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ABSTRACT

This paper is present the Three phase induction motor soft start. This Major’s procedure is the
voltage control for motor’s stater by SCR device. This device can control voltage automatically by
Coordination with Microcontroller (PIC18F458) . Starting  time and input voltage can beset at
Microcontroller to defining SCR firing. As a consequence, the motor speed increasing gradually to rated
Speed. In addition to control voltage and starting time, the useful of three phase induction motor soft
start is decrease starting current. More long life motor and prevent distortion of large load inertia’s

shaft and voltage drop.
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; Program : Soft Starter

: Hardware : PIC 1sFuss

; Assembler : mpasm.exe

; Programmer: Teerawat Uomak
; Company : KMITL, 2005

’*********************x*******n++—:4-4-:(++
list p=1stiss ; list directive to define processor
#include <pisfassine> . processor specific variable definitions
#DEFINE RS PORTC,0 ;RSLCD
#DEFINE E PORTA, 4 . Enable LCD
#DEFINE PH 1 PORTC 1
#DEFINE PH 2 PORTC,2
#DEFINE PH : PORTB,7
#DEFINE SCR 1 PORTC 2
#DEFINE SCR. 2 PORTC 4
#DEFINE SCR 3 PORTC;s
#DEFINE SCR 4 PORTB.4
#DEFINE SCR s PORTBs
#DEFINE SCR ¢ PORTB,6
com EQU 0X20
dat EQU 0X21 : bufter for data
counti EQU 0X22
count2 EQU 0X23
counts EQU 0X24
countis EQU 0X25
AD D EQU 0X26
VOLT L EQU 0X27
VOLT H EQU 0X28
W_TEMP EQU 0X29
STATUS TEMP EQU 0x2A
BSR_TEMP EQU ox2B
TONG EQU ox2C
TIME R EQU ox2D
TIME o0 EQU ox2E

~********************************************************************
2

ORG 0X0000
CALL PORT_SET
GOTO KEY LCD

-********************************************************************

ORG 0X0008

MOVWF W_TEMP ; PUSH
MOVFF STATUS,STATUS_TEMP

MOVFF BSR,BSR_TEMP

LOOP BTFSC INTCON,RBIF



CHAB

TIMER o

PH 1 1

PH 1 2
COME_PH:

TIMER

PH 2 1 BSF

PH > » BSF

COME_PH>

TIMER 3

GOTO
BTFSC
GOTO
BTFSC
GOTO
BTFSC
GOTO
GOTO

BSF
BTFSS
BCF
BCF
BCF
GOTO
BCF
MOVFE
MOVFF
BTFSS
GOTO
BTFSC
GOTO
BSF
GOTO
BSF
BCE
GOTO

BCF
MOVFF
MOVFF
BTFSS
GOTO
BTFSC
GOTO

GOTO

BCF
GOTO

BCF
MOVFF
MOVFF
BTFSS
GOTO
BTFSC

CHAB
INTCON,TMROoIF

TIMER o
PIR1, TMRiIF
TIMER i
PIR2, TMR:IF
TIMER 3
LOOP

T3CON.TMR3ON
PH 3

SCR s

SCR s
INTCON.RBIF
P@IP

ToCON, TMRoON
VOLT L,TMRoL
VOLT H,TMRoH
PH

Ry /

PH 1

EBEING 2

SCR 1

COME _PH;
SCR 2

INTCON, TMROoIF
PO _P

T1CON,TMRi1ON
VOLT L,TMRiL
VOLT_H,TMRiH
PH >

PH 2 7

PH »

PH 2 1

SCR 3
COME_PH>
SCR 4

PIR1, TMRIIF
PO_P

TsCON,TMR30N
VOLT L,TMRsL
VOLT_H,TMRsH
PH 3

PH 3 »

PH 3

:1SR_CODE



GOTO PH :

PH 3 1 BSF SCR s
GOTO COME_PHz

PH 3 2 BSF SCR &

COME _PH3 BCF PIR2, TMR:IF
GOTO PO P

PO P MOVFF BSR_TEMP BSR
MOVF W_TEMP,W
MOVFF STATUS TEMP,STATUS
RETFIE

P ST BTFSS PH 1
GOTO $-1
BTFSC PH
GOTO $-1
CLRF ToCON ; TIMER0 16BIT 12 STOP
MOVFF VOLT H,TMRoH
MOVFF VOLT L, TMRoL
MOVLW B'00010000"
MOVWE TiCON ;TIMER116BIT 1:2 STOP
MOVFF VOLT H,TMR1H
MOVEFF VOLT_ L, TMRIL
MOVLW B'oootoo0o'
MOVWF T3CON ;TIMER1 16BIT 122 STOP
MOVFF VOLT H,TMR:H
MOVFE VOLT L, TMR:L
BSF INTCON,GIE
BSF INTCON,PEIE
BSF INTCON, TMRoIE
BCF INTCON, TMRoIF
BCF INTCON,RBIE
BSF INTCON2,RBIP
BSF INTCONz, TMRoIP
BSF PIE1,TMRIIE
BSF PIE2, TMRsIE
BCF PIR1, TMRIIF
BCF PIR2, TMRsIF
BSF IPR1, TMR:IP
BSF IPR2, TMRsIP
MOVLW 0X00
MOVWF TIME oo
MOVLW 0X00
MOVWF TONG
MOVLW 0X01
MOVWF TIME R

-********************************************************************
>

BTFSC PH .



GOTO $-1

BTFSS PH
GOTO $-1

BTFSC PH >
GOTO CBAI
GOTO ABCi

-***************************$****************************************
>

ABC1 BTFSS PH
GOTO $-1
BTFSC PH i
GOTO $-1
BSF INTCON.RBIE
SQ_ABCi BTFSS PH_i
GOTO $-1
BSF ToCON, TMRoON
BCF SCR 2
BTFSS PH >
GOTO $-1
BSF TiCON,TMR1ON
BCF SCR 4
BTESC PH 1
GOTO $-1
BSF ToCON, TMRoON
BCF SCR 1
BTFSC PH >
GOTO $-1
BSF TiCON, TMR1ON
BCE SCR 3

-********************************************************************
>

INCF TONG,F
MOVF TONG,W
CPFSEQ TIME R
GOTO SQ _ABC:
MOVLW 0X00.
MOVWF TONG
MOVF AD DW
BCF STATUS,C
ADDWF VOLT. L.E
BTESS STATUS,o
GOTO SQ ABC:
INCF VOLT HF
MOVF VOLT HW
CPFSEQ TIME oo
GOTO SQ ABC:
MOVLW B!
MOVWF PORTB
MOVLW Bl
MOVWF PORTC
BCF INTCON,RBIE

BCF INTCON,RBIF



shifts

BCF
BCF
BCF
BCF
BCF
BCF

MOVLW
CALL
MOVLW

CALL

MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL

MOVLW
MOVWF
MOVLW
CALL
CALL
DECFSZ
GOTO
GOTO

ToCON,TMRoON
TiCON, TMR:1ON
T:CON,TMR30N

INTCON, TMRoIF

PIR1, TMRiIF
PIR2, TMRsIF

B'ooooooor'
WR_INS
B'10010010'
WR_INS

g
WR_DATA
||Oll
WR_DATA
"T"
WR_DATA
HO"
WR_DATA
¥

WR DATA
WR_DATA
"RH

WR DATA
" U"
WR_DATA
A

WR DATA
IIN"

WR DATA
lll "

WR DATA
"N!l

WR DATA
HG"
WR_DATA

.16
countie
0X18
WR_INS
delay>
countie,f
shifts

$

: Clear ram

; point to address 10H in LCD

; counter =16

; shift left

4********************************************************************
3

CBA1

SQ_CBA:

BTFSS
GOTO
BTFSC
GOTO
BSF

BTFSS

GOTO

PH

$-1

PH i

$-1
INTCON,RBIE
PH

$-1



BSF ToCON,TMRoON

BCF SCR 2

BTFSC PH 2

GOTO $-1

BSF T1CON, TMR:i1ON
BCF SCR 2

BTFSC PH 1

GOTO $-1

BSF ToCON, TMRoON
BCF SCR i

BTFSS PH 2

GOTO $-1

BSF T1iCON,TMRION
BCF SCR 4

INCF TONG,F

MOVF TONG,W
CPFSEQ TIME R

GOTO SQ CBA:
MOVLW 0X00

MOVWE TONG

MOVF AD DW

BCF STATUS,C
ADDWF VOLT LF
BTESS STATUS,o
GOTO SQ CBAu

INCF VOLT H,F
MOVF VOLT HW
CPFSEQ TIME oo

GOTO SQ CBA:
MOVLW Biiun!
MOVWE PORTB

MOVLW Bt
MOVWF PORTC

BCF INTCON,RBIE
BCF INTCON,RBIF
BCF ToCON, TMRoON
BCF T1CON, TMR10ON
BCF T3CON, TMR30N
BCF INTCON, TMRoIF
BCF PIR1, TMR1IF
BCF PIR2, TMRsIF
MOVLW B'ooooooor'  ; Clear ram
CALL WR_INS
MOVLW B'ioo10010' ; point to address 10H in LCD
CALL WR_INS
MOVLW "™M"

CALL WR_DATA
MOVLW "0

CALL WR_DATA
MOVLW T

CALL WR. DATA



shifts

MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL

MOVLW
MOVWEF
MOVLW

CALL
CALL

DECFSZ

GOTO
GOTO

o
WR_DATA
nR
WR_DATA
WR_DATA
R
WR_DATA
g
WR_DATA
N
WR_DATA
e
WR_DATA
opn
WR_DATA
o
WR-DATA
G

WR. DATA

16 ; counter = i6
countis

0X18 ; shift left
WR INS

delay2

countief

shifte

$

- 3k 2k sk sk sk sk sk ok sk ok 3kok ok sk sk ok skskook 3k % ok % Ed K 3K 3K 3k 3k 3k o sk ok sk sk X K 3K % %
: % * *_SETUP_PORT_* % ok kKR ok 3K 3 3 sk ok sk sk ok ok ok 3K ok ok sk ok sk skok ok

PORT_SET

CLRF
MOVLW
MOVWEF
CLRF
MOVLW
MOVWF
BCF
CLRF
CLRF
RETURN

TRISA

B'ocooo110' ;RC1,RC2 INPUT
TRISC

TRISD ;PORTD OUTPUT
B'iooo1111'

TRISB

INTCON2,RBPU

PORTB

PORTC

<R sk sk o sk o oo o ok ok ok ook o o F ARk ok ok o ok ok ko ok ok ok o
i _KEY LCD FEAkrarx

KEY LCD

BSF
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL

E

delay2

B'oo110011'

WR_INS

B'oo110010'

WR_INS

B'ooto1000' ;4 bits, 2 lines,sX7 dot
WR_INS

Bloooorioo'  ; display on/off
WR_INS

B'ooooor1o'  ; Entry mode
WR_INS



MOVLW Blooooooor'  ; Clear ram

CALL WR_INS
MOVLW B'iootor10" ; point to address 10H in LCD
CALL WR_INS
MOVLW "K"
CALL WR DATA
MOVLW "M
CALL WR_DATA
MOVLW T
CALL WR_DATA
MOVLW pa
CALL WR DATA
MOVLW b
CALL WR DATA
MOVLW B't1010010'_; point to address 10H in LCD
CALL WR_INS
MOVLW K
CALL WR DATA
MOVLW Q"
CALL WR DATA
MOVLW » g
CALL WR DATA
MOVLW )\
CALL WR DATA
MOVLW 4
CALE WR_DATA
MOVLW W
CALL WR DATA
MOVLW YL
CALL WR _DATA
MOVLW A
CALL WR DATA
MOVLW "R"
CALL WR DATA
MOVLW OIS
CALL WR DATA
MOVLW i i1
CALL WR_DATA
MOVLW "R"
CALL WR_DATA
MOVLW .16 ; counter = 16
MOVWF countis
shifti MOVLW 0X18 ; shift left
CALL WR_INS
CALL delay:
DECFSZ countie,f
GOTO shift
CALL delays
CHOOSE MOVLW B'o0000001' ; Clear ram
CALL WR_INS
MOVLW B'10010000' ; point to address 10H in LCD

CALL WR_INS



MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CaLL

MOVLW
CALL

MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL

e

WR_DATA
"QII
WR_DATA

"o

WR_DATA

"non

WR_DATA
HQH
WR_DATA
Hull
WR_DATA
Hi "

WR DATA
"CH
WR_DATA
llk'l

WR DATA
WR_DATA
" S"

WR DATA
"t"
WR_DATA
“aH

WR DATA
llrll

WR DATA
lltll

WR _DATA

B'11010000'
WR_INS

1y

WR DATA
" C "
WR DATA

"

WR DATA
WR_DATA
llC‘l
WR_DATA
llh "
WR_DATA
"OH
WR_DATA
" O "
WR_DATA
"S"
WR_DATA
|lell
WR_DATA
WR_DATA
"A"
WR_DATA

n
WR-DATA

; point to address 10H in LCD



MOVLW "g"

CALL WR DATA
MOVLW ik
CALL WR DATA
MOVLW "e"
CALL WR_DATA
MOVLW .16 ; counter = 16
MOVWF countie
shift2 MOVLW 0X18 ; shift left
CALL WR_INS
CALL delay2
DECFSZ countie,f’
GOTO shiftz
CALL delay
KEY SCAN MOVLW B'1iiio111'
MOVWF PORTD
BTFSS PORTB,» S ES
GOTO CONTROL
BTESS PORTB,3
GOTO SOFT :NO
GOTO KEY SCAN
CONTROL MOVLW B'o0000001! ; Clear ram
CALL WR_INS
MOVLW B'10010000' ; point to address 10H in LCD
CALL WR_INS
MOVLW "
CALL WR DATA
MOVLW "o"
CALL WR DATA
MOVLW "n"
CALL WR DATA
MOVLW AR
CALL WR DATA
MOVLW i
CALL WR DATA
MOVLW ' 6
CALL WR DATA
MOVLW "m"
CALL WR DATA
MOVLW ]
CALL WR DATA
MOVLW 'St
CALL WR DATA
MOVLW "t"
CALL WR DATA
MOVLW "a"
CALL WR DATA
MOVLW "r"
CALL WR DATA
MOVLW "t"
CALL WR_DATA
MOVLW "
CALL WR DATA

MOVLW "n"



shiftz

SOFT

shifts

CALL
MOVLW
CALL

MOVLW
MOVWEF
MOVLW
CALL
CALL
DECFSZ
GOTO
CALL
MOVLW
MOVWF
MOVLW
MOVWEF
MOVLW
MOVWEF
GOTO

MOVLW
CALL
MOVLW
CALL

MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL

MOVLW
MOVWF
MOVLW

CALL
CALL

DECFSZ
GOTO

WR_DATA

g
WR_DATA

.16
countie
0X18

WR INS
dela§2
countie,f
shiftz
delay
O0X8A

AD D
oxD;
VOLT_H

0X50

VOLT L
EN_CAN:

B'ooooooor’
WR INS
B'10010000"
WR_INS

"I "
WR_DATA
n§
WR_DATA
" Sll
WR_DATA
"e"
WR_DATA
llr"

WR _DATA
"t"
WR_DATA
WR_DATA
" All

WR DATA

n
WR DATA

g
WR_DATA

l|1||

WR_DATA

€
WR_DATA

16
countie
0X18
WR_INS
delay?
countie f

shift4

. counter = 16

; shift left

: Clear ram

; point to address 10H in LCD

, counter = 16

; shift left



SOFT_VOLT

DE 60

DE 70

DE o0

CALL

MOVLW
MOVWEF
BTFSS
GOTO
BTFSS
GOTO
BTFSS
GOTO
BTFSS
GOTO
MOVLW
MOVWF
BTFSS
GOTO
BTFSS
GOTO
BTFSS
GOTO
BTFSS
GOTO
MOVLW
MOVWEF
BTFSS
GOTO
BTFSS
GOTO
MOVLW
MOVWF
BTFSS
GOTO
GOTO

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWE

delay

Bl
PORTD
PORTRB,o
DE ¢o
PORTB.!
DE 70
PORTB,2
DE so0
PORTB.z
DE o0
Bt
PORTD
PORTB,o
DE 100
PORTB.1
DE 110
PORTB,2
DE 10
PORTRB,3
DE 130
B'ion!
PORTD
PORTB,0
DE 140
PORTB.1
DE 150
Bttt
PORTD
PORTB;:
CHOOSE
SOFT_VOLT

oxF2

AD D
oxE7
VOLT H
ox96_
VOLT L
EN_CANi
oxF2
AD D
oxEs
VOLT H
0xF6
VOLT L
EN_CAN:
oxF2

AD D
oxEa
VOLT H
oxEo
VOLT L



DE 90

DE 100

DE 110

DE 120

DE 130

DE 140

DE 150

EN_CAN;

GOTO

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWEFE
GOTO

MOVLW
MOVWEF
MOVLW
MOVWEF
MOVLW
MOVWF
GOTO

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO

MOVLW
MOVWF
MOVLW
MOVWEF
MOVLW
MOVWF
GOTO

MOVLW
MOVWE
MOVLW
MOVWF
MOVLW
MOVWE
GOTO

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO

MOVLW
MOVWF
BTFSS
GOTO

EN_CAN:
oxF2
AD D
oxE4
VOLT H
oxoF
VOLT L
EN CANi
oxF2

AD D
oxEz
VOLT H
ox3F
VOLT 1.
EN_CAN;
oxka2
AD D
oxEz2
YOLT H
0X29
MOLT D
EN_CANi
oxF2
AD D
oxDF
VOLT H
ox7s L
VOLT L
EN CAN;
oxFa

AD D
oxDC
VOLT H
oxBD
VOLT L
EN.CAN;:
oxF2

AD D
oxD?\
VOLT H
0X08
VOLT L
EN CAN:
oxF2
AD D
oxD7
VOLT_H
0X50
VOLT L
EN_CAN:

B'iiont!
PORTD
PORTB,0
P, ST,

;ENTER



EN_CAN:

BTFSS
GOTO
GOTO

MOVLW
MOVWF
BTFSS
GOTO
BTFSS
GOTO
GOTO

PORTB,1
SOFT
EN_CAN;

B'iiom'
PORTD
PORTB,o0
P ST
PORTB.
CHOOSE
EN CAN:2

- 2k 3k ok 2k 3k sk sk ok 3k ok ok sk sk sk sk sk stk sk sk sk sk sk Skok ok sk sk ok skokok skokok sk sk sk
>

; Write command to LCD

;Input W
; output : -

- 3k 3k 3k ok ok ok ok ok 3k 3k 3k sk sk sk sk sk sk sk ok ok ok sk ok sk skook sk sk ok sk kK ok Kok ok sk sk ok sk
>

WR_INS

BCF

BSF
MOVWF
ANDLW
MOVWEF
BCF
CALL
BSF
SWAPF
ANDLW
MOVWE
BCF
CALL
BSF
CAEL

RETURN

RS

15,

com
oxFo
PORTD
E

delay

i
com,w
oxFo
PORTD
E

delay

E

delay

- 3k ok 3k ok ok ok sk ok ok sk ok sk sk sk ok ok ok ok ok skook ook sk sk ok ok sk sk ok skskok sk kR kok
>

; Write data to LCD

; Input =W
; Output : -

sk s sk ok ok sk ok ok ok ok ok ok ok ok o ok ok ok ok stk sk s sk KRR o KK KoK o oK skok ok ok
> 4

WR_DATA

BSF

BSF
MOVWEF
ANDLW
MOVWF
BCF
CALL
BSF
SWAPF
ANDLW
MOVWF
BCF
CALL
BSF
CALL
RETURN

RS

E

dat

oxFo
PORTD
E

delay

E

dat,w
oxFo
PORTD
E

delay

E

delay

;CANCLE

-ENTER

;CANCLE

: clear RS

; W->com
; mask 4 bits MSB W = Xo
. Send 4 bits MSB

/)

} 11110010
; send 4 bits LSB

¢

W7 Gy

RS



«***************************************

; Delay

SRR kSRR R sk K Kok sk otk kb ok ok ok sk ok ok b ok ok Kk
5

delay

dels
del2

delay>

dely
dely:
dely>

delayz

delyA
delyB
delyC

MOVLW
MOVWF
CLRF
DECFSZ
GOTO
DECFSZ
GOTO
RETURN

MOVLW
MOVWF
CLRF
CLRF
ECFSZ
GOTO
DECESZ
GOTO
DECFSZ
GOTO

RETURN
MOVLW

MOVWF
CLRF
CLRF
DECFSZ
GOTO
DECFSZ
GOTO
DECESZ
GOTO
RETURN
END

.50
counti
count2
count2
del2
counti
dels

2

counti
count2
counts
counts
dely2
countz
dely:
counti
dely

210
counti
count2
counts
counts
delyC
count2
delyB
counti
delyA
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HA17741/PS

General-Purpose Operational Amplifier
(Frequency Compensated)

HITACHI

Description

The HA17741/PS is an internal phase compensation high-performance operational amplifier, that is
appropriate for use in a wide range of applications in the test and control ficlds.

Features

e High voltage gain 1106 dB (Typ)

* Wide output amplitude :+13 V (Typ)(atR, =2 kQ)
e Shorted output protection

e Adjustable offset voltage

e Internal phase compensation

Ordering Information

Application Type No. Package
Industrial use HA17741PS DP-8
Commercial use HA17741

Pin Arrangement

F Offset =
sel
Null | 1 8 |NC
Vin(-) | 2 7 | Vee
Vin(+) E 6 | Vout
vl gy
(Top view)
‘.‘
Hitachi 2

semiconductor -




HA17741/PS

Circuit Structure

O VCC
4
| % ONO)
e
Vin(-) o
i€ i 2
1 A O Vout
9 2
To Vee To Vee %
. ] »
l>< 5
N
ydl
{10
OWEe
(DPin i@ Pin
%—/
Offset Null
Absolute Maximum Ratings (Ta = 25°C)
Ratings
Item Symbol HA17741PS HA17741 Unit
Power-supply voltage Vs +18 +18 \
Vee -18 -18 \Y
Input voltage Vin +15 +15 \Y
Differential input voltage Vin(diff) +30 +30 \Y
Allowable power dissipation P; 670 * 670 * mW
Operating temperature Topr —20 to +75 —20 to +75 °C
Storage temperature Tstg —55 to +125 -551to +125 °C

Note: These are the allowable values up to Ta = 45°C. Derate by 8.3 mW/°C above that temperature.

HITACHI




HA17741/PS

Electrical Characteristics

Electrical Characteristics-1 (Ve =V =15V, Ta = 25°C)

Item Symbol Min Typ Max Unit  Test Condition
Input offset voltage Ve — 1.0 6.0 mV Rs <10 kQ
Input offset current lo e 18 200 nA S
Input bias current I — 75 500 nA
Power-supply AV, /AV.,. — 30 150 uvivV. R, <10 kQ
 rejection ratio AV AV — 30 150 LWV R, <10 kQ e
Voltage gain Ay 86 106 == dB R, >2kQ, Vout=+10 V
Common-mode CMR 70 90 — dB Rs <10 kQ
rejection ratio
Common-mode input  V,,, +12 +13 — \Y Rs < 10 kQ
voltage range
Maximum output ¥ +12 +14 — v R, =10 kQ
voltage amplitude +10 +13 — V R >2kQ
Power dissipation Pd — 65 100 mW No load
Slew rate SR — 1.0 — Vius R 22kQ
Rise time 14 ot 0.3 — us Vin=20mV, R, = 2 kQ,
Overshoot Vover — 5.0 — % C, =100 pF
Input resistance Rin 0.3 1.0 — MQ
Electrical Characteristics-2 (Voo =V = 15V, Ta=-20 to +75°C)
Item Symbol Min Typ Max Unit  Test Condition
Input offset voltage Vi s 5 9.0 mV Rs < 10 kQ
Input offset current I3 — — 400 nA
Input bias current lg — — 1,100 nA
Voltage gain A 80 — — dB R > 2kQ, Vout=+10 V
Maximum output Ve +10 — — \% R 2 2kQ
voltage amplitude
HITACHI



HA17741/PS

IC Operational Amplifier Application Examples

Multivibrator

A multivibrator is a square wave gencrator that uses an RC circuit charge/discharge operation to generate
the waveform. Multivibrators are widely used as the square wave source in such applications as power
supplies and electronic switches.

Multivibrators are classified into three types, astable multivibrators, which have no stable states,
monostable multivibrators, which have one stable state, and bistable multivibrators, which have two stable
states.

1. Astable Multivibrator

Ry
A

i
77 7

Figure 1 Astable Multivibrator Operating Circuit

Vin(+) 0

Vin(=) 0

Vertical: 5 V/div
Horizontal: 2 ms/div

Circuit constants
{R, =8kQ, R,=4kQ

Vout 0

R3 =100 kQ, C; = 0.1 uF
RLzoo
Vee =15V, Vge = 15 V

Figure 2 HA17741 Astable Multivibrator Operating Waveform
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2.

Monostable Multivibrator

C, J‘ﬁ Vee

Input

0 o——{F—
14 -

(o Vee

Vout

Figure 3 Monaostable Multivibrator Operating Circuit

Trigger input 0
Vin(+) 0 i

Vin(-) 0 i

Vout 0

Vertical:
Horizontal:

Circuit constants
Ry=10kQ, Ry;=2kQ
R3=40kQ, Cy = 0.47 uF
C2=0.0068 uF
Ry =
Vee =15V, Vge =-15V

35

Figure 4 HA17741 Monostable Multivibrator Operating Waveform

Bistable Multivibrator

-

Figure S Bistable Multivibrator Operating Circuit
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Trigger input 0
Vin(+) 0 gasas

Vertical: 5 V/div
Horizontal: 2 ms/div

Circuit constants
{R1=10kﬂ, R, =2kQ

C = 0.0068 pF
R, = oo
Vee =15V, Vge =-15V

Figure 6 HA17741 Bistable Multivibrator Operating Waveform

Wien Bridge Sine Wave Oscillator
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Figure 7 Wien Bridge Sine Wave Oscillator
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Figure 8 HA17741 Wien Bridge Sine Wave Oscillator £~C Characteristics
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Vertical: 5 V/div

EREEE
"‘.""A‘.‘“.ﬂ Horizontal: 0.5 ms/div
'.\".k"n“‘l"j- Test circuit condition
T T e
.L.l.“"lJ. C;=0.0015 pF, C, = 0.015 puF
.I...-.... Test results

=929.7 Hz, TH.P =0.06%

Figure 9 HA17741 Wien Bridge Sine Wave Oscillator Operating Waveform

Quadrature Oscillator

Figure 10 Quadrature Sine Wave Oscillator

Figure 10 shows the circuit diagram for a quadrature sine wave oscillator. This circuit consists of two
integrators and a limiter circuit, and provides not only a sine wave output, but also a cosine output, that is,
it also supplies the waveform delayed by 90°. The output amplitude is essentially determined by the limiter
circuit.
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30 T T T 17117 ERRRA SRRaR R R e
+—=Cr4 = 102 pF- cc=-Vege =15V
C;, =99 pF Ry =150 kQ, Ry, = 150 kQ
10 C, =106 pF R, =151.2kQ
~ Ry, = 15kQ, Ry, = 10 kQ
~ Ry = 15kQ, R, = 10 kQ
L R Ci40 Cqy. Cy — 1,000 pF
3 N Use a Mylar capacitor.
N With Ve =21V, and
‘\ R,, =R, = 10 kQ
1.0 . the frequency of the sine
> wave will be under 10 kHz.
ATy e— Sin out
03 N —— Cos out
N
N
\\
0.1 AN
X
AN
\\
0.03 N
4
0.01
100 p 1,000 p 0.01p 0.1

Cr12 G2, C4 (F)

Figure 11 HA17741 Quadrature Sine Wave Oscillator

fCry, C'rzv C1 Characteristics

En’nﬁiw BN
X

MIIVANI Hofbortal- 02 ms

& Sk out Hfmz.ontalz 0.2 ms/div

‘ ‘ Circuit constants
Rty = 150 k@, Ryp = 150 kQ
C, = 1000 pF (990), R; = 160 kQ
Ry = 15 KQ, Ry, = 10 kQ
Ry3 = 16V, Ryg = 10 kQ
Vee = 15V, Veg =15V

/| .

Figure 12" Sine and Cosine Output Waveforms

Triangular Wave Generator
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Hysteresis comparator

Figure 13 Triangular Wave Generator Operating Circuit
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Vout1

Vout2

R B
I!"IE%I!N-I

IR
I e
e

Vertical: 10 V/div
Horizontal: 10 ms/div

Circuit constants
Vee =15V, Vgg =-15V
R; =10 kQ, R, =20kQ
R3 =100 k€, R4 = 200 kQ
C=0.1pF

Figure 14 HA17741 Triangular Wave Generator Operating Waveform

Sawtooth Waveform Generator

Figure 15 Sawtooth Waveform Generator

Vr

Vout

e SRR
[AHE S RT
o MEe R

Vertical: 5 V/div
Horizontal: 2 ms/div

Circuit constants
Vee =15V, Vge = -15V
{ R, =100 kQ, Cy = 0.1 pF
Vi, =10V

Figure 16 HA17741 Sawtooth Waveform Generator Operating Waveform
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Characteristic Curves

Voltage Offset Adjustment Circuit
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Power dissipation Pd (mW)
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Power Dissipation vs.
Power-Supply Voltage Characteristics
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Power-supply voltage Vg, Ve (V)
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Input offset current 1,5 (nA)

Input Offset Current vs.
Power-Supply Voltage Characteristics
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Voltage Gain vs.
Power-Supply Voltage Characteristics
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Maximum output voltage amplitude

Maximum Output Voltage Amplitude vs.

Power-Supply Voltage Characteristics
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Input Offset Current vs.
Ambient Temperature Characteristics

Input offset voltage Vg (mV)

Input Offset Voltage vs.
Ambient Temperature Characteristics

T 5 ER

Vee = +15V
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Input Bias Current vs.
Ambient Temperature Characteristics
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Power Dissipation vs.
Ambient Temperature Characteristics
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Maximum Qutput Voltage Amplitude vs.

Ambient Temperature Characteristics
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Maximum output voltage amplitude
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Voltage gain Ayp (dB)

Output shorted current Igg (MA)

Voltage Gain vs.
Ambient Temperature Characteristics
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Maximum Qutput Voltage Amplitude vs. Offset Adjustment
Load Resistance Characteristics Characteristics
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Phase ¢ (deg.)

Phase vs.

Frequency Characteristics

Voltage Gain vs

Frequency Characteristics
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Voltage Gain and Phase vs.
Frequency Characteristics (3)

Voltage Gain and Phase vs.
Frequency Characteristics (4)
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Overshoot Vover (%)
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Package Dimensions

— .
Unit: mm
9.6
10.6 Max
8[1 { o0 I8 s | [—?
—,
«|2
Ol
9 OO >~
Al 4
0.89 J_ 1.3
1.27 Max < e,
©
>
8 ] \
u‘j ’l \
==
S oo
w0 !
Sl & 0.25 505
2.54+0.25 1 0° - 15°
Hitachi Code DP-8
JEDEC Conforms
EIAJ Conforms
Mass (reference value) 0.54 g
%_\w¥_,¥.¥‘*_ﬁﬁ_. & DSl Bl
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Cautions

1.

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.
Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use. ‘
Hitachi makes every attempt to ensure that its products are of high quality and reliability. However, f
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as acrospace, acronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Evenwithin the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to-operation of the Hitachi product.

This product is not designed to be radiation resistant.

No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor

products.
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Philips Semiconductors Product specification

HEF4081B

Quadruple 2-input AND gate gates

DESCRIPTION

The HEF4081B provides the positive quadruple 2-input
AND function. The outputs are fully buffered for highest
noise immunity and pattern insensitivity of output

impedance.
w] (] fi2] 1] fel [5] [&]
(8 25, Oy i3 Voo le I 0y O3 Ig Ig
2|1z =
B HEF40818B
5L — Lo o BB Wi oL
0214 1 2 1 2 13 iy Vsg
6]l " Ll 2l BTG ¢
_—)—_ 7265510
8jls
2 m10 Fig.2 Pinning diagram.
g 1l: , —
a1 4 Ouqti
S e

HEF4081BP(N):  14-lead DIL; plastic

(SOT27-1)
O HEF4081BD(F): ~ 14-lead DIL: ceramic (cerdip)
Fig.1 Functional diagram. (SOT73)
HEF4081BT(D):  14-lead SO: plastic
(SOT108-1)

(-): Package Designator North America

{1 —W 04
i2 — /

72744981

Fig.3 Logic diagram (one gate).

FAMILY DATA, Ipp LIMITS category GATES

See Family Specifications

January 1995 2



Philips Semiconductors Product specification

Quadruple 2-input AND gate uERIDSIB
gates
AC CHARACTERISTICS
Vgs =0 V; Tamp =25 °C; C_ =50 pF; input transition times < 20 ns
—
VSD SYMBOL | TYP. MAX. TYP'CALFE),;TMRL?L:OLAT'ON
Propagation delays oy
In = On 5 55 110 ns 28ns + (0,55 ns/pF)C_
HIGH to LOW 10 tpr 25 50 ns 14ns + (0,23 ns/pF)C_
15 20 40 ns 12ns + (0.16 ns/pF) C,
i 45 9 ns | 18ns + (0,55 ns/pF)C,
LOW to HIGH 10 tpLn 20 40 ns 9ns + (0,23 ns/pF) C,
L 15 15 30 ns 7ns + (0,16 ns/pF)C,
Output transition times 5 60 120 uns 10ns + (1,0 ns/pF)Cy
HIGH to LOW 10 tTHL 30 60 ns 9ns + (0,42 ns/pF)C_
15 20 4 ns 6ns + (0,28 ns/pF)C,
5 60 120 ns 10ns + (1,0 ns/pF)CL
LOW to HIGH 10 triy 30 60 ns Sns + (0,42 ns/pF)C
19 20 40 ns | 6ns + (0,28 ns/pF)C,
V\';D TYPICAL FORMULA FOR P (uW)
Dynamic power 5 450 fi+ 3 ({,CL) x Vpp 2 where
dissipation per 10 2900 fi+ X (foCL) x Vpp 2 fi = input freq. (MHz)
package (P) 15 11700 fi+ ¥ (foCL) x Vop 2 fo = output freq. (MHz)
C. = load capacitance (pF)
X (f;CL) = sum of outputs
L Voo = supply voltage (V)

January 1995 3



NES555, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

@ Timing From Microseconds to Hours NESS5...D, P, PS, OR PW PACKAGE
- SA555...D OR P PACKAGE
@ Astable or Monostable Operation SE555 ... D, JG, OR P PACKAGE
@ Adjustable Duty Cycle (TOP VIEW)
. : bl .
I:l;oczoorz)“sz e Output Can Sink or Source ND 1 ) sl Vee
b ; TRIG[] 2 7[] DISCH
® Designed To Be Interchangeable With ouT[l 3 6 [| THRES
Signetics NE555, SA555, and SE555 RESET] 4 5 [] CONT
description

These devices are precision timing circuits = RTRACE

. : TOP VIE
capable of producing accurate time delays or (o OW)
oscillation. In thet?me-d_eiay or monostable mode 59
of operation, the timed interval is controlled by a |
single external resistor and capacitor network. In 3 2 1 2019

. 3 e NC[] 4 18[ NC
the astable mode of operation, the frequency and
: . TRIG[] 5 17[] DISCH
duty cycle can be controlled independently with e NG
two external resistors and a single external 6 6]
capacitor. OuT(}7 15[] THRES

NC
The threshold and trigger levels normally are

two-thirds and one-third, -respectively, of Vee. r(:”: % z]
These levels can be altered by use of the < ANZ
control-voltage terminal. When the trigger input doR

falls below the trigger level, the flip-flop is set and
the output goes high. If the trigger input is above
the trigger ievel and the threshold input is above
the threshold level, the flip-flop is reset and the output is low. The reset (RESET) input can override all other
inputs and can be used to initiate a new timing cycle. When RESET goes low, the flip-flop is reset and the output
goes low. When the output is low, a low-impedance path is provided between discharge (DISCH) and ground.

NC — No internal connection

The output circuit is capable of sinking or sourcing current up to 200 mA. Operation is specified for suppliies of
5Vto 15 V. Witha 5-V supply, output levels are compatible with TTL inputs.

The NE555 is characterized for operation from 0°C to 70°C. The SA555 is characterized for operation from
—40°C to 85°C. The SE555 is characterized for operation over the full military range of —55°C to 125°C.

AVAILABLE OPTIONS
PACKAGE
PLASTIC
TA VTHRES MAX SMALL CHIP CERAMIC PLASTIC THIN SHRINK
v =15V OUTLINE CARRIER DIP DIP SMALL OUTLINE
e (D, PS) (FK) G) (P)
(PW)
. 3 NE555D

0°C to 70°C M2V NE555PS — — NE555P NES55PW

—40°C to 85°C 1M.2v SA555D — — SA555P —

—55°C to 125°C 10.6 V SE555D SE555FK SE5554G SE555P —

The D package is available taped and reeled. Add the suffix R to the device type (e.g., NE555DR). The PS and PW packages
are only available taped and reeled.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. 5 Copyright © 2002, Texas Instruments Incorporated
Froducts conform to specifications per the terms of Texas Instruments l On products compiiant to MIL-PRF-38535, all parameters are tested
cas U T —— TEXAS

testing of all parameters. i unless atherwise noted. On all other products, producticn
INSTRUMENTS

processing does not necessarily include testing of all parameters.
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




NES555, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

FUNCTION TABLE

RESET | voltacet | 'voutacer | outeur | PSunanee
Low Irrelevant Irrelevant Low On
High <13 Vpp Irrelevant High Off
High >1/3 Vpp >2/3Vpp Low On
High >1/3Vpp <2/3Vpp As previously established

ij Voltage levels shown are nominal.

functional block diagram

Vece RESET
8 CONT 4
5
6 R1
THRES 3
R 11— 4 ouT
S

TRIG

;J_R— 5 DISCH

o)

GND

Pin numbers shown are for the D, JG, P, PS, and PW packages.
NOTE A: RESET can override TRIG, which can override THRES.

‘V TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



NES555, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Ve (see Note B i o Sl i i s il 1 i e sl i U i = 18V
Input voltage (CONT, RESET, THRES, and R G e e L e I I e o Vee
OUIBLLOBIONE = st G s e ot s i e S b gl e B 8 R +225 mA
Continuous total dissipation ...................... ... ... .. ... See Dissipation Rating Table
Package thermal impedance, 65 (see Note P2 et g s -c s ToT- SR P S I e T 97°CIW

Bipackagelsl 1o mitiaio e R iR el e 85°C/wW

B8 paTkage b e e e 95°C/W

PW package ... ..ii.cis i sssint imsn s iz 149°C/W
Case temperature for 60 seconds: FK BRCKEIOE! o 3 s B s o b i b o ey R e o i o 1 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, PS, or PW package ........ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG PACKAgE .. ..iiiniviininaa 300°C

Storage temperature range, T e s e S s A e T —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values are with respect to GND.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

DISSIPATION RATING TABLE

PACKAGE Ta<25°C DERATING FACTOR Ta=70°C Ta =85°C Ta =125°C
POWER RATING ABOVE Tp = 25°C POWER RATING = POWER RATING POWER RATING
FK 1375 mW 11.0 mw/°C 880 mwW 715 mW 275 mW
JG (SE555) 1050 mw 8.4 mw/°C 672 mW 546 mW 210 mw

recommended operating conditions

MIN  MAX | uNIT
Ve Supsly volkds SAS555, NE5S55 4.5 16 Vv
SE555 4.5 18
V| Input voltage (CONT, RESET, THRES, and TRIG) Veel| v
o Output current 200 mA
NESS5 0 70
Ta Operating free-air temperature SA555 —40 85 °C
SES555 -55 125

‘t’f TeExXAs
INSTRUMENTS
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NES555, SA555, SE555
PRECISION TIMERS

SLFS022C - SEPTEMBER 1973 — REVISED FEBRUARY 2002

electrical characteristics, Vee=5Vto15Y, Ta = 25°C (unless otherwise noted)

NE555
SES55
PARAMETER TEST CONDITIONS SASS5 UNIT
MIN  TYP MAX MIN  TYP MAX
Vee=15Vv 9.4 10 10.6 8.8 10 1.2
THRES voltage level \%
Vee=5V 2.7 33 4] 24 33 42
THRES current (see Note 3) 30 250 30 250 nA
4.8 5 5.2 4.5 5 5.6
Vee =15V
TA =~55°C to 125°C 3 6
TRIG voltage level \%
1.45 1.67 1.9 1.1 1.67 22
Vee=5V
T = ~55°C to 125°C 19
TRIG current TRIGat 0V 0.5 0.9 0.5 2 HA
0.3 B.7 1 0.3 0.7 1
RESET voltage level \V]
TA =-55°C to 125°C 1.1
RESET at V, 0.1 04 0.1 04
RESET current ec mA
RESET at0 v =04 -1 04 -1.5
DISCH switch off-state current 20 100 20 100 nA
9.6 10 104 9 10 11
Vec =15V
i Ta = =55°C to 125°C 9.6 104
CONT voltage (open circuit) \
29 3.3 3.8 2.6 3.3 4
Vec=5V
TA =-55°C to 125°C 29 3.8
Vee =15V 0.1 0.15 0.1 0.25
loL =10 mA TA =-55°C to 125°C 0.2
Veg=15V, 0.4 0.5 04 075
IoL =50 mA Ta=-55°C to 125°C 1
Vee =15V, 2 22 2 25
loL =100 mA =_§50 o
Low-level output voltage QL TAZ 55Co 125°C o \%
Vec =15V, loL = 200 mA 25 25
Vcec =5V, < % 5
IoL = 3.5mA Ta=-55°C to 125°C 0.35
Ve =5V, 0.1 0.2 0.1 0.35
lor =5mA Ta==55°C to 125°C 0.8
Vec=5V, loL=8mA 0.15 025 015 04
Ve =15V, 13 13.3 12,75 13.3
IOH =100 mA TA=-55°C to 125°C 12
High-level output voltage Vee=15V, IoH =—200 mA 12.5 125 \%
Voo =5V, 39 3 275 88
IOH =~100 mA TA =-55°C to 125°C
No load Vee=5V 3 6
Supply current £C = = mA
Output high, Vee=15Vv 9 10 9 13
No load Vee=5V 2 4 2 5

NOTE 3: This parameter influences the maximum value
Vee =5V, the maximum value is R = RA+Rp

=34 MQ, and for Vo

A and Rp in the circuit of Figure 12. For example, when

=15V, the maximum value is 10 MQ.

w3
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NES55, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

operating characteristics, Vcc=5Vand15Vv

NE555
PARAMETER iz HEsSs SA555 e
CONDITIONST
MIN TYP MAX| MIN TYP mAx
Initial error Each timer, monostable§ e 0.5% 1.5%* 1% 3%
of timing intervalt Each timer, astablel G 1.5% 225%
Temperature coefficient Each timer, monostable§ 30  100* 50
N el TA = MIN to MAX m/°C
of timing interval Each timer, astable] B 90 150 i
Supply-voltage sensitivity | Each timer, monostable§ s 0.05 0.2* 0.1 0.5 o
s . . s (o]
of timing intervai Each timer, astablel B 0.15 0.3
e CL =15pF, *
Output-pulse rise time Ta = 25°C 100 200 100 300 ns
; CL =15 pF, .
Output-pulse fall time Ta = 25°C 100 200 100 300 ns

T For conditions shown as MIN or MAX; use the appropriate value specified under recommended operating conditions
¥ Timing interval error is defined as the difference between the measured value and the average value of a random sample from each process
un.

‘t? TeExas
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 5



NEJ99, ORIV, OEVI0

PRECISION TIMERS
SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002
TYPICAL CHARACTERISTICST
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
10 — 10 ¢ —
7E Vee=5V 7F Vec=10V
>' 4 R > 4
° BBl o L1
R Ta =-55°C (P === oA Tp = 25°C T
5 AT ~ s = = 9250 [t
: = i Nairfriitan (/5
2 o7 Ta = 25°C 7f S 07 s e =
E 4 74 = - 7
© o4 f I 8 04 Ta =125°C
Q 1 -—
s 8 Ny
Ta=125°C| H1 > >
;,; 0.2 / p A a 0.2 j ==
3 01 o 2 01
-
1 0.07 = 7 0.07
=1 — =
O 004~ o 0.04 ?
V
0.02 0.02
g 0.01
1 2 4 YWH0 20 40 70100 1 2 4 716G 20 40 70 100
loL — Low-Level Output Current — mA 1oL = Low-Level Output Current — mA
Figure 1 Figure 2
LOW-LEVEL OUTPUT VOLTAGE DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT
Vs Vs
LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
10 T T T 2'0 1 _l T - T
TE Vgg=15V o TA =-55°C | L
>4 ; ]
) TA =-55°C ) a1 6 T
g 2 = Ta = 25°C |+
3 Y4 - /
> 1 a //
3 o7 8 1
= 2 3 Ta=125°C _——
o 04 G} L
het TA =25°C "< 1
3 02 - H =
3 Ta = 125°C o 08
5 o1 : =
o . i
7 007 o 06
2 S
O 004 = . 04
0.02 0.2
Vcc=5Vto15V
0.01 0 L S
1 2 4 7 10 20 40 70100 1 2 4 710 20 40 70 100
loL — Low-Level Output Current — mA loH — High-Level Output Current — mA
Figure 3 Figure 4

TData for temperatures below 0°C and above 70°C are applicable for SE555 circuits only.

4
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NES555, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

TYPICAL CHARACTERISTICST

NORMALIZED OUTPUT PULSE DURATION

SUPPLY CURRENT (MONOSTABLE OPERATION)
vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
10 T I T s> 1.015
9 Output Low, A7 =
[ No Load Ve n
8 ! ! //A/ g 1.010
— O, — .>.a
‘é b Ta = 25°C N\ /// :
: }/ i 5 1.005
< 6 7 < S \ | —T
g L
3 s ‘r// S 1 e
5 /%( M Tp =-s5°C £ N—
& 4 \J St 2
@ A/ i S 0.995
! 3 // =
[e) e
©Of s a
o - 0.990
12
1 -}
o
0 0.985
S 6 7 #49 b pit—i2f 1382 16 0 5 10 15 20
Ve — Supply Voltage — V Vce - Supply Voltage — V
Figure 5 Figure 6
NORMALIZED OUTPUT PULSE DURATION PROPAGATION DELAY TIME
(MONOSTABLE OPERATION) Vs
vs LOWEST VOLTAGE LEVEL
FREE-AIR TEMPERATURE 4 OF TRIGGER PULSE
1.015 ] l 300
o‘“-: Vee =10V Ta =125°C _|
~N
" 1010 2 250 o~ 7d By
% : 3| j@ﬁ———
=4t
S 1.005 =" 200 v oy \
§ . ~ Y gl SR
° c A//
> d 2 150 v
ki \\ 8 |~ L Ta=0°C
s 0o B C
S 0.995 o 100
ki g e M TA =-55°C
a 2
o 0.990 sl 50—
2]
S
o
0.985 0
-75 -50 -25 0 25 50 75 100 125 0 01xVcc 02xVge 03xVge 0.4xVee
TA — Free-Air Temperature — °C Lowest Voltage Level of Trigger Pulse
Figure 7 Figure 8

tData for temperatures below 0°C and above 70°C are applicable for SE555 series circuits only.
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NES555, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

APPLICATION INFORMATION

monostable operation

For monostable operation, any of these timers can be connected as shown in Figure 9. If the output is low,
application of a negative-going pulse to the trigger (TRIG) sets the flip-flop (Q goes low), drives the output high,
and turns off Q1. Capacitor C then is charged through Ra until the voltage across the capacitor reaches the
threshold voltage of the threshold (THRES) input. If TRIG has returned to a high level, the output of the threshold
comparator resets the flip-flop (Q goes high), drives the output low, and discharges C through Q1.

T T
Ra = !]).1 kQ
[~ CL=0.01pF
| RL=1kQ
s V\:g(1:5 5 See Figure 9
= q - Input Voltage
= s 8 2
RA§ ~ — S— e -
CONT Vce RL [
4 ResET &
4 4
DISCH = S
6 out Output Output Voltage
THRES
f
Input 2 { 1RiIG // / / /|
i Sy / / /
/—E 1 = ICa;liacitlor V?Itaqe
Pin numbers shown are for the D, JG, P, PS, and PW packages. Time - 0.1 ms/div
Figure 9. Circuit for Monostable Operation Figure 10. Typical Monostable Waveforms
Monostable operation is initiated when TRIG 10
voltage falls below the trigger threshold. Once Ra ='10 MO
initiated, the sequence ends only if TRIG is high )
at the end of the timing interval. Because of the 1
threshold level and saturation voltage of Q1, RA=1MQ—;
the output pulse duration is approximately ”
ty = 1.1RAC. Figure 11 is a plot of the fime = & 10-1 /
constant for various values of Ry-and C. The £
threshold levels and charge rates both are directly g g
proportionalto the supplyvoltage, V. The timing @ L/ q g
interval is, therefore, independent of the supply 3 / /<
voltage, so long as the supply voltage is constant = 3 > g )
during the time interval. § e \__Rp = 100 kO
Applying a negative-going trigger pulse 1 Ra =10 kQ
simultaneously to RESET and TRIG during the Z 104 A A
timing interval discharges C and reinitiates the /{\ BErie
cycle, commencing on the positive edge of the o A_I

reset pulse. The output is held low as long as the
reset pulse is low. To prevent false triggering,
when RESET is not used, it should be connected
to Vee.

0.001 0.01 0.1 1 10 100
C — Capacitance — uF

Figure 11. Output Pulse Duration vs Capacitance
¥
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NE555, SA555, SE555
PRECISION TIMERS

SLFS022C - SEPTEMBER 1973 — REVISED FEBRUARY 2002

APPLICATION INFORMATION

astable operation

As shown in Figure 12, adding a second resistor, Rp, to the circuit of Figure 9 and connecting the trigger input
to the threshold input causes the timer to self-trigger and run as a multivibrator. The capacitor C charges through
Ra and Rg and then discharges through Rg only. Therefore, the duty cycle is controlled by the values of Raand
Rs.

This astable connection results in capacitor C charging and discharging between the threshold-voltage level
(=0.67 x V) and the trigger-voltage level (=0.33 x V¢). As in the monostable circuit, charge and discharge
times (and, therefore, the frequency and duty cycle) are independent of the supply voltage.

Vee Tyt w T Tl
RaA =5kQ R =1kQ
(5Vte15Y) FRg=3kQ  SeeFigure 12
° C=0.15uF
0.01 UF —L
ik
Open = -
Ra (see Note A) l 5 8 §
CONT Vece =
R 1
RESET 4
DISCH 3 <
= ouT Qutput >
= THRES ty
TRIG te > Output Voltage
GND
C T 1 63 // /\\// /\ // /\\// /\\
Pin numbers shown are for the D, JG, P, PS, and PW packages. Capacitor Voltage
NOTE A: Decoupling CONT voltage to ground with a capacitor can | | | | |

improve operation. This should be evaluated for individual
applications. Time - 0.5 ms/div

Figure 12. Circuit for Astable Operation Figure 13. Typical Astable Waveforms
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NE555, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

APPLICATION INFORMATION

astable operation (continued)

Figure 13 shows typical waveforms generated during astable operation. The output high-level duration ty and

low-level duration t; can be calculated as follows:
T T
l—RA +2Rg =1kQ
1 1
S RA+2RB =10kQ

10 k ‘\‘ u |
\ \</>§RA+ 2Rg = 100 kQ
N N Ny

1k

: \ \ \
Output driver duty cycle = = 10 ™
R \\\\\ \\f>\‘\\\\\\\\\\\
Output waveform duty cycle N N h
A

100 k

tyy = 0.693 (R, + Ry
t, = 0693 (R

) C

B) ©

Other useful relationships are shown below.

period =t +1t, = 0693 (R, +2Rg) C

1.44

(R, + 2R

frequency =
B

C

f — Free-Running Frequency — Hz

RA+2Rg =1MQ X
L. PR " )\ \
tyt 1t Rp + 2Rg ) RA+2Rg=10M 8
= ! ' Rg 0.001 0.01 0.1 1 10 10
Lo oo B ty 5 W C - Capacitance — uF

Figure 14. Free-Running Frequency
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NES555, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

APPLICATION INFORMATION

missing-pulse detector

The circuit shown in Figure 15 can be used to detect a missing pulse or abnormally long spacing between
consecutive pulses in a train of pulses. The timing interval of the monostable circuit is retriggered continuously
by the input pulse train as long as the pulse spacing is less than the timing interval. A longer pulse spacing,
missing pulse, or terminated pulse train permits the timing interval to be completed, thereby generating an
output pulse as shown in Figure 16.

Vecc (5Vto15V)

Vec=5V
~ RA=1kQ
] | C=0.1pF
4 8 RL Ra See Figure 15
Input RESET Ve 3
2 ouTt Output
TRIG = I I I
E e -~
7 > Input Voltage
DISCH “l‘
]
2 CONT 6 g
0.01 pIF PrISES J S
T T—ED /_f c Output Voltage
! = /rﬂ AAA/NIAAA
A5T3644 / V y y y / / 4 J
= 'Capa|citor|Voltalge
Pin numbers shown are shown for the D,JG,P, PS, and PW packages. Time — 04 me/div
Figure 15. Circuit for Missing-Pulse Detector Figure 16. Completed-Timing Waveforms

for Missing-Pulse Detector
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NES555, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

APPLICATION INFORMATION

frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 9 can be made to operate as a frequency

divider. Figure 17 shows a divide-by-three circuit that makes use of the fact that retriggering cannot occur during
the timing cycle.

T Trn)
Vee =5V
| RA=12500Q
| C=0.02uF
See Figure 9
> 4 4 4 4y u
ke
S Input Voltage
~ il
I
Q
(o2}
8
S
Output Voltage
1 1
A A AT Vs
CaPacitpr Vgltaqe

Time — 0.1 ms/div

Figure 17. Divide-by-Three Circuit Waveforms

pulse-width modulation

The operation of the timer can be modified by modulating the internal threshold and trigger voltages, which is
accomplished by applying an external voltage (or current) to CONT. Figure 18 shows a circuit for pulse-width
modulation. A continuous input pulse train triggers the monostable circuit, and a control signal modulates the

threshold voltage. Figure 19 shows the resulting output pulse-width modulation. While a sine-wave modulation
signal is illustrated, any wave shape could be used.

12
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NE555, SA555, SE555
PRECISION TIMERS

SLFS022C — SEPTEMBER 1973 — REVISED FEBRUARY 2002

APPLICATION INFORMATION

Ve (5Vto15V)

4 8 R‘-§ § Ra
RESET Vce 3
2 ouTt >
(Itlock TRIG Output 3
nput S
7 o~
1
DISCH )
Modulation &
Input —— CONT 6 9
(see Note A) THRES
GND

1 =

Pin numbers shown are for the D, JG, P, PS, and PW packages.

NOTE A: The modulating signal can be direct or capacitively coupled
to CONT. For direct coupling, the effects of modulation
source voltage and impedance on the bias of the timer
should be considered.

Figure 18. Circuit for Pulse-Width Modulation

pulse-position modulation

As shown in Figure 20, any of these timers can be used as a
modulates the threshold voltage and, thereby, the time delay,

RAZ3KQ |
C=0.02F
R =1kQ —
\\ See Figure 18
e ~
= Modulation Input Voltage B
J....J..JJ..J..-. IRIRInIgigiginl
Clock Input Voltage J’[
LI U Ul ey Euoyugoau It
Output Voltage | —
L Al A ARAU ALy
§ { A AN 4 s
CaPacitlor Vqltag$

Time — 0.5 ms/div

Figure 19. Pulse-Width-Modulation Waveforms

pulse-position modulator. This application
of a free-running oscillator. Figure 21 shows a

triangular-wave modulation signal for such a circuit; however, any wave shape could be used.
Vcc (5Vto 15V, ! !
ccl ) Ra =3 kO
R =500 Q
RL=1kQ
P See Figure 20
4 8 Ry Ra . ] N
N e N
RESET Ve 3 [~ N >
2 ouT Output § /
TRIG z Modulation Input Voltage
!
DISCH 4
Modulation 5 § Rg £
Input 2 {conT 6 S
(see Note A) THRG
GND
-
_L /_T_\ C Output Voltage
= AN A4
Pin numbers shown are for the D, JG, P, PS, and PW packages. V V
NOTE A: The modulating signal can be direct or capacitively coupled | } !
to CONT. For direct coupling, the effects of modulation Capacitor Voltage
| 1 L

source voltage and impedance on the bias of the timer
should be considered.

Figure 20. Circuit for Pulse-Position Modulation

Time — 0.1 ms/div

Figure 21. Pulse-Position-Modulation Waveforms

"4" TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

13



NE555, SA555, SE555
PRECISION TIMERS

SLFS022C - SEPTEMBER 1973 — REVISED FEBRUARY 2002

sequential timer

APPLICATION INFORMATION

Many applications, such as computers, require signals for initializing conditions during start-up. Other
applications, such as test equipment, require activation of test signals in sequence. These timing circuits can
be connected to provide such sequential control. The timers can be used in various combinations of astable
or monostabile circuit connections, with or without modulation, for extremely flexible waveform control. Figure 22
shows a sequencer circuit with possible applications in many systems, and Figure 23 shows the output

waveforms.
Vce
4 8 RA 33kQ 4] 8 R 33kQ 4 8 Rc
RESET V¢c 3 RESET Vcc¢ 3 RESET V¢c 3
| 2 out !
o—2ltriG et I TRIG 102 21riG o
- 0.001 5 0.001 ;
DISCH WF DISCH HF DISCH|—¢
5 5 5
CONT CONT
THREs |2 CONT | riires [© THRES |-8.¢
GND GND
0.01 0.01 . 0.01 GN? i
“T AR FREIT )
Ca=10 pF l Cc=14.7uF
g Output A 7 Output B Rc = 100 kQ
RA =100 kQ P Cg =47 yF utpu C Output C
Rg =100 kQ

Pin numbers shown are for the D, JG, P, PS, and PW packages.
NOTE A: S closes momentarily att = 0.

Figure 22. Sequential Timer Circuit

| I
See Figure 22

|
twA

Output A twA =1.1 RACA
e
= twB
3 |
> =
ul, Output B twB = 1.1 RgCp
[
o
s
S
Output C — to C ¥ twC=1.1RcCc

F—*j

0

t — Time — 1 s/div

Figure 23. Sequential Timer Waveforms
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto Tl's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express orimplied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
inwhich Tl products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services ora warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that

product or service voids all express and any implied warranties for the associated T! product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.
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Dallas, Texas 75265
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