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CALL DELAY
LD B,FOH
SET: LD A,83H { AIWUA control word
OUT 83,A
DJNZ SET
LD A,40H
OUT 82,A
LD HL,23FFH { RESET Wil28AI39AURES 23FF

LD(HL) ,00H

MAIN PROGRAM

START 1LD B,O00H
CALLL 1CALL TEST 1 ldnTrsaouinRdaantehowiols

IN A,82H | @779d0U NT 8870

AND 04H

CP 04H y
LOOP 1IN A,81

LD C,A

AND 04H

CP 04H

JP Z,L00P

LD A,C

AND OFH

CP OBH check 1 % wTolal

JP NZ,REC

LD B,02H

LD HL,23FFH

LD A, (HL)
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RES 06,A

RES 07,4A

OUT 80,A

DEC HL

JP CALL1
REC s LD A,B

CP OZH

JP NZ, B=1

LD A,C

AND OF

CP OA

JP Z, RESET

LD (HL),A

DEC B

JP CALL!
B={ ¢ CP 01

JP NZ, START

INC HL

LD (HL),C

JP LOAD

ON/OFF LOAD

LOAD: DEC HL
AND OFH
CP OAH
JR Z, OFF
CP O1iH
JP Z,0N
JP START



ON LOAD
OUT-At LD (HL),A
TES Oé.A
SET 07.A
OUT 80,A

JP START

OFF LOAD
OUT-B: LD (HL).A
RES O07,A
SET 06,A
OuUT 80,A
JP START

NUMBER OF LOAD

ON + INC HL
LD A, (HL) -
INC HL
AND OFH
CP 02H { ON LOAD
JP NZ, LOADZ
LD A, (HL)
SET 0,4
JP OUT-A ,
LOAD2: CP O3H t 110 Load 2
JP NI, LOAD3
LD A, (HL)
SET 1,A

JP OUT--A



LOAD3

LOAD4:

LOADS

OFF 3

OFF2 1

CP O4H
NP NZ, LOAD4

- LD A, (HL)

SET 2,A

NP OUT-A

CP OSH

JP NZ, LOADS5
LD A, (HL)
SET 3,A

NP OUT-A

CP O5H

JP NZ, START
LD A, (HL)
SET 4,A

JP OUT-A
INC HL

LD A, (HL)
INC HL

ARD OFH

CP 02H

JP NZ, QFFZ
LD A, (HL)
RES 0,A

JP OQUT-B

CP 03H

JP NZ, OFF3
LD A, (HL)
RES 1,A

JP OUT-B

{ 11a Load 3

3 tﬂﬂ Load 4

{ (U Load 5

i 1a Load 1




OFF3 1

OFF4

OFF5

CP 04H

JL NZ, OFF4
LD A, (HL)
RES 2,A
JP OUT-B
CP ObH
JP NZ, OFF5
LD A, (HL)
RES 3,A

JP OUT-B

CP 06 H

JP NZ,START
ID A, (HL)
RES 4,A

JP OUT-B

DELAY

DELAY:

LOOP1:

PUSH HL

LD HL,5000H
DEC HL
LC AH
OR L
JP NZ, LOOP!
POP HL

RET

TEST 7490

TEST 1

IN A, B2H

AND A, 80H
CP A, 8BOH

JP NZ, AUTO

{ Un Load 3

i In Load 4

i 1n Load 5




END1

AUTO

END2 ¢

EXX

DEC HL

LD Ay, H

OR L

JP NZ, ENDI
LD A, OOH
OUT 82,A
EXX

RET

EXX

LD HL, FFFFH

LD B,FO
IN A, 81H
AND A, FOH
CP 90H

JP NZ, END2
LD A, 80
OUT 82,A
EXX

RET
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LOOP @

LOOF 1 -

P4
Tisunsy 19a7sum

XOR A

LD SP, 2600
EXX

LD B , 03
CAALL DELAY
LD B , 10
LD A , 88
OUT 43, A
LD A , 99
OUT 03,4
DEC B

JP NZ, LOOF
LD A, 00
OUT 40 ,A
OUT 41 ,A
OUT 42 ,A
OUT 01 ,A
LD HL,2000
LD B,10

LD (HL),A
INCHL

DEC B

JP NZ,LOOP!
LD DE,2004
EXX

LD DE,2007

EXX



DELAY ¢ LOOP3 3

LOOP2

CHECK 1

Tisunsawias 1aan

LD HL , 8FFF
DER HL

LD A, H

OR R

JPNZ , LOOP2
DEC B

JPNZ , LOOP31
EXX

RET

Tibunrams2rvseviananTshs

LD A ,(200A)
CP 0%

RET Z

IN A, O1
AND 02

CcP 02

JP NZ ,RING
LD HL ,(200B)
DEC HL

LD A .H

OR L

Jp NZ , RET



RESET

RET

RINGING 1

LD A ,{2000)

DEC A

JP Z , RESET

LD HL ,FFFF

LD (2006).HL

Lp (200D},A

RET

IN A, Of
RES 2

OUT 0Ot, A
RET

LD (200B),HL
RET

LD HL , FFFF
LD (200B) ,HL
Lb A, 10

LD (200D),A
IR A ,02

ARD 80

cP 80

RET Z

IN A, Ot

SET 2

SET 1

ouT 01 ,A

EXX

b B, 10



CALL DELAY

IN A, Ot
RES 1

ouT Ot , A
RET

Tisunsy OFF RELAY #79R329R15 OFF  HOOK

HOOK 1 IN A, 42
LD C,A
AND 80
CP 80
Jp Z , T3
IN A, 40
RES 1
ouUT 40 ,A
JP TELE 2
T3 3 IN A, 41
RES 2
RES 5
ouT 41, A
IN A, 42
RES 2
oUT 42 , A
TELE2 1@ LD A ,C
ARD 40



£ 7

T2 ¢

TELEL

Ti

CP 40
JpZ ., T2
IN A ,40
RES 7

OUT 40 ,
JP TELE 1
IN A, 41
RES 1

RES 6

OUT 41 ,
IN A, 42
RES O

OUT 42, A
LD A ,C
AND 20

cP 20

JP Z, Tt
IN A , 40
RES 4

QUT 40,A
JP TELE 4
IN A, 41
RES O

RES 7

OUT 41 , A
IN A, 42
RES 3

oUT 42, A

A

A



TELE 4

T4

3

LD A, C

AND 10

CP 10

JP Z ,TA
IN A ,40
RES O

OUT 40, A
RET

IN A ,A1
RES 3

RES 5

OUT 41 ,A
IN A, 42
RES 1

OUT 42,A
RET

- Thums muay daga

INTERAAL tIN A , 42

LDC, A

Lb B, 03
AND 80

cp 80

JP NZ , DIAL
LDA, C

Lp B , 02
ARD 40

CP 40

JP NZ , DTAL

DIAL



LD A, C

LD B, 04
AND 10
cP 10

JP NZ, DIAL

RET
DIAL 3 LD A ,(2000)
cP o1 -

JP Z , SUB B
LD A, O1
LD (2000), A
Lb A, B
LD (2000), A
CP 03
JP NZ , T2A
IN A, 41
SET b5
oOUT 41 , A
JP DIAL A

T2 A 1t CPp 02
JP RZ ,TAA
IN A, 41
SET 6
ouT 4t, A
JP DIAL A

T4 A CP 04
RET NZ



IN A ,41
SET 4
OUT 41 ,A
DIALA : IN A, 01
SET 5
OUT Ot , A
RET
BUB B+ LD A, Ot
LD (2002), A
LD A, B
LD (2003), A
CP 03
JP NZ , T2B
IN A, 41
SET 1 ‘
OUT 41, A
JP DIAL B
T2B cCP 02
JP NZ , T4B
IN A, 41
SET 2
OUT 41 , A
JP DIAL B
TAB 3 CP 04
RET NZ
IN A, 41
SET 3
OUT 41 , A



DIALB 1 IN A, Ot
SET 4
OUT 0t , A

RET

Ty w973 nsaRsRaLTen

DTMFA IN A, 02
AND 40
CP 40
RET .NZ
LOOP 1 IN A, 01
RES 6
oUT 01 , A
IR A, OO
Lb C , A
IN A, 02
ARD 40
cp 40
JP Z ,L00P
b A, C
ARD OF
LD (DE) ,A
INC DE
LD A ,E
cP 07
CALL Z , SYSTEN A
RET



DTMF B IN A ,02

AND 20

CP 20

RET NZ

IN A, Ot

OUT 01 , A
LOOP ¢ IN A ,00

LD C , A

IN A, 02

AND 20

CP 20

JP Z , LOOP

LD A ,C

AND FO

EXX

LD (DE),A

INC DE

LD A ,E

CP OA

CALL , Z SYSTEM R

EXX

RET

LD DE ,2004
SYSTEM A :1LD HL ,2004

LD A , (HL)

CP 04

RET NZ



INC HL

LD A ,{(HL)
cP 01

RET NZ

INC HL

LD A, (HL)

CP 04

JP NZ ,03A
IN A, 42

AND 20

cp 20

JP NZ , BUSY A

IN A, 01
SET 3

ouUT 0%, A
IN A ,40
SET 4

OUT 40,A
RET

BUSY CALL BUSY A
RET

03A LD A ,(HL)
cP 03
JP NZ , 02A
IN A, 42
AND 80
cp 80

JP NZ, BUSY B



IN A ,0!

SET 3

ouUT 01, A

IN A, 40

SET 1

ouUT 40, A
RET

BUSY 3 ¢ CALL BUSY A

RET

02A LD A, (HL)
cP .02
JP NZ, O1A
IN A, 42
AND 40
CP 40

JP NZ , BUSY 2

IN A ,01
SET 3

OUT Ot,A
IN A, 40
SET K
ouT 40, A
RET

BUSY2 ¢+  CALL BUSY A
RET

01A LD A, (HL)
cP 01

RET NI



BUSY 1 3

BUSY A

CP Q3

IN A ,02

AND 10

cp 10

JP ZIN , BUSY 1
IN A, Ol
SET 3

ouT Ot, A
IN A ,40

SET O

SET 6

oUT 40,A
RET

CALL BUSY A

RET
Tiunsn fo deona

LD A ,(2001)
CP 04

JP NZ, CPO3
IN A ,42
SET 1

oUT 42, A
RET

cp 03

JP NZ, CP 02
IN A ,42
SET 2

OUT 42 , A
RET

busy



cP 02 t

cp 01 1

BUSY B ¢

SYSTEM Bt

cP 02

Jp ZN , CP Ot

IN A, 42
SET O
OUT 42 ,A
RET

cp Ot
RET NZ

IN A ,42
SET 3
OUT A, 42
RET

LD A ,(2004)
JP CONMAN
LD DE, 2007
LD HL, 2007
LD A ,(HL)
CP 40

RET NZ

INC HL

LD A ,(HL)
cp 10

RET NZ

INC HL

LD A ,(HL)
CP 40

JP NZ ,BOB
IN A, 42

AND 20

cPp 20



JP NZ , BUZY 4B
IN A ,01

SET 6

OUT O01,A

IN A, 40

SET A

oUT 40 , A

RET

BUSY Bt CALL BUSY B

RET

30 B LD A (HL)
cp 30
JP NZ, 20B
IN A ,42
AND 89
cP 80

JP NZ , BUSY 3B

IN A ,01
SET 6

oUT 0Oti, A
IN A , 4C
SET 1

OUT 40, A
RET

BUSY B: CALL BUSY B
RET



20 B: LD A , (HL)
cp 20

JP NZ , 10 B

IN A ,42
AND 40
CP 40

JP NZ , BUSY 2B
IN A, OF

SET 6

oUT Ot, A

IN A, 40

SET 7

OUT 40, A

RET

BUSY 2Bt CALL BUSY B

RET
01 B3 LD A ,(HL)
CP 10
RET NZ
IN A, 42
AND 10
cP 10

JP NZ ,BUSY (B

IN A ,01
SET 6
ouUT 01 ,A

IN A ,40



SET O
SET 6
oUT 40,A
RET
BUSY Bs CALL BUSY B

RET

Tisunsasio Aane LINE A
LD 1 LD A, (2000)

cP 01

RET NZ

LD A ,(2001)

cP 04

JP RZ , HOOK 3

IN A, 42
AND 20
cP 20

JP NZ ,CONTROCK
RET

OFF 1 CALL OFF BELL
JP END

HOOK 3 LD A, (2001)
cp 03

JP NZ, HOGK 2

IN A, 42
AND 80
cP 80
JP Z , OFF

IN A, 42



OFF

HOOK 2

OFF ¢

HOOK 1

AND 04

cp 04

JP NZ ,CONTRUCK
RET

CALL OFF BELL
JP END

LD A,€2001)

CcP 02

JP NZ, HOOK 1

IN A, 42
AND 40

CP 40

JP Z, OFF
IN A, 42
AND O

CP Ot

JP NZ, CONTRACK
RET

CALL OFF BELL
JP END

LD A, (2001)

cp 0Ot

JP NZ,ERD

IN A, 42

AND 10

cP 10

JP Z, OFF



OFF 1

ERD 1@

LONTRACK?

IN A, 42

AND 08

cP 08

JP NZ, CONTROCK
RET

CALL OFF BELL
JP END

LD A, 00

LD HL,2000
LD (HL),A

INC BHL

LD (BL),A

RET

Tabsunsa sionsns faTs¥y LA
LD A, (2006)
LD B, A

CP 0

RET Z

cp 04

JP NZ , A33
IN A, 42
AND 20

cP 20

RET Z

IN A ,40
RES 4

OUT 40, A
IN A ,O1

RES 3



ouT 41, A

CALL CLEAR A

RET

A33 1 LD A ,B
CpP 03
JP NI, A22
AND 80
cp 80
RET Z
IN A, 40
RES 1
OUT. 40, A
IN A, O1
RES 3
oUT 0%,A
IN A, 41
SET 2
OUT 41,A

CALL CLEAR A

RET

LD A, B
A22 cp 02

JP NZ, All

IN A, 42

AND 40

cp 40

RET Z



IN A, 40

RES 7

OUT 40,A
IN A,01
RES 3

oUT O1,A
IN A, 41
SET

OUT 40, A

CALL CLEAR A
RET
All LD A, B

cp 01t

RET NZ

IN A, 42

AND 10

cpP 10

RET 12

IN A, 40

RES O
"OUT 40,A

Xi A, O1

RES 3

ouT O0t, A

IN A, 41

SET 0

ouUT 41 , A
CALL CLEAR A

RET



Tihunsudannanszae

OFF BELL: LD A,{(2006)
CP 04
JP NZ,AA3
IN A, 40
RES 4
OUT 40 A .
CALL CLEAR A
RET

AA3 1 CP 03
JP NZ,AAZ
RES 1
OUT 40,A
CALL CLEAR A
RET

AA2 13 Cp 02
JP NZ ,AAl
IN A,40
RES 7
OUT 40,4
CALL CLEAR A
RET

AAL 1 cp 01
RET NZ
IN A, 40
RES O
QUT 40, A
CALL CLARE A

RET



Tdsunsn MEMORY

CLEAR A ¢t HL ,2004
LD A ,00
LD (HL) , A
INC HL
LD (HL),A
INC HL
LD (HL). A
INC HL
LD (HL), A
RET

Tisunsa viafja'm LINE B

LB LD A,(2002)
cPp 0Ot
RET NZ
LD A, {2003)
CP 04
JP NZ,HOOK 3B

IN A, 42
ARD 20
CcP 20

JP NZ, OFF B

IN A, 42
ARD 02
cP c2

JP NZ ,CONTRACK B
RET
CALL OFF

JP END



HOOK 3 B: LD A, (2003)
¢b 03

JP NZI,HOOK B

IN A, 42
AND 80
CP 80

Jp Z, OFF B

IN A, 42
AND 04
cp 04

JP NZ,CONTRACK B
RET
OFF Bt CALL OFF BELE
JP END
HOOK 2 & LD A, (2003)
cp 02
JP NZ,HOOK B

IN A, 42
AND 40
cp 40

JP Z, OFF B

IN A, 42
AND 01
cPp 01

JP NZ ,CONTRACK B
RET
OFF B t CALL OFF BELL

JP END B



ROOK 1 B: LD A ,(2003)
cp 01

JP NZ,END B

IN A, 42
AND 10
cP io

JP Z, OFF B

IN A, 42
AND 08
cP 08

JP NZ, CONTRACK B
RET
OFF 1 B: CALL OFF BELL B
JP END
END ¢ LD A,0C
LD (HL)2002
LD (HL),A
INC HL
LD (HL),A
RET

Td5unsa  CONTRACK B

CONTRCCK B LD A, (2009}

Lb B, A
CP 00
RET Z
CP 40

JP NZ ,B33



IN A, 42

ARD 20

cp 20
RET Z

IN A, 40
RES A

ouUT 40, A
IN A, O1
RES 6

ouT Ot,A
IN A, 41
SET A

OUT 4%, A

CALL CtEAR B
RET

B 33 1 LD A, B
CP 30
JP NZI ,42
IN A, 42
AND 80
CP 80
RET Z
IN A, 40
RES 1
OUT 40, A
IN A, Of
RES 6
ouT O0t, A
IN A, 41
SET 5



ouUT 41, A
CALL CLAR B
RET

B 22 1 LD A, B

CP 20

JP NZ, All
IN A, 42
ANRD 40

CcP 40
RET Z

IN A, 40
RES 7

OUT 40, A
IN A,01
RES 6

ouUT 0Ot1,A
IN A, 41
SET 6

OUT 40, A

CALL CLEAN B
RET
B 11 ¢ LD A, B
CP 10
RET NI
IN A ,482
AND 10

cp 10



RET 2

IN A, 40
RES 0
OUT 40, A
IN A, Ot
RES 6
OUT ot, A
IN A, 4t
SET 7
OUT 41, A

CALL CLEAR B
RET

Tisunss  won damnanshe

OFF BELL B LD A, (2009)
CP 40
JP NZ, BB3
IN A, 40
RES 4
OUT 40 ,A
CALL CLEAR B
RET

BB 3 cpP 30

JP NZ,AAZ
IR A, 40
RES 1
oUT 40, A
CALL CLEAR B
RET



BB 2 CP 20
JP NZ, BB1
IN A,40
RES 7
OUT 40, A
CALL CLEAR B
RET

BB 1 1 CP 0Ot
RET NZ
IN A, 40
RES O
OUT 40 ;A
CALL CLEAR B
RET

CLEOR Bt LD A, 00
LD HL, 2007
LD (HL), A
INC HL
LD ¢(HL), A
INC HL
LD (HL), A

RET
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schematic diagrams
L9t TIL192 TiL193
1 - 4 1 8 1A | 161¢
A —f _ — C 1A — —— 1C 1 — -
K1 = £ 1K 2] ERAT w2 L[ —* BEPF

2 3 - -—]
2A 7] 3 I'ﬁ 5 2C 2A 73
2K ] L 2k 2K 4

Ivlﬂl_.m 2
7 13 5¢
4 5 AT 1 —» 7 3C

3K 6 | lvlml_l. 3

4477 ‘lﬁd ac
a8 | ] —* | S a4

absolute maximum ratings at 25 °C free-air temperature {unless otherwise noted)

Input-to-output voltage (see Note 1) . +3.535 kV peak or

Collector-emitter voltage {see Note 2} .. .. .. LA [ SRR A N N e LA S

Emitter-collector voltage . ... . . & &N s AN e B ¥ TN

Input diode reverse voltage . . . ... v vttt

Input diode continuous forward current at (or Um_oi. Nmon free-air temperature
(seeNote 3} . ............ . N g (o Gertie

Continuous power dissipation at {or below) 25°C free-air temperature:
Phototransistor {see Note 4) . ............ ........ S

Input diode plus phototransistor per n:m::m (see Note 5} .
Storage temperature range

requirements.
2. This valus applies when the base-emitter diode 13 open circuited.
3. Derate linearly to 100°C free-an temperature at the rate of 0.67 mA/°C.
4. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C.
5. Derate linearly to 100°C free-air temperature at the rate of 2.67 mwW/°C.

IR TEEL S Rl el Al V) u

o_on_:mm_ characteristics at 25 °C free-air temperature {unless otherwise noted)

Lead temperature 1,6 mm (1/16 SnZ 203 case .9 _o mmoosaw ........ . N

NOTES: 1. This rating applies lor sine-wave operation at 50 or 60 Hz Service capabihty 1s venfied by tesung

dc (+£2.5 kV rms)
iie..... 35V

cee.. 150 mW
..... 200 mW
-55°C t0 125°C
. .... 260°C

in accordance with UL

TIL181, TIL192, TIL193, TIL191A, TIL192A, TIL193A
TIL191B, TIL192B, TIL193B

NOTE 6: These paramaters are

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V{BRICEOQ Collector-emitter breakdown voltage Ic = 0.5mA g =0 35 v
Vigrieco  Emitter-coilector breakdown voltage Ic = 100 A, g =0 7 Vv
in Input diode static raverse current v = 5V 10 rA
iCloth) Oft-swuate collsctor current Veg =24V, g =0 . 100 nA
Current TI.191, TIL192, TiL193 20%
CTR transter TILI91A, TIL192A, TIL193A Ig = 5 mA, Veg =5V 50%
rauo TIL1918, TIL1928. TIL1938 100%
Vg input diode static forward voitage g = 20 mA 1.4 v
VCE(san Collactor-emittar saturation voltage Ig =" 5 mA, fc = 1 mA 0.4 v
Vi =0
[ Input-10-gutput capacit, in-out ! 1
0 i utput capactiance I= 1 MHz, See Nots 6 oF
. Vin-out = 1 kV,
[ L put internst 1o
0 i See Note 8 e
d b ail inpyt-diode laads shorted tog: and all ph L1 leads shorted together.

~~amma  Trxas P ’

OPTOCOUPLERS
switching characteristics at 25°C free-air temperature i
PARAMETER TEST CONDITIONS TYP UNST
Vee =5V,
i 6
4 Rise time IC tomy = 2 mA.
AL = 1000,
i 6
Y Fail tims See Figure 1
. PARAMETER MEASUREMENT INFORMATION
INPUT
470 INPUT ]
= iSee Note A) ]
ﬁ ﬁ Py OUTPUT
- /(\VM {See Note B)'
= Ry = 1000
H<nn -5V
e
TEST CIRCUIT
Adjust amgplitude of input
pulse for Ic(on} = 2 MA
VOLTAGE WAVEFORMS
NOTES: A. The input form is liedby a g with the # ing char Zoup= 50 0.t < 15 ns, ty, = 100,s,
. duty cycle = 1%.
8. The output f s on an oscil with the Q C ies: t S 12 ns, Rijp, = 1 M, Cjpn 5 20pF.

FIGURE 1. SWITCHING TIMES
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TIL191, TIL192, TIL183, TIL181A, TIL192A, TIL193A
TIL181B, TIL192B, TIL193B
OPTOCOUPLERS

TYPICAL CHARACTERISTICS

TS, TIL192, TL193

FORWARD CURRENT COLLECTOR CURRENT

vs
vs
FORWARD VOLTAGE COLLECTOR-EMITTER VOLTAGE
160 18 , 3 ™ T T
g - IF = 12 mA
140 / 14T = w|m\..o = o
g
| I e
€ 100 - g 1A : 1]
¢ ._.>|~mn/t\ g el EimA
3 -3
- 80 nw 8 H+
I :
2 60 2 8 +—
_..ﬂ ;..qoen\ 3 If = 5 mA
W 40 \ Loa <
’ TaA = = o, -
v 20 \ \ _> ~ m_m ¢ 2 Ifg = 2mA
S
PR ~
0 i
) 0 0.20406 0810 1.2 1.4 1.6 1.8 2.0 oo 1 2 3 4 5 8 7 8 9 10

Vg—Forward Voltage —V
FIGURE 2

Ve - Collactor-Emitter Vortage—V
FIGURE 3
. NORMALIZED ON-STATE COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT

vs vs
INPUT DIODE FORWARD CURRENT FREE-AIR TEMPERATURE

1)
: 100 < 12 I
. Eveg =5V —F N Veg = 5V
s |- Normalized to Ig = 5 mA wr J M ! LA | w\]/r _mom 5 mA
§ 10LTa =25 ; s tg = 0
rvv ey e = 1.0
H i 3
o [
3 1 s 0.9
3 208 N
~ >
T o1 z
E 3
£ 3 0.7
g " i N
L 0.6
T 0.01 b _ : § /
e ” o o c
2 — ALY 5 0.5
\w 1. ] o
0.001 L1 1l I 2 0.4
0.1 04 1 4 10 40 100 © .50 -25 [+] 25 50 75 100

[F—input Current—mA
FIGURE 4

TA—Free-Alr Temperature— °C
FIGURE 5

TIL181, TIL182, TIL193, TIL191A, TIL192A, TIL1SIA™
TIL1918, TIL1928, TIL1938
OPTGCOUPLERS |

TYPICAL CHARACTERISTICS

TYPICAL COLLECTOR-EMITTER
SATURATION VOLTAGE
VS,
FREE-AIR TEMPERATURE

7 024
; |
K g = 5mA
S 0.20 III_O - 1mA
0.18
>
0.12
u R \
0.08 >
Q
} 0.04
H
Y o
> ~-50 -25 0 25 50 75 100
TA— Fres-Air Temperature— °C .
FIGURE 6

TYPICAL APPLICATION DATA

5V
430 0 W 7.5k

r~ VO|I ouTPUT

—r
SN7404

Vee = 5V

SN7404

sl |

INPUT

FIGURE 7



TIL120, TIL121
OPTOCOUPLERS

TiL124, TIL125, TIL126
OPTOCOUPLERS

DZT227, MAY 1977—REVISED DECEMBER 1982

TYPICAL CHARACTERISTICS

MORMALIZED ON-STATE COLLECTOR CURRENT
"

-

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS

INPUT DICIDE FORWARD CONDUCTION CHARACTERISTICS FALE-AIR TEMPERATURE e Gallium Arsenide Diode Infrared Source Optically Coupled
O r—r— o MTT to a Siticon N-P-N Phototransistor
Ta=25°C 2 Vge* SV i . A
» " Al —ir 0. e High Direct-Current Transfer Ratio
<«
o ® T o High-Voitage Electrical Isolation . . . 5000-V Rating
: m o £ . e Plastic Dual-in-Line Package
H e B . N . .
& (7 A " e High-Speed Switching: t, = 2us, tg = 2 us Typical
m i . I~ " e Typical Applications Include Remote Terminal Isolation,
i §oe < SCR and Triac Triggers, Mechanical Relays, and Pulse Transformers
EIN S an mechanical data
&
s m 01 The package consists of a gaitium arsenide nfrared-emitting diode and an n-p-n silicon phototransistor mounted on 2
° N ~ 6-lead frame encapsulated within an etectrscally nonconductive plastic compound. The case will withstand soldering

- o
-7 -5 -2 0 kel % 75 100 125

Ta Fromau Temanatwe- C

0O 07 04 06 0d 10 12 14 16 ty 20 temperature with no deformation and device performance chasacteristics remain stable when operated in high-humidity

VE-Formard Voitage- ¥ conditions. tJnit weight is approximately 0.52 grams.

FIGURE 4 PHOTOTRANSISTOR COLLECTOR CURPENT FIGURE S m%ljl’
-
m INPUT-DIOOE FORWARD CURRENT ‘ o=
100 F= P T TN
B errone bon La.. .
1 - T \on Leaas are within 0,13 mm (0.008 inch) radius of
U (LY, 3 O@.n@ 5. true position {T.P.) with maximum material
W 7 sunnin condition and unit instailed.
b} Fa o e 1N RSTREe Pin 1 identified by index dot. 4
b H snacs Terminal connections:
b m 1. Anode Intrared-emitting Y
2 3 - sari v ,_!_ e 2, Cathode giode
m. SRIN ~_ - 3. No internal connection
2 wr R J.O\ T __‘ 4, Emiter
w o1 — STeT s .Juﬂh 5. Collector Phatotransistor
= b . et 6. Base
o-l ) 1 7 i WA— _ FALLS WITHIN JEDEC MO-001AM DIMENSIONS
b 0.0t 4 5 ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
-~ 'R} aa 1 4 10 L 00
W 1~ Ingut Diade Fareerd Current—mA TIL120 . A i }
b} OFF STATE COLLECTOR CURRENT FIGURE 6 AVERAGE m:_.an...zﬁ Tmg - absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
b - v
n LOAD AESISTANCE
- . FREtan rEurenaTURe oo INPUT-tO-OUDUE VOAgE  « =+ « o o o s e e e h e e e e e e s . B5RY
15 2=
oo <Hn3_< v pyectmy : =S Collector-Base VOIAgE .« « « « « v « o o e e e et e e e e e s s 1OV
- Fra-285¢ » B mA - N
¥ voool1g-0 \\ 3 O s .m_n....s... 1 Collector-Emitter Voltage (See Note 1} . . . . . . . « v« v v v v v o e o e e e e e vV
H \ [ H 1 mamnn?no:nnﬁo_.<o:uma..................................q<
3 W 7 't ok i Lt Emitter-Base VOMAGE . o o v « o v o b s e e h e e e e e e IV
H ¢ =z R _:v:..ouonumn<m.‘$<o_ﬂon........‘.........................w<
m v 4 L s _._._ 1 ; tnput-Diode Continuous Forward Current . . . e e e e e e e e e .. . . N00mA
- m } T, Continuous Power Dissipation at {or below} 25°C Free-Air Temperature:
2 \ o A infrared-Emitting Diode {See Note2) . . . . . . .« .« o o o b oo e e e e e 150 mW
en ot k] = e = y ) Phototransistor {See Note 3} . . . . . . . IR S £-1 R
: o ™o it H - Total, Intrared-Emitting Diode plus _u_._o—o:n:u_ﬁo., {See Note 4) e e e e e e e e . . 250 mW
& om 5 1 S o °
Storage Temperature Range . . . . . .....................Immo::mono
0601 o B Lead Temperature 1,6 mm (1/16 53:3398310?039 [ .- | i
-5 -% 0 % % 15 100 128 0 100 1000 10 000 . 9
Ta-Froean Tempsranre='C AL -Loss Reusiance - 12 NOTES: 1. This value applies when the base-amitiar 01008 is cpentireuited.
e early 10 100" C frae-air temperature ot th
FIGURE 7 FIGURE B

ariy to 100° C free-av tempersture at the
Iy to 100°C free-air temperature 3t the rate of 3,33 mw/°C.

o e L e (Y cmm Y0 R ()
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TiL124, TIL125, TIL126
OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature

TIL124, TiL125, TIL126
OPTOCOUPLERS

PARAMETER MEASUREMENT INFORMATION

Adijust amplitude of input pulse for:

IC{ont = 2 mA (Tes Circuit Al or
IC{on) * 20 wA (Test Circus 81

INPUT
aa f aq
INPUT 9 |- INPUT
ouTPUT
(Sae Note b} T.Il*ln. t IT'.L
AL =100 0 ouTPUT i ourrut
(See Note b}

TEST CIRCUIT A
PHOTOTRANSISTOR OPERATION

NOTES:
Ly = 100 ps.

b. The output wavetorm 18 MonItored on an

10%
TEST CIRCUIT B

PHOTODIOOE OPERATION

VOLTAGE WAVEFORMS

a. The mput waveform is supphed by 8 QEnerstor wih the 1oHowiIng Charactersnics: Zg e ® 50 52, tp € 15 ns, duty cycie ~ 1%,

with the ing stics: & € 12 ne, Rjp 2 1 MQ, Cjy, S 20 0F.

FIGURE 1-SWITCHING TIMES

TiL124 TiL126 TIL126
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX | MIN TYP MAX
Collector-Base Ic=10uA, Ig~ 0,
v 7 70 70 v
{BRICBO Breakdown Voitage lg=0Q °
Collector-Emtter ic=1mA, 1g=0,
v 0 0 0 v
(BRICEO Breakdown Voltage Ig=0 3 3 E
Emner-Base lg=10kA, Ic=0.
v 7 7 7 v
(BRIEBO Breakdown Voltage ig=0
T " "
a nput Diode Static va=3vV 10 10 10] A
Reverss Current
Photot Ve =10V, g =10mA,
OnState | orOvanustor) YCE Friom l 3 2 s 5 9 mA
Operation lg=9Q
iclon)  Coltector et [ Veg = 10V, I = 10mA
Current c8 - F : 5 20 5 20 5 20 uA
Oparation tg=0
tr: tor| Vi =10V, g=0
Oft.Stata) | OioHansston VCE F 150 1 s0 1 80
Operation g=0
'ctatty Cotlactor o edioos | Vag =10V, 1F =0 pA
Currant cs cEES 01 20 04 20 01 20
Operation 1g=0
Transistor Static Veg a8V \ 10mA
bEE Forward Current \ n.mo - e * | s0 100 100 200 100 550
Transfer Ratio F
[ Diode Stati
Ve et Bt e ig = 10mA 12 14 12 14 12 14| v
Forward Voltage
Call ~Emitter lc=1mA, Ig=10mA,
VeEny o eior ¢ F - 025 04 025 o4 025 04| V
Saturation Voitage tg=0
Input-to-Output Vinout = S00 V, 1 i e a
fio Internat Resistance See Note § 10 W '\
] - Vi, - f=1MH.
Cio mput-to-Output in-ou = 0. 2 113 113 1 13| pF
Capacitance See Note 5 A

NOTE 5: Thase paramaeters are Messurod between bo

th input-diode leads shorted together and alt the phototrangistor lasds

switching characteristics at 25° C free-air temperature

shorted togsther,

PARAMETER TEST CONDITIONS MIN  TYP_MAX [UNIT
te ~ Rise Time Phototransistor Vee =10V, Ictont =2 mARL =100, S 10 s
1 Fait Time Operation See Test Circuit A of Figure 1 S 10
ty Rise Time Photodiode Vee = 10V, Icton) = 208ARL 1 k0, 1 -
"
1 Fall Time Operation See Test Circuit 8 of Figure 1 1

TYPICAL CHARACTERISTICS

COLLECTOR CURRENT

vs
100 INPUT-DIODE FORWARD CURRENT
Vee = 10 V3 =
40F 1540 it
< Ta=25C TIL
\ €. 1oL LA
g e At
e 4 T 1 Y S0 s > &
3 T T1L1259 =TIl 24 Y
7
5 1
g e
S 04
FAVA
s nM =
©
0.1
0.04 ra
y
Vi
0.01
0.1 04 1 4 10 20 100

|g—Forward Current—mA

FIGURE 2
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SCL4066B

CMOS QUAD ANALOG SWITCH

FEATURES

¢ Transmission or Multiplexing of Analog or
Digital Signals
¢ 80§) Typical ON-Resistance for 15-Voit oper-
ation .
# Switch ON-Resistance Matched to within 56§
over 15-Volt Signal-input Range
¢ ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
¢ High Degree of Linearity:
<0.5% Distortion (typ) @ fis & 1kHz,
Vis = 5Vp.p, VDD-Vss =10V, R = 10k2
¢ Extremely Low OFF switch Leakage Resulting
«n very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) @ Vpp-Vss= 10V, Ta=25°C
¢ Extremely High Control Input Impedance (Con-
trol Circuit Isolated from Signal Circuit):
. 101282 {typ)
¢ Low Crosstalk between Switches:
-50dB {typ) @ f;s= 0.9MHz, Ry = 1k{)
® Moatched Control-Input to Signal-Output Capac-
itance Reduces Output Signal Transients
¢ Frequency Response, Switch ON = 40MHz (typ)

DESCRIPTION

The SCLA4066B is a Quad Bilateral Switch
intended for the transmission or multiplexing of
analog or digital signals. It is pin-for-pin compatible
with the SCL4016B, but exhibits a much lower
ON-resistance. In addition, the ON-resistance is rel-
atively constant over the full input signal range.
The SCL4066 consists of four independent bilat-
eral switches. A single control signal is required per
switch. Both the P and the N device in a given
switch are biased ON or OFF simultaneously by
the control signal. As shown below, the well of the
N-channel device on each switch is either tied to
the input when the switch is ON or t0 Vgg when
the switch is OFF. This configuration minimizes
the variation of the switch-transistor threshold

SCHEMATIC DIAGRAM (one of four switches)

SWTCH

SWITCH ON X'
SWITCH OFF, V¢ 0" svss

"}03;;
T

SIGHAL-LEVEL RANGE:
vss S Vig Voo

CONTROL
Yc

CONNECTION DIAGRAM
{all packages)
Switch
A

Switch D Switch C

—

et

Vpp € C IN OUT OUT IN
1 | | l ] | ]
14 13 12 11 10 9 8
SCL40668

1 2 3 4 5
| ! 1 I 1
IN QUTOQUT N C
—————

7
|

Vss
Switch B Swgch

o=

Switch A

Add suffix for package:

C 14-pin Cerdip F  14-pin Flat
D 14-pin Ceramic H Chip
E  14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage VpD - Vss 3to15 Vde

Operating Temperature Ta
C, D, F, H Device
E Device

55 to +126 ©°C
40 to +85° °C

voltage with input-signal, and thus keeps the ON-
resistance low over the full operating range.

The advantages over single-channel switches in-
clude peak input-signal voitage swings equal to the
ful! supply voltage, and more constant ON-imped-
ance over the input-signal range, For sample-and-

hold applications, however, the SCL4016 s
recommended.
LOGIC DIAGRAM
s s
conan -
e e
e QU
> — v-::
COMMOL ‘-—,.m
: - i
comeat = oo




STATIC CHARACTERISTICS '°

ELECTRICAL CHARACTERISTICS

Vss | Voo!| Tiow' 25°C Twion®
PARAMETER CONDITIONS - Units
{vdel 1'(Vde) M T Max, | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE
CURRENT loo [Vin"VesorVoo | © 5| -~ | oos] - [oooos| 005 — | 1.5} uAde
All valid input 0 10 - 0.1 - 0001} 0.1 - 3.0
combinations 0 15 - 02| - |0002] 0.2 - 6.0
MINIMUM INPUT HIGH Vin :
VOLTAGE Vis = Vss o 5| - | 40] - l275 | 40| - | 40| Vdc
{Control Input) Vos® Voo 0 10 - 80| - |55 go| - | 80
los = 10uA o] 151 - {120] - {825 [120{ - {120
MAXIMUM INPUT LOW viL
VOLTAGE Vis = Vgs 0] &) 10 - 1.0 |2.25 - 1 1.0 —~ | Vdc
{Contro! Input) Vos=Voo 4] 10 | 20 -~ | 20 {45 -1 20| -
log = 108A o| 1s|30] -] 30}ers| - | 30| -
SWITCH INPUT/OUTPUT losr
LEAKAGE Ve=Vss 7.5 | +7.8] - |#1w00]| — [:0.01]t100] — | £200|nAdc
| Vis= £7.5Vdc
ON-RESISTANCE Ron
C.D,F,H device Ve = Voo 1514750 _ | 95| ~ | so| 280 - | 320 @
Vss<Vis< Voo 0 | +15
R = 10k 2
5 I+ 4 _ | 30| - | 120] a00| - | ss0| @
o {+10
26 | 425] _ lo500| — | 2702500 - | as00| o
0 |+
E device Ron | Ve = Voo 7.5 [ +7.6¢1 as0| - go| 280 - 300] @
Ves€Vis<Vop 0 |+15
R, = 10kQ 5 |45
o |+l - | 30 - | 120| 400 - | 520 @
25 | +2.5 i
o L | - [200| - | 270{2800] - 3200 @
ON-RESISTANCE MATCH ARgn .
(Same package) Ve =Vpp 7.5 | 4716 = _ sl - - I .
Ves< Vis< Voo o |+15
R =10k
S AP YL [ o] - | - Q
0 |+10
2.5 | +25 w \ 4 10 _ - Q
0 {45

NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL40008B Series Family Specifications”
Tiow = -55°C for C, D, F, H davice.

= -40°C for E device.

Thigu = +125°C for C, D, F, H device.

=+ 85°C for E device.

* This device has been designed for balanced output drive current specifications. Consult Family Specifications,

180 -




SCL4066B

-

ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C, =50pF, T4 =25°C)

R vl SR

Vgs Vpp . .
PARAMETER CONDITIONS (vde) | tvde) Min. Typ. Max. Umti
SIGNAL INPUTS (Vi) AND OUTPUTS (V)
PROPAGATION DELAY TIME | tpy 1 |Ve=Voo
tpuL | Vis=Square 0 5 - 20 40 ns
Signal Input to Signat Output \A{ave 0 10 - 10 20
Ry = 10kQ 0 15 - 75 15
BANDWIDTH (-3dB) BW |V.=Voo R
(Sine Wave) Vi=5Vppl 1kQ -5 +5 - 54 - MHz
centered | 10k - 40 -
@ 0.0Vdc{100kQ - 38. -
1M — 37 —
INSERTION LOSS
(=20 logso o2 ) ]
g7~ Ve=Vpo Ro
Ve=5Vpp| 1kQ[ -5 +5 - 23 - dB
centered | 10kQ2 3 - 0.2 -
@ 0.0Vdc{100kS2 - 0.1 -
1M - 0.05 —
SIGNAL DISTORTION
(Sine Wave) Ve=Voo -5 +5 - 0.16 - %
Vie=6Vpp
centered
@ 0.0Vdc
fi,=1.0kHz
R, =10k
FEEDTHROUGH (-50dB) V.=Vgs Rg
V=5Vl 1kQ2| -5 +5 - 1250 - kHz
centered | 10k - 140 -
@0.0Vdc 100k - 18 -
1MQ — 2 -
CROSSTALK (-50dB) V (A)=Vpp -5 15 - 0.9 - MHz
Between two switches V(B)=Vgg
VglA)=5V,,
. centered
@0.0vdc
R, = 10kQ
CAPACITANCE
Input Cis ' - 8 - pF
Output Cos |Ve = Vss -5 +5 - 8 - pF
Feedthrough Cios - 0.5 - pF
CONTROL INPUT (V)
PROPAGATION DELAY TIME | tpc | Vsd<Vy<Vpp 0 5 - 50 100 ns
Turn on Ry = 10k 0 10 - 25 50
0 15 - 20 ° 40
MAXIMUM INPUT f.  |Vss&<Viu<Vpp 0 5 - 5 - MHz
FREQUENCY Ry = 1.0kQ2 0 10 - 10 -
0 15 — 12 —
CROSSTALK
(To signal port) V.=Square Wave 0 5 - 30 - mV
R, = 10kQ 0 10 - 50 -
Rin = 1.0k2 0 15 - 100 -

484



[ . - -LOAD RESISTARCY
' 330 ausient TEmPERATURE 1 ! ]I suppLy WLJ;:'f_:",}’ v I (R, ) 100 %2, 10X
g 20 ""'zic 1 l 11114 2 AMBIENT TEMPERATURE (Ty)+29°C il
< J 1A B NY 4 T AR
E HITRTTE HT1 Ntvop-vss!)* sV t 8
% aso HIHH e . ,
el >
w / \| ; t
% 20 HHHH HHH 9 i
e LM 14 } R 1t
] HH . b 30 YeVoo V)
T (44141 T«»« L HH . > o O—-——-l
= =8 4 = Y 11308 Vor
g T L F R it 5 -
' d-«b‘":r Mdov il O 1o
o B IR . TTHTHIL E SWITCHES "
g B 4 LH L s s
z L HTT £ é
< - -4
I b4 I 143 FFH 33 Fr 444 3 2 vss =
° 111 eapfabbabls b ° it ALL UNUSED TERMINALS
H-44H 14 HH 4 i
o R S 1 L L s ARE_CONNECTED TO vss
- - - - o 2 ) 6
SIGNAL VOLTAGE fv,,) — voLTS INPUT SIGNAL VOLTAGE (V,,} —VOLTS
Typical channel ON resistance vs. signal voltage for Typical ON characteristics for 1 of 4 channels. #
three values of supply voltage (Vpp-V gg)
SUPPLY VOLTS: vpo=+3,vss*—9 [ RF VOLIMETCR
INFUT SIGNAL VOLTS lv..)?ss vp-p O . BOONTON AAGIO) SUPPLY VOLTS. Vpp©+ 3, V55" -5
r=1t--7  woDEL 91-Ca CONTROL VOLTS (Vple-3
SINE WAVE (1.7T AMS) ' : OR LOUV 4 INPUT SIGNAL VOLTS (V;4)*3 Vp.p SINE WAVE 177 RMS)
CONTROL VOLTS (vgis+S ! f ) % 3O L0AD CAPACITANCE (CL)*CFIXTURE *CMETER
 LOAD CAPACITANCE * (CFix *CMETER) 11! 2 FIXTURE AND METER NULLED OUT
2 Crosrmryner 4 /
4 § 23 W e voutmrren - 37
s 11/
= + MOOEL %-CA -
! 5 »E
H IS g
" [ [ | 2 oé" R
3 2 L0AD RESISTANCE (R }e1MA 1Y Hlas 3
« ¢ Al e
2% -3d8
2508 0 q\ POINTS | 2 Vi yi s %
8 | Trooxa = iV y
“n f wa 2 /
4] ‘ § / o
ae y
= H
3 _od /
o4 1 0 3 100 02 o3 04
INPUT SIGNAL FREQUENCY (f),} MHy NPUT SIGNAL FREQUENCY {f,)kHe
Typ. switch frequency response - switch “ON” Typ. feedthru vs. freq. — switch “OFF”
SUPPLY VOLTS:Vppe+3,; Vgg®-9 TN T 1N
INPUT SIGNAL VOLTS (Vig)e 5 Vp_p SINE WAVE (177 RMS)
‘.: 301 FIXTURE AND METER NULLED OUT 338
-:-' [T AR A
Ve'voo oh v,
5 a8t 37 oV e
g BY Ve N 2 o= = O
3 o T 2 tretfe 20my
3 m»l:gj p L4 wa e 2
®xn
3 b g
9 ov.. RF voLTMETER T 4183
H e Yss BOONTON RADIO z
; MODEL 91-CA v
- N 17 OR EQUIV, 11 e
E pLd Vs (D) ALL UNUSED TERMINALS
= . ma 30
5 wn ] ARE CONNECTED 10 Vgq
> J- A
2 OF 4 SWITCHES l IH/
n 114 Lals 1
o-! ' 0 0?2 0 04
INPUT SIGNAL FREQUENCY (l")— kH1s
Typ. crosstatk between switch circuits in the same Test circuit, crosstalk-control input to signal output
package R
182
.




SCL40668B

SPECIAL CONSIDERATIONS — SCL40668

1. In applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/Ry (R = effective external
load of the 4 SCL4066B bilateral switches). This provision avoids any permanent
current flow or clamp action on the Vpp supply when power is applied or removed

from SCL40668B.

2. In certain applications, the external load-resistor current may include both Vpp and
signal-line components. To avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not
exceed 0.8 volt (calculated from Rop values shown).
No Vpp current will flow through Ry if the switch current flows into terminals 2, 3,
9, or 10. Failure-to observe this condition may result in distortion of the signal.

APPLICATIONS INFORMATION

b) SPOY
V¢
o spsT oz
vis 0_%8%, ISy % >——Ov°'
o JL
@ DPOT
c) OPST Vosaz v
1sA
Visa Vosa Visa Vosa Vosai Vosaz
—0 VisaO———f VoAl Iy OJ: vo
—0 osg) g362
v.»o—@ Vise Voss Vosez v,,',,
\/ E
-0 cJ-]_ V58O Bt
'c
Basic Switch Functions using the SCL40668
C4~0.001Cy
{
. ¢ —}
fca o
SELECT
C3=0.01C, —
L [:]
il b o
fca z s OPIN LOOP GAIN
SELECT O—n g
m C2=0.1C, 3 ~ ~
1 w k-
CONTROL H' 2 ez e e
;?um o g \ \ N I
< > q >~
1 \ ~
“ —it 0 \ k E I FITE R AT
\ séLECT O \
.
FREQUENCY - Ha
—ANA
Ry Ra ALIVOLTAGE GAIN BELOW BREAK FREQUENCY)
ViN O——ANM— - ."‘(3‘
1
- 1. (DAEAK FREQUENCY) =
O Your ¢ 2.A5Cx
+ L (UNITY GAIN FREGUENCY) = —'——
" 2R Cx

MAX ATTENUATION - (D3lon)

Active Low Pass Filter with Digitally Selected Break Frequency
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6404 /7404

i Hex Inverter
‘\ Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
N Package . Package Package Package . Package
ice Type Device Type Device Type Device Type Device Type
, Device Typ CTETMIE YPe TR IMICF YPe I ETRTMICE ) clPImlcF C|P|MCF|
El SNS4S04 o) W SNSaHO4 10 Wwoq SN54L S04 D) W2 SNSa4 @ Wi SNSALOA J OIND| TO)|
. SNT4S04 ) ©[ND SNTAHO JDIND SNALS0L 1 O|NG| SNT404 J OIND SNTALOL J QIND| T
_;\ma‘"w FMS4S04/F M9S04 D0 F MSaH04/F M3H04 [DD)! F @] Fusatsos,/ restsoe [X) FD { FMS404/F MaNDL (DO Fe
£ CI4S04/F C9S04 (0D PD F C74H04/F CIHO4 |DXDIPD FC70L504 /FCILSDM od {rD FP { FM7404/F CINOA  {DXDIPQ)]
. MC3108 L £ MOS0 [ FQ
OTOROLA M C3008 LD FO§ SNT4LS04 - P} MCTa04 LDPD
%5 c DM54HO4 TAND DM54L 504 DMEA04 JOIND]  [we] OMS54LG4 G2
e OMTASO04 NO DM741104 1 QIND DM741.504 DM 7404 JO|IND DM 14L04 JOING|  [F
HILIFS N74504 [6) N74HO04 [ N74L S04 o F JH241/7808 [}
GN:”CS S54504 FOIAD W] S54H04 FO[AQ Wl 55404 FOlab W
kel N74S04 FOAQ) NT4HO4 [rolad NTAL S04 a0 N7404 FOAD
IMENS FLH2N [
7
. <«
HITSY 741500 MO EOD oD
TACH! HD 74504 [0 HDT4L S04 P HD7408/HD2522 | W[PD
e
SUBISHI iseon ) ML 504 PO M 53204 IBG)
e
i 74504 cOl LS04 e #PB235 0D
DSHIBA To30R ZONS
Electrical Characteristics SNS4LS04/SN74LS04
sbsolute maximum ratings over operating free-air temperature range
™ Operating hoe-as [ SNSALS WC o 23¢ R
o P e v w e Schematics (each gate)
Slorage lempersture *angs ~65C o SIC
SNE4LS504 SN74LS04
MIN NOM MAX MIN NOM MAX sy
Lol ol s9e, Voo 45 $ 5.3 47 5 $ v
ﬁ);nm gyt ourrent, gy ey -400 PO %o
bw-levst wipul ouerent by 4 f] mA “
“peratng rencar temomaius, Ty —58 125 0 L ©
. ki
electrical characteristics over recommended operating .
free-air temperature range el
N PARAMETER TEST CONDITIONS t MIN TYP § MAX ] UNIT s
i Hhgh-leve! input voltage 2 v
L { ow-leve! _mput voltage o8] v .
1 yut_cta 1 VoG =MIN, 1= ~(8mA -8l v
LRl W'..w vgg-MlN VIn.’WT_ - L CMCUIT JRI| RZ{RY] A .
- tagh-level t i e - 4 04| 4n m-[uol vuI onp
IH 1gh-level output voltage lop=MAX 2.1 3 v “oi— Taonl 0w 500 | i)
. VOCo=MIN,  Viy=2v, input ¢lamp diedes not on
JL Low-level autpul voltage 1oL = 4mA o2 Y SNS4L 7SNTAL® circuits. ‘S04 CIRCUIT
¥ Input ourrenit at ‘04, ‘LO4 CIRCUITS ’
m avmum mpul voltage VEG=MAX, V=TV o.rf ma
4 ' _ High-level input current VoGg=MAX |, Viy=2.1v 20| uA
Low-evel input Surrent Voo =MAX, V| =0.4v —0.4] mA
. Short-crcult . [ secs Famuy [-20 ~o0
'S omput current_¢ Vee=MAX s Famiy | =20 Tie)] ™ ,
CH4__ Supply current - Total, outputs igh .2 2.4] mA
[+ __Suooly current Veo=MAX Total, outputs low 3.6 6.6] mA
Average per gate
S mply curreat \Z sV .
c R ._mnv currea cc= (50% duty oyote) 0.4 mA .
P cpagatior delay time, .
LH . 9 15| ns
Few-to-high-level output __|voc=-sv. TA=25C,
P opagation detay iime, CL=ISPF, AL =2KQ
HL high-to-low-level output 10 15] ne
| Pin Assignments (Top View)
' Vee
08
Vi
| '0) ® , 8 ‘; " e
| Voo BA €Y SA SY 4A 4Y weus ‘h —
- LpaLfel ) () [3]).[ v WTPUT ¥
} E’
[
3 ? GND
[[>‘] [[>°l [D“l 'Ho4 CIRCUMT "L304 CIRCUIT
T T
127 1Y 2A4 2Y 3A 3¥ OND
positive logic
LY * Resistor values shown are nominal and In ohms.

For ond lons shown cs MINor MAX, use the appropriate value specified under recommended aperating conditions.
Al tymet] values are at VGC= 5V, TpA=25C.
Not mcre than 8ne output shoufd be shorled at a tme, and lor SNS&H'/SNI4H' and SNS54S'/ SNT4S', duration of shori-cirout should not exceed 1 Swvond.
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5]408/7408 Quadruple 2-input Positive-AND Gate

\ - .
H\i4 : . Schottky TTL High- Speed YTL Low-Power Schottky TTL | Standard TTL Low-Power TTL
¥ - Package Package Pdckage Package Package
T Device Type Device Type Device Type Device Type Device Type
K Pe reTPImIcF YPe [cTP mcH YPe IeTPIMIcF P ICTPIm[cE Pe [CTPIMICF,
1.1 . SNS4508 J 3 il SN541. 508 I W SNS408 F19) Wl .
- 3NT4508 JOINT SN7IL S08 1T IND)| SN1408 1O
FAIRCHILD FM54508.~ FM9508 o £ {F M54H0B 'F M3H08 [Dt £ | rmseson /rmsos [ FO | FM5408/F MINO3 [0 F@
FC14308, FO3S08 oD |rD @ |[F C74H08/F CaHOs |odt [Pt FCILS08 1o 08 [9)] FO § FC408/F CINOS_ [OP[PTY
MC3101 Lo £l °
MOTOROLA MC 300t L4 jPd- Fa1 SNt s08 P MC 7408 Psi)|
NS.C . DM54H08 TRINER DM54L 508 pT DM 5408 J PN Wb} DM54L08
. DM 74108 J QN DML 508 P DM 1408 JD|NE DM74L08
PHILIPS N74508 [ N74H08 i NTALS08 ] NT408 . ‘L
B S534H08 FDJAWD wil 55408 FO}AD Wi
SIGNETICS N14S08 4 1. N14Hos Fa]a)] N74L S08 3] N7408 F®[AD]
SIEMENS O %
FUNTSY TR il
HITACH! HD L S0b P HO7408 /' HD2550 | D[P,
| MITSUBISHI MTaLS08 P D) M53208 PO
' NEC T4LS08 ICD)! uPB2I (8]
- | TosHiBA T =
Eloctrical Characteristics SN541.508/5N74L.508
absolute maximum ratings over operating froe-sir temperature range
Sumly voliage Ve w Omrating lrea o [ snsas -S5C o 173¢C Schematics (each gato)
Input_ vo'tage v Semoscature rings { snuLs oC 0 10C
Inlaremtter volingr 5.5 Storage lemonralure rarge -65C 10 10C vee
d ing conditi . *® n 1o 3o
SNSaLS08 SNT4L508 2
N 1] NOM  WAX | WiN NOM. wax | T
T Supply vollage, Ve 5 s $5 45 3 (X1 v INPUTS
High-lovel sutp current, Iy ~ 800 - 800 Py A —q O\ITVPUT
Low-level oulput current, 1oy ¢, s mA L]
} Opmiating kree-ae temparatire, 72 = ] 128 [) NG 3 200 *
electrical characteristics over recommended operating P oND |
free-air temperature range
PARAMETER TEST CONDITIONS t,  TMIN TYP i max [unT 0 CIRCuIT
ViR High-leve! snput voltage i 2 v
Vi Low-lgvel Input vottage 0.8| Vv
V) Input clamp voltage Vee=MIN, Ij=—igmA S el
i VEe=MIN, Viy=2v, 3
-levet A
VoH  High-leve! output voltage Yor = MAX 2.7 3 v Yo
. VCC=MIN, vy =av . >
VoL  Low-level output vohage toL = 4mA 0.28 04| v
) I trout _current a1 Vog=MAX, v =1v 0.t | ma
maxmum input vollage INUTS
[T} High-level mput current Voo =MAX Vig=2.1v 20| pA ;A
Iy, Low-evel mput current Voo =MAX Vi =0.4v =041 mA 4
Short circun S4LS Famity | —20 - 100 .
= A
'05  gutput current @ Vog=MAX TALS Family | —20 “to0] "
| ICCH _ Supply current = Total, cutputs igh 2.4 480 mA
IccL_ Supply current Voo =MAX Total, outputs low 4.4 88 mA
Averags pergais .
'€C supply current VeC=3V: |ico% duy cycte) TR mA *508 CIRCUIT
' Prooagation delay time, N 5] ns
PLH ) ow-tohigh-tovel oulput vee=5Y.,  Ta=25C.
. Propagation dolay time, cl..=l.':p F. AL =ZQ
PHL  pygh-to-tow-lavel output R
Pin Assignment (Top View)
0 s
) L0
. L ad
¥
‘LS08 cmeurt
'
. . H
50:1“8‘“ logic: Resistor values shown are nominal and in ohms,
t For Conditions shown as MIN or MAX, use the appropriate vaiues under operng

T Al typical values are 8t Voo=5V, TA=25C,

«Not mors than one output shoufd be shorted at a time, and for SNS4S'/SNT4S’, duration of output short ciroult should not sxosed ons socond,
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5432/T7432 Quadruple 2-Input Positive-OR Gate
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package | Package Package Package Package
Device Type Device Type Device Type Device Type Device Type
yPe TR MICH YPe [eTPM]CH YP® (TP [M]CH] cJp[mIcH Pe feTrmcH
T SNE4SI2 1D WO SNSSLSI2 ) O W(| SN5432 JO W)
. SN74532 D IO SNILSR JO|NO SN1432 5 DIND
FAIRCHILD US4S32./ FUSSIE )] fUsALSI2/THR 332 o) fQ | FMs432/F MEN32 0D F O
TCIS32./ FORS1 (L] 1] UL /FONS o] | *D ¥@ | FCr432/F CaNIZ  [DD|PO
MOTOROLA SNTL 832 P
NS.C DMILSR 0 DM3432 HOIND, OM54L 32
- OMS4L S32 [0] DM74232 JOIND DM74L32
PHILIPS NNS2 ) NULSI? ] N7432 [0)
[ o »®
SIGNETICS NILSR A D) w2 F O} 0
SIEMENS T o)
FUJITSU TLSI2 ML)
HITACHI HOT4L S32 P HD432 [(ED
MITSUBISHI M5ILS32 PO
NeC T4LS32 o
TOSHIBA
Electrical Characteristics SN54LS32/SN74LS32
absolute maximum ratings over operaling {rea-air temperature range
Swpwty vonage, VCC ™ Opecating ee e [sneaLs Teve w185 Schematlcs( each Eatﬂ)
Input voltage w lamperatrs 1ange [sns ©C o 10T
Staage tempaiatwe range -63C o 180 Yee
ded operaling condit 1000 1000 “iu 25 15 1%
SNS4LS32 SN74L532 o wuts
MIN NOM MAX MIN NOM MAX A
Swovly vollage ¥CC 48 5 5.5 an [ ¥ v
High-level autput ourrent. 10K - 400 - 400 .k
Low-leval oulgul current. gL Y 1 (] mA | uTAUT
Operdimg krea-av temperaiws, To -5 (133 L) " i ' A
olectrical characteristics over recommended operating 3 N
free-air temperature range 14 9o
PARAMETER TEST CONOITIONS 1 MIN TYP § MAX [UNIT -
Vi Hugh-level input voltago 2 v 2 et
ViL Low-lavel inputl voltage 0.8 V
Vi Input clamp voltage Voo =MIN, |1 =—1smA 151 v ]
Voo =MIN,  Viy=2V,
Vou  High-level oulput voliage |::_MAX " 21 34 v
T Vee=MIN, Vit =ViL max,
VoL  Low-avel outpul voltage gy = dma 0.25 0.4 V
Input curent a1 _ .
" maximum mnpul voltage VoCMAX. V=V e mA_
iy Hign-level input current Voo =MAX, Vig=2.1v 20 | uA
TR Low-level Input ourrent Vog=MAX, Vi =0.4V -0.4 | mA
- [saLs Famay | —20 ~100
los Short-cirouit output ourrent ® | Voo =MAX IHLSFIm'Iv pury T mA_
IgcH  Supply ourrent Voo =MAX Total, outputs high 0 6.2 | mA
lcgL  Supply ourrent Total, outpuls low 4.9 9.8 mA -
Average perpate
! Suppt ' voo=Sv A
cC upply ourren cc (50% duty cycle) e .
Propagalion defay time, '$32 CIRCUIT
PLH  gy-to-high-tavel output vee- V. Ta=25C. I .
Propagation delay time, C = 15pF, AL 2
PHL  poheto-low-level output ooz) s Vee
Pin Assignment (Top View) 204 300 1k 8 T 3o
I¢
0) s ol e
Vec 48 4A  aY 3B 3A 3¢
13 e
K] 1201049 ? ] 3¢ }
k¥ .
L Vs s M e .
TA 18 1Y 24 27 GN
‘L$32 CIACUIT
positiva logic: . Resistar values shown are nominal and in ohms.
Y=A+8
tFor conditions shown as MIN or MAX, use the appropriate value sp under ¢

$Al typical values are 8t VGG =5V,
@ Not more than ong output should ba shoried at a ime.

TA=25C.




120

5490 /7490 Decade Counter

Schottky TTL High-Speed TTL Low- Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package 5 Package
Device Type Device Type Device Type Device Type Device Type
YFe ICTPMkF P TP TMIcF c[PIM[cF c[pmlcr clPMcF
Tl SN54L90 3o Wil SNS290A i Wt SNS4LI0A JNL]TY
t SNT4LIN J R SNT490A J Nt SiNT4L 90A Jofna T
-
(LU BT TS ) &1 D F
_ w— PSS JY U aiq
FAIRCHILD 1089 FCUsN [ DiP!
MG 5490 [ o
MOTOROLA 1y - . [ I N e e (Y
N s c DMS4L 590 m,| OM5430 }) N W | DMS2L_90 S [N F
- : 1 DMTaL 530 T DMT4sq PN DMTALID Toinal TFe
- l H H
}
PHILIPS ! N4L 590 1 F 3141 1490 | "x
l 554%0 Frilan] Ll
SIGNETICS | N7Lsa0 AT N7450 P i]a
T
1
(.
SIEMENS |- — 1 o , :
T 7
FUJITSU s
HITACHI T N HDTAL 590 | HD74304 HD2519 | 1[P-7
1 .
_——— 3
MITSUBISH MiaL 590 ERY MS3290 P i
NEC === uPB219 [ ()
] k
TOSHIBA N |~ |T03504 e i
Electrical Characteristics SN54LS/SN74LS90A Pin Assignment (Top View)
Mg 0x 0O 0p O
absolute maximum ratings over operating free-air temperature range 0] N A fﬂ.’ (4
Supply vollage, Vo v Operating froe-air _ISNSILS -58°C 10 125°C T T T .T
Input_voitage v |iemoeaiues ange | SNMLS]  oc 1o T0C PR %
interemitter voltage (see Nole 1) 5.5V Storage lempertiuca rangs ~65C o 150°C A o ,_J
NC~ 8o wnternal cennechon
. recommended operating conditions b8 Ay f—
o) Pory, Ry},
SNS4LS90A SN74L.5S90A uNIT . l ]
MIN  NOM MAX [ MIN NOM MAX
Supply voltage, VoG 45 5 s5s5/a15 5 8725 v mp' ”’ LIRGIREIRLIRE
Hign-level output current, 1o - 400 —400 | A B "ol o) NG Vee Ry Raiz
Low-lavel outpul current, | 1 81 mA .
S out o 3 e - -Function Table
Count traquency. 1 count = MHz BCO COUNT SEQUENCE BI-QUINARY {§-7) RESET/COUNT
B mput [ 6 0 16 WA LSIS LA (See Note 1) WA LS. LI2 (Sew Note 3} "30A.'LSH. LI (Ses Note 3)
. A nput is 5] 15 [ ooeer|_2UTPUT [count]._OUTPUT RESET 'NPUTS ouUTPUT
Pulsa width, ty B nput 0 o n3 Qp ¢ Op 4| 94 9p ¢ 9a Ray) Rgn 41 Renfoo oc gB A
Heset mputs 15 15 L (VR S S o [L L Lot H M L XL L oL oL
~ T [ O W W] Hoomox LLoLL
Reset mnactive-state selup, Tsgtup 25 25 r:s A ™ g 2 SR | v b " wilw €L ow
Operating free-air tamperatwre. T p 55 125 . 0 10 C PR 3 L L MK ¥ L X 1 COUNT
electrical characteristics over recommended operating [ H L L L [ COUNT
free-air temperature ran, S poHL S vttt Lox x L count
ree-air per ge s JuomomoL ¢ Inw e um X 'woLox COUNT
PARAMETER * TEST CONDITIONS 1 MIN TYP$ MAX [ UNIT T LK oHoM 1 HoL H oL
3 oL oL [ I T
ViH High-le vel input voltage 2 v Nl &% N w ™ L
Vi, Low-jevel input voltags 9.8 Vv
A7 Input clamp voltage Voo =MN, Iy =—18mA ~1.5 v Functional Block Diagram
Yoo =MN, Vi —2v, (See Note ay
i t . A ¢
Voy  High-teve! output vohiage VI C0.EY.  tgu=-400pA 21 Ay 3
- Veg=MIN, V=2V, ",
VoL  Low-level oul?ui voltage Vi =0.8V.  igy =8mA 0.35 0.5 V
Input current 8 | Any resst Voo =MAX, vy=1v N
1 maxmum nput | A nput ~
v MA V)=
votage B gl CCTMAX, v =55v
Any resat
High-level
hK A input Voe=MAX, Vi=2.1V oo,
input current B ot
. Low-lavel Any reset -0.4
It owlovel A input Veo=MAX, Vi=0.4v “2.4| ma
Input current
8 mput 3.2 -
Shor t-circut [snseLs | ~20 ~100
i Voo =MAX mA
95 output currens ¢ ce [snies | ~20 - 100 i
tcg _ Supply current Voo™ MAX, See Note? ) 15 ma “SOA'LISALEO DECADE COUNTER
from A to output Op 3242 . ‘
Imax Trom B 1o ouiput O, M
rom output Ue 16 NOTES: 1, Thia s the vottage Letween two emitiers of a multipis-emitter ransistor. For
tPLH 10 16 this ciicuit, thrs raling appliss bstween the two Rq inputs, and it also sppliss
1PHL from & o outout Qa 12 18 ns betwesn the two Ry inputs.
PLH . A o Vee 32 48 2.cc meunlndl with alllwlpuls open, both Rg inputs grounded loilowing mo-
rom A 10 output Qp ns mentary connection ©.4.5 V,and all other inputs grounded.
TPHL Ta 34 50
: Cu =15pF, 0 2. Output Op 13 cunnected to Input B for BCD count.
PLH from B 1o auiput Og R =2 16 ns Output Qp is conected 10 input A for bi-quinary count.
PHL 14 21 Hahigh fevel, L=Icw level. X=irelevant.
IPLH 21 21 . 4. The 2 and K inpuls shown without connection are for reference oni
s y and are
o from B 10 output Og 23 35 tunctionally at a high lovel.
PLH 21 32 <
ey from 8 10 output Op 23 3% ns tFor conditions shown as MIN or MAX, use the appropriate value specified under
- - - 2 ded operating corditions for the applicable type.
IPHL | trom Sel-to-O to-Any output 26 40 | n3 $A typical values are at vog=5V, Ta=25C.
1PLH [from Set-10-9 1o autput Q4. Cp 20 30 [ . | @ Not more than one output should be shorted at a time,
tpyL, | from Sei-to-9 to output Qg, Cg 26 49 § Q4 Output: ¢ tested at OL = 16mA plus the Nmit value for Wt for the 8 input  This par.
mits driving the B input while malntsining full fan-out capability.
# '‘max=zmaximum count frequency.
1P H * propagstion deisy time, low to high-isvel output
tEL ™ propagation ccldy tune, migh-ig-low -level output

e i
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5493,/7493

4-Bit- Binary Counter
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Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TYL Low-Power TTL
Package Package Package Package ., Package
Dovice Type Device Type Device Type Device Type Davice Type
yee IeTr [M[cH c[rImcF yPercTemlcr c[P[m]cH clp[micr
l . SNS4L S93 ) Wi | SNS493A J ) Wl | SNSAL 93 b apN2[Te
Tl SNLSH U ND SN7491 4 IR1iE SNI4LSI P2pN2|TY
FNGILS)  FMNSS) [} F ey} FM5493 FM939) ) IF 1y
FAIRCHILD 1074592 HCSLS92 of | rd FCM93 FC9393 PP
0 A MC5¢91 )
MOTOR SNMLS9) Pa MG 7493 L3O P
N S, C OMbLL 593 1 NM5493 ) PN fwi))| DM54L 93 @GN Fo
" OMIal $9] 1 DM7493 [ 1Ny DM741.93 BN Fa2
PHILIPS N4LS93 [ F 1221 1493 [
S$5493 FOAD D
SIGNETICS N74L.593 Al N1493 FQGQAOD
SIEMENS FLI @
FUJITSU
HITAG“ HD 4L 593 P4 HDT493A/HD2520 | WP
MITSUBISHI ML SY3 P M53293 PO
NEC PRI By ke
TOSHIBA TDLA o
Electrical Characteristics SNS541.S93A/SN74LS93A Pin Assignments{Top View)
sbsolute maximum ratings over operating free-air temperature range ® @
4 INPUT ] INPUT NPUT
Supply voltage, VGG ™ Operating fio-aic | SNS4S| —$5°C 10 1257C A NC Oa Op e -e o YO )" 0a Op onp Q¢ OB
Input voltage v temporature range [suu.s 0°C 1o 70°C 1af Jrag ftaf dop 1o 1] L]
nieremitter voltage (sec Nate 1) 5.5V Storage (emperatue fange ~65°C 10 150'C
. . s ©p oc Op
recommended oprating conditions L A
ad
SNS4ALS93A SN74LS93A uNIT Aoy,
MIN NOM MAX | MIN NOM MAX Ro2:
Supply voltage, VGG 4.5 5 5514.75 s 525( V
Highrlovel output current, loy 400 0] A ) 2 s : . s 7
Low-level nutput current, oL 4 8| nA ms{]\n Aa1. Rpz 1IC Voo NG NG o k&z, NC Voc NG NC NG
Count froquoncy, foount ; :mu: : ‘3: : ::: Mt positive logic: see functon tables
: m“""‘ - = Function Table . NG No mtornal connect:on
Puse wdth, 1 B i P“t 30 30 n SO (F WENER
s  tw npu s '83A/LS93,L83 (See Note 3.4) Functional Block Diagram
Rosot inpuls 15 15 4 J—
Resot inactive-stata sotup. lssiup 25 1 2s ny COUNT ouTPUY
Operaung rec-air tomperaturs, T —-55 128 0 0] °C Qp Q¢ Qp 9a {see Noles)
olectrical characteristics over recommended operating 9 LAt/ L\
. ' L L L H naLn)
free-air temperature range L N,
PARAMETER # TEST CONDITONS t MIN TYP$ MAX UNI? 3 L oL H ;‘
—
ViH High-levl input voltago H v y LMoL L WUl A
viL Low-lovel inpul vollago 0.8 v 5 L OH L H
Vi input clamp vollage Voo =MIN, = 18mA -1.5] Vv 6 L HOH L
M V.
Von  High-level output voitage Vee=MIN. V=2 21 34 v 1 L KR H H weor gl |
Vi 0.8V, Loy =~ 400uA . wol © .
v MIN, V| v, .
VoL  Low-tovl output valtage cc= =2 0.35 05| Vv 3 ML L H
Vi =0.8V, 10g = 8mA 10 H oL H L
Any ressl | VGG u AR Va1V 0t
b :‘::ln::'.’;:.:l ::m. oA mEul_ Ty MAX, V| 5 SV 0z] mA N sttt W H
00 [ B ingui ] CC c 0! ¥ 12 H OH L L
! Huighriovel ~:"|‘ ulu : VCoEMAX, V=2 TV :g A A I
M ot owrrent + oo ce s “ FUR L L
a nput Ll s |w o oK H
Low-lovel AM rosel o4
UL ingut currrent nput__| VoG =MAX, Vi =0.4v 24] ma RESET./COUNT M"EEIID-'
8 input r 1.6 *83A/1.593,L93 (See Note 4) et
Short-girout SNY4L S -20 100
105 output current @ Veg ~MAX [ snnacs [ -20 ~ 100 ma R:SET WZUTS r %u";uro *93A,'L.S93,'L93
] Supply curront VoG =MAX, Seo Note 2 9 15 ] ma (‘X‘l) ?‘2) l? f La LA 4-BIT BINARY COUNTER
. from A 1o output Qp 32 42 MH .
max [“yom B to output Qg 13 2 L X 2:;”“7
X [N UN
[ 1PLH | trom A 1o output Qp L 16 ns
PHL 12 [ .
© 70 NOTES: -
—‘ﬂ-ﬂ- from A to output Op - veo=5Y, . ns
PHL Ta 25 46 10 1. Thus i (ho vortage betwoon two emiters of 8 mulliple-emiter lransister, For this circut,
1PLH - 10 ¢ [ s raung apphes betwoun Iho two RQ mputs
3 trom B 10 outpu O OL =15F. il 21 o 2. Icg 's measuwed with all outputs open, both R nputs grounded foltowing momentary
5, Ay = 21 2 connection to 4.5V, and all other mputs grounded.
2LB | gom 8 10 output Q¢ ns 3. Output Qg ts connactad to input B. °
IPHL 23 35
' T T €1 4. Ha=tugh level, L =low level, X =irrelevant.
ﬁ'ﬂ- from 8 10 autput Op Ty ) ns 5, The J and K inputa shown without connection are tor refarence only znd ars functionully
Iy X
L_lEnL from Sei-10-0 to Any oulput 25 40| ns ot a hugh loval
1 For condtions shown as MIN o MAX, usa lha appropriate valus Sp under opaerating for the ap lype.

$ Al syplosl values are a1t Vo =5V, TA=25C.

oMot more than one oulput should be shorted al a tme.

1Qa outputs are tested at lop =I6MA plus the umit vatus for ) for the B input,
uimax xh oount 1P H ¥ propag deley time, low-to-high-leve outpul

Thes permits drving the B input while maintaining full fan-out capsbility.
1pH{_mpropagation dolay tima, high-t10-low-ievel Qutput
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54139,/74139

Dual 2-Line-to-4-Line Decoder,/Demultiplexer
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Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-FPower TTL
Package Package Package . Package . Package
Device Type = Device Type Device Type Device Type Device Type
YPe TR micH YPeicTR[mcH YPe T micr c[r[mcH c[P[MIcH
1 SN54S138 Ju Wt SNsaLsizs  [ia Wi
o SN74S139 Ju [Nu SN4L 5139 3 {Nen]
/TN935139 o} FMSALS139 7/ PMNSIES [T0) [[)
FAIRCHLD e rawn |50 foasn rousn | S0 r0] | FO
MOTOROLA SNIALS139 b o)
DMS54L 5139 ]
NS.C. DM14S 139 DML S8 0]
PHLIPS N745139 Ji N74L S 138 (4
S545139 Fils) W
SIGNETICS N74S139 Files W NTALS 139 A D)
SIEMENS
FUSTSU 7aCS139 B
HTACH TR B T
MTSUBISHI =T MULSIH T
NEC ALS139 C 1
AMD o =
Electrical Characteristics SN54LS139/SN741.S139 Pin Assignment (Top View)
absolute maximum ratings over operating (D
free-air temperature range Sl SELECT DATA QUTPUTS .
NABLE ——— .
Supply voitage. Vog v Operaung froe-air | SN34LS | —~55°C1o 125°C vee 206 “2A 28 2Y0 vt
mput votlage w femperature range | SwidLS 0°C to 70'C
Siorage temporature range - B65'Cio 150°C
recommended opering conditions
SNSAL S 139 SN14LS 139 UNTT
MIN NOM MAX |MIN NOM_MAX
Supply voltage Vpg 4.5 5 55]¢.75 5 5.25 v
High-levsl output currenl, Ipy 400 400 | A
Low-luvel output current, 10| 4 8 mA
Operaling free-ar temperature, Ta —55 125 0 W} C
electrical characteristics over recommended operating ;NA:JGL[ O AU [~ g vy, oo
free-air temperature range StLECT DATA QUTPUTS
PARAMETER # TEST CONDITIONS t MIN TYP$ MAX | UNIT positive logic' ses functon table
ViH High +level input voliage i 2 v .
Vi Low-tevel input_voltage ol v Function Table
vy Input clamp voltaqe Vog-=MIN,  ij=—18mA 1.5 v 'S . )
v Hgh-lovol output val g0 Vee TMIN V=2V, [ swas| 2.5 3.4 v 135 "Lsisy
oM 1ph-level oulpul vol tag: Vi -0.8V.ign - imA[SWAS] 2.7 3.4 (EACH DECODER,”DEMULTIPL EXER)
VEo=MIN, V=2V, INPUTS
VoL Low-tevel oulputl voltage [ 313 0.5 v .
Vi 0.8V, lgt =8mA ENABLE | SELECT OuTPUTS
1 inputl currenl al maximum VccﬂMAX. V|=1V 0.1 | ma [+ B A Yo Y| Y F YJ
input voltage o H X X H H H H
Iy High-level nput current Vog=MAX, V=21V 20} uA L L LIL H H H
W Low-iovel mput_current Voo =MAX, V)= 0.5V n¢| ma L L H H L H H
ing__ Shrt circuit output current ¢ | Ve =MAX, 20 S100 | mA L H L|H H L N
oc Supply current ch:MAx‘ougml%"%Tm“ 5.8 n| ma S H H|H H H L
o mgh deynt L Jowloval, X tinlovany
LA fom Winary wiloat 2 N—_ . o B
P vgg SV, 22 n . .
Ly |0 Any output Ta=25C, tovels TR Functional Block Diagram
3
PHL CL~I15pF, of 3 25 38 ] LIS
P trom Enable R = 2%t dalay i6 24 ns m
tpry | 10 Any output 2 2! 32 CNABLE | G- 1 LI
- - E)'.I Y2
[t
'\
ol iy sy i LTS
[ - 1
1 P'DAYA
._______a:))m_nudouwms
b
ENABLE 2c.—.<{> D;L"AT"'
av
seceer |2 o -
wPuTS Y, D i zy:}
'S139°'L 5139 DECODER/DEMUTIPLEXER®
1 For condiuns shown as MIN or MAX. use the appropriate value under operaling for the device lype. N

$ AN ypism vatues are al Voo SV, T4 25°C
*Not more than Gutput shoula be shacied al a time
1P Ep delay Lume,

o 10-fug!

outpul; tp 1

prapagation defay Lime, higheto-low-level ouiput
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. 54145 /74145 BCD- to- Decimal Decoder /Driver with Open-Collector Output {15V Output)
I Schottky TTL - High-Speed TTL Low-Power Schottky TTL Standard TTL tow-Power TTL
' Package Package Package Package Package
i D . S . . .

evice Type Device Type Device Type Device Type Device Type
| ¥Pe eTRMIcH ype eTpmcH e reTP[M[cA ype reTpImlcr YPe e T MIcF|
I SNSAL $ 145 I ve1 | SNsa14s ) e (
Tl SNT4L S 145 37BN SN14145 RN (R
FM54145 F M33145]0 1
F”RQ“LD FCI4.45.FC33145 [p-t Pat
MC54145 o
MOTOROLA - MCT4154 X
DMS4145 K o
LS. C. B - DMIEHS o [ e
PHILIPS Airase T TV T Rmns T i
S54145 F W

SIGNETICS NTALS 185 A NTei45 b0

SIEMENS . FLLINT W

FUITSU ; TALS 145 - M1 MBaAd [

HITACH! : = = HBTAIRS,~ioz5ss |+ [Pt

WTSUBISHI > MISLS 145 2 1153345 i

NEC

[ | 10SHIBA : : 4 .
Electrical Characteristics SN54LS145/SN74L.5145 :
FUNCTION TABLE
absolute maximum ratings over operating free-air temperature range 145
Swrly voitage. Vg v Dporaning foaar | SKS4Ls| ~$5°C to 125°C NO INPUTS QUTPUTS ¢
e tomperalwe fange | SNI4LS o'C 1o 10°C D CB AJO | 2 3 4 6 87 89
vout 9 ¥ Storage 1>mperatute, rarge —65°C v I50°C o fL b L LfL u HH H H H H HH
' - v le e Rlinm e v H HH AR KB HHR
recommended operating conditions 2L LomLlH H LB HHHHRHH
SNB4 148 SNT4 A4S i : 2L L H HIH H H L H HH N1 HH
. MIN_ NOM MAX [ MIN NOM MAX »UN”_ e fu Ll m W L HHOHH N
Supply vollage, Voo s 5 SS5[4M 5 82 STIC W L A[H oA HHLHHNWH
0if-state oulput vollage 13 18| v 6 L M M L|H M HHHALHHH
Opwratng free-air_tempasature, Ta 55 125 o 1] € 1l o H|H H R M HHH L H N
lectrical characteristics over rec mmended operatin T e T .
:’_."‘c"t” 4 ° 4 2 R I LI N I
ree-air tempora ure rlngo " L H L W HW H R H R W HH A
PARAMETER TEST CONDITIONS 1 MIN TYP$ MAX [ UNIT I O R L
Viyy _Wighviovel inpul vellage 2 2 o 5 MW WL LW W R KB HH
Vi Low-level inpul voitags 08 v E H H UL HIH HHMHHHHH H #H
vy Input clamp voliage Tvoe =MIN. 1 = = {BMA -1 5] V W HHL|H RHHHHHHHH
VCC =MIN. {16 (gn) 8004 23 s WOW H H|H B H H H R HHHH
v 2V don)
=2V, :
¥p(oa) Orvstate output voliage vy =0av_ |logeny=2emé 035 os| v Hemgh lavel (off). L = low lovel {on)
Veg #MIN, Vg =2V,
¥o(ott) Ott-siate output vistage _ _ 15 v ¥ .
fott) Vi =0 8V, lg(ot1) =25004 4 Functional Block Diagram
Ingul Curtent at manmum
VGC *MAX, V= &
i ingut voltage cc= 1= e’ W outeut
H High-leve! Input current Voo =MAX, Vy=2.4V 20| pA Y - (1] s
% Low-tavel input ourrent Voo =MAX, V| =04V -0.4]| mA 2)
vermty curom VoG ~MAX, | SNSELSIS CE] — OUTPUT ¢
had v ¢ See Note | ENTALSUS CRE ®
tpLy Propagstion delay ume, low- 1o oy - OUTPUT 2
tugh-level output vop=SV. Ta=25C i 9
onL Propagation dolay timo, high- | Gy = 45pF. Ry = 6630 ol ns oot 8 34 X — W oureur s
10-1ow-level cutpul
Pin Assignment (Top View) == B) oureuta
@ INPUTS OuTPUTS {s)
vee Ta B < Ay A T mvuvc-" QUTPUT §
" 1] " 1 [H 1] ] ) {n
DUTPUT &
A 1 A 1 g
) ) © ) W ] 0 qureut s
INPUT O 4
BCD-TO-DECIMAL (L]
. OUTPUT o
¢ 1 2 3088 1
I————Y '_]i ‘L ‘ ' I L______ ‘ 8 Gureur s
' 1 N . s . 7 N ‘145 BCD-TO-DECIMAL DECODER/DRIVER
O ! 2 3} : L] 8, OND  positive logic @
oUTPUTS see funcuion tavle | NOTE: lcc s megsured with all nputs grounded and outpuls open.
{1 Fu oconditions shown as MIN or MAX, use the appropr valus specilied undar operating tor the appl lo type. A -

: 'f $ AN typios) valuos are at VG =5V, Tau28C.

%
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LINEAR TYPES LM124, LM224, LM324
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIERS

C|RCU|TS BULLETIN NO, DL-S 12248, SEPTEMBER 1976 — REVISED OCTOBER 1979
e Wide Range of Supply Voltages ¢ Low Input Bias and Offset Parameters
Single Supply ... 3V t0 30 \Y Input Offset Voltage . . . 2 mV Typ
or Dual Supplies Input Offset Current .. . 3nA Typ (LM124)
e Low Supply Current Drain Input Bias Current ... 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...0.8mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage . . . 1_32 v
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . . . 100 V/mV Typ
schematic (each amplifier) e [nternal Frequency Compensation
» vee
CU;R:NI C-UIII:!"
m [mvmo-l J OR N DUAL-IN-LINE OR
1 W FLAT PACKAGE (TOP VIEW)
'_P___" AMPLIFIER NO. 4 AMPLIFIER NO. 3
[ INVERT- NONIN- 7NONIN. INVERT- A
e ¥ ING VERTING VERTING ING
o~ ‘)7 OQUTPUT INPUT INPUT GND INPUT INPUT OUTPUT
WON-
wWeuT m “ 1 12 1 10 E ]  §
TOOTHER
AMPLIFIERS
description b
These devices consist of four independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply over a wide range of voltages. QOperation from 1 2 3 4 5 [ 7
split supplies is also possible so long as the difference OUTPUT INVERT- NONIN- Vgc  NONIN. INVERT. OUTPUT
between the two supplies is 3 volts to 30 volts and N wroT Vﬁ.‘lﬂ?“, \".‘N‘L'J?“ WPUT ,

Pin 4 is at least 1.5 volts more positive than the input
common-mode voltage. The low supply current drain
is independent of the magnitude of the supply
voltage.

v —
AMPLIFIERNO. { AMPLIFIER NO. 2

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM124 can be
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required
interface electronics without requiring additional * 15-volit supplies.

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

Supply voltage, VCC (see Note 1) vt 32V
Differential input voltage (see Note 2) ... .o vt 132V
lhput voltage range (either TAPUL) ottt e ie e e e ~0.3Vta32V
Duration of output short-circuit (one amplifier) to ground at {or below) 25°C
free-air temperature (VOGS 15 V) (seeNote 3) ..o iv o i s e unlimited
Continuous total dissipation at (or below} 25°C free-air temperature (see Note 4) ..o .o oo vie .y 900 mW
Operating free-air temperature range: LMI24 o it i e i i e ~55°Cto 126°C
EM224 oottt e —25°C1085.C
LM328 o et e e et e 0°Ct0 70°C
S1Orage teMPErAtUIE TANGE  « o o« oo v o s e v a v m oo et s ot taas o tn trttoncn s —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JorW package .. ... ... cveennn 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Npackage . ..........covonoennen 260°C
NOTES: 1. Ail voltage values, except ditferential voltages, are with respact to the natwork ground terminal,
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminsl,
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction,
4, For operation above 25°C free-air temperature, vefer to Disslpation Deratlng Table. in the J package, LM124 chips are alloy- ~

mountod; LM224 and LM324 chips are gless-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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LINEAR
INTEGRATED
CIRCUITS

TYPES LM111,
DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S 11797, SEPTEMBER 1973—REVISED OCTOBER 1979

Lm211, LM311

e Fast Response Times .
e Strobe Capability .

e Designed to be Interchangeable with National .
Semiconductor LM111, LM211, and LM311

description

Maximum [nput Bias Current. . . 300 nA
Maximum Input Offset Current. . . 70 nA
Can Operate From Single 5-V Supply

The LM111, LM211, and LM311 are single high-speed voltage comparators. These devices are designed to operate from
a wide range of power supply voltage, including +15-volt supplies for operational amplifiers and 5-volt supplies for logic
systems. The output levels are compatible with most DTL, TTL, and MOS circuits. These comparators are capable of
driving lamps or relays and switching voltages up to 50 volts at 50 milliamperes. All inputs and outputs can be isolated
from system ground. The outputs can drive loads referenced to ground, VCC+, of Vcc—. Offset balancing and strobe
capability are available and the outputs can be wire-OR connected. If the strobe input is low, the output will be in the
off state regardless of the differentia! input. Although siower than the TL506 and TL514, these devices are not as

sensitive to spurious oscillations.

The LM111 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM211 is
characterized for operation from —25°C to 85°C, and the LM311 is characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE JG OR P DUAL-IN-LINE

U FLAT PACKAGE

PACKAGE {TOP VIEW) PACKAGE {TOP VIEW} (TOP VIEW)
NC NG NG Voo NG c 8 veee € n WS 8
wl [npjn 1 L L ] » ] ] ? [}
1 2 3 4 L [ ] ) 1 2 1 s 5 —
NC € N [ NC Vee- s E IN+  IN- Vee- E Ny - NC  Vee-
NC-No Internal connection
schematic
I
200 00
Ve
2w 138 T80 e
L_< 70 8 Balance
1§ 8/ 1+ Balance/Strobs
! c Collector Output
* v E Emitter Qutput

IN+
8
NC

" c Vees

Ve

vee-

Reslstor values shown are nominal and in ohms.

Noninverting Input
inverting tnput

No Internal Connection
Positive Supply Voltage
Nagative Supply Voltage

Copyright ©® 1979 by Texas Instruments incorporated
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DIFFERENTIAL COMPARATORS WITH STROBES

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

LM111 LM211 LM311 UNIT
Supply voltage, Vs isee Note 1) 18 18 18 3%
Supply voltage, Voo (see Note 1) —18 ~18 —18 \
Differential input voltage (see Note 2) 130 +30 30 \Y
Input voltage (either input, see Notes 1 and 3) +15 115 116 v
Voltage from emitter output to Voo N 30 30 30 \"
Voltage from collector output to Veo— 50 50 40 v
Duration of output short-circuit (see Note 4) 10 10 10 s
Continuous total dissipation at {or below) 256°C free-air temperature (see Note 5) 500 500 500 mW
Operating free-air temperature range —55to 1256 —25 to 85 01070 °c
Storage temperature range —651t0150 { —65t0 160 |. —6510 150 | °C
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds| J, JG, or U package 300 300 300 °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds| N or P package 260 260 °c

1. All voltagn values, unless otherwlise notad, are with respact to the midpoint hetween Vcgy and Ve,

2. Ditlerentlal voltages are at the noninvarting Input terminal with respect to the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 115 volts, whichever Is less.

4, The output may be shorted to ground or elther power supply.

6. Far operntion shove 2G°C free-nir temparaturn, rafor to Dissipntlon Doratlng Curves, Soction 2, In the J and JG packagas, LLM111
chips are alloy-mounted; LM211 and LM311 chips are glass-mounted, .

electrical characteristics at specified free-air temperature, VeC: =15V {unless otherwise noted)

LM111, LM211 LM311
PARAMETER TEST CONDITIONS T N TYPEMAX |MIN TYPE MAX UNIT
5°C B .
Vio Input offset voltage Rg < 50 k2, See Note 6 2 9 A 2 75 mVv
Full range 4 10
25°C 4 10 6 5
o Input offset current See Note 6 0 nA
Full range \ 20 70
25° 7 00
HT:) Input bias current Vo=1Vto 14V % < ! 10p § 250 nA
Full range 150 300
() Low-level strobe current V(strobe) =03V, V|p < -10mV 25°C -3 -3 mA

Common-mode input
Vicr Full range 114 114 v
voltage range

Large-signal differential 4
AvD e Vg=5V1to35V, R =1k 25°C 40 200 40 200 VimVv
voltage ampltification

25°C = 10 A
| High-level {collector) Vip =6mvV, Vou=35V = "" 02 - "A
OH ull range B . [
output current -
Vip =10 mV VoH =35V 25°C 0.2 50 | nA
Vip = -5 mV 25°C 7 .
foL = 50 mA Lo > 9N 19
Vip=-10mv| 25°C 075 15
vp \owtevel leollectortoemitier) [Vee, AV, [yip=—6mv | Full range 023 04 v
output voltage Voo =0V .
oL =8 mA Vip = =10 mV | Full range 0.23 0.4
Supply current from V
Icoe PP CC+  Jvip=-10mv, Noload 25°C 51 6 51 75| ma
output low
Supply current from Vo,
Ico_ PP ce Vip=10mV,  Noioad 25°C -41 -5 41 -5| ma

output high

TUnless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded,
Full range for LM111 Is —56°C to 125°C, for LM211 Is —25°C to 85°C, and for LM311 15 0°C to 70°C.
T All typlcal values are at Tp = 25°C.
NOTE 6: The offset voltagos and offset currents given are the maximum values required to drive the collector output up to 14 V or down to
1 V with a pull-up resistor of 7.5 k§l to Vcc+. Thus these parameters actually define an error band and take Into account the worst-
case effects of voltage gain and Input impedance,

TEXAS INSTRUMENTS
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

switching characteristics, Vcc+= 15V, Vec—=-15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
-10-| -level 115 ns
Response time, low-to-high-lavel output RG=5000 105V, C =6pF, SezNote?
Response time, high-to-low-level output 165 ns

NOTE 7: The response time specified is for 8 100-mV input step with §-mV overdrive and Is tha Interval between the Input step function and
the Instant when the output crosses 1.4 V.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
20 ———— 500 I l v T
Veee =315V [o{0F 2
18 N\ \ " Vo=1Vio 14V 450 LM311 Vo =1V 14 V]
< 16 lsee l\.loleB 400 b - [~ See Note 8 .
i N LM311 € w2117 ~ '
E 141 T 350 |eglM211
£ g ™~
5 12 |LLM211T % ® 300 L N
3 £ -\
S AN 3 I~ CONDITION 2
g 10 N S 250 )
£ conDiTion 1| N | conpiTion 2 2 C
5 8 2N IS A < 200 — ‘
F] h 2
g N A M g g
T 7Y e s Al CONDITION 1—]
s I~ Y 1 N @ LM311 '\ ,
= 4 = 100 1 !
2 LM111 50 Lptvtos
LM211
—~60-40-20 0 20 40 60 80 100 120 140 —60-40-20 O 20 40 60 80 100 120 140
Ta—Free-Air Temperature—"C Ta—~Free-Air Temperature—"C
FIGURE 1 FIGURE 2
Vees =30V B0V (LMI:I. LMm211)
VOLTAGE TRANSFER CHARACTERISTICS Ny B A
60 S 1K
T
Veee = 215V -|LMm ' : ouTPUT
Ta=25°C LM211t vio ) 1
50 . |
T w0 LM311
4
5 EMITTER OUTPUT =
2 ol RL-6008!  J/_coLLEcTOR—— COLLECTOR OUTPUT TRANSFER CHARACTERISTIC
3 OUTPUT TEST CIRCUIT FOR FIGURE 3
’05 AL =1k Vegs =30V
? 20
o
g N
10 j \
0 s
-1 -05 0 05 1

Vip—Ditferential input Voltage-mV

FIGURE 3 -

EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 3

tpata at high and low temperatures are applicable only within the rated aperating frea-air temperature ranges of the various devices,

NOTE 8: Condition 1 is with the balance and balance/strobe terminals open. Condition 2 is with the balance and balance/strobe terminals
connected to Voo

TEXAS INSTRUMENTS 203 ,
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DIFFERENTIAL COMPARATi)RS WITH STROBES

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

ST ]
£ +—{
83 } 100 mv
: -
= -
8 Vece =15V
= RC=600R 105V
Ta=25°C
> 5
1
- 3] )
g
K]
>3
E 20 m' B
b— - i
g ? ~J -
9
o
>
0
0 50 100 150 200 250 300 350
1- Time—ns
FIGURE 4
OUTPUT AESPONSE FOR
VARIOUS INPUT OVERDRIVES
AT T 1]
53 I\OOmV Vege - 115V
£ § RE * 2 kS to 15 V4
& ¢ Ta=25"C
v
> a0 y n_\‘/ / A
*‘ 1 /
X sl—5mv ]
S
Z 0
3 / -2 mv
S -
s oI 1 vy
o -10 /--_-_ PR SN PO S
>
~15
0 02 04 0.6 08 1.0 1.2 14 1.6 1.8
t-Time-ys
FIGURE 6
QUTPUT CURRENT and DISSIPATION
v
OUTPUT VOLTAGE
160
Voot =115V &
140 t<10s
Vip = -10 mv 9
Ta~25°C o>
? 120 ﬂ A d,‘-‘“'\t// €00
£ 100 P
§ 1 o —{ 500
3
Q 80 e 400
D =
o:lv eoY < 300
O 4w — 200
I / 10 (Lett Scals}
20 7 100
0 0
0 [ 10 15

Vo-Output Voltage—V
FIGURE 8

TYPICAL CHARACTERISTICS

Vees =15V sV

TEST CIRCUIT FOR FIGURES 4 AND 5

Veg- = =15V

TEST CIRCUIT FOR FIGURES 6 AND 7

SUPPLY CURRENT FROM Vces
v

SUPPLY VOLTAGE Vocs

6 T
Ta=25"C

€ Inotom
s L s e o
€ g vip = ~10mv_|L—"1
! > "
& . a4 - //{ e
3 g
Pt P
=) £ 3| -7—v.)-mmv
i3
$ ¢
? § 2F - —
£ 2

[ -

Q

o

o
0 5 10 15
Ve +-Positive Supply Voltage—V

FIGURE 9
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SUPPLY CURRENT FROM Vo
v
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TYPES LM, LM211, LM31
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL APPLICATION DATA

Vces

SQUARE WAVE
OoUTPUT
{Fan-out 10 two
Sarlas B4 gates
or equivalent)

FIGURE 11-100-kHz
FREE-RUNNING MULTIVIBRATOR

Vees

<
>
< 2082

L—— ouTPUT

>
<
S
S2u

L_ ouTPUT

TO TTL

MAGNETIC
TRANSDUCER

FIGURE 16—DETECTOR FOR MAGNETIC TRANSDUCER

OUTPUT

FIGURE 18—COMPARATOR AND SOLENOQID DRIVER

vees

FIGURE 12
OFFSET BALANCING

240 k32
INPUT Y —AAN

-
TTL

STROBE

>
<
82k g

<
>
b3 1 ki

2t
&

S 47 k(i
P.
82441 S

|[}4

QUTPUT
TOTTL

t Resistor values shown are for a 04t0-30-V logic swing and a

15-V threshold.

*May be added to control speed and reduce suscaptibllity

to nolse spikes.

FIGURE 15—-TTL INTERFACE WITH HIGH-LEVEL LOGIC

Veee

17]' VW~
100 kHz 10 pf

10—

FIGURE 17-100-kHz CRYSTAL OSCILLATOR

ANALOG
INPUT

FROM O/A NETWORK

TTL STROBE

Typical input current is 50 pA with inputs strobed off.
FIGURE 19—STROBING BOTH INPUT AND
OUTPUT STAGES SIMULTANEOUSLY
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LINEAR
INTEGRATED

CIRCUITS

TYPES SE555, NEb55
PRECISION TIMERS

BULLETIN NO, DL-S 12083, SEPTEMBER 1973—-REVISED OCTOBER 1979

e Timing from Microseconds to Hours
e Astable or Monostable Operation

e Adjustable Duty Cycle

‘e TTL-Compatible Output Can Sink or

Source up to 200 mA
e Designed to be Interchangeable with
Signetics SE555/NES55
description

The SE555 and NESE5 are monolithic timing circuits
capable of producing accurate time delays or oscilla-
tion. In the time-delay or monostable mode of opera-
tion, the timed interval is controtled by a single ex-
ternal resistor and capacitor network. In the astable
mode of operation, the frequency and duty cycle
may be independently controlled with two external
resistors and a single external capacitor.

The threshold and trigger levels are normally two-
thirds and one-third, respectively, of Vgg. These
levels can be altered by use of the control voitage
terminal. When the trigger input falls below the
trigger level, the flip-flop is set and the output goes
high. When the threshold input rises above the
threshold levet, the flip-flop is reset and the output
goes fow. The reset input can override all other inputs
and can be used to initiate a new timing cycle. When

the reset input goes low, the flip-flop is reset and the ~

output goes low. When the output is low, a low-
impedance path is provided between the discharge
terminat and ground.

The output circuit is capable of sink}ﬁgoy sourcing
current up to 200 milliamperes. Operation is specified
for supplies of 5 to 15 volts. With a 5-volt supply,
output levels are compatible with TTL inputs.

JG OR P DUAL-IN-LINE PACKAGE

{TOP VIEW)
CONTROL
DIS- THRES- VOLT-
Vg CHARGEHOLD  AGE
8ll7l]l6]l5
1{j2[131te]
GND TRIG- OUT- RESET
GER PUT

functional block diagram

CONTROL
Vce  VOLTAGE RESET
@ | 151 @
<
3r
161
THRESHOLD @
comp . ouTPUT
i}
$ .
>R FLIP-FLOP
| :
q
Tacaer —2 q
3a
1 a
m (U]
GND DISCHARGE

Copyright ® 1979 by Texas Instruments incorporated
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PRECISION TIMERS

schematic
vee 8) o ° ° ® °
47k 3830 47k Sk
” ‘
6k s
< 39k
]
(6) >
THRESHOLD %:10 K ¢ oureur
il
CONTROL _{5) L]
VOLTAGE
'
=R b 4 4z l: )
(2) r
TRIGGER
) [
reseT 4! ) J 220
, Xy
DISCHARGE
(o} ] b 4
210k 100 k 5k a7k
GROUND i /;r7 - g & *—© L 4 L
100
AAA~
Resistor values shown are nominal and in ohms.
absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
Supply voltage, Vcc (see Note 1) . T 18V
Input voltage (control voltage, reset, threshold, tngger) QL. ] . Vgce
Output current . . . { +225 mA
Continuous total dlsstpatlon at (or below) 25 C free -air temperature (see Note 2) . 600 mW
Operating free-air temperature range: SES555 N —55°C to 125°C
NES55 . 0°C to 70°C
Storage temperaturerange . . . . . . . - - - — —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG package 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package 260°C

NOTES: 1. All voltage values are with respect to network ground terminal.

2. For operation above 25°C froe-air temperature, refer to Dissipation Derating Table. In the JG package, SE555 chips are altoy-

mounted, NE5S5S5 chips are glass-mounted.

recommended operating conditions

SE555 NES55 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Vco 4.5 18| 45 16| V
tnput voltage, V) {control voltage, resot, threshold, trigger) Vee Veel V
Output Current, Io $200 $200; mA
Operating free-air temperature, TA —55 125 0 70| °C

TEXAS INSTRUMENTS
INCORPORATED
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TYPES SE555, NE5hS
PRECISION TIMERS

electrical characteristics at 25°C free-air temperature, Vce =5V to 156 V (unless otherwise noted)

PARAMETER TEST CONDITIONS SESSS NESSS UNIT
MIN TYP MAX |MIN TYP MAX
Threshold voltage level as a
66.7 66.7 %
percentage of supply voltage
Threshold current {see Note 3) 0.1 0.25- 0.1 0.25 uA
Vec=15V 4.8 5 5,2 6
Tri It level \"
rigger voltage feve Vee=5V 45 {87 18 167
Trigger current 0.5 05 uA \
Reset voltage level 0.4 0.7 1 04 0.7 1 A\
Rasst current 0.1 0.1 mA
Control voltage Veg=15V 9.6 10 104 9 10 11 v
{open-ircuit) Vee=56V 29 33 3.8 2.6 33 4 '
loL ™= 10 mA 0.1 0.5 0.1 025
lgL = 50 mA 04 0.5 04 0.5
Vec= 15V oL
lgL = 100 mA 2 2.2 2 25
Low-level output voitage \"
toL = 200 mA 25 2.5
| =6 mA
Vee =6V oL m, 0.25 0.35
oL = 8 mA 0.1 025
IoH = =100 mA 13 133 12.75 133
i Veg=15V
High-level output voltage ioH = =200 mA 125 12,5 \Y
Vee=5V loH = —100 mA 3 33 275 33
Output low, Vec=15V 10 12 10 15
No load Vee=5V 3 5 3 6
Supply current mA
Output high, Vec= 15V 9 11 9 14
No load Vee =5V 2. 4 2 5 '

NOTE 3: This parameter influences the maximum value of the timing reslstors Ra and Rg in the circuit of Figure 13.
Vce = 5 V the maximum value Is R = RatRp & 20 MQ.

operating characteristics, V¢C = 5 V and 15V

For example when

y SEB55 NESSS
PARAMETER TEST CONDITIONS* UNIT
MIN TYP MAX |MIN TYP MAX
initial error of Ra =1 K2 10100 k2| Tp = 25°C 05 2 1 %
timing interval .
Temperature coefficient Ta = MIN .
Rg =0 to 100 k2, 30 100 80 (o4
of timing intetval B to MAX ppm/®
Supply volt itivi
upply voltage sensitivity C=0.14F Tp=25°C 005 02 0.1 ®IV
of timing lnl_erval
Output pulse rise time ‘ ° 100 100 ns
CL = 15 pF, Ta=25C
Output pulse fall time L=1se a— 100 100 ns .

1 For conditions shown as MIN or MAX, use the appropriate valua spec

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 600 mW 8.4 mW/C 79°C
JG {Glass-Mounted Chip) 600 mW 6.6 mW/'C 59°C
P 600 mW 8.0 mW/C 75°C

Also see Dissipation Derating Curves, Section 2.

FIGURE 1

ified under recommended opaerating conditions.

TEXAS INSTRUMENTS

INCORPORATED
PAST OFEICE BQYX 226012  DALLAS, TEXAS 75265

283



- W W e TR T T T T T T

PRECISION TIMERS '

TYPICAL CHARACTERISTICST

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
“ vs L
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL QUTPUT CURRENT LOW.LEVEL OUTPUT CURRENT
10 10E =TT T H 10 =mass
7fVcc=BV 7EvVcc-t10Vv TA-|25"C§_3 7Evec=15Y H
- 1 A ¢
2 3 2 R Ta+=28"cl  LPEEH 2 g
é H i ¥ f £ Ta--85¢/]| [
Y e > == - 3 S 1
g 0.7 = 3 o7 —$1Ta=-65C f: IS 25 -i 0.7 = s Hi
5 oa F—TA & eal= r THH 3 0.4 = +
¥ 02 § o2 4 HH 3 02 ]
3 o i o1 7 o v
% o0o? 5 oo 3 t ogr[Ta- 175 Ehis
7 1 L H 7 —4 H
1,004 2 oo — 1, 0.04
2 > H = — <]
> 002 0.02 H > 002
0.01 0.01 L 001
1 2 4 110 20 4 70100 12 4 710 20 40 70100 v 2 4 710 20 40 70100
ot —Low-Level Qutput Current—mA 1oL ~Low-Level Output Current—mA 1gL—Low-Level Qutput Current—mA
FIGURE 1 FIGURE 2 FIGURE 3
MINIMUM PULSE WIDTH REQUIRED
FOR TRIGGERING
DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT SUPPLY CURncw1 ™
“ w LOWEST VOLTAGE LEVEL OF
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE TRIGGER PULSE
20 TTTTI ST ST 160 [
Tp =55 utput low, 0 los
18— TA " -85 Ch ] I No loa .
> L4 126
18 1 = 8 ]
sl t Ta- ' §
3, il 1 £ 4 N ;
2 = £ 3 Tas-55°C
bl iR ; : i
> 10 H .
‘I - § ] g 75 L~ w\/‘
co8 3 41— NET, » ~65° €
9 3 TA = ~65°C £ T 257G et
408 O i R =
S o L , Ta®125°C z /2
y —
VeC=5V 1018V i \ \tu-uvs'c—*
02 p '
I rase |
1] ] 0 I N
1 2 4 710 22 40 70100 § 6 7 8 9 10 11 12 13 14 15 0 0asVge 02xVog 0.3xVee  0.4xVec
IgH—High-Level Qutput Cusrent~mA Vee-Supply Voltage-V Lowest Voltage Level of Trigger Putse
FIGURE 4 FIGURE 5 FIGURE 6
NORMALIZED QUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE WIDTH PROPAGATION DELAY TIME
IMONOSTABLE OPERATION) (MONOSTABLE OPERATION) v
™ w LOWEST VOLTAGE LEVEL
SUPPLY VOLTAGE FREE-AIR TEMPERATURE OF TRIGGER PULSE
5 1015 1015 TT 300
° l o Ve e 10V
- w
© 1010 T 1010 & 20
13
3 \ . £ .
g 1005 % 1008 200 Ta=0°C
3 | — H ] § Ta=-55°C
> > | o
2 1.000 2 1,000 - § 150 47
2 K] a ~ MTa~-25°C
£ 0995 £ 0995 g 100 e
£ £ 1 ///& Lva=10°C
£ 0900 2 0900 & g !
2 [ N
H 2 Ta = 125°C]
= L1
0985 0.985 °
[ 5 10 15 20 -75 -50 -5 0 25 50 75 100 125 0 OixVee 02xvee 0.3xVe 0A4xvVee
' .
Vec-Supply Valtage-V Ta-Free-Alr Temparature~'C Lowest Vottage Levet of Trigger Pulse
FIGURE 7 FIGURE 8 FIGURES

1t Dats for temporatures below 0°C and above 70°C are applicable for SES55 circults only.
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TYPES SEb55, NE56b
PRECISION TIMERS

TYPICAL APPLICATION DATA

LTSS AL

monostable operation c-001sF
L. Ry = 1ki2
Saa Flgura 11
Vee {5Vt 18V) ¢
9 . 2
INPUT VOLTAGE
{4) | {8) AL RA >
RESET vee @ ‘;’
OUTPUT OuTPUT —1 — —] -
wrut =24 vRiGaER 1
SE555/NEBS5 - £
DISCHARGE S
QUTPUT VOLTAGE
{5) |cCONTROL @
r VOLTAGE ”
THRESHOLD A A ) A
0.014F GND ==c / /
I i [
= 1} cnlamrol voulAGe
Time—0.1 ms/div
FIGURE 10~CIRCUIT FOR MONOSTABLE OPERATION FIGURE 11~TYPICAL MONOSTABLE WAVEFORMS

For monostable operation, the SEG55/NES55 may be connected as shown in Figure 10. If the output is low, applica- !
tion of a negative-going pulse to the trigger input sets the flip-flop {Q goes low), drives the output high, and turns off
Q1. Capacitor C is then charged through RA until the voltage across the capacitor reaches the threshold voltage of the
threshold input. If the trigger input has returned to a high level, the output of the threshold comparator will reset the

flip-flop (5 goes high), drive the output low, and discharge C through Q1.

7
Monostable operation is initiated when the trigger input voltage falls below the trigger threshold. Once initiated, the se-
quence will complete only if the trigger input is high at the end of the timing interval. Because of the threshold level and

saturation voltage of Q1, the output pulse width is

approximately ty = 1.1 RAC. Figure 12 is a plot of 10
the time canstant for various values of R and C. The
threshold levels and charge rates are both directly
proportional to the supply voltage, Vee. The timing o .
interval is therefore independent of the supply ":
voltage, so long as the supply voltage is constant B 101 R
during the time interval. E /
3
Applying a negative-going trigger puise simul- s 102
taneously to the reset and trigger terminats during the §, / f
timing interval will discharge C and re-initiate the 3 10-3
cycle, commencing on the positive edge of the reset !
: ]
pulse. The output is held low as long as the reset od /
pulse is low. When the resat input is not used, it 10~4
should be connected to V(g to prevent false
triggering. .
105
0.001  0.01 0.1 1 10 100

C—Capacitance—uF

FIGURE 12-OUTPUT PULSE WIDTH vs CAPACITANCE
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PRECISION TIMERS

astable operation

TYPICAL APPLICATION DATA

masdkn |
—lg-'lln'
vee(5Vito 15V) cooes
Sow Figurs 14
w] B pd $Ra
RESET vee
{2) OUTPUT 3 OUTPUT
TRIGGER P
>
SE555/NES55 7
piscHARGE | !
. >
OPEN _(5) |cONTROL fie .y
{Sae Note A) VOLTAGE  THRESHOLD (6} Ji DU OUTPUT VOLTAGE
GND =c /\ /\ /\ /\
l‘” AN AN ANLA
- VT VIVIVI]N
NOTE A: Decoupling the control voltage input {pin 6) to TOR vOLTA
ground with a cepacitor may lmprove operation. l

This should be evalusted for Individual applications. Timw—0.5 ma/div

FIGURE 13—-CIRCUIT FOR ASTABLE OPERATION FIGURE 14-TYPICAL ASTABLE WAVEFORMS

Addition of a second resistor, Rp, to the circuit of Figure 10, as shown in Figure 13, and connection of the trigger
input to the threshold input will cause the SE555/NEBS55 to self-trigger and run as a multivibrator. The capacitor C will
charge through Ra and Rp then discharge through Rg only. The duty cycle may be controlled, therefore, by the values
of Rp and Rg.

This astable connection results in capacitor C charging and discharging between the threshold-voltage level
{~0.67-Vcc) and the trigger-voltage leve! (~0.33-Vcc). Asin the monostable circuit, charge and discharge times (and
therefore the frequency and duty cycle) are independent of the supply voltage.

Figure 14 shows typical waveforms generated during astable operation. The output high-level duration tH and low-level
duration t{_may be found by:
100 k

t = 0.693 (Ra + Rp) C

tL = 0.693 (Rp) C

-
o
=

Other useful relationships are shown below.

period =t + t|_=0.693 (Ra + 2Rp) C

f—Free-Running Frequency—Hz
2
=)

frequency ~ —-—1—41——-—-
QUeNCY = TRA + 2Rp) C
t R 10
. L _ B
Output driver duty cycle = i - RATIRg
1
Output f dut le = H 1 Ra
utput waveform uycyce—‘H+tL— —‘RA"?RB 04
‘ ‘ tw Rg 0.001 0.01 0.1 1 10 100
Low~to-hlgf.l ratio —T—- = m C—Capacitance—uF

FIGURE 15—-FREE-RUNNING FREQUENCY

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA

missing-pulse detector "
Aa= 1600
bFc=0.1,F
Vee (6 V te 15 V) Sae Figure 1
] B ____R$ 3RA
INPUT RESET  Vce @ 3 |
(2) oUTPUT QUTPUT > IRPUT VOLTAGE
TRIGGER ~
)
SE555/NES55 ; & .
piscHanae 2L E
>
{8) [coNTROL OUTPUT VOLTAGE
VOLTAGE  THResHOLD [
0.01 uF GND ~C /
T 1T 7 A A A | N A A
- 2 6? +
A5T35“ [+ {TOR VOLTAGE

Time—0.1 ms/div

FIGURE 16~CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 17-MISSING-PULSE DETECTOR WAVEFORMS

The circuit shown in Figure 16 may be utilized 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 continuously retriggered 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 will permit the timing interval to be completed, thereby generating an output pulse as illustrated in Figure 17. ]

frequency divider

of Figure 10 can be made to operate as a frequency divider.
the fact that retriggering cannot occur during the timing

-

By adjusting the length of the timing cycle, the basic circuit
Figure 18 illustrates a divide-by-3 circuit that makes use of

cycle.
vee-5V 1
Ra = 1250 12
. C=002yF
A e thi
See Figure 11
1
{
— |
2 Y
3 INPUT VOLTAGE
> rp-——
o
1
[
(=
s
© 3
>
QUTPUT VOLTAGE
//1 ’ A B A
CA?ACITOI VOLTAGE
Time—0.1 ms/div
FIGURE 18—-DIVIDE-BY-THREE CIRCUIT WAVEFORMS
b
]
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PRECISION TIMERS

TYPICAL APPLICATION DATA

pulse-width modulation
A3 T
Ve 5V to 15V) T

d ~

] ® RL Ra . d ™

RESET vee WOOULA TGN INPUT VOLTAGE
{3)
cLock _f2trigGER OUTPUT ouTPUT 2
INPUT ;
SE555/NES55 . N
DISCHARGE Al J, CLOCK INFUT VOLTAE
MODULATION {51 |conTROL E
il VOLTAGE  THRESHOLD [
{See Note A) L
Gl?l) ; S ] L L OUTPUT VOLTAGE
= = A Fin
NOTE A: The modulating signal may be direct or capaci- ‘ A A '
VDL"AGE

tively coupled to the control voltage terminal. For
direct coupling, the effects of modulation source " -
voltage and Impedence on the bias of the Time—0.5 ms/div
SEBB56/NESES should be considered,

FIGURE 19—CIRCUIT FOR PULSE-WIDTH MODULATION FIGURE 20—-PULSE-WIDTH-MODULATION WAVEFORMS
The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is
accomplished by applying an external voltage (or current) to the control voltage pin. Figure 19 is a circuit for
pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the threshold voltage
is modulated by a control signal, The resultant effect is a modulation of the output pulse width, as shown in Figure 20.
A sine-wave modulation signal is illustrated, but any wave-shape could be used.

pulse-position modulation

Ra =3kt
Vee 5V to 15 V) [T
"nl-ufn
See Figure 22
w] @ Ly 3RA T N
RESET vee AN
@ ouTPUT B OUTPUT 2 N /
TRIGGER T OULATION INPUT VOLTAG!

>

SES555/NEG55 o o
DISCHARGE 6 m
£
MODULATION (5} |conTROL R S “I
sty [VOLTAGE  umestoLD I RO
ote
GND =c OUTPUT VOLTAGE
(1)
‘l‘ =L A 4 A /l A
VY hy
NOTE A: The modulating signal may be direct or cspaci- Y
tively coupled to the control voltage terminal, For l
direct coupling, the effects of modulation source "'“""'.""’”.“

voltage and Impedance on the blas of the Time—0.1 ms/div
SE555/NES55 should be considaered.
FIGURE 21—-CIRCUIT FOR PULSE-POSITION MODULATION FIGURE 22—-PULSE POSITION-MODULATION WAVEFORMS

The SE555/NES55 may be used as a pulse-position modulator as shown in Figure 21. In this application, the threshold
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 22 shows such a circuit, with a
triangular-wave modulation signal, however, any modulating wave-shape could be used.
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TYPES SE555, NE6S5
PRECISION TIMERS

TYPICAL APPLICATION DATA
sequential timer

vee
[ . e 3 | ®_ 3 [ ; le 3
R 33k SR 33kn <
RESET  Vce $hA RESET _ VCC (3)" 8 33k RESET __ VCC (3);’ ¢
13)
2 TPUT 2 ouTPUT
o———ﬂrmecen outPuT | @ raiccen Y ? | 2 TRIGGER
s SE555/NES55 0.001 SE555/NES55 0.001 SE5S55/NES55 |(7)
oischARGE [Zle uF piscHARGE [iLlg uF DISCHARGE |—¢
5) JCONTROL © {5) lcONTROL {5) |CONTROL ©
VOLTAGE THRES- THRES- |18 VOLTAGE  THRES-
oo HOLP [~ I VOLTAGE  “oip 'U"L l o HoP _‘L
0.01 GND 0.01 GnNo )
T

) —Tca o T lm T

- &) —TCA

Ca =10 pF _L Cc=14.7uF
Ra = 100 ka2 = RC = 100 k
OUTPUTA cg~=4.7uF OUTPUT B OUTPUT C
Rg = 100 k2

S closes momentarily at t = 0.

FIGURE 23-SEQUENTIAL TIMER CIRCUIT

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. SEB56/NESBSS circuits may be connected to provide
such sequential control. The timers may be used in various combinations of astable or monostable circuit connections,
with or without rodulation, for extremely flexible waveform control. Figure 23 illustrates a sequencer circuit with
possible applications in many systems and Figure 24 shows the output waveforms.

T
See Figure 24
OUTPUT A  fe-twA twa = 1.1 RACA
"‘"1|th
e
2 ouTPUT B~ twB = 1.1 RgCp
[Te]
i
L4
g
G
>
OUTPUTC let-t,,c —4 twc=11RcCc
f—1t=0

t-Time—1 s/div

FIGURE 24—-SEQUENTIAL TIMER WAVEFORMS
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