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ABSTRACT

This project presents design,construction and test. Welding controller is based
on microcontroller for spot welding resistance.Design by microcontroller to control
quantity of energy to input welding. Those are recieved value from key pad and show in
LCD. In contro! slectric energy by to two thyristors and control by variable trigger angle
0-180 degree of single phase electric current alternate voltage. SCR is used for
switched on and off the power circuit (full wave control circuit). Furthermore, it has
control time definition discharge energy by definition extent sine wave 50 Hertz method
to supply through current transformer. And test for best trigger angle and weiding time
for store value for find the best value to perfect workpiece at value of thick is shown in

this project.
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2.11.1 ¥HILANNIN
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RCOMGCKSGCL -—= [ 18 23 [J =—= RC4/SDIISDA
RDO/PSPOVC 1IN »— [ 15 220 RD3/PSP3:C2IN-
RD VPEPHCTUN- =—e [120 2T RO2:PSP2/C2ING

A s o
JUN 221 lasssiuuasmavinuvaiwaialu PIC 18F458



26

d . .
AN 2.4 FIRUTENALUARETITDINDTA A

Name Bité# | Buffer Function

RAQANG/CVREF bit 0 TTL |inputoutput, analog input of analog comparator voltage reference
output.

RA1:AN1 hit 1 TTL |Inputioutput or analog input.

RA2:ANZVREF- kit 2 TTL {inputoutput, analog input of VREF-,

RA3AN3VREF+ bit 3 TTL |inputoutput, analog input or VREF+,

RA4/TOCK! bit4 | ST/OD |Inputioutput, external clock input for TimetQ, output is open-drain type.

RA5/AN4/SS/LVDIN bit 5 TTL |Inputioutput, analog input, slave select input for synchronous serial port
or Low-Voitage Detect input.

OSC2ICLKO/RAG bit 6 TTL  |Oscillator clock autput or inpuifoutput,

<k . '
AITIIN 2.2 FwlTnauL@asINuBIN E]S:ﬂ B

Name Bit# Buffer Function

RBGANTO bit0 | TTLSTM [Inputioutput pin or external interrupt ¢ input.
Internal software programmable weak pull-up,

RB1/INT1 bit 1 | TTLSTM {Inputioutput pin of extemal interrupt 1 input.
Internal software programmable weak pull-up.

RB2/CANTX/ | bit2 | TTL'STIY {Inputioutput pin, CAN bus transmit pin or external intarrupt 2 input.

INT2 internal software programmable weak pull-up.

RB3/CANRX bit 3 TTL Input/output pin or CAN bus receive pin.
Internal software programmable weak pull-up.

RB4 hit 4 TTL Inputicutput pin (with interrupt-on-change).
Internal software programmable weak pull-up.

RAB5/PGM bit 5 TTL Inputioutput pin {with intarrupt-cn-change). Internal software progranimable
weak pull-up. Low-voltage senal programming enable.

RB&PGC bit & | TTL/ST® bnputioutput pin (with interrupt-on-change). Internat software programmable
weak pull-up. Serial programming clock,

RB7/PGD bit 7 | TTL/ST® [Inputioutput pin {with intsrrupt-on-change). Internal software programmable
weak pull-up, Seral programming data.

a4 . .
A1TIN 2.3 dusEnauudazt1veInaIn C

Name Bitz | Buifer Type Function

RCOTIOSOMTICKE | kit 0 ST Inputioutput port pin, Timer? osclllator cutput or Timer1/Timer3 clock
inptit,

RC1/T108I1 bit 1 ST inputioutput port pin or Timer1 oscillator input.

RC2/CCP1 bit 2 ST input/output port pin or Capture 1 inpu¥Compare 1 outputs
PWM1 output,

RC3/5CK:SCL bit 3 ST Inputfoutput port pin or synchronous senial clock for SPI™MAC™,

RCA/SDHSDA kst 4 ST inputfoutput port pin or SPI data in {SP) mode) or data 1O (Ezc modg).

RC5/SD0 bit 5 87 Inputroutput port pin or synchronaus seriat port data output,

RC&TXCK bit 6 ST inputioutput port pin, addressable USART asynchronous transmit or
addressable USART synchronous clock.

RCT/RXDT bit 7 57 inputfoutput pont pin, addressable USART asynchronous receive of
addressable USART synchronous data.
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A » i
A1 2.4 §HulsEnBULFREI1BINETA D

bit 7

Name Bité | Buffer Type Function

ROO/PSPO/CTIN+ bit 0 | STITLY | inputioutput port pin, Parallel Slave Port bit 0 or C1iN+ comparator
input,

RD1/PSP1/C1IN- bit1 | STTTLY  |inputioutput port pin, Parallel Slave Port bit 1 or C1IN- comparatar
input.

RD2:PSP2/C2IN+ bit2 | STTTLY | Inputioutput port pin, Paraliel Slave Part bit 2 or C2IN+ comparator
input.

RO3PSPI/C2IN- bit3 | STTLM Inputicutput port pin, Paraltel Slave Port bit 3 or C2IN- comparator
input,

RD4/PSPHECCPIP1A | kitd | STITTL  |inputicutput port pin, Parallel Slave Port bit 4 or ECCP1/P1A pin.

RD5/PSP5/P1B bit5 | STTTLY [ Inputioutput port pin, Pasallel Slave Port bit 5 or P1B pin.

RD6:PSPE/P1C bit6 | STTTLM [ Inputioutput port pin, Parallet Slave Port bit 6 or P1C pin.

RD7/PSP7:P1D STTTL | Inputioutput port pin, Parallel Slave Port bit 7 or P1D pin.

A ! L]
AN 2.5 Tl TEnsuidaz11UaaweTa E

Name Bit¢ | Buffer Type Function
REO/ANSRD bit0 | STATLM inputioutput port pin, analog input or read control input in Parallel
Stave Port mode.
RE1;ANSWRICIOUT | bit1 | STATLM Inputioutput port pin, analog input. write control input in Parailel Stave
Port mede or Comparator 1 output.
RE2ANTICS/C20UT | bit2 | STATLY | Inputioutput port pin, analog input, chip select control input in Parallel
Stave Port mode or Comparator 2 output,

2.11.2 lugalnwadfianlined

lugalnaiiariiasizes pic 18F458 aziinanua 4 a2 fia Too - TO3 43'ln

wasynaniu 16 fia snein lnwed 2 il 8 Sadaden




28
unfl 3

NITOBNUUUURENSDS

3.1 W9INAY

aamadinemsgunsal grofl

1. Lﬂ‘éaot%'ammuq@ U719 8 kVA Usznavueaan
(1) wiaudaauue 8kVA 220v/24-12v ilugninlufiduwe
(2) gonszidias landuuuuldiving
(3) O BURRIC T

2. SCR 2%1@ 1400V,70A §8uUL Anti-parallel

3. imasneusinaizuie 40 AT

s W o v W g = | | a w
'lmwsmmum:ﬂs::na:umsm;uamemaLﬂuqﬂnsnﬂ.umﬁmumns:ummaulw

NuUARITaY T@lUﬁ’]n’nﬂ’lﬂﬂ&lﬂ?&l’]mﬂﬂdﬁﬂﬂ‘i:uﬁﬁ’wﬁiEgﬂﬂ‘inf SCR L THaWE
4 & ' . . 4 . w [ \

aaulnia Seezluwnisdauvvnila 2 Hanig mm'lummmmuqmnmuﬂﬁaomsmn

= oo @ L3 z L L b
au'.qtﬂ‘lv\numv\uauﬂmmmumn LAZATURD ﬂﬂa'ﬂ 31

Spot welder transforme 8 KVA

I -
o
2 o__.._':
>
oo
Trigger signal 3 O
L
UL 4 O——3
o
RC snubber | gcry 10 4
A
Fuse \ [ o T—
cB SW, 3

2 Electrode
— o8 O+ 4—"10—
L
: -
8 -
o
@ 220 V 50 Hz SCR2 90 .
'I u L 100——:
Trigger signal p
"

/
Metal pieces to
be welded

o 0w ] a
Iﬂﬂ 3.1 'Jw‘:mmmaamﬁaamammuqﬂ



29

NNITEIUImAINTEUED rate wandandasazlenizua rate 1u1a 36.363A

(BO0OVA/220V=36.363A)  @anuluNIILTANULUIA wiauuasasinuluztuuuns

807997 LT a3 RaI NS R af e UNINaFaUR T oL U UUARI4aS el

o e i ol P a o
L'ﬂﬂN‘i‘]dﬂﬂﬂﬂu’]d’ﬂ‘ﬂﬁLﬂﬂaLLﬂﬂﬂ Req Waz Xeq LHa3dvININa1 Re Uac Xm Nﬂ']q:l&l']ﬂ‘ﬂ\‘l

inanasuInlu e aa 999

Is

_..._...-.....—_.——>

Req

Xeq

Vs

ANN—YYY

| - . . -
31]11 3.2 1nfsuwinaswlawlas Wi e an993

Trigger signal

ML

RC snubber

scrp 10

Fuse
CB \
—U\_O-—ﬂ"‘W\#“I

@220V50H1

SCEH

JUL

Trigger signal

<4—"0

SW.

Equivalent circuit of

Spot welder transform

............................. .

Re

Le

L™

A o - w & - .
3'1'“ 3.3 ’N’iﬁﬂ’]ﬂdﬂqu‘ﬁﬂﬂLLﬂﬂ\‘l‘LuEﬂLLUU"ﬂE}Gﬂ’]‘S shot circuit Llw399sNBLULAN



30
ﬁaﬁu’lumn%amqnﬂ%'aﬁaaﬂaﬂmuaumm'ﬂmaq SCR Lﬁa'ls.i'lﬁn‘s:uﬁ'ﬁuwﬂ

maawﬁauﬂaagsn*ﬁ 36.363 A agiaua luwnwndautatezsifaninowimiiasain
~ L 1 ﬂ‘: L L= ﬁﬂl v ! =
nyzuafiule FaumsaiuauRanmnszuEuy mmﬂmyuqﬂmmﬂmmﬂlﬂq\imnmun

RPN IEURIAEAR

3.2 pTeesnmaMnalUTiLnTa Matiab

Vi

Scupe

Vir R=10hm =0 1367 H

wod o

o o a o
31]“ 3.4 NNVINT/INN aamimamlwm:mau



31
nng Hunrsdesamstinewlwsnsdoulasvdanlasdinevue 10 und ud

P ' o - g o, a
mmmlugﬂuaml.mm Re wasle vovdaudaiunii 1 $93ad1 Re 1o Uszanom 1 lowst

unsLeldszunne 0.1367 1aud

L=y Block Parameters: R=1 Ohm L=0.1367 H

Series RLC Branch {mask] (link)

implements a series RLC branch.
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AC Yoltage Source fmask) [fink]

Ideal sinusoidal AC Voltage source.

Parameters

Peak amplitude [V}
[311126
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Frequency (Hz}:
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Stopped X 2006/10/13 23:50:08
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Tay mafin RC kun IC 555 INFATAMADINIIN Toy 50%, Tor 50% wia
Duty Cycle 50%

T1 = (R1+R2)C1.In2=0.693(R1+R2)C1 (3.4)
T2 = R2 C1.In2=0.693R2C1 (3.5)
f = 1/[0.693C1(R1+2R2)] (3.6)
f = 1.443/C1(R1+2R2)] (3.7)
% Duty Cycle = [T1/T1+T2)[*100 (3.8)
T1 = 0.693(10k+10k)*0.01 uF = 138 ps (3.9)
T2 =0.693(10k) 0.01 WF =69 s (3.10)
f =1.443110k+2(10k))]0.01 pF = 4545 Hz (3.11)
Taufi R1 =10 kQ
R2 =10 K2
C1=0.01 pf

C2 = 0.01 pF
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3.41 Wlsunsunmyinnw

#include <18F458.h> {f Standard Header file for the PIC16F877 device
#include <stdio.h>

#include <math.h> 7/ WaRtunivuadiamans

#define TxD PIN C8 { Define Transmitted Data

#define RxD PiN_C7 // Define Received Data

#define CLOCK_SP 10000000 // Clock Speed{Hz)

I Device Specification

#uses HS {f Osciliator mode HS
#uses NOLVP, NOWDT // No Low Voltage Program, No Watchdog timer
#uses NOPROTECT / Code no protection

#use delay (clock=CLOCK_SP) / Use built-in function: delay_ms() & delay_us(}
#use rs232(baud=8600, xmit=TxD,rcv=RxD) // Use serial /O port (RS232)
#idefine use_portd_lcd It define for use portb lcd

#include "lcd.c” /{ use module function

#Huse fast _io{A)

!ti******i*i**i****it*i**i**ii**** e e e e e e i v i o ol e sl o il ok S ol ok o 9 o el ol vk ok o sk ol il

* Constants MWHAMAIAUEZAINLT
TSP R
long time_out;

long time=0;

long over=0;

long delay j,delay?2;

float tr=0.017453292;

unsigned char key; T ISW
int16 i tig tim; /ianliaddegreedtime
char str[17]; /iaulT1aILChD

l;l’*“‘****“!"*l"‘*'*-‘l-"‘l" key pad*i***i** *ii**t*i‘*******'i'*f,

unsigned char scankey(void) # Wsunsugavsmwargiad



{

unsigned char ret = 100;

output_low(PIN_B4);
if(linput{PIN_BO))ret = 1;//0x01;
if(linput{PIN_B1))ret = 4;//0x02;
if(linput(PIN_B2)jret = 7,//0x03;
if(tinput(PIN_B3))ret = 14;//0x10;
output_high{PIN_B4};

output_low(PtN_BS5});
if(linput{PIN_BO}ret = 2;//0x01;
if(finput(PIN_B1))ret = 5,//0x02;
if(linput(PIN_B2))ret = 8;//0x03;
if(linput(PIN_B3))ret = 0,//0x10;
output_high(PIN_B5);

output_low(PIN_B6);
if(linput(PIN_BO))ret = 3;//0x01;
if(tinput{PIN_B1))ret = 6,//0x02;
i(linput(PIN_B2))ret = 9;/0x03;
if(linput(PIN_B3))ret = 15;//0x10;
output_high{PIN_BBb),

output_low(PIN_B7);
if(linput(PIN_BO))ret = 10;//0x01;
if(tinput(PIN_B1)) ret= 11;//0x02;
if(tinput(PIN_B2))ret = 12,//0x03;
if(linput(PIN_B3))ret = 13;//0x10;
output_high{PIN_B7);

delay_ms(10);
return(ret);

}

U980

maenau
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/1** LCD.C : Driver for common LCD modulgs ****** rssmsstirenussazisinses
/I As defined in the following structure the pin connection is as follows:

/{ BO = E(enable), B1 = RS, B2 = R'W

!/ B4 =D4, B5 = D5, B6 = D6

/f BT =D7

{#f LCD pins D0-D3 are not used and PIC B3 is not used.

/itittiii*!'*iiii**iilt***iii**i**ittttt*i**!i******t**i*i**ttt**iitiiii

* FUNCTION: LCD_Command
* DESCRIPTION: LCO Command
* PARAMETERS: ©m
*RETURNED: nothing

e e e e Sy ey e e e e W o e e e e v ok e e ol e e o e e e e e e e A A o W A R e ek ek i**i*i/

void LCD_Command(int cm) /iWariEu LCD
{

lcd_send_byte(0,cm);
}
void LCD_String(char *s, unsigned char adss) {
LCD_Command(adss);

while(*s!=0) {

led_putc(*s++);

HINT_TIMERA
void tnt_timer1{void)
{
over++;
iffover>8)
{
aver=0:

time++;



}
}

void manual_mode(void)

{

key=12;
while(key==12)

{

while(key!=100)key=scankey(),

i=0;

tig=0;

sprintf(str,"Degree 10'-179"' ")
LCD_String(str,0x80);

sprintf(str,"INPUT-> "),
LCD_String(str,0xc0);

LCD_Command(0xc8);
LCD_Command{0x0f);
while(key!=13)
{
key=scankey(),
iffkey==14)
{
sprintf(str,"INPUT-> "),
LCD_String(str,0xc0);
LCD_Command(0xc8);
LCD_Command(0x0f);
i=0;
tig=0;
key=100;

/i Wunsutiat manual_mode

il clear eARan1Y
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if(key==13) 1 clear snidaniwinassaruianly
{

if(tig<10 | tig >179)

{

sprintf(str,"INPUT-> "

LCD_String(str,0xc0);
LCD_Command{0xc8);
LCD_Command(0x0f};
i=0;

tig=0;

key=100;

}

if(key<10)

{
tig=(tig*10)+key;
sprintf(str,"%d" key);
LCD_String(str,0xc8+i);
i=i+1;

while(key!=100)key=scankey(},
}
delay_ms({50);

}

LCD_Command(0x0c},
sprinti(str,"Degree= %ld" " tig});
LCD_String(str,0xc0});

while(key!=100)key=scankey();
delay_ms(2000);

i=0;

tim=0;



sprintf(str,"TIME WELDER 1-60"};
LCD_String(str,0x80);
sprintf(str,"INPUT-> sec");
LCD_String(str,0xc0);
LCD_Command(0xc8);
LCD_Command(0x0f};

while(key!=13)

{

key=scankey();
if(key==14)

{

sprintf(str,"INPUT-> "),
LCD_String(str,0xc0};
LCD_Command{0xc8};
LCD_Command{0x0f);
i=0;

tim=0;

key=100;

if(key==13)

{
if{tim<1 | tim >60)
{
sprintf{str,"INPUT-> ");
LCD_String(str,0xc0);
LCD_Command(Oxc8};
LCD_Command({0x0f);
i=0;
tim=0;
key=100;
}

/f clear ffLdany

i1 clear anfilRan liwnaseanauidawly
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if(tkey<10)

{
tim=(tim*10)+key;
sprintf(str,"%d" key);
LCD_String(str,0xc8+i);
i=i+1;
while(key!=100)key=scankey(};

}

delay_ms(50);
}

LCD_Command(0x0c);
sprintf(str,"TIME= %lId " tim);
LCD_String(str,0xc0);

while(key!=100)key=scankey();
delay_ms(2000);

delay=(long)}{5000*{cos(tig*tr)+1));
delay=10000 - delay,;

sprintf(str,"delay=%Ildus " ,delay);
LCD_String(str,0xc0});

while(key!=100)key=scankey();
delay_ms(2000);

delay2=delay/4;

key=13;
while(key==13)
{
time=0;

sprintf{str,"Welding ready...");



LCD_Siring(str,0x80};

sprintf(str," ");
LCD_String{str,0xc0};
while(linput(PIN_AB));
deiay_ms(200);

sprintf(str,"Welding ready...");
LCD_String(str,0x80);
sprintf(str,"Welding Start..."};
LCD_String(str,0xc0};

time=0;

while(time<=tim & input(PIN_A5)==1)

{

time_out=0;
while(linput{(PIN_AOQ) & time_out<20000)
{
time_out++;
delay_us(1);
}
output_low(PIN_A3);
if(input(PIN_AD))
{
output_low(PIN_A2);
for(j=0;j<delay2;j++);
fidelay_us(1000);
output_high({PIN_AZ2);

time_out=0;
while(linput(PIN_A1} & time_out<20000)
{
time out++;
delay_us(1);
}
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output_low(PIN_ A2);
if(input(PIN_A1))
{
output_low(PIN_A3);
for(j=0;j<delay2;j++);
f/delay_us{1000);
output_high(PIN_A3);

}

time_out=0;

output_low(PIN_A2)
output_low(PIN_A3);
sprintf(str,"Welding Success.");
LCD_String(str,0x80);
sprintf(str,"Continuous ENTER"),
LCD_String(str,0xc0);

key=100;
while(key==100)key=scankey();

!*i**i‘ii“*iitiitti‘iiiiiii*ii‘*i*t****i'***i*iﬁ*ii**i**i**i*ii*iii‘***

*FUNCTION:  Main

* DESCRIPTION:; This is the main entry point for the program.

" PARAMETERS: nothing
*RETURNED: nothing

iitiiitiiiiii*i*ii*iﬁ*i‘*i****i**ii**t*i****i**i*i*ii*t*iti*tiiiiitiiti’

void main(void)
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enable_interrupts(GLOBAL);
enable_interrupts(INT_TIMER1});
setup_timer_1(T1_INTERNAL|T1_DiV_BY_4);
set_timer1(0);

set_tris_a{0xf3); // Set trisa
output_low(PIN_A2);

output_low(PIN_A3),

led_init(); { LCD initialize

while(TRUE)

{
sprintf(str,"SPOT WELDER MCU ");
LCD_String(str,0x80);
sprintf{str,"->PRESS ENTER<-"};
LCD_String(str,0xc0);
while(key!=13)

sprintf(str,"SPOT WELDER%Id " time);
LCD_String(str,0x80);

key=scankey();

delay_ms(50);

while(key!=100)key=scankey();
sprintf(str,”"1.MANUAL MODE ");
LCD_String(str,0x80);
sprintf(str,"2.AUTO MCDE ");
LCD_String(str,0xc0);
while(key!=1 & key!=2 & key!=10)

key=scankey();
delay_ms(50);

!
if(key==1)
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manual_mode();

delay_ms(100),
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THYRISTOR MODULE

PK(PD,PE,KK)55F

UL.E76102{M)

Power Thyristor/Diode Madule PKSSF series arc designed for various recufier circuits
and power controls. For your circuit application. following internal connections and wide
voltage ratings up to 1,600V are available. High precision 25mm (linch) widih package
and electrically isolated mounting base make your mechanical design easy. 106 |20 55 92,20 78
® 118y 55A, ITiRMS) BBA, IT5m 1750A % ﬁrxﬁr_éﬁ@HEEHE
®di/dt 150 A/ us = -
®dv/dt 500V/ i s - ve
{Applications) @ “ T#HOTAB
Various rectifiers e m—= 8 o, &
AC/DC motor drives PK PE 53] G tdels
Heater controls @ , B0=0.2 I
Light dimmers f@ @
Static switches
PD KK Unit - mm
BMaximum Ratings
Ratings
PK55F40 PK55F80 PK55F120 PK5S5F160
Symbol Item PD55F40 PD55F80 PD55F120 PDS5F160 Unit
PES55F40 PES55F80 PESS5F120 PES55F160
KKS55F40 KK55FB0 KK55F120 KK55F160
VRRM [ Repetitive Peak Reverse Yoltage 400 800 1200 1600 v
VRsM |3 Non-Repetitive Peak Reverse Voltage 480 960 1300 1700 v
Vorm Repetitive Peak Off-State Voltage 400 800 1200 1600 v
Symbol ltern Conditions Ratings Unit
Itiavi 1% Average On-State Current Single phase, half wave, 180" conduction, Tc : B9'C 55 A
lirms) 1% R.M.S. On-State Current Single phase, half wave, 180" conduction, Tc . 89°C 86 A
I1sM  |* Surge On-State Current Vicyele, 50Hz/60Hz, peak Value, non-repetitive 1600/1750 A
it * It Value for one cycle of surge current 12800 AZS
Pam Peak Gate Power Dissipation 10 W
Palav Average Gate Power Dissipation 3 W
IFGM Peak Gate Current 3 A
VFGM Peak Gate Voltage {Forward) 10 v
VRGM Peak Gate Voltage (Reverse} 5 Vv
di./dt | Critical Rate of Rise of On-State Current | I6=100mA, Tj=257T, Vo=14Vorm, dla/dt=0.1A/us 150 Alus
Viso | *|solation Breakdown Voltage (RMS) | A.C.1minute 2500 v
Tj  [*QOperating Junction Temperature —4010 +125 T
Tstg  |% Storage Temperature —4010 +125 C
Mounting Mounting (M5} | Recommended Value 1.5-2.5 (15-25) 2.7 {28) N-m
Torque Terminal {M5) | Recammended Value 1.5-2.5 (15-25) 2.7 (28) (kgf-cm)
Mass 170 g
MElectrical Characteristics
Symbol ltem Conditions Ratings Unit
IDRM Repetitive Peak Ofi-State Current, max. at Voam, single phase, half wave, Tj=125C 15 mA
iRRM | % Repetitive Peak Reverse Curent, max. at Vorw, single phase, half wave, Tj=125C 15 mA
Vv % Peak On-State Voltage, max. On-State Current 170A, Tj=257C Inst. measurement 1.40 v
leT/Vor | Gate Trigger Current/Voltage, max. | Tj=25C, Ir=1A, Vo=6V 70/3 mA/V
VaD Non-Trigger Gate, Voltage. min. | Tj=125C, Vo=14VorM 0.25 v
tgt Turn On Time, max. =554, l=100mA, T=25C, Vo=1-Vorm, dic/dt=01A/u5 10 US
dv./dt | Criical Rate of Rise of Off-State Vakage, min. Tj==125C, Vp=24Vorm, Exponential wave. 500 V/us
In Holding Current, typ. Tj=25TC 50 m#A
IL Lutching Current, typ. Tj=25T 100 mA
Rth(j-c) [* Thermal Impedance, max. Junction to case 0.5 C/W

* mark  Thyristor and (Hode parl. No mark @ Thyristor part
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General Description

The LM741 series are general purpese operational ampifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in reptacements
for tha 705G, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

&National Semiconductor

LM741 Operational Amplifier

November 1994

output, no latch-up winen the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LMT41C/LM7A1E are identical 1o tha LM741/LM741A
excapt that the LM741C/LMT7A1E have their performance
guaranteed over a 0°C to +70°C femperature range, in-
stead ot —55°C to + 125°C.

Schematic Diagram
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Absolute Maximum Ratings

i Military/Aercapace apecifled devices are required, piease contact the National Semiconductor

Distributors for availability and specifications.

{Nate 5)

LM741A
Supply Vollage + 22V
Power Dissipation (Note 1) 500 mw
Difterential Input Voltage = 30V
Input Voltage {Nota 2) 15V
Quiput Short Circuit Duration Continuous

Cperating Temperatura Range
Sterage Temperature Range

-55°Cto +125°C
—-65°Cto +150°C

LM741E
+ 22V

500 mw
+ 30V
+15Y
Continuous
O°Clo +70°C

- 85°Clo +150°C

LM741
122V

500 mw
+30V
+ 15V
Continuous
-55°Cto +125°C
—65°Cto +150°C

LM741C

500 mw

+1av

130V
t15V

Sales Dffice/

Continuous
0"Cto +70°C
—-85'Cto +150°C

Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package {10 seconds) 260:C 260°C 260°C 260°C
J- or H-Package (10 seconds) 00°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C 215°C
Infrared {15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surlace Mounting Methods and Their EHect on Product Reliability” for other methods of soidering
surtace mount devices.
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics otz 3
Paramater Conditions LM741A/LM741E LM741 LM741C Units
Min [ Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta = 25°C
Hg < 10 kit 1.0 5.0 2.0 6.0 mv
Rg = 5001 08 3.0 my
Teamin = Ta = Tamax
Rg < 508t 4.0 my
Rsg = 10 kit 6.0 75 my
Average Input Offset .
Voltage Drift 18 S
Inp.ut Ofiset Voltage Tp = 25°C, Vg = 120V £10 £15 £15 mv
Adjustment Range
input Otset Current Ta = 25°C 3.0 30 20 | 200 20 | 200 nA
Tamin s Ta < Tamax 70 85 | 500 300 | nA
Average Input Offset N
Current Drift 05 nA/"G
Input Bias Current Ta = 25°C 30 B0 BD | 500 B0 | 50D nA
Tamin = Ta = TaMmax ¢.210 1.5 0.8 nA
Input Resistance Ts = 25°C, Vg = 20V 10 | 6.0 03 | 20 03| 20 MO
Tamin = Ta S Tamax,
Vg = 20V o8 Mo
Input Voltage Range Ty = 25°C =12 | £13 A
Tamin = Ta = TaMax 12 | 13 v
Large Signal Vollage Gain | Ty = 25°C, R|_ 2> 2 kQ
Vg = 120V, Vg = +15V 50 Vimv
Vg = 15V, Vg = ~ 10V 50 200 20 200 Vimv
Tamin = Ta < Tamaxs
RL 2 2k0,
Vg = +20V, Vg — +15V | 32 Vimv
Vg = T18Y,¥o = 10V 25 15 vimy
Vg = 18V,Vp = 2V 10 V/my




Electrical Characteristics (vote 3) (Continuea)

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Qutput Voltage Swing Vg = +20V
R, z 10k 16 v
RL = 2kN +15 v
Vg = 115V
R = 10 ki +14 12| +14 v
RL = 2k} * +13 10| +13 v
Output Short Gircuit T4 — 25°C 10 25 a5 25 25 mA
Current Tamin = Ta = Tamax 10 40 mA
Common-Moda TamiN = Ta = Tamax
Rajection Ratic Rg = 10 ki, Vo — £12V 70 90 70 90 =]
Rg < 500, Vo = 12V 80 | 95 dd
Supply Voltage Rejection | Tawn = Ta < Tamax.
Ratio Vg = 20V Vg = 5V
Ag = 500 86 96 dB
RAg < 10k 77 96 77 96 dB
Transient Aesponse Ta = 25°C, Unity Gain
Rise Time 025 | 08 03 .3 ps
Overshoot 6.0 20 5 5 %
Bandwidth (Note 4) Ta = 25°C 0437 | 15 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 07 0.5 05 V/us
Supply Current Ty = 25°C 17 | 2.8 1.7 | 2.8 mA
Powar Consumption Ty = 25°C
Vg = + 20V 80 | 150 mw
Vg = =15V 50 a5 50 85 mw
LM741A Vg = =+ 20V
Ta = Tamin 165 mw
Ta = Tamax 135 mw
LM741E Vg = + 20V
Ta = Tamin 150 mw
Ta = Tamax 150 mw
LM741 Vg = =15V
Ta = TamiN 60 | 100 mw
Ta = Tamax 45 75 mw

Mote 1: For operalion @l elevated lemperatres, thesa cavicas must be deraled based on thermat resistance, and T max. (iisted under “Aasciute Maximum

Retngs”). T = Ta + (#a Pl

Thermsl Resisiznce Cerdip {J) DIP {N) HOS (H) S0-B (M)
8ja (Junclion 1 Ambienl} 100°C/ W 100°C/W 17C°C/W 195°C/w
8ic {dunction to Case) N/A N/A 25°C/W N/A

Mote 2: For gupply voltages less than = 15V, o absciute maamum input vollage is equal to the supply voltege.

Mote 3: Unlass othorwisa spacified, iheap specifications apply for Vg =

specificalions ara imited 10 0°C 5 Ty < +70°C.

Node 4: Calculaied valus from: SW [MHz} = B.35/FAisa Tima{us).

Nots 5: For military specifications ses HET5741% for LM741 and RETS741AX for LM741A.
Hots 8: Human body model, 1.5 kil in sanes wih 100 pF

t15Y, —65°C < Ta = +125°C (LM741/LM741A). For the LM741C/| M741E, these




Connection Diagrams

Metal Can Package
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Dual-In-Line or 5.0. Package

S
OFFSET NULL—]1 B -NC
HVERTING INPLT —] 2 7V
NON=INVERTING =] 3 B = QUTFUT
INPUT
v—{4 & |~ OFFSET NULL

FL/H/9MI1 -3
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HLM741H is availabia per JM38510/ 710101

Ceramlc Dual-In-Line Package
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Ceramic Flatpak
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Physical Dimensions inchos (milimeters)
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Physical Dimensions inches (milimeters) (Cominued)
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Physical Dimensions inches (milimeters} {Continued)
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LM741 Operational Amplifier

Physical Dimensions inches (millimeters) (Continued)
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LIFE SUPPORT FOLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPAOVAL OF THE PRESIDENT OF NATIONAL
SEMICONCUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life
supporl device or system whose failure to perform can
be reasonably expected to cause the failura of the life
supporl device or system, or to affect its safety or
aHectivaness.

1. Lile supporl devices or systems are devices or
systerns which, {a) are intended for surgical implant
info the body, or (b) suppert or sustain lita, and whose
failura to pertorm, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
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