey e |7 -] a8
Oropeit Veiige VDrop | 10 = 1A, Ty =+25°C - 2 | - v
Qutput Resistance 0O f= 1KHz : - 15 o mel
Shont Circui! Carrent Isc | Vi =35V, Ts =+25°C - 230 - mA
Peak Currer.i IPK | TJ=+25°C - 122 '-__ A

Notae:

1. Load and e regulation are specified at constant junction temperature. Changes in Vo due 1o heating effect; must be taken
into accourit separately. Puise lesling with low duty is use1.




CATIOUKATEXXA

Electrical Characteristics (KA7806/KA7806R)
(Rafer 10 test circuit 0'C < Ty < 125°C, lo = 500mA, Vi =11V, Ci= 0.33pF,

=0,1uF, unless other r se specified)

KAT8 )3 )
Paiametar Symbol Conditicns - - Unit
Min, ] Typ. Max.
TJ=+25°C 5751 6.0 625
Output Voltags Vo ['50mA <ic<10A Fo < 15W v
Vi=8.0Vio 21V 57| 60 €3
. \ Vi =8Vio 25V - 5 120
Line Ragulation (Note1 Regli TJ=+25°C « mv
gulaion (Note1) egline | Ty=+2 Vi=9Vio 13V 115 60
Io =5mA to 1.5A -1 9 1120
l.0ad Regulation (Note1 Regload | TJ=+25°C . mv
sguiztion (Note1) ¢ o =250mA 0750mA | - | 3 | &0
Quisecent Curront la | TJ=+25°C 50 80 [ mA
lo= 10 1A - - c.5
Quiescent Current Change Ala 0 = SmA : mA
Vi = 8V io 25V - - 1.3
. o mv/
Qutsut Voiteyge Dyift AVO/AT | lo=5mA - 0.8 - oc
Oulput Noisa Vollage VN | f=10Hzto 100KHz, TA=+25°C - 145 | - [avivo
. o f= 120Hz )
Rippla Rejection RR Vi = OV to 19V 59 | 75 dB
Dropout Voltage Vorop |10 =1A, Ty=+25°C - 2 . v
Outpul Resistance ro f= 1KHz - 19 - mél
Shoert Cireuit Current Isc Vi= 35V, Ta=+25°C - 125 . mA
Peak Current IPK Ty =+25°C - 22 1 A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effe. {5 must be taken
inlu account separately. Pulse testing with low duty is used.




KATBXXKATEXXA

Electrical Characteristics (KA7808/XA7808R)
(Refer to test circuit ,0°C < Ty < 125'C, 10 = 500mA, V| =14V, Cj= 0.334F, CO=0.111F, unless othen /ise specified)

Parameter Symbeol Conditions KA780: Unit
. Min, | Typ. Max
Ty =+25°C 77 | 80 83
Quiput Voltage Vo [50mA <10 < 1.0A PO S 15W T y
Vi = 10.5V to 23V 76 | 80 84
. . _ ] V) = 10.5V to 25V S Y T
Lins Regulation (Note1_) Regline | Ty=+25°C V=115V 17 - 5o 5] mv
lo=5.0mAto1.5A | - | 10 160
Load Regulation (Note1) Regload | Ty=425°C [o= 250mA to - | so ’ ';;" mv
750mA -
Quiescent Current la | Ta=+26°C s - | 50 80| mA
. lo=5mA to 1.0A - 005 0.5
Quisscent Current Change Alg Vi= 105A 025V - o5 }- 5 mA
Output Voltage Drift AVO/AT | 1o = 5mA - [08 - Tmw%c
Qutput Noiss Voltage VN f=10Hz o J00KHz, TA =+25°C - 52 . - |uvive
Ripple Rejection RR f= 120Hz, Vi= 11.5V to 21.5V 56 | 73 | - dB
Dropout Voltage VDrop | V0 = 1A, T4=+25°C N B v
Output Resistance ro f=1KHz - 17 | - mQ
Shiort Circuit Carrent ISC VI= 35V, TA =+25°C - | 230 - mA
Peak Current IPK | Ta=+25°C - 1221 - A
Note:

1. Load and lin: regulation are spocified at constant junction temperature, Changes in VO due to heating effe. 15 nust be taken
into account soparately. Pulse testing with low duty is used. ‘




KATSXX/KATBXXA

Electrical Characteristics (KAT809/KA7809R)
{Refer to test circuit 0'C < Ty < 125°C, 1o = 500mA, VI =15V, Ci= 0.33)F, Co=0.1yF, unless othenvise specified)

)
Pasanwier Symibol Conditions. - KAW--——— Unit
Min. | Typ. | Max.
Ty=+25°C 865 9 (935
Output Voltage VO | 5.0mAs<1051.0A, Po<15W g v
Vi= 11.5V to 24V 8.6 L?) 04
. . Vi=11.5V 10 25V - 8 180
Line Regulation (Note1 Ragiine | Tj=+25°C - mv
gulition (Note) ¢ ! Vi=12V1io 17V T2 oo
lo=SmAto 1.5A - 12 | 180
Load Regulalion (Note? R.gload | Ty=+25°C mv
egulation (Note1) ¢ J I0=250mA to 750mA | - | 4 | 10
Quiescent Current iq Ty=+25°C - 50 ' B0 | mA
lo =5mAto 1.0A - -« 05
Quiescent Current Change Alg O ° mA
‘ Vi= 11.5V to 26V - - 13
Oulput Volluge Drift AVO/AT | lo = 5mA - <1 . - |mvI°C
Qutput Noisa Voltaga VN f= 10Hz 10 100KHz, TA =+25°C - 188 | - fuvivo
Rippl2 Rejection f=120Hz .
RR 1 Vi=13vio 2av %N dB
Dropout Voltage Vorop | 10 =1A, Ty=+25°C - 2 - v
Output Resistance, o f=1KHz - 17 - nQ
Shoit Circuit Current IsG Vi= 35V, TA=+25°C - 250 - mA
Peak Current PK TJ= +25°C - 22 ¢ - A

Note:

1. Load and Hhe regulition are epecined at canstant kinetion femperatire,

into account separately. Pulse lesting with low duly Is used.

Changes In VO due W haiing ofte 13 nxsst be takon

- o



KATSXSKATEXXA

Electricai Characteristics (KA7810)
(Rafor to test circuit ,0°C < Ty < 125°C, lo = 500mA, Vi =16V, Ci= 0.33uF, Co=0.1F, unless othen vise specified)

Parameter Symbol Conditions KAT81C ‘ Unit
a - ———y
y Min. | Typ. | [Aax
Ta=+25°C 96 10 IO.L
Output Vollage : Vo 50mA <10« 1.0A, PO S 15W : v
; Vi= 12.5V to 28V 9.5 10 | 10.5
. Vi=12.5V1i0 25V . - 10 200
Line Reguiation (Nolet Regling | TJ=+25°C e L
guiation (NoteT) vgt IETES Vi= 13V to 25V T3 |
lo=5mAto 1.54 - 12§ 200
Load Regulst 1 Regload | Ty =+25°C s L2
sguiation (NoteT) | Regload ) T4 0= 250mA to TB0mA| - | 4 | 400
Quiescent Current la TJ=+25°C ' - 51} 80 mA
. 10 = 5mA to 1.0A - Y
CGuiescent Cyrent Change Ala o -——{ mA
V) = 12.5V to 29V - - 1.0
Cuiput Voliage Drift AVO/AT | 1o = 5SmA - -1 - |lmvi®C
Cutout Noise Vallage VN f= 10Hz to 100KHz, TA=+25°C - 58 - uvivo
o6 - f=120Hz ]
Ripple Rejuttion RR Vi = 13V to 23V 56 71 dB8
Deopout Voltage Vorep | lo = 1A, Ty=+25°C _ - 2 - v
Outpul Resistance ro f=1KHz - 17 - mi
Shori Cireuit Currant isc Vi = 35V, TA=+25°C - 250 - mA
Peak Cumrent IPK Ts=+25°C - 22 - A
Note:

1. Load and liné regulation are specified at constant junction temperaturs. Changes in VO due to heating #ife 13 nwst be taken
into account scparately. Pulse testing with low duty is used.




KATEXXIKATEXUA

Electrical Charactoristics (KA7812/KA7812R)
(Refer to tes! circuit ,0°C < Ty < 125°C, lo = 500mA, VI =18V, C)= 0.33iF, Co=0.1F, unless othen /'se specified)

_ KATBIZKAIBIZR]
Paraicler Symbol Conditions - Unit
. Min. | Typ. | Max.
Ty =425°C 11.5] 12 | 125
Output Voliage VO | 5.0mA <]o<1.0A, Pos15W v
Vi= 14,5V to 27V 11.4] 12 126
Vi = 14.5V 1o 30V - 10 240
Line Regulation (Note1 Regline | Ty=+25°C mv
eguiation (Notet) egine 1 1y Vi= 16V 10 22V T 30 120
. io=5mAto 1.5A - 11 240
Load Reguizticn (Note1 Regload | T4=+25°C - mv
b (Note1) g 4 10 = 250mA to 750mA | - | 50 120
Quiescent Current a TJ)=+25°C - 51 80 mA
10 = 5mA to 1.0A - 101 0S8
Quisscent Curtent Change Alg ° id ——1 MA
Vi = 14.5V to 30V - 0.5 1.0
Output Voltags Dritt AVO/AT | 10 = 5mA - 1 - |mweC
Oulput Noise Vollage VN | £=10Hz 10 100KHz, TA=+25°C - |76 - | uvvo
. - = 120Hz ’
Ripple Rejsction RR Vi = 15V 10 25V 5 | T - dB
Diopout Vohage VDrop | 10 = 1A, Ty=+25°C - 2 - v
Quiput Resistance ro f= 1KHz - 1B - me
Short Cireuit Current Isc Vi =35V, TA=+25°C - 1230 - mA
Peak Current Pk | Td=+25°C - |22 - A
Nota;

1. Load and lirie regulation are specified at constant junction temperature. Changes in VO due to heating effe: 45 nwst be taken
into agcourd separatoly. Pulse testing with low duty is used.




{CATEXX/CAT BXXA

Electrical Characteristics (KA7815)
(Refer to 1est circuit 0'C < Ty < 125'C, 10 = 500mA, V| =23V, Ci= 0.33uF, Co=0.1uF, unless othen ise specified)

P 1 Symbol Conditi KAT81S Unit
ons
aramater ym on Yo Tiyp. | Moo
o TJ=+25°C 44116 |56
Output Voltage Vo 5.0mA 5103 0A, Pos15W v
Vi = 17.5V to 30V ©114.25) 15 11575
Vi=17.5V o QV - 11 | 300
Line Regulation (Note1 Regline | Ty=+25°C mv
0 (Note) egl I 257 Vi = 20V 1o 26V T3 %0
-
lo=5mA to 1.5A - 12 | 30
Load Regulation (Notet Regload | Ty=+25°C mv
sgulation (Note1) &9 4 lo=250mA to T60mA| - | 4 | 160
Quiescent Current la TJ=+25°C T - 5§52 1 BO [ mA
10 = 5mA to 1.0A - - 0.5
loscart © tCh o et
Quies urrent Change Ala Vi 175V 10 30V - - 5 mA
Output Voltaga Drift AVO/AT | 10 = 5mA - -1 + (mVI®C
Gutput Noise Voilage VN | = 10F& 1o 100KHz, TA =+25 °C 180 | - |pvive
: o f= 120Hz i
Rippie Rejection RR Vi = 18.5V 10 28.5V 54 | 70 . dB
Dropaut Voltage Vooop | 10 = 1A, T)=+259%C - 2 . \'}
Qutpul Resistance (o) f= 1KHz _ - 19 @ - mQ
Sheort Circuit Current ISC | VI = 35V, TA=+25°C - 250 - | mA
Peak Current IPK Ty=425°C . - 22 - A

Nate:

1. Load and Ene regulation dre specified at constant junction tlemperature. Changeslln Vo due to heating effe ti must be taken
inio atcouit separately. Puise lesing with low duty is used.




KATBRANKATEXXA

Electrical Characteristics (KA7818) ‘
(Refer to test circuit ,0°C < Ty < 125'C, lo = 500mA, V| =27V, Ci= 0.33F, Co=0.14tF, uniess other ise specified)

Paramctar Symbol Conditions | KATS13 Unit
aiicla 4 N r
‘ y Min. | Typ,. | Mauc.
TJ=+25°C 173 ] 18 | 187
Ouiput Voltage Vo 5.0mA s 10 <1.0A, Po 515W v
Vi= 21V (o 33V 7.1 18 | 169
; . Vi=21Vto 33V - 15 | 380
Line Regulation (Hotet Regli Ti=+25°C b v
sguiation (Notet) egine | T - [T2avio 5oy T Ts {wee| "
. lo=5mAto 1.54 - 15 | 30
L.oad Regulalion (Note1 Regload | Ty=+25°C ——  mV
egulation (Note1) ¢ J lo= 250mAto 750mA | - | 5.0 | 160
CQuiescent Current i Ts=+25°C - 52 1 80 ] mA
10 = 5mAto 1.0A - - 0.5
Quiescent Current Change Alg o pe—-—1 MA
Vi= 21V to 33V - - 1
Dutput Voliage Drit AVO/AT | o = 5mA - | 1 | - |mwiC
Outpul Noize Valtage VN f= 10z o0 100KHz, TA =+25°C - 110 | - | uVho
) - f= 120Hz |
Rippla Rejeclion RR Vi = 22V 1o 32V 53 | 69 - dB8
Dropout Voitage Virep | 0= 1A, Ty=+25°C - 2 | - Vv
Qutpil Resixance ro f=1KHz - 22 . mo
Short Cirouit Current isc V) = 35V, TA=+25°C - | 250 |- mA
Peak Current PK Ty=+25°C - 22 - A

Note:

1. Load and line regalation are specified at constant junction temperature. Changes in VO due to heating effe« ts must be taken
nto account separately. Pulbe testing with Jow duty is used.

1




CATHXX/KAT XA

Electricat Characteristics (KA7824)
(Refer to test circuit ,0'C < Ty < 125'C, 10 = 500mA, Vi =33V, Ci= 0.33uF, Co=0.1yF, uniess othen /se specified)

KATS: 4.

Parameto Symbol Condition Unit
arametor ymbo on s Wi | Typ. W
Ty =426°C 23 | 24 95
Oulput Voitage VO {50mAs<los1.0A Pos15W v
Vi=27V 10 38V 228 | 24 12625
. , Vi=27V o 38V - 17 | 480
Line Regulation (Note1 Regline | Ty=+25°C {=—=— mV
sgulution (Note1) gme 1 Vi = 30V to 36V T 8 | 240
lo=5mA to 1.5A - 15 | 480
Load Regulation (Note1 Ragload| Tu=+25°C mv
eguiction (Notet) - |Reg J 10 = 250mA fo 750mA | - | 5.0 | 240
CQuigscant Current iQ TJ=425°C - 52 W £.0 mA
Io=5mAto 1.0A - 0.1 5
Quisscant Current Change Al mA
¢ Q NVi=2viosev o5 |1
. mv/
Qutput Volluge Drift AVO/AT | 10 = SmA - -1.5 - oc
Cuiput Noise Voilage VN = 10Hz 0 100iKHz, TA=+25°C - 60 e KV
; s \ f= 120Hz ‘ )
Ripple Rejsciion RR Vi = 28V to 38V 5G 67 dB
Dropout Voiuge Vorop | 10 = 1A, Ti=+25°C . 2 - \J
Ouypndt Resiziance o f= 1KHz - 28 - ms}
Short Clreuit Current Isc | Vi= 35V, Ta=+25°C - 230 - mA
Peak Current IpK | Ty=+25°C - 22 . A
Noto:

1. Load and lins ragulation are specified at constant junction ‘emperature. Changes in VO due to heating effec ts i ust be taken
into account suparately. Pulse testing with low duty is used.

10




KATBXX/KATEX XA,

Electrical Characteristics (KA7805A)

(Refar to the tost dircuits. 0°C « Ty < +125°C, lo =1A, V| = 10V, C1=0.33yF, C 0=0.1yF, unless othe rwise speci-
figdl) ‘

Parumeaeier - Symbol Conditions Min. Typ. Niax. Unit
T4=425°C 49 5 4
Output Volta;e Vo 10 = 5mA to 1A, PO < 15W 48 5 1:2 \
Vi = 7.5V 10 20V :
?3:2‘5’3’;22""’ ; 5 1)
Line Regulaiicn (Note1) Regline | Vi=8V 1o 12V N 3 %) mv
Tyeszs0c | VFT3V1020V - 5 By
Vi= 8Vio 12V - 1.5 a5
Ty f+25 °c . 9 100
Load Regulation (Notet) Regload 1o = 5mA to 1.5A iy
lo=5mAte 1A - 9 110
10 = 250mA to 750mA - 4 i
Quiescant Current I Ty =+25°C - 50 | €2 mA
‘ i0 = 5mA to 1A . - (5
8:;?;:"‘ Cuirent Al | Vi=8Vio25V, I = 500mA - - ( 3: : mA
Vi= 7.5V 10 20V, Ty =+25°C - - (3
Output Voltuge Drift AVIAT | 1o = 5mA - | 08 - |mwi°C
Output Noisa Vollage VN 'fi'i 122; 2%1 00KHz - 10 - pvivo
Rigpie Rejection RR :; Jayiz 10 2 S00mA .- | o8 . d8
Dropout Voltage VDrop lo=1A, TJ=4+25°C - 2 = Vv
Output Resistance 0 f=1KHz - 17 - mfl
hort Circuit Current isc | Vi= 36V, TA =+25°C - 250 1 mA
Pegk Current 1K TJ= +25°C - 2.2 . A

Noie:

1. Luad and lins regulation are spacified at constant junction temperature. Change in VQ due to heating effect; must be taken
liudo ageount supuialbly. Pukve testing with fow duty Is used.

11



CATIDOUKAT XA

Electrical Characteristics {(KAT808A)
{Refer 10 the est circuits. 0°C < Ty < +125°C, lo =1A, Vi = 11V, C1=0.33uF, C 0=0.1uF, uniess oll erwise spec-

figd)
Paramater Symbol Conditions Min. | Typ. Hax. | Unit
Ty=+25°C 558 | 6 | (.12
Output Voltage Vo  [10=5mAto 1A, PO < 15W - v
Vi = 8.8V to 21V 576 6 (.24
Vi= 8.6V to 25V .
_ lo = 500mA B S o
Line f{eguiﬁﬁﬁn (N0t61) Regﬁne Vl= 9V io 13V . 3 £0 mv
: Vi= 8.3Vio 21V - 5 £D
Ty=425°C j— b
Vi= 8V {o 13V - 1.5 “0
TJ=+25°C N
- 9 100
Load Regulil.sn (Note1) lo = 5mA to 1.5A .
Regload o= 5mAto 1A T 2 0 myv
lo = 250mA to 750mA - 5.0 §O
Quicscant Cuirant iQ TJ=+25°C - 43 | 3.0 mA
10 = 5mAto 1A - - )E__
Quiescent Current Change aAlg Vi =9V to 25V, 10 = S00mA - - DY :) mA
Vi= 8.5V 10 21V, Ty=+25°C - - 38
Cutput Voltage Drift AVIAT | lo=5mA - |-08 mv/°C
N e Vol f= 10Hz to 100KHz ;
Cuiput Noiss Vullage VN TA =426 9C 10 uViVo
N f= 120Hz, lo = 500mA i i
Ripple Rejsclion RR Vi =9V to 18V 65 dB
Dropaut Voitzge VDrop | 10= 1A, Ty =+25°C - 2 v
Qutput Resisiance o f=1KHz - 17 - ma
Shori Circuii Current Isc Vi= 35V, Ta=425°C - 250 . mA
Peak Current IPK Ty=+25°C - 22 . A
Note:

1. Load and i reguiation are specified at constant junction temperature. Change In VG due to heating effec i; must be taken
into accousi separately, Puise testing with low duty is used

12



KATEXX/KATBXXA

Elactrical Characteristics (KA7808A)

{Refer to the test circulls. 0°C < Ty < +125°C, lo =1A, V| 2 14V, C1=0.33uF, C 0=0.11iF, uniess ott «rwise spec-
fied)

Paramcter Symbol Conditions = , | Min. | Typ. | Aax. | Unit
, TJ=+25°C ~ 1784| B8 | 8.16
Output Vollage Vo 10 = 5mA to 1A, PO S16W 1 Vv

7.7 8 8.3

Vi = 10.8V to 23V
Vi= 10.8V to 25V

- 10 = 500mA i A
Line Reguiztion (Note1) Regline | Vi= 11V 10 17V - 3 ‘&q mv
Tymsanoc | U104V | - ] 6 80
VI= 11V ie 17V - 2 40
Ty =+25°C } 12 | 1
Al lo=5mA o 1.5A
Load Reguiat..n (Notet) Regload S TETAGTA - 5 TéJ—— mv
io = 269mA to 750mA 1 - | 5 | 50 |
Quigscent Current o] Ty=+25°C - 50 | 64) mA
o= 5mAte 1A . - N T
Quiescent Current Change AlQ Vi =11V {0 25V, lo = 500mA - - 08 | mA
Vi= 10.8V to 23V, Ty =+25°C - - “(ﬁﬁ
Oulput Vollage Orift AVIAT |10 = 5mA - | 08| - [mwi'C

Quipit Noise Vollage VN = 10Hz o 100KHz

Ta =+25°C
: et f= 120!z, ig = 500mA } .
Ripple Rejection RR Vi = 11.6V 1o 21.5V 62 . d8
Diopoul Voltage Vorep | lo= 1A, Tj=+26°C - 2 | - v
Qutpuyl Resistance ro 1= 1KHz - 18 - mD
Short Circuit Currant IsC | Vi= 35V, TA=+25°C - 280 ] - mA
Peak Current PK | TJ=+25°C - 22} - A
Noie:

1. Load and ling reguiation are specified at constant junction temperature. Change in VO due to heating effe: 15 must be taken
inlo accourd separately, Pulse tesling with low duty is used.
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KATROUKATRXXA

Eloctricai Characteristics (KA7809A)

(Refer 1o the tsst circults, 0°C <, J € #125°C, lo ®1A, VI = 15V, C1%0.33yF, C 0=0.1pF, unless ol wrwise spach
fied)

Parawater Symbol Conditions | Min. § Typ. e | Unit
Ty=+25C 882 | 9.0 | 13
Output Voltaga Vo Io = 5mA to 1A, POS16W 03 v
Vi = 11.2V 1o 24V 865 80 | 133
Vi= 11.7V 1o 25V
_ o = 500mA -8 90*#
Line Regulation (Notet) Regline | Vi= 12.5Vto 18V - 4 45 mV
N Vi=11.5 24V - 6 90
Ty=e25C e 115VI0
Vi= 12.5V to 19V - 2 45
Tij=+25C ,
- 12 1
Load Regulatisn (Note1) lo = SmA o 1.0A .
Regload 11 -"5ma fo 1.0A Tz ) ™
o = 250mA {o 750mA - L} 50
Quiescent Current I Ty=+25C - 50| 30 mA
Vi=11.7V 10 25V, T=+25°C - - 18
Quiescent Current Change alg Vi = 12V to 25V, g = 500mA - - 18 mA
io = 5mA to 1.0A - . )5
Output Vollage Drift AVIAT io=5mA - -1.0 - mv/ C
o f= 10Hz to 100KHz = j _
Output Noiss Vollage VN TA=+25C 10 - uvivo
. o {= 120Hz, o = 500mA o R _
Rippie Refection RR Vi = 12V o 22V 62 dB
Dropout Voltage VDrop 0= 1A, TJ=+26"C - 20 - v
Qutput Resistancs o f= 1KHz - 17 - me
Short Circuil Curent IsC Vi= 35V, Ta =+25 C - J2s0| - mA
Puak Current PK TJ=+25C - 22 - A

Noiua!
1, Load and line regulation are specified at constant junction temperature. Change in VO due to heating efle« 13 must be taken
into accouit separately, Puise testing with tow duty is used.
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KATBXXKATBXXA

Electrical Charactcristics (KA7810A)

(Refer ta the test dircuits. 0°C < T < +125°C, lo =1A, V) = 18V, C=0.33yF, C 0=0.1yF, unjess oth z:rmise speci-
fied)

Parainstor Symbol Conditions Min. | Typ. 14ax. | Unit
Ti=+25C 98 | 10 | 1)2
Output Voltaga Vo [ lo=5mAto 1A, PO< 15W . v
Vi =12.8V fo 25V 86 | 10} 14
Vi= 12.8V to 26V
. lo = 500mA i
Line Regulaiion (Notet) Regline Vi= 13V 10 20V - 4 50 mv
o = 12. - 100
T)=426°C Vi= 12,5V to 25V 8 It
Vi= 13V to 20V - 3 50
Ty=425 C
- - 12 100
Lead Regulaiion (Notet) reqtoad lo = 5mA fo 1.5A . iy
9 10 = 5mA to 1.0A -] 12 | 100
lo = 250mA to 750mA - 5 Y
Quiescent Current Q Tj=+25'C - 50 | £.0 mA
Vi= 13V 10 26V, TJ/=+25°C - . €5
Quiescant Current Change Al Vi = 12.8V {o 25V, 10 = 500mA - - 8 mA
10 =5mA fo 1.0A - - 0.5
Output Voitage Drift AVIAT | 10=5mA - {40 - lmwc
it f= 10Hz to 100KHz ] KVIVO
Output Noise Vollage VN Ta=+25"C 10
et f= 120Hz, lo = 500mA ] ]
Rippls Rejeciion RR V) = 14V to 24V 62 dB
Dropout Vollage VDrop lo=1A, Ty=+25C - 2.0 - Y
Cuput Resisiance ro f=1KHz - 17 - mi
Shoet Circuil Current Is¢ VI= 35V, TA=+25 C - 250 - mA
Peak Curreid IPK Ty=+25 C - 2.2 - A
Nots:

f. Load and fina ragulation are specified at constant junction te:nperature. Change in VO due to heating effec : must be taken
into accoud separately. Pulse lesting with low duty is used.

18




KATBXK/KATEALA

Electrical Characteristics (KA7812A)
(Rafer to the 1ost circuits. 0°C < Ty < +125°C, lo =1A, V1= 19V, C =

on

0.33uF, C Q=O.1 WF, unless oth :rw se speci-

fied)
Parumater Symbaol | Conditions Min. | Typ. Viar. | Unit
Ty=+25C 1175 | 12 | 1225
Output Voltage Vo 10 = 5mA to 1A, PO S15W on |V
Vi = 14.8V to 27V 15| 12 ) 928
Vi= 14,8V to 30V )
o = 500mA i 10 2
Line Regulatics {Motel) Regline Vi= 16V to 22V _ 4 . ZC_J mv
. = 14, - o | -2
T3=+25°C Vi= 14.5V 10 27V 1 "2
VI= 16V to 22V - 3 50
Ti=+25C o
- 12 100
Load Regulati-n (Note 1) lo=5mAto 1.5A ]
Regload =g o1 0A Tz | ™
lo = 25CmA 1o 750mA - s 50
Quigscent Cusrent ia Ty2+25C - 51 | 6.0 mA
V)= 15V 10 30V, T)=+25C - 0.8
Quiescent Current Change alg Vi = 14V to 27V, lo = 500mA - .8 mA
10=5mAio 1.0A - 0.5
Ou'put Voltage Drift AV/AT | 1o=5m\ - |10 - |mwic
o el { = 10tz to 100KHz
Output Noiss Vollage VN Ta=+25'C - 10 - uvivo
. e f= 120Hz, |6 = S00mMA ] )
Ripple Rejeciiun RR VI = 14V to 24V 60 dB
Dropuut Voltage Vorop | 0= 1A, Tu=+25C - 20 - v
OQuipul Resisiance 0 f=1KHz - 18 - mil}
Short Cireuit Current IsC Vi= 35V, TA 3425 C - [0l - mA
Paui Cument IPK TJ=+25 C - 22 | - A

Role:

1. Load and line regudation are specified at constant junction temperature. Change in VO due to heating eflec . must be taken
inlo account scparately. Pulss tos' ng with low duty is used.
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CATUXXIKAT BXXA

Eloctrical Characteristics (KA7815A)
(Reder Lo tha lest circuits. 0°C < Ty < +125°C, lo =1A, V1 =23V, C1=0.33uF, C 0=0.1yF, unless olh :rwise spec-

fied)
Parvitor Symbol Conditions Min. | Typ. | dax. | Unit
TJ=+25°C 14.7 15 13.3
Qutput Vollage Vo 0 = 5mA to 1A, PO <15W 1
V)= 17.7V to 30V 144 18 15.6
Vi= 17.9V to 30V
‘ | o = 500mA i L B
Ling Raguiston (Notet) Regline V)= 20V 10 26V - 5 150 mv
o Vi= 17.5V to 30V - 1
Ty=+25C |0 0 L
Vi= 20V to 26V - 3 5
Ty=+25C .
= - 12 100
Load Reguiatica (Note?) | o | 10%5mAl0 154 , v
g I0 = 5mA to 1.0A - 12 | 100
10 = 250mA to 750mA - 5 5
Quiescent Cuirent I Ti=+25C - 52 6.0 mA
Vi = 17.5V to 30V, Ty =+25°C - - 0.8
Quizscent Current Change AlQ Vi = 17.5V to 30V, lo = 500mA - - a8 mA
o= 5mA to 1.0A - . )
Output Votiags Diift AVIAT 10 = 5mA - -1.0 - mv/'C
Quipit Noiss Voltage VN Ef': 1_2';; 32 100KHz - 10 - HVIVH
Ripgte Rejoction RR | e 1o o - | s dB
Dropout Voitage VDiop | lo=1A, Ty=+25C - 20| - v
Output Resislance o f= 1KHz - 19 - mil
Shion Circuit Current lsc Vi= 35V, Ta=+25C . 250 - mA
Peak Current IPK T)=+25C - 2.2 - A
Note:

1, Load and line regulation are specified at constant junclion temperature. Change in Vo due to heating effec it must be taken
inte account suparately. Pulse testing with low duty is used.

17



KATEXRIKATEXXA

Electrical Characteristics (KA7T8138A)

(Refor to the iast ¢ircuits. 0°C < Ty < +125°C, lo =1A, Vi = 27V, C1=0.33F, C 0=0.1yF, unless oth : rwise spec-
fied)

Peramicier Symbal Conditions Min. | Typ. | ifax. | Unit
Ty=+26 C <~ 1784 | 18 | €.36
Cutpul Vollays Vo i0 = 5mA o 1A, POS15W . °, ) \
Vi= 21V to 33V o] 73| 18 137
Vi= 21V 10 33V
_- | lo = 500mA R e
Line Regulaiion (Iiotel) Regline Vi= 21V to 33V N 5 1 80 iy
Ty us28°C Vi= 20.6V to 33V - |15 | 180 ]
Vi= 24V to 30V . 5 90
Tya+25C .
- . 15 | to0
Load Regulalic (Note1) lo=5mAto1.5A o
Regload 1={5 = gma 1o 1.0A ~ {15 ] 0| ™
10 = 250mA 10 750mA o . 7 50
Quiescent Cusrant la TJ=+25'C - 52 | 0 mA
o " . - —
Vis21Vie v, Tye+25 C . » (18
Quiascant Current Change AlQ Vi= 21V 1o 33V, 10 = 500mA - - p.a mA
I0 = 5mA to 1.0A . R
Oulput Vohage Diift AVIAT | 1o =5mA - 0| - |mw 'C
e f= 10Hz ‘o 100KHz ] R uVVo
Cutpuf Nois2 Volluge VN TA=+25C 10 -
Ripple Rejection RR | (2o oA -l sm| - | @
Dropeut Volwga ‘ -VDmp o= 1A, y=+26C - 20 - v
Culput Resistance ro f=1KHz - 19 - m
Snon Ciccutt Cunent tsc Vi= 35V, TA=+25'C - 250 - mA
Peak Cument IpK Tj=+25 C - 22 - A
Nota:

1. Load and lins 1egutation are specified at constant junction temperature. Change in VO due 0 heating effect: must be taken
inta agcount separately. Pulse lesting with low duty is used.
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FATEXXKATEXXA

Electrical Charactcristics (KA7824A)
(Refer to the fosl circuits. 0°C < T) < +125%C, lo =1A, V1= 33V, C =0.33uF, C 0=0.1uF, uniess oth:rwise speci-

fiad)
Parauncter Syebol Conditions Min. | Typ. Ign. Unit
Ty=+25C 235 | 24 | 145
Qutput Vollage Vo 10 = 5mA to 1A, PO <15W 23 24 985 v
Vj=27.3V to 38V -
Vi= 27V 10 38V }
I = 500mA 18| 0
Line Regulation {Note1) Regline | VI=21V o a3V - 8 240 mv
N = 26.7V 10 38V - 18 240
Ty=425°C |k
Vi= 30V 10 38V - 6 120
Ty=425 C
= - 15 100
Load Regulation (Note1) Recload lo = 5mAto 1.5A i "
¢ 10 = 5mA to 1.0A - 15 | 100
1o = 250mA to 750mA - 7 40
Quisstent Currant a Ta=+25C - 52 | 6.0 | mA
=27.3Vto 38V, Ty=+25"C - - .8
Quiescent Current Change Ala = 27.3V lo 38V, lo = 500mA - - 0.8 mA
10 =5mA to 1.0A - - 0.5
Output Voltage Dnfi AV/IAT o= 5mA - -1.5 - mvI'C
. f=10Hz 1o 100KHz . .
Output Noisu Vuilage VN Ta=25'C 10 uvivo
e f= 120Hz, lo = 500mA . i
Ripple Rejeciion RR Vi = 28V 10 38V 54 dB
Deopout Veitage VDrop l0=1A, Ts=+25C - 2.0 - v
Quiput Resistunce e} f= 1KHz - 20 - mQ
Short Circuit Current Isc Vi= 35V, TA=+25C - | 250 - mA
Peak Current iPK Ts=+25 C - 122 - A
Noto:

1. Load and ine regulalion are specified at constant junction temperature. Change in Vo due o heating effec 1. must be taken
ito account separately. Pulse testing with low duty is used.
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KATBXX/KATBXXA

Typical Furfomance Characteristics
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1 ATINXKIKATEXXA

Typical Applications
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KATUXXIKATEXXA

Vxx
h-—ﬁ‘—o ™

Figure 9. Constant Current Regulator

Notes:

(1) Tospecify an wtput voltage. substitute voltage value for "XX.” A common ground is required between the ing ut and the Output
voltage, The input valtage must remain typically 2.0V above the output voltage even during the low point ¢ ths input npple
volluge.

(2) Ciis required i regulator is located an appreciable distance from power Supply filter.

(3) Co improves stability and transient response.

Input ; N Output

1 KATBXX
_L n
<t Lt ot Elh
Tox-'

AdA

eI
an
A

AA
Laa
2
»

g2 51Q

Vo = Vioi(1+RR1+IQR2
Figure 10. Circuit for Increasing Output Voltgge

ir1 25 Ia
Vo = Vio(1+RaR1pHQR2
Figure 11. Adjustable Output Regulator (7 to 30V)
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Figure 15. Split Power Supply ( 215V-1A)
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Figure 16. Negative Output Voltage Circuit
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Mechanicad Dimensions
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kL TBAX/KATEXXA

Ordering Information

Product Number

Cutput Voltage Tolerance

Package

Operating Teinperature i

KATBOS { KAT802

KA7808 | KATG09,

KA7810

KATB12/ KATB1S

KATB18 / KATEB24

4%

KATE05A / KATBOOA

KATB808A [ KATSODA

KA7B1DA 1 KATE12A

KATB156A 1 KATS18A

KA7B24A

2%

TO-220

KATBOS5R { KATBOGR

KA7BOBR / KA/BOSR

KAT812R

4%

D-PAK

0~+126°C




KAT8XX/KATEXXA

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUNE ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEIREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

1IFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE A8 CRITICAL COMPONENTS IN LIFE SUPF JRY DEVICES
OR SYSTEMS WiTHiOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SENM iONDUCTOR
CORPCRATICN. As used herein:

1. Life support devices of systems are devices or systems 2. A citical component in any component o .1 {2 suppoit

which, (8) are interided for surgical implant into the body, device or system whose faikie 1o perlom, zarn be
or {b) suppott or sustain life, and {c) whose failure to reasonably expected to cause the failure ¢ f the ife support
periorm when pioperly used in accordance with device or system, of to affect its safely of « flettiveness.

Instriictions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user,

wwwy.fairchikiesmi,oom

€101 0.0m 0N
‘ Son I DRNLORIX
£ 2001 Fudrctilid Sertio + duc e Corporation



SHARE?

GP1A50HR/GP1AS1HRIGP1AS2HR/GP1AS3HR

GP1A50HR/GP1A51HR

OPIC

GP1A52HR/GP1A53HR

W Fealures
L. High ser s ing accuracy (Slit width: 0.5mm )
2, LSTTL ::d TTL compatible output
3. Both-side: mounting type : GP1ASOHR (Gap: 3mm )
Bither-sic: mounting type : GPTASTHR (Gap: 3mm )
PWE mot nting type : GP1AS2HR (Gap: 3mm)
GP1AS3HR (Gap: Smm)

W Qutline Dimensions

Photointerrupter
M Applications
L. OA equipment, such as printers, facsimiles,
ele,
2. VCRs

»QPIC" (Optical IC ) is a trademark of the SHARE Corporation.
An OPIC consists of a light-detecting element and signal
processing circuit integrated onto a single chip.

{(Unit: mm)

GP1ASLHR

19.0° 02

Slit widlh

{Both sides of
S5 " gmilter and

datector )

|
o

2 L
8 _(127)'@;@_

o

04051

GPIASIHR ,

{Both sides of
emitier and
5.0 detactor )

0.5 2- 432702

UIswau: /S
o

gl
! m l 8. 045 81

i,
12y
3 120
Q@ O *Unspecified lolerances shall be as loliows: 8.0
{D ¥ ._D_‘ﬂﬂ‘.ﬂmézfii U'C’c nge *Unspecified lolarances shall be as loflows :
; d<*6.0 | & -
: : §h< de=18.0]_ +02. imensionsid)iTgior
D BF i80= d<#25.0 £0,025 _M,‘jjgo :g'z
. 1AS0HR oy : s .
Marking © o/ o {}: Refarance dimensions “() + Referance dmongions
GP1AS5ZHR e
‘e
5.2
50 o (508l 08 C10
08l c1o L R T Swidtn | |
Slit width Yo m‘_Jr:‘- ’ w1 T, (Both sides
(Bolh sides "'1 ] I of amitlor &
v o  of emiltor d I 2 and detector) |\$2)
™~ S and delecior) |\p! .,[_...
" g \
) ! +03
5o X : 5. 045’02 50415 I3 Uli 04507
-0 = 50 . ﬂ‘l
T _@ [ 'J ﬂ.gl).l[ (1.21)-
@an) [L“ an 10, =
_— 19 i) *Unspetifing ioterances sha'l ba 38 follows:
Unspecified tokarances shall ¢ a3 ollows: ! Dimengionsidyi Tolersice
Gimensions(d][Telgrance @- Ld<=6.0 | _+0G1 |
L d<=60 | £01 5.0 d<=18.0] +0.2
80< d<=180) +02 16.0< d<=250 +0.25
#) : Reference dimansions @ @ *(}: Reference dimensions __j
" I I absonse o T Fematan oy dovica spacficalion theols, SHARP lakes no tesponsibiy for any dolr:cts that azcur m equipmant Using any of SHAIP's gevices, shown in caislogs, 1
da1a tocks, 015, Co L SHARE in ocder o oblain bhe lalest version of tha device spacificatin sheels belure ising any SHARP' dovice.” - J




SHARI= GP1A50HR/GP1A51HR/GP1A52HR/GP1ASIHR

{vtornal connoction diagram
Voltage rguigiar
@
@
Q
@ Anode Q@ Ve
@ Cathode & Vo
B GND
W Absolute Maximum Ratings (Ta= 25°C)
Parameler Symbol l Rating Unit
Forward current by 30 mA
- *Ipeak forward current L st 1 A
pu -
ne - Reverse voltage N 6 v
Power dissipation P 75 mw
P Supply voltage Veeo -05t0+ 17 Y
Ouiput 1 Qutput current lo 50 mA
| Power dissipation Po 2350 W
Operating s mperatuie Tope | -25t0+ 85 C
Storage el serature Tos A0 to + 100 C
*?Soldering 1¢ nperature . T 260 C
*1 pulse widihe T00 s, Duty ratio= 041
2 For s o
M Electro- >ptical Characterislics (Ta=25"C)
) I"aranieter ] [ Svinhul | Condilions | M iOTYR | OMAX, I Uit
. SEEACEASTA [y T SinA . 11 4] v
orward vollage I " i - e -
Input GP1ASIHR Vi v SiA - LI 1 \
_ _| leverse current I Vs 1V - .
_ sperating supply voltage Vee 4.5 -
~ Low level output voltage Vau Vees SV Ee= 0T or% 16mA . 0.15
Oupul | High level sutput voltage Van | Mee= 3V, Py= SmA 4.9 -
L low tevel supply current Teer, | Vo= 5V, 1 k=10 - 1.7
b tligh level supply current Feew | Moo= SV, Tle= SmA - 0.7
T Low-s ] High' 321:22:2"'"“‘”“ L | Vee= 8V - 1.0
_veshotd inpul ehrsent GP1AS3HR fon | Vee= SV - [.5
Transter " lysteresis ", Lo vt Vee= 5V 0.53 0.75
charac- ) Loww)lbligh . Lrin : ! . A0 9.0
idics propagation delay time o
teristies “High—Low" Vee= 3V, "lg= SmA ]
Ly Jropapation delay e Lo ) 50 150 S
- ML & = 28082 el
B Rise time te o 0.1 _0s
) Fall time t - 0.05 05

*3 1 gy represer s farward current when output changes from low to high,
S ppn 1) resesr s Tarward current when ouptt changes ffom Digh 1o bow, Hhysterests stwds for Luge Mlven
“s GPIASIHE! Tondition of Voug, | oon, Response time] Ty= BmA




OPTO 222 SOLID-STATE RELAYS

DATA SHEET page /18
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COverview

in1974, Opto 22 introduced the first liquid epoxy-filled fine  reputation for reliability that we were recorized as the world's
of powar solid-stata relays (SSR). This innovation in SSR design leading manufacturer of solid-state relays. Thnaugh continuous
greatly irmproved the reliability and reduced the cost of  manufacturing improvements and the sami: 10(% testing policy
manufacturing. At that-time, we also incorporated into our  established 22 years ago, Opto 22 is still reccgnized today for the
manufacturing process 100% testing of everyrelay produced  very high quality and reliability of its compi 2 e line of solid-state
wrsar full load conditions. By 1978, Opto 22 had gained suchia  relays,

Index
Description
Poway Serles Introduction 1 1 Sories
All Models: General Spac.lications 2
120/240 Volt AC Power Series: General s
Spedifications
120/240 Volt AC Power Series: Surge Current 4
Data, Thermal Data, and Dimensions I
480/575 Vot AC Power Seriss: General g
Specifications I
120/240 Volt AC Power Serles Plastic Package - &
{Z Series): General Spedifications
AC Power Printed Circuit Series: General 7
Spedifications
DC Swilching Series: General Specifications 8
APPLICATION TIPS
Heal 8'nk Calculation, Duty Cycle Caiculadon 10
Transformer Loads, Sokanoid Loads, and #
Lamp Loads
Solid-Slate Relays in Sories, Lamp Loads, ' 12
Heater Loads
Molor Loads 13

MP Seories
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Specifications
Al Models

¢ 4000V optical isofation input to output * Hermetically sealed
* Zeravoliage um-on *  DV/DT Off-state: 200 volts per microsecond
s Tum-ontime; Y2 cycle maximum * DV/DT commutating: snubbed for rated cumre nt a1 0.5 power factor
» Tum-clf time: Yacycle maximum * Ul recognized
+ Operating frequency: 251065 Hx * CSAcertified
{operatas al 400 Hz with six times off-state leakage)
» CEcomponent
+ Couplingeapacitance input to cutput: 8 pF maximum
L 4

See Opto 22 form #386 for torque specificatic rs.

Satery Cover for Power Series SSHs

fow

TR L A plastic safety cover (Opto 22 part numbe SAFETY COVER)
B B is optionally available for Opto 22 Power Serie: $SFs. The safety
A o cover reduces the chance of actidental contact 4ith relay terminals,

R | while providing access holes for test instrument 3tior.

Optional plastic safety cover Jasialled
on a Powatr Beries 38 1

Opito 22 43544 Business Park Drive « Temecula, CA 82590 * Phone: {951) 685-3000 » (300) 321-OPTQ » Fax; (851) 695-3095 » v ww. Jpko22.com
Insido Salos: (800} 321-OFTO + Produd Suppoft. (800) TEK-OPTQ « (351) 695-3060 « Fax. (951) 608-3017 « Emak; Suppon & 3 4022.com
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Spacifications
AC Puwar Series - 120/240 Volit

Opto 22 provides a full ranga of power series relays with a wide variety of voltage |
{110-57¢} and current options {3-45 amps). All Power Series relays feature 4,000 volts of \ "
oplicat kulation and have 8 high PRV ating,

Hoominei| Hominal “Y“‘ “l?l::d‘ t | eignat | Pt Wacmom| T2 | opernting " Rasng|
o B B e | e :':,;T;.."gm"‘,}'q | | | SRS,
12008 § 120 3 & 1000 M"‘.’?"w) 1voc | eoo | tsvors| 250w | 1210 | 2 |a0ooves| 11 w
12000 | 2o 10 | 10| 1000 !ma:?:sd) 1voc { 6o [réws! 7ma | 12140 | s Jesooves| 13 )
uos] 120 | » | 20 | 100 (mvw-?cm ivoc | o [1swie | 7ma | 1240 | 250 wwavee.| 12 13
tww] 20 | @ | ewof oo | M ivee | wo [1ewm| vma | 1210 | 7o wanr | o 09
2003 | 240 s a6 1000 (m“:?cw, IVoC | 80 | tavam | SmA | b0 | m |asawer] 19 7
20000 | 20 10 | te ] 1m0 432»13\1103«-11 Ivoe | a0 | 1svow| 1ema | 2em0 | s |epooves | 12 6
wwooas| 20 | m | 20 | oo | LIS iveo | ewo |rewm| tema | seamo | me o | 13 19
gaooas | 200 | 48 | e | 1000 (mﬁsp&mw VDG | o0 | tavae | t4ma | om0 | s |pover | oe 09
swoas| w0 | 2 | 20 | 100 mﬂ?cond) 1voG | @0 | 1ovore | 12ma | a0 | 250 [40oovex| 12 19
wooesf s | 4 | o b ot ‘m“.‘l’cw) 1voc ] o Jiswiw] 1zma | 2420 | W@ J40mves! aer 09
umne| 2o | w0 | o] ﬂ:::"m wvac| 00 Jrevom| 7mA | 12190 | 2 Jeooowmer| 13 7
ueas| 20 | 3 | o2 | s (z:::c | PVAC] @0 liswm| rma | 1210 | 200 eomvme| 12 L3
2o ] 20 | 10 | o | s a::xm owac| @o |rewm| tema | 20 | @ femovms| 13 L6
aams| 200 | 2 | e | sm (2:::1“) owAc | @0 | 1w | tema | w0 | 200 Jaomws| 12 1.3
10M5) 240 | 45 ] es0 | am (2:::1” 1ovac] o |1evam]| 14ma | 2¢20 | 17so Jeooovws| ae 09

Noves: qic* & Thesnsd reslatance junction to base, Maxinim junction sipaatuse ks 110°C.
** Oparating Fraquency: 2510 85 He {operstes a8 400 H with § times the offstaws sakage}

e PO 224 45014 Business Pak Drive + Temecula, CA 82680 « Phone: (851) 686-3000+ {500) 321-0PTO « Faic (961) 6053006+ +
Inakdo Bulos: (B00) 331-00T0 -MW(M)TE(OPTO%BM)W «Fax: (081} B98-3017 -Emﬂ:-m.whllm



CPTO 22

SOLID-STATE REL'AYS

DATA SHEET

Forn 859-040726

Specilications:
AT Powear Sevias - 120/240 Vol (Continved)

' Thermal Ratings
Surge Curient Data g g = - :
s |3-Amp| 10-Amp | 25-Amp | 45-Amp N
semme.{ Dima 'Peak | Peak | Pesk | Peak 3 -
(Becondiz) | {Cyels) | unps | Amps | Amps | Amps gg 1 b -
o 1, ;
0.017 1 85 | 1o | 280 | eso o 23040 6 80 76 30 &
0.060 3 86 8 176 | 420  AMBIENT TEMPERATURE 0}
0.100 ¢ 63 | ™ | 140 | 3z ga :: = 4
0.200 12 | a5 | 80 | 112 | 245 3 © _\: -
0500 2 87 50 0 175 % 2 ¢ N
1 80 3 40 &7 134 - 20 30 40 50 80 1D 88 9
AMBIENT TEMPERATURE (%3)
2 120 | 28 R 53 119 % )
3 w | @ a2 40 06 nlA -
» -
4 240 | 26 a1 47 85 gg - NS .
5 30 | 25 30 45 01 3 3 i -
10 600 | 24 28 .2 8 a ' 3 -
Note: "60 Hz. 20 30 49 60 60 70 B0 %0
AWBIENT TEMPERATURE (')
Limessional Drawings ug o= )
\'1
omnmpamd TS L g 0 - " -
i /T THREAD ! SN
* ‘«-ui,m'——.— ! g 0 o~ < -
i Eﬂ@ N 020 ;S 0 -
g L—-‘ 20 30 40 60 80 70 B0 00
2 AMBIENT TEMPERATURE [}
1 1 Power Series | 1w 1 nmm
O MOUNTED ON
4 3 8" X 67 PLATE (2w 1 9
—L£ L A | MOUNTED ON
12" X 12* PLATE (1°c hrait)
(Rt o.ss'|-- &m
DIA 2 PLACES  Lrugpemaned. ) ‘e THREAD
b4t l {n_ I - “?
Aty 093 0.10°
i .0
1
- 1 ¥
[} 10, 25, and 45 armp ) Jamp

page4/18
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Epeciiications
AC Puwaer Sorian - 480/875 Volt

DC SERIES: The BC Series de livers isolated DC contro! to large OEM customers warldwida.

AC SERICS: The AC Serias offers the uitimate in solid-stata reliability. AHl AC power series
relays feature a built-in snubber and zero voltage turn-on. Transient proof models offer salf-
peotection Tor noisy electrical environments.

Wouninat Of State
Hominad {1
waa [romwa tomiet|orce| " | sqrw | s | o, e ERAL | e
Humber | 85LIne {Ampa) Inpu Plekup| Dro Yolimge | Voltege Ran:
Ve | acos) |Poek Y | Yokeae | V Munmum] Drop v | /e AC)
avDC
48001012 4ao 10 10 1000 @Bv | tvoc | 1200 | 32vas | 1mA | 100630 50 |eooovie] 12 2s
Adowodd] -
WOC
w0052 480 15 50 1000 sav L 1voc | 1200 | 32wobs ] timA | 100620 0 j4omvie] 12 25
Alowed) :
DG
wotas12) 480 2 2% 1000 e | 1vwoc | wwo (ievem] nen | 1o ) 2o jewoww) 13 w
Alrwod)
WOC
L TR T a 080 1000 @Ev | 1voc | woo [ revwl| timA | 100830 | 1780 [aptovs o] Qo7 os
Adowad) .
Y
ETDVS1R| 98 15 150 1000 @v | 1voc | 1w | azvem | tsma | 100600 90 Jepoowss] 12 28
Allp W)
e
575045-12 ] 5/5 45 850 1000 P2 | ivDe w00 | 16wl ] 15mA | 10000 | 750 Jepoove <] o7 [T
Ayt
Wb e = Trennid rostsvunoe NCHon Y0 Daae, Ma June P is 140C.
* Cperaing Fropsswy: 25 10 65 HZ (opartes af 400 Hz wih @ §moe e ofistalo lowage)
Dimensional Therma ' Ratings
. Drawings 3
'] 3
Surge Cuivsit Data THREAD [=e——3.75 (tasr—=t 00D » |-
' "'—(2‘7'1000 ] . x L
aegrm | 1AOR 1IN FANE | 25-Amp | 45 Amp) . . - -
Pl i) =i I 0 W Ol XTI Y 3 ! " LN
Amps § Amps | Ampa | Anps J Ig 1 g
0g17 1 110 50 20 %0 L 0304167008
wm | 5 | s | | we | e 1 2 AMBIENT 1 E MPIERATURE [C)
170
Q100 ] k4] 1o 140 RO : ;,g PQ'ﬂ' s"ie‘ {43.18) o IO Y
0208 | 1w | e | ® | w2z | s (47.63) 225
1
0.500 ) 20 n [) 175 B73%) O MOLKITED ON
= - -y pe @ oty
1 86 40 5% a7 134 X PLATE
MOLATED ON
F Yelr 33 © [ 19 5
12°.7 127 PLATE t*ciwatt)
3 o az a7 <@ 98 017243n ~ 62
4 e | @ a 7 95 | DAZPACES | = 40 | THREAD 0.3
- - ™ (25.40) 0.77 762)
5 B 50 «© % 9 oo . Ry o m1 F“II“"_TF
0 6 28 * © 84 . [T I ‘
: il @54) l @
Noik. " 60 bt t t
- !
. 0.61 077
} 10,25 and 45 amp 0540 ) Jam) (19.56)
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Speciiications
AC Power Series « 120/240 Volt
Plastic Package (Z Series)

‘The Z Series employs a unique heat transfer systom that makes it possibla for
Qpto 22 1o doliver a low-cost, 10-amp, solid-statas relay in an all-piastic case, The
push-on taal-frec quick-connect terminals make the Z Series ideat for high-volume
UEM applications.

Howinal Off-Buxte
Hominsi {1 i Peak | Msximum} n

Moder | Nonind L cucrane Sune si‘gu’ o ol plamal | putive | Ouiput | L4300 m’ Rateg hotwiar m& * | Diipesion

Nomomr | {Cakia | i | R meskiancs Votege | Vorege. | Wik “Breg. [Heskrien] ook | 5 | R | P
SVOC B

0010 | w0 10 1o w00 | @v ] ivoc | eo0 J1swms]| ema | 12140 | 50 4 4 1
aliowed) o
avDC 4000

zZawe | 240 10 110 w00 | @ev | 1voc | 600 |t1owms| 12mA ] 24280 | 0 4 1
aliywed)

Notws: c* = Therud Jnction %0 base. Meadmuem junct v s 10T,

* Cparatingg Feequeancy: abﬂlh foprarsies ot 400 Hx wikh § Sihes tha oTtats akage)

Dimensional Drawings
0.187 (4.76) DIA, 2 PLACES

T+ | T | Poak
KR 2 i T “ I sec ¢ df Cyces) | Amps
é 7p 0s0 150 b . 07| 1 |1
‘ ackage | O] L7, @610 :: ‘ — 15 1=
3 4 4 10 S 0.1 6 n
== (== w0 e
w ! \ 0xc 12 | ®
-:i-: ;g; giﬁb” ‘g ' A 050 &) 50
N ' < 7 N
—-—n 2,32 (BB 55}~ g ¢ \ K 0 | 40
“ s A\ 2 12 [ %
(g'gg) i ‘ \l 3 180 | 2
: rasmacym.
) -‘}1035;2) : \ w_-t i 240 3t
p 5 w0 | %
. EBERE
028 (83 o] 20 30 40 60 80 70 80 $0 100 | ¥
DiSCONNECT MENTTEWERATURE 'c Note * 60 Hr
E
= nFREENR
U MOUNTED ON
0.17 __i l,_* &' X 8" PLATE ("ciwatt)
(4.32)
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Specifications
AC Power -~ Printed Circuit Package (P & MP Series)
Nominal| 1 oyeie | Nominal Pock | Maximan] OFOWE 1 00grygng|  m
Mormtrwi] o Signal Sional | Signal Luskege
L] A Current Repetiive] Owiput Vollage Iwalation Yew pation
| SRR R | R | G o B R LT | AT W e RS
wNDC™
il w | 2 | 2 | wo | o [1ve] w0 [sem]| sen | 2wl 2 {PX | @ 2
wewod | soe- i 400
or M2004 120 4 s 1000 sV 1t VDG 600 1.5 win SmA 13-14_? ] oee a5 12
Jugoyel SETN SRE 20 1000 Ay [1we| w0 Jiewm| sma | e | 2 JO0] @ 12
W04 VDo 4000 ,
o FIASD4 FL 4 88 1000 (3av 1VC 803 14 ol S5mA 24280 x praviy Y] i
L Cors e
NP SRD4 380 4 -3 1000 {sav 1vVoOC L] 14 win 5mA 2420 o pray (1] ke
alowed L
Mo O = Tharmal resish L, o basa, M. I perAne b NEC.
whop 19 te 6 Kx (o1 riiss ol 496 HZ with § Tivad the ofistes wakage)
e WP b 34 volth Maaimum.
surpe Curment Duta
vime | Tuw” | Peak | Peak
Sacond | (Cydes)| Amps | Amps
o7 1 20 85
0.050 3 18 86
04900 ® 15 53
aco | 12 14 45
050 | 80 9 37
1 60 8.5 3 y
u-u‘w k}lt . =
2 w8 28 o YU Lol ] :‘“2 4004
Maparl MEJE04
3 1w 75 bd @ Seid B Aray 3
. e WDETGE!
A o 7 29 r* 3 3 &
8 ) 64 25
10 00 8 2
Note: *60 Hz
Dimensional Drawings 0578
1.10
- (27.94) el 015 - [~ MAX.
0% o @8- e o
e 1.70 {4318}~ bome @8 {1018 ‘ y
0.04 {1.02) DIA. ¢ —
4 4 PLACES = 1 1 ’ = l
MP-Series | 1. [ 151 (| P-Series | i wAx
124.89) 29 .9 T (838) 1 | patlom View | {3045 @5.01)
1 | L i =14
T 1] i - [-0.90 (7.62) Q Q—
§31 2 1T r‘ , ee-0.40 (10.16) NG ,_‘ s
0.05 ] at- 0.90 (22.86) 013 N” 0.80 w}“ e
{6.35) o 110 (27.94) hes- =) oz ™ PNAPLACES
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Specifications

AG Power - Printed Circuit Package (P & MP Sories)

Thormal Raiings

§§ P WP120 & 24003

2% s -~

%g T

~& 20 30 45 50 80 70 B0 80
ANSHENT TEMPERATURE [*C)

am [ T 11

g‘{g: Tt P120 8 24002

%%1 Eﬂﬂh‘"“" .

Sg g

oL

-~ &

20 30 45 50 80 70 &0 90
ARZIENT TEMPERATURE (°C}

O IFREEAIR

0 MOUNTED ON
& X 8" PLATE (2* GWATT}

qub T 11
é%‘ " MWP120 & 240
IS

&5 ~
4‘%1 ~
- ™,

26 30 40 50 60 TO B0 S0
ANGIERT TEMPERATURE {°C}

4 AMP MODELS
RMS AMPERES

- N W

Surge Cwivent Data

Time | Time* Peak i Peak
Second | (Cycles); Amps | Amps
0.017 1 20 85
0.050 3 18 66
0.100 6 15 53
0.200 12 11 45
0.500 30 g 37
1 60 8.5 3t
2 120 8 28
3 180 7.5 27
4 240 7 25
5 300 6.5 25
10 600 6 24
Note: *60 Hz
N1 p120 & 24004
\\
\\
Py E
\\#& \
Y
NN
20 30 40 50 60 YO B0 %
AMBIENT TEMPERATURE {*C)
{ [ FREE AIR
O VOUNTED ON
3" X 8" PLATE f2* CHIATT)
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Description
LT Switching Series

P Berios

rege9/18

- . AN T TRW ERATUNE 1G> PRIR AR
Specifications glmepsional
rawings ' i
s | Demar ot pesss | ncsoss 2 g o § 34
READ L
fhaang Voiae | g0 vixss | 3200 voc] se0vos | 880 vig i \“ _‘_":'::,‘1 e 85:
pyee e @r.u4)
vrond Vohaga | 3.8 verw Fak P8 - Wy -,1@) 3 muskn H&r‘“n
WQ“"“ 3 amps 1 amp 3amps § ampa -_1_] EJ2 [
Os-5taw Bocking{ 80VDC | 2s0voc | eovoc | eovoe 170 23
3voC | 3vDC | 3vDC | avoe 1.875 Power 10 spi
P 1 oo voine | 22vors | s2vom | 32 Vo “ey Series D 2o e A
alowed Alowed aioved alownd i 57.15) o 5 e WAL TE OO
m"m“ ivoe | 1vic | avoe | 1o ‘ 3 ' AMMEN | (AP EATURE (C7=FREE AR
frosanet  lioooonmel 190 1 00 ome]1,000 cvme B ljmesan
. 043 [[.l I CRTT HEAT SaNK
1 Socoid Boyge Samps 2anmpe S amps 1 amps 0472 (437} --(1;“'”‘4» \_ Py ST PLATS
2 Tog. | 4P Cilo | 40rCio | 40rClo | 40°Cio | DA 2PLACES 00
&mh’ ™ we | e | e il e:sm)_’T 0os
fruoksion Voitg o +.o?o :m 4.0:;0 ":-s wt:o m\:ns 4,0:)0 :m c &; \ . j mise)
3 1l [ n" 1
O a3aM Lashags rmu;‘num maxinum | maximum | mesdmum '2,;2, [TF:")
[ oS RIMP Powar Powar ‘
Puciiye Trse sanua soriss series sotes J j r L
T-On Time 100 100 usec § 100usec | 100 psec 081 077
e B B b 10,25 and 45 amp (o, } Jamp  (mse
Tun-Oif T 750 psec | 750 pmc | 750 psoe | 750 psoc
Note "W seriss maximumn aliowed conkol signal 24 VDC.
Dimensional Brawings 110 TS
- wrge) | 0.15
015 r'm‘" (953)
0.0 040 (3.81) —
— 7.70(43.18}--'—5 (762) (10.16) 6 P
0.04 (1.02) DIA. t t ? "l’ * r—
4 PLACES —
RP-Series o}u 151 | | P-Serles 120 ax
(24.89) B335 1 | potiom View | (2048 6.81)
f L I | = |}
T 11 I, B S
4 2 3 * nmig;:)) o.1s¢a.an.:l.F \oozsloms) - *.g:g]
0.25 0.80
(3.35) i 110 (27.54) (20.32) ==~ PiN4 PLACES
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Applications
Tips

Hoat Bink Calculation

Lika all semicenductor devices, SSR current ratings
must be base:d on maximum junction temperature. , I
Al Opto 22 SSRs operate conservatively at TO°C JUNCTION
maximum junction temperatures of 130° C. J
Detarmining ar adequate heat sink lor a given SSR 3H.2C RISE
conducting a given cument is very simple. .ec
HEAT SINK
Nota: Theqanally conductive grease must be used B.8°CRISE
berween the ielay base and the heat sink.

50°C AMBIENT AIR

Sumples Colculation Glven:

120-Volt, 20-Amp Load

50* € Ambient Air

Choosa Made! 120025 $SR.

Calculate dissipation as: 20 amps x 1.3 Watts per amp = 26 Watts

Caleulate tempairature rise junction to SSA base as: 26 Watts x 1.2° C par Watt= 312°C

Calculate al'owable emperature of heat sink by subtracting 31.2° C from 110° C allowabls junction temperatur:
153°C-312=788° C

The heat siik is in a 50°C ambient, therefore, allowable tem erature rise on heat sink is: 78.8° C-50° C= 28.8° ©

If heat sink is aliowed to rise 28.8° € above ambient, then the thermal resistance of the heat sink is simply the 2£.5° (. rise divided by
tha 26 WaiL /wy heat sink having a thermal resistance less than 1.1° C per Watt will be adequate.

Duty Gy« .« Calculation

When solil-state relays are operated in an on/ott mode, it may be advantageous to calculate the ARMS value ot 112 current through
the SSR for haat sinking or determining the proper cumrent rating of the SSR vor the given application.

s = AMS value of load or SSR \/ I )xT
T, = Time current is on

T, = Tune cunciit is off
= RMS value of load current during on period

Dplo 22 » 43044 Business Park Drive « Temecula, GA 82590 » Phone:; (651) 685-3000 « (800} 321-0PTO » Fax {851) 685-3005 «1 A rwcple2.com
Intide Baos: {800) 321-0PT0 » Pradudt Suppont; {800) TEK-OFTO « (051) 635-3080 « Fax: (851) 895-3017 » Ernd: avppoit @1 ¢ to2il.com
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fpplications
Tips (Continuad)

Solenoid Valve and Contactor Loads

All Opto 22 SSRs are designed to drive inductive h xids such as solenoid
valves and electromechanical contactors. The buil-in snubber in each
SSR assures proper operation into inductive load 1. Th Tollowing table
is a guide in selecting an SSA 1o drive a solenoit| or comactor.

Transformar Loads

Careful consideration should be given to the selection
of the proper $SR for driving a given transformer.
Trangformess are driven from positive saturation of the iron
core to negative saturation of the core each ¥ cycle of the

altemating voitage. Large infush cusments can occur during -—
the first % cycle of line voltage when a zero voltage SSR 120-Volt Coils -
happens M turn oa during the positive ¥ cycle of woltage SSRCURRENT | o) ennins | coNTACTOS
wihien the cure & ulready in positive saturation. lnrush curreats RATING o
greater than 10 times rated transformer cument can easily 2-Amp 1-Amp NEMA 8ie 1 |
cctur. The foluwing mble provides a guide for selecting the 4-Amp 3-Amp NEMA Size 7
proper SSN fue a givin transformer rating. 240-Volit Colls
120-Vol Transformaers SR TN | soLeNol | contacTin
SSR MODEL | TRANSFORMER 2-Amp 1-Amp | NEMA Size 7 |
P or MP 12¢D2 100 VA #m 3-Amp NEMA Size 7
2120010 500 VA -
12003 100 VA e
P or MP 12004 750 VA ontrol Cunront Calculation o o '
n ; A All Opto 22 DC controlled SSRs have a controt circuit consisting of 1000 ohms in
120010 or 120A10 500 series with an LED. Since 3 volts is required to tum on any SSR, the maximum curent
120025 or 120A25 1 KVA required is (3 voht - 1 voit} divided by 1000 ohms which equals 2.) wA The 1 wlt is
120045 2KVA subtracted from the 3 volt signal because 1 volt is dropped acros s the LED. For higher
) control voltages, an extesmal resistor can be added in series with 1).¢ control voltage to
240-Volt Transf oy i
baRlLbidiillddd limit the control current. To limit the control curent 10 2 mA, clculite the exiemal
P or MP240D2 200vA resistor A = 500 {E - 3) where E, = the controf voltage.
7240D10 1 KVA
12003 200 VA The DC contrel voltage range is 3-32 VDE. To calculate the co 1ol current for any
P or MP2A0DE <00 VA voltage within the 3-32 VDC 1ange, use the formula:
240010 or 240A10 1 KVA : E- 1 I
o = EXTERNAL
240025 or 240425 2 KVA t 10060 RESISTOR OPTIONAL '3
450-Voit Transformers E, RC
S86R MODEL | TRANSFORMER
: With a 5V control signal, 4 LED
480D10-12 5-Amp Primary bt Dabd® M
4800156-12 & Amp Primary Ic = _._5_....1__ = §mA o -
1000

Orpla 22 + 43044 Business Park Drive » Tamecula, CA 92590 » Phone: {951) 695-3000  (800) 321-OPTO + Fax: (351) 695-3085 + v vw.cpla22.com
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Applications
Tips (Coentinued)
Opto 22 SSHs for controlling single-phase motors are shown in
the ollowing tables: :
120-Volt Single-Phase 420-Voit Singla-Phas ¢
Hon-Reversing Motors Reversing Motors
S5A hiodel MQOTOR RATING SSR Model MOTOR FIATING
P or MP120D2 1 Amp P or MP2400D2 1 Anp
2120010 14 HP 2240010 1/4 HP
12003 1-1/2 Amp 240D3 1172 hepy
P or MP 12004 1-1/2 Amp P or MP240D4 1-1/2 Amp
120010 or 120A10 1/4 HP 240D10 or 240A10 14 HP
1200125 or 120A25 1/3 HP 240025 or 120A25 13 HP
120045 3/4 HP 240D45 V4 HP
240-Volit Single Phase 240-Volt Single-Phase
Non-Reversing Motors Reversing Motors
B8R Modol MOTOR RATING BSR Model MOTOR FIATING
P or MP24002 1Amp 480010-12 14 HP
7240010 114 HP 480D15-12 14 1P
24003 1-1/2 Amp i
P or NiP240D4 1-1/2 Amp Solid-State Relays in Series
240010 or 240A10 1/3 HP in applications requiring greater cusrent /ati g at higher
240025 of 120A25 12 HP vmu?e'm two %Z;nﬁsmﬁwmﬁwﬁ m “ﬁ"’s’m
double the vo rating. M-in snubh ¥ In
24045 1172 1P assues proper voltage Sharing of the two St i i eres. In

Oplo 22 « 43044 Buginess Park Drive » Tomecuia,
insktz Sales: (80) 321-OPTO « Product Suppott: (800) TEK

the diagram below, two 240-volt, 45-amp $¢ F5 are connected
in series for operation on a 48C-volt fine. The rontol is shown
with a parallel hook-up but it shoutd be note { that a serial
connection can aiso be implementad.

CA92590 » Phone: (951) 685-3000 » {800) 321-0PTO « Fax (851 695-3095 ﬁﬁmlm.m

LOPTO + (951) 635-3080 « Fax: (951) 635-3017 « Emal: suppon @ a3ko< 2.com
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Anplicutions
Tips {Continued)

Lamp Losds

Since alf Opto 22 SSRs are zero voltage switching,

thasy are icol for driving incandescent lamps because
tha initiat irush cuirent into a cold filament is reduced.
The tife of the kamp is increased when switched by a
zera voltage wm on SSA. The following table is 8
guide to sclecting an Opto 22 SSR for switching

a given incandestent lamp.

120 Volt Lamps
4SA CURRENT RATING | LAMP RATING
2-Armp 100 Watt
4-Armp 400 Walt
10-Amp 1 Kilowatt
25-Amp 2 Kiowalt
45-Amp 3 Kilawatt
240 Vit Rating
SSR CURRENT RATING | LAMP BATING
2-Arp 200 Watt
4-Amp 800 Watt
10-Armp 2 Kilewatl
B 25-Amp 4 Kiowalt
45-Amp 6 Kilowatt
o
¥ LOAD g:l
d T e ¥
¢ ¢

Cypto 22 # 43044 Eusiness Park Diive » Temecula, CAB2500 + Phone: (951) 696-3000 « (800) 321-0PTO» Fax
s Bation: [BG00) 01 -DMT S » Preduct Buppeit: [#00) TER-OPTES + (881
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Heater Loads

Care should be taken in sefecting a SSR for drh ing @ heater load if
the load is cyclad on and off in a continuous m: nnex as might
occw in 3 temperature control application. Con tant cycling can
cause thermal fatigua in the thyristor chip at th 3 point where the
chip bonds to the lead trame. Opto 22 empioys ) thiek copper lead
frame for mounting the SCR chips in the powe: :erics SSRs
eliminate thermal fatigue failures. In addition, tipto 22
recommends operating any SSR a1 75% rated tunert for cycling
heater foads to ensure complete refiability.

The foliowing table is a guide to selecting the |1 oper SSRfora
given heater load.

" Maximu r ‘|
Curer g | focomn
2-Amp 1AM |
4-Amp 2ye-Army
10-Amp TeAmi |
25-Amp 1s-~q___:
45-Amp 3s-Amy. |
10 480V gAry |
10 480V sAT |
(851) 695-3085 » sww.opho22 0om

000 + Fas: (DR1) BHE-0019 + Eray eppon @ 03083, 0o
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Three-phnse motors may
be contclied by solid-state
relays as shown. A third
SSR as stiown is optional,
but not necessary. The
control windings may be
connected in series of
parallel. Care should be
1aken to ensure that surge
current drawn by the motor
does not exceed surge
cuitust 1ating of the SSR.

Opto 22 » 41044 Dusiness Park Drive » Termecula, CA 52590 « Phone: (861) 685-3000 = (800) 321-OFT
Ineido Bates: (800) 321-0PTO « Produc Suppoft:

240-Voit 3G Motors
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Applications
Tips {Continued)
singla-Fhase Reversing Motor Control
Tha circuit diagsam iliustrates a typical 1 8 motor winding inductance and the phase shift -
capaciter can cause twice ling voltage 10 appear acioss the open SSR, A 240-volt SSR l WALIGE
shouid be used for @ 120-Volt line. During the transition pericd when one SSR is turned on A — !
and the other SSR is going off, both SSRs may be on. In this case, the capacitor may pe4 1064
discharge through the two SSRs, causing large cuments to flow, which may destroy the e =
SSRs. The addition of AL as shown will protect the SSRs from the short circuit capacitor 't I ey 10
discharge cunent. 1.4 EAC e 2
CALCULATERLas: Rl= - — 1 C
10 x SSR full load rating e IR
4h
EXAMPLE: 10 amp SSR “lﬁlBSlS‘lOfS.EF)LIII:WYIme
120V AC Line control circuit « designed to ensure
one SSR is oft | efure the ather SSR
Al 14x120 =17 ohm is on,
1wx10 ‘w
Tiree-Phase Moor Control Tlln.-!lfnl. Reversing Mo Gontrol
l ,
o- wild O —I'E:l' .L‘ ] m Jrmiiiie S
T ol
o0 m
los 5 e B B
s '__._J“'_'_._
, §o——1, o -
Mwit [+
=T Three-phasa reversing motor control can be i nplemented with four
o— = SSRs as shown in the connection diagramn. Y@ $SRs work in pairs
el with SSR1 and SSR3 operated for rotation in on3 direction and

SSR? and SSA4 operatad for rotation in tv ewirse direction. The
resistor A1 as shown in the connection diat iim protects against
Jine-to-line shorts if SSR1 and SSA4 or SSF 3 and SSR2Z are on at
the same time during the reversing trangiticn peiod. Use the
following table as a guide to the proper sel x:0n of an SSH jor
this application.

SSR MODEL | MQIOR
2240025 13 HP
Z240010 34 HP

240010 3/4 HP
24CA10 Y4 HP
240025 24P
240A25 ZHP
240045 JHP
480-Volt 3g Motors

SSA MODEL | MOTOR |
4800D10-12 1-% HP
480D15-12 1-44 HP

{800) TEK-OPTO  (§51} 605-0080 + Fax: (951) 685017 *

Ouio 22| Wotor Full | Rusistor for | Rusistor for
Relay | Load Rating 120V line 240V tine
aAme | 125Amp | dohmsoW | gchmSOW
WAmp | SAmp Tohm 100 W | 2 ohm 100 W
sAmp | 8Amp | Sotmigow | 1ohm1w0W
a5Ame | 16AND 25 ohen 150 ¥/ | S ohm 150 W
15Amp | 5-Amp Tohm 100 W | 2chm 100 W
0 +Fax: (851) 605-3 £ » www.opko22.com
Emak: awz Bopod2.com
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S8R Appiications

Q: What is a solid-state relay?

A A solid-state relay (SSR) is a semiconductor device that
can be used hir place of a mechanical relay to switch electricity
1o o load in many applications. Solid-state relays are purely
glectionic, normally composed of a low cumrent “controf” side
{equivatent to the coil on au efectromechanical relay) and a
high-cunent load side (equivalent 1o the contact on a
cuventional relayl. SSRs typically also feature electrical
isolation 10 severgd thousand volts between the control and
load sides. Because of this isolation, the load sids of the relay
is actually powered by the switched ling; both line voltage
and a load {not 1o mention a control signal) must be present
for the relay to operate.

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

A: There aie many applications that require a moderate
amount ¢! puveer (W to kW) to be switched on and off fairly
rapidiy. A good example of this would be the operation of 8
heater elenient in a controlied-temperature system. Typically,
the amount of heat put into the system will be regulated using
pulse-width modulation wming a fixed-power heating element
ci and il for ume periods ranging from seconds to minutes.
Mechanica! relays have a finite cycle life, as their components
tend to wear Gut over thousands to millions of cycles. SSRs do
not have this probiem; in the proper application, they could be
operated almost infinitely,

Q: What are the limitations of using an SSR?

A2 SSRs have a few limitations when compared 1o the
capabilities of their mechanical counterparts. First, because
the relay is semiconductar-based, it will never tum all the way
on, nor oft. This means that in the "on” state, the relay still has
suing ntzing! resistance 1o te flow of elacticity, causing it w0
get hot. When in the “off” state, the refay will exhibit a small

Note; This is the SSR portion of the ovevall FAQ 51 1he

Opto 22 Web site. The entire FAQ can be 12.nd at
ht:/Mww.opto22.comVsuppor/fag/ ) RCsIppFag.aspx

amount of leakage cument, typically a few T.A. This leakage
can conspire to kaep some loxs, especialh nnes with a high
impedanca, from tuming oft! Additionally, 1iHRs are more
sensitive to voltage transients; while Opto .22 relays are very
well transient-protected, if a refay gets hit hard enough a
sufficient number of times, it will die or de pade. This makes
SSAs less igeal for driving highly inductive 2leciromechanical
loads, such as some solencids or motors. 5318 should also
never be used for applications such as safet power disconnects
because even in the off state, leakage cumxui is present.
Leakage current through an SSR also impli s tha presance of a
potentially high voltage. Even thuugh the n bay is not conducting
a large amount of current, the switched ter 1inal will still be
“hot,” and thus dangerous.

Q: Do youmake multi-pole or multi- hrow SSRs?

A: Dpto 22 manufactures only single-pole, tingle-thiow SSRs.
It multi-phase operation is required, just us ! a nilay on each
phase. Because of the limitations on semic ¥ ductor dewices of
the type used in SSRs, it is not practical 1o 2 lild single-device
multi-throw SSRs. Howaver, an altemative t) mult-theow
operation may be accomplished with muiti; 2 relays.

Q: Can1hook up SSRs In parallel to a lieve a higher
current rating?A

A: No. There is no way to guarantee that 140 or more relays
will tum on simutaneousty when opesated in perallel. Each
relay requires a minimum voltage across th 2 oulput terminals 10
function; because of the optical isolation feature, the “contact”
part of tha SSR is actually powered by the | re i: switches.

One relay turning on betore the ather will  x:se the second relay
1o lose its tum-on voltage, and it won't eve. 1T on, or at least
not until the first relay fails from camying & ¢ much cument.

Opto 22 + 43044 Business Park Drive » Temecula, CAG2500 + Pharvs: {351) 635-2000 » (800) 321-OFTO «Fax {951) 695-3085 g_m:mzz.m

ingic Seig: (800) 321-0PTO » Product Buppor: (800) TEK-OiTQ » (851) 685-3080 » Fax: (951) 636-3017 » Emait: suppodt € '« pio 22.com
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Q: What does a"zero-crossing”tunr-on drcuitreferto? S5 Troubleshooating

A: "Zaro-crossing” wm-on and tum-off refer to the point on
the AC wivo funin when the voltage is zero. 1t is at this point
that an AC SSR will tum on or off. Ali Opto 22 AC relays are
designed with a zero-crossing turn-on and turn-off circuit.
When the AC circuit voltags is at zero, no current is flowiny.
This makes it much easier and safer for the semiconductor
device in 1 relay to be tumed on or off. It also generates
much less elcctrical EMU/RF noise.

Q: My $SR does not function anymor : What may have
happened?

A: Thera is no “normal” mode of failure fv  3SHs. Most of the
time, they just stop working, bry refusing 1 um -n or ofh. Ohen,
an improper installation is to blame for an 35R taikure, as these
are very simple, refiable devices. if you haw 3 failed SSR, itis
important to look at the normal opetating § 3-areters of that
refay within the larger system to make sure that the relay being
used is appropriate to the application, and : it the relay is being
properly installed in the system. The three 7 st -ommon causes
of SSR failure are as follows:

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

A : No. Beesuse of the zero crossing circuit described abova,
the relay will most likely never tum on, and even if it is on,
it will Jikely not be abie to be wmed off, as DC voltage typizally

never drops 1o zero, 1) SSR improperly matched to Joad. Tha relay was

destroyed by overheating from canying o rauch cument
Q: Canluse a DC5SR to switch AC? 0 fong.

A No. The sumiconducter device used in Opto 225 DC SSRsis  2) SSR insufficiently protected. Remer her, a semiconductor

pratarizand. 1t iy Ligak doven and comdact Qe the portion at the
wavelon that & reversed in pofity,

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

A This Is vt recenmended at all, for several reasons, First,
the voltage drop acress tie relay will cause signal loss. Second,
the conduction charactenstics of the SSR are very non-linear at
low operating voltages and curmerts. Use a mechanical relay; it
will work much betier,

Q: What agency approvals do your SSRs canry?

Al gencaal, Opto 22 refays carry UL, CSA, and CE approval.
See tp://vevow.OPIO22 CONVEUPPOIYagancy.aspx.
Additionalsy, siine 588s contain VOE-approved optocouplers;
contact {ite 22 for more information.

is kens tough than a simphe mwtal contn t Reverse voltages
sxcoeding the PRV rating of the rolay w i cause damage.
Voltage spikes on the switched fine, pethaps from inductive
kickback, destroyed one or moce of the i veral switching
duvias, Remember to use snubbers, te vods, MOVs,
and/or commutating diodes on highly in lucti loads.

SSR improperly iastalled. The SSR wts not mounted 1o

a large enough heat sink, or no thennal 3xmpound was used,
causing the refay 1o overheat. Also, inst fficient lightening of
the load terminals can cause arcing and chimic heating of the
relay. Opto 22 recommends 15 1o 18 nc v pounds of tomgue
on the load screw terminals. Similar fail yes have also been
attributed to the use of crimp-on ternin ! fugs or spades;
make sure such terminals are tightly crir 1>ed, and even drip
some solder into the joint to ensure goo § electrical contact
and protection from corrosion.

Gl 22 + 43044 Business Park Diiva « Temecuta, C# 82590 » Phone: (5851) 635-3000 » (800) 321-OPTO »Fax: {951) 835-3085 - +ww.0pio22.com
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Q: How can 133t my SSR?

A: Itis not possible 10 test an SSA by the same methods use.'
10 test mechanical relays; a typicai SSR will always show ar
infinite impedance to a resistance meter placed across the
output tenninals. There are a few reasons for this. First, the
SSR requires a small amount of power to operate, derived
troin whatever voltage source is placed on the load tegminals.
A typical multiineter will not supply sufficient voltage to

cause the relay 1o change siate. Second, AC SSRs contain a
ser0-crussing circuit, which will not allow them to change state
uniess zero voltags is apphied, Most test equipment will supply
a DC voltage to the relay, and the ralay will thus never see the
1010 it requires to change state. To test an SSR, itis best to
operate it at the actual ine voltage it will be used at, driving

4 load such as a luge ight bulb.

O: thave an 5SR driving a load. The load turns on okay,
but never scems to turn off unless 1 remove power
fram the relay entirely. What might be happening?

As This is nocially a problem when using an SSR with e
high-impedunce load, such as a neon lamp or a small solenod.
Loads like these ohen have refatively large initial currents,

but relativaly smali “hold in* currents. The result is that the
oft-state leawage cument dirough the relay {see previous
section) is insutficient to cause the load to tum on to start
with, but sutficient 10 keep it on, once started. The solution w0
tiiis i 10 phace @ power resistor, sized for 8-10 times the ratad
maximum leskige current for the SSR in parallel with the load.
Niake sure tiat s resistor has a high enough power rating for
the applicationl {or example, for a9 mA leakage curent at

170 VAC, a resistor drawing 50 mA would be desirable. Usir j
Qlutis faw, the resistor value becomes 2,400 Ohms. This resistor
will dissipaie & Watts, soa 7.5 or 10-Watt size power resistor
shiould be used.

page 17/18

Q: | have a new AC SSRdriving a solen > d. [t turns on
okay once, but will not turn on agai. tat s going on?

A: Some solenoids, some types of halogen | ¢ hts, and some types
of strobe lights incorporate a diode in series ith the coil or
filament. This causes the light to behave as i "ali-wave rectifier.
Opto 22 SSRs have a built-in R-C snubber cir wit in paralied with
the output. The capacitor in this circuit charg s U, but cannot
discharge through the, series diode, causing ¢ ‘wltage W appear
across the SSR terminals. Because the SSA 1 xSt see @ 20r0
voltage across the terminals to come on, it & 't tam on again in
this situation. The solution here would be to it a high-value
resistor {several tens of Kohms) across the e nirls of the relay,
10 ailow the capacitor to drain its charge.
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jucts Opto 22 Software
to 22 prociucs 2 broad array of refiable, flexible hardware and Opto 225 ioProject and FactoryFloor™ saliviare s
re products for industrial automation, remote monitoring, enterprise.  suites provide full-featured and cost-effective © {° £ me

quisition, and rachine-to-machine {M2M) applications.

Ethernoet Lustems

ased on tHe Ivemet Protoco! (IP), SNAP Ethemet systems offer
ity in thair natv/ork connectivity and in the software applications
ock with, The i ysical network may be awired Ethemet network, 3
r wireless netaork, or a modem. A wide variely of software
tions can exchi nge data with SNAP Ethemet systems, including:
t022's own o> oject™ suite of control and HM( software
yufacturing e s auree planning (MBP), enterprise management, and
or enterprise 3 stems

man-machine itterfaces (HMIs) PR vty
atases TN
ail systems . v NS ERRPre
C client so'tw e B A EN T e
stom applicati s - -
odbus/TCP sof t vare and hardware.

NAP Ethemnet ¢y stem hardware consists of controllers and /0 units.
yllers provide c2 rat contral and data distribution. 1/0 units provide
onnection {0 s3nsors and equipment.

P OEM Systzms

pto 22 SNA? 017 A1/0 systems are highly configurable, programmable
ssors intonded §  OEMs, IT professionals, and others who need to
sstom softvrare ith Opto 22 SNAP /0 modules. .

inux® applicatic 1§ running on these systemscan
and write 10 an og, simple digital, and serial I/0
son SNAPY, O ry «hules using nasily implomentad
ased oporations Applications can bo devolopod
y sovaral comiton dovelopmant tools and
onments, irclud ng C or C++, Java, and shell &
s,

Vi Systems

Machine-to-madd ine (MZM) systems connect your business computer
ms o the machi as, devices, and environments you want tomonitor,
ol, or coltect diva from. M2M systems often use wireless cellular
nunications o lint: remote facilities to central systems over the Intemet,
provide moriiteyd g and control capability via a cellutar phone.

Opto 22's Nvia!¥ systems include everything you need for M2M—
+ace and comn nications hardware, data service plan, and Web
2l—in ane iasy to-use package. Visit nvio.optoZZ.com for more
mation.

control, HMI, and OPC software to powser your
Opto 22 hardware. These software applications
helpyou develop controt automation solutions, teild
easy-to-use operator interfaces, and expand your
manufacturing systen s'connectity.

Quality
Indelivering hardware and saftware solutions for worldwide device

management and cantrol, Opto 22 retains the highest commitment to
quality. We do o statistical testing. each poductismadeinthe USA
andis tested twice before leaving our 160,570 sruare-font manufactuning
facility in Temecula, California. That's why we can guarantee solid-state
relays and optically-isolated /0 modules for life.

Product Support

Opto 22 Product Support Group offcss comprehensive technical
support for Opto 22 products. The staff of supoor engineers represents
years of training and experience, and can arsistwith avariety of project
implementation questions. Product suppert is avatlable in English and
Spanish from Monday through Friday, 7 am. a5 pm. st

COpto 22 Web Sites

&« www.optoZ2 rom

s mvio.optoZ2.com :

o www.internetio.com{live Internet /0 demo)

- . L
v __ﬂ’ "‘ S

Other Resources

o Optoinfo CDs

o Custom intoegration and developmont
o Hands-on customnr training classes,

About Opto 22 ‘

OptoﬂmnMamurmanddadmsmmwmmm;mﬁm
forindustrial automation, remota manitering, enterprisdata acouisition,
and machine-to-machine {M2M]} applications. Using slandard,
commercially available Intemet, networking, 2 comperter technologies,
Opto 22's input/outputand control systems low customers 1o monitor,
control, and acquire data from alf of the mechanical, electrical, and
electronic assets thal are key to their busingss operations. Opto 227's
products and services support automation end users, OFMs, and
information technology and operations persornel.

Founded in 1974 and with over B0mitiion Opto 22-connacted devices
deployed worldwide, the company has an established reputation for
quality andrefiability.
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UZ BT GAgRE BENS TH BEAY  GAGRE
{Srructure Typed: {Pipe Size} (Normal Type) {Standard Voltage).
AB . Wi 0B, GV -8 W EEBEi{High— ACIIOV
17 Position 2 Portsy 08, G174 Termperatwe Type} ACZ20V

C. E=iA 10, G3-8 AC380V
{2 Pomtton 3 Portsd OC24V
u Specific Property

This valve has direct action type piston and quick action, with multiple purposes, high efficiency, long service
life, good waterproof performance, muttipie wiring directions and handsome shape.




a Technical Parameter

wwmwﬁ'ﬁ R e £ m

Matenal of Body
Operatlng Method

Pipe Size
Nominat biame\er(nﬁh)
Applicable Fluid

Préssure Range)

Brass
) BwéctAc!son Type ) N
G1/8 e1/4 o Gl4e . GIB
T e
' Air, Water. Ol!(SCST peliow). steam -
0~1.0MPa

Appllcable Tempermure Normal Type -5~99°C; High-Temperature Type: -5~185°C

Specified Voltage AC12V AC24V ACSGV AC110V . Aéézov__REéEbv 'DC2V. Dc24\7 'i)c1 1ov
Operatmg Voftage Range + 15%

Min. Activating Time 10.055

n Figure Dimension
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