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ABTRACT

In recent year , the technology of communication has been developed very
quickly. The communication which has a lot of data is necessary to have data encoding. A
good property of a thing and efficiency in encoding makes communication , both the
receiver and transmitter without any error. There are several techniques in digital
encoding. It depends on the way of choosing and the efficiency in encoding through
transmitter. The example of choosing sometime we need it to get alone with bandwidth to
avoid the mistake as much as we can.

In this project is described in six types of encoding and decoding as follow

1. RZ
N
2. BIPHASE
3. ADI
4. CMI
5. AMI

6. HDB3
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unn 3

HANTINADDY
k74 LY
MIVINY
26-Aug-98
21:52:22
CHI 26 aug.z1-86 44
CH1 OC, BUL:Fall
2u UeCenter O .0V
20us telenter -100.0us
e’ 2 it il ol g piey - CH2 26 Aug,21 56 %4
DC, BUL:IFull
NS - URCenter 14.6V
sy t@Center -100 .0us
20us
C R e P ey P e ey tyep PP =TTy

T S 8 0 I LS

ggar‘t Pruaﬁnggrgpz TRIGGER on CH2
CURSORS on CH2 __§  -875Mv OC - ot
CHZ MEASUREMENTS
=+~ 14.7850¢ pkpk 6,1V per I 15.63us
---  27.1044Vv ampl 5.49¢ duty A 50.4%
Ay 12.3194¢ rns 2.62y freq it 63,98kHz

3101 3.1 (CH1) warmsdygas NRZ tindisier (1000 0000)
Yoy

(CH2) uarmsdyg 1 u NI ING 64 KHz
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26-Aug-98
22:10:46
cH1 - o
20us
CH2  cuy
20us
o
PO RERH IR U

gnurt Probt on CH2 TRIGGER on CHi

/STOP
bt 0.0V OC e
CHZ MEASUREMENTS
pkpk 65.53v per ol
anpl 3.981Y duty = ==
rms 1.075v freq - == -

Y

.

ﬂuto .

EEI 26 6us.22 10 24
UECentrr —3 .33V
teCenter =100 .0us

CH2 26 Au8,22. 10. 24
oC, BuUL:

UCenter 5 250
teCenter -100.0us

51 3.2 (CH1) uansdaya10i NRZ diedlsifer (1000 0000)

v o

(CH2) uaradayg) 1ol RZ

26-Aug-98
22:12:56

CHi
HY

20us

CH2  cwy
2V

20us

TRIGGER on CH1

5 0.0y OC

Smart Probe on_ CH2
2: RUN/STOP

CHZ MEASUREMENTS
pkpk U 5.82¢ per Mt
ampl U 5.536Y duty
rens - ==~ freql

31 3.3 (CH1) uansdayanas RZ

CHY

15 .63us
50.4%
63,98kHz

Auto

CHI 26 ﬂus.ZZ‘L2‘37
DC, BUL:

UECenLer -3 3
teCenter -100 Ous

CH2 26 Aug,22: 12 97
pC, BUL:

U!Conttr 5 zsu
teCenter -100.0us

(CH2) uaasdayanafinnud 64 KHz
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26~Aug-98 Sl
22:09:39 futo
CHl 26 nu9.22 09 14
CHi DC, BUL:Full
UFCenter -3 .32
200 teCenler -160 0u1
. A% P DU I - - CH2 26 au8,22:09. 14
CH TR TIOW P Pomrope [ e e ey s e o T vedenter & 3su
Pt H L4 L L L I v teCenter -100.0us
20us
CH2 X = -
n ] n
Snart Probe on CHZ TRIGGER on CHi ]
2 RUN/STGP
’ —f owoc
CH2 MEASURENENTS
pkpk U 5.31v per ==<0- -
anpl U 4.922y duty === -
rms == freq > Nl

3 3.4 (CH1) uamedeyeyial NRZ iifefiswer (1000 0000)

(CH2) uornseeyey 184 BIPHASE

26-Aug-98 wEPEF
22:14:51 Huto
CH1l 26 fug 22 14730
c"‘ B! BSéQEEtr -3 33
200 teCenter -100 .0us
| ¢ "CH22Gnu3.22 4 30
0C, BUL:
Eﬂz cHp s i i rw ] :z'g::::: ElggUOUQ
200
CH2
;nart Probﬁ unggz TRIGGER on CHi
4 0.0v OC ‘
CHi
CHZ MEASUREMEMTS
pkpk 5.5y per I 15.63us
ampl 5.248Y dulym 50.4%
rus 2.986Yv freqt 63 ,98kHz

310 3.5 (CH1) ummsdoyaiau BIPHASE
(CH2) uamsdiya RN IANNE 64 KHz
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26-Aug-98 :
22:08:44 Auto
CH 26 Aus ,22:08: 19
CHi DC, BUL:Fulil
3 fopra UQCentcr -3.33y
20us L@Center -100 .0us
bt B e e fug ,22:08: 19
. I T 325.325,“; .25
CHE cH T i Le8Center -100 .0us
20us
CH2 -J
Snart Probb on gg TRIQUBER on CHI ]
2
4+ op.ovoc
CHZ MEASUREMENTS
pkpk U 4.67Y per - =% -
ampl U 4,339y duty - =1 -
rns = freg =

399 3.6 (CHI) uarnadayaen NRZ diofiswar (1000 0000)
(CH2) uaaidyyqy i ADI

26-Aug-98
22:16:22 Auto
CH1 26 Aus 2211608
CH1 DC, BUL:
2V CH1 S e 4 U?Center -3 330
20us L@Center -100.0us ™
CH2 26 fug ,22:16.08
CH2 =] — Jedenis ¥ £ sy
. *2nLer
2y 9 oLDc.ntor =100 .0Ous
20us

Nl QNN mMan

Snart P"eh) 22 gu TRIGOER 3n CHI ]
’ —F  owrc
CHZ MEASUREMENTS
pkpk 5.57Y per I 15.63wus
ampl 5.336Y dutyn 50.47%
rMs 2.643Y freqi 63,98kHz

UM 3.7 (cHD) uansdyana ADI
(CH2) uamsdyasiutimanud 64 Kz
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26-Aug-98 TER
22:07:11 Huto
CHi 26 Rue 22 U6 46
CHi DC, BUL:Full
24 prermieed UOCenler -S «33V
20us teCenter ~100,0us
EEZ 25, fug;22.06 16
CH1 g Aaruberal 2 povd 4 $ U!COntor S .25V
22U ! Bl b “t@Center -IOD.Ous
200

o SHEHHF R H

Snart Probe on CHZ TRIGGER on CHZ
2: RUN~

T owoc

CHZ MERSUREMENTS
pkpk U 5,63V per
ampl U 4.461Y¢ duty
rms = == freq

CHi

S, F
- -9 .
- =9~ -

311 3.8 (CH1) uermadeygyins NRZ ifefissiar (1000 0000)

(CH2) sterasdeyanainniimanui 64 KHz

26-Aug-98 ;

22:15:36 Auto
CH1 26 ﬁu 22 15° 18

CH1 oc, BuL:Fal

2U UOCenLer -3 3

20us teCenter -100, Ous
CH2 25 fug 2215 1o
OC, BuL:

cH2 CH Y foose Lot WIS :UQCOntOr 5 250

20 teCenter ~100 Ous

20us

CHZps " = o, r—

Snart Probe on_CR2 TRIGGER on CHi
2: RUN/S

T owvoc

CHZ MEASUREMENTS

pkpk 5.57V per M
anpl 5.267V duty
rMs 2,598y freqn

37U 3.9 (CHD) uansdaygnu oM

-V

CHi

15.,63us
50.4%
63.98kHz

(CH2) uarasdya i uIRnInud 64 KHz
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26-Aug-98
22:02:48 Auto
CH1 26 aug,z2:02 25
CH1 0C, BWL:Full
2y U!Centcr Qg .oV
20us L@Center =100 .Ous
CH2 25 aug,22:02.25
SEe ouLiruit
enter .
gﬂz [~ te#Center -100 .0us
20us
CH’ v v ¥ LI v
o h
tH2

%nart Pnobe on ggz

TRIBOER on CH1

—+f  -soomv OC Sy
CHZ MEASUREMENTS
pkek U 15.0V per - == -
ampl U 10,72y duty e i
rus =@ freq s

3111 3.10 (CH1) uamedfayayar NRZ ifediss¥ar (1000 0000)

(CH2) ueradaye 1 AMI

26~Aug-98
22:14:03 Auto
o1 g@i 28 hug,22:13: 45
2V VU@Center -3,33
20U t@Center -100 Oul
<1 CH2 26 8us,22:13: 48
DC, BUL:
CH qU.Cont-r 5 ZSU
U LeCenter -100 .Ous
20us
L
printy rl rﬂ r- P— (- r i rﬂ‘
CH2
Snart Probe on Suz TRIODER on CH1 ]
: 33
: RSt _F owec
CH2 MEASUREMENTS
pkek U 5.82v per - =1 -
ampl U 5.536v duty -7 -
rrs - -7 - freq -7 -

3N 3.11 (CH1) umrasdoyaion AMI

O]

(CH2) uarmdyg i uIRnIn LA 64 KHz
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26~Aug-98 Recalibration Suggested (SYSTEH CONFIG Henu)

Ruto

22:00:14
CH1 26 fu9.22 00 06
CHi DC, BUL:Fuil
20 UEConter 0 oV
20us téCenter -IDO ous
EEZ 26 Aus.22 00 05
o [ H vt gse,,,
20us
CH 44 =y —rr Y Y
o { .. ’
==
gn;rt Proaﬁnog gpz TRIGGER on CHZ2
5 -875mY OC o
CHZ MEASURENENTS
pkpk U} 11,5y per 187 .50us
anpl U 11.20v duty 95.2%
rms - =~ - freg 5.333kHz
- o A a o
310 3.12 (CH1) uansdayapas NRZ lofswar (1000 0000)
(CH2) uoasdyey 1 HDB3
26-Aug-98 \ F
22:12:11 Auto
o1 ggl 26 8us,22:11:49
b4h Velenter -3,330
20us t@Center -100 ,0us
- ggz 26 Aug.22i11:49
gﬂz CH ¥ “2:2::&:: ElgSUOU|
20us
- - r— ’—- Fi— F—- -
tH2 J
Snart Pnobo 2:- cu TRIOGBER on CHi ]
’ R awoc
CH2 MEASUREMENTS
pkpk U 5.76Y per N 15.63us
ampl U 5.,498Y duty i 50.47
rMs - =7- - Freq il 63,98kHz

UM 3.13 (CH1) ummsdoyay o HDB3
(CH2) uaaadayny1su1%n1 64KHz



26-Aug-98 Recalibration Suggested (SYSTEN CONFIG Menu)

62

22:19:05 Auto
Eﬂl 28 fus.22'18 39
gtu oy Uﬂc'enl.or -G 3
2008 teCenter -100 Ous
| CH2 2¢ Aug,22 16 30
OC, BUL:FU
CH B hr—tat V@Cenler 5 250
2U teCenter -IOO Ous
2008
CH2 r— rn = - oy (= r..
gncrc Progﬁ 331322 TRIGGER on CHE
A FN 0.0V oC T
CH2Z MEASUREMENTS
pkpk 5.63Y per 1N 15.63us
ampl 5.325V dutiyin 50.4%
rns 2.543¢ freq Ml 63.97kHz -

310 3.14 (CH1) uansdayayios NRZ iddodisaar (1101 0000)

(CH2) i@y 1auIRnIn130 64 KHz
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26-Aug-98 o
22:21:31 Auto

CHI 26 8192212113
CH1 . DC, BUL:IFUlf
;gus = ! 3:5:2-‘.:: :alogsgus

-| CH2 26 Aug,22 21 13

oc, 8uL:
2 o Fhirenter 2050,
20us

Snart Probe 28 H2 TRIGGER on CHi ]
z RonesT _F  oaaoc
CHZ MEASUREMEMNTS
pkpk 5,89y per - 9= -
ampl 3.866V duty = e
rms 1.543v freq - == -

31 3.15 (CHI) uamadeyna NRZ tiiefistia (1101 0000)

26-Aug-98 Recalibration Suggested (SYSTEM CONFIG Henu)

(CH2) uoredysyiad RZ

22:31:03 Auto
CHi 26 A 22 20 &g

CH1 0C, BUL:Fail

2u ) b 1 | VeCenter -3 .330

20us teCenter ~-100 .Qus
CH2 z¢ Aug,22 30 40
VeCenter 1.0 ,6 1U

enter
cHz 1y ’-:tQCenlor —IDO Ous
20us
CH2 {
NESREE YN i

Snart Prublemag_rggz TRIGGER on CHi
= N 0.0V OC
: CHi
CHZ MEASUREMENTS
pkpk 5,76V per Ml 15.63us
ampl 3.395¢ duty 50.4%
rms 2.669Yy freqn 63.98kHz

U0 3.16 (CHI) uarmadayaiot RZ

(CH2) uansdayanaininnud 64 Koz



-

-

64

ﬂuto ]

CH1 26 fu9.22:22 4
DC, BUL:Full

teCenler -100 .0us

| CH2 26 Aug, 22122146

bC, BUL:

hUeCenter 2 ?SU
teCenter -100 .00s

26-Aug-98
22:23:04
Eﬁi $ atane e el URConler -3 .33y
20us
2 cuyrd o] T S L =
20us

oHzim |, [ = f‘T‘ Al JAAY BAA

xo o X R o O o I —

Snart Probe on_CH2
2: UN/

TRIGGER on CHi

STEF
1 0.0V OC o
CHZ MEASUREMENTS
pkpk 5,95y per e =
ampl 3,904 duty - =7- -
rms 1.952y freq - =M= -

3104 3.17 (CH1) nanadayey1as NRZ olisvia (1101 0000)

(CH2) uaadeyy s Biphase

26-Aug-98

22:28:35
CH1
2U

20us

CHZ  cHuf e i o Sl T‘“

2
200

Snart
z:

cnzld - L] L .—J.-JL..L—-JI-L.-—J

Huto
CH1 26 fug 2228 10

bC, BUL:
VéCenter -3,
teCenter -lOO Ous

CH2 2¢ Aug 22 20 10
0C, BUL:Fu

uU'Contor 2z, ?SU
teCenter -100 Ous

Probe on cHZ TRIGGER on CHi .
RS 5 oo
CH2 MEASUREMENTS
pkpk 5.50v per M 15 .63us
anpl 5.094v duty 50.4%
rms 2.519y freq i 63,98kHz

314 3.18 (CH1) uanadayeyiod Biphase

(CH2) uaady@ IsuIwn 1AL 64 KHz
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26-Rug-98 LTE
22:25:30 Auto
u’“ 26 Rug +22:28:12
c“’ 1. it o 3gCeEEer -éIGSU
L9 teCenter =100 .0us
N N N AT T AN N -CHZzeaug.zzzs 12
I ! 326.23'&- 2'450
2uU CH} - § aLOc-nter ~100 .Gus
20us
CH2 ”
Snart Pro on ggz TRIGOER on CHY
= 3t —f  owoc Ly
CH2 MEASUREMENTS
pkpk 5.89Y per - - -
anpl 3.533y duty - -7- -
rMs 1,824y freq 2= -
o o A & oo
31.]7] 3.19 (CH]) llﬂﬂ\iﬁﬂ‘jf}‘nm NRZ Ususvid (1101 0000)
(CH2) uaadgynyiai ADI
26-Aug-98 =
22:26:28 nuto
e 5 ?é'!.é?ei‘??;f;f .
§8u‘ ] - teCenter =100 .Ous
o I8 15 RN | R R RS S PR | I o I DO IS I Y7 nug,zz 25:01
D8gentsiry 5! ey
e M | B t@Center -100 .0us
20vus
CH 2t bt b+
L] L L B L 4L

S?aﬂ. Probe on gﬂz TRIGBBER on CHi ]
2 RanesT _F  owoc
CH2 MEASUREMENTS
pkpk 5.50¢ per M 15.63us
ampl 5.216Y duty 50.4%
rms 2.573Y freqi 63.99kHz

310 3.20 (CH1) uaasdayana ADI
(CH2) uaaedy 1 MuIRNINING 64KHz
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Tek SN 2MS/s 25 Acqs
1 [ e ol h
T T T s : L JAI 3.88V
{@®: -3.84 Vv
Ch2 Ampl
248V

| P

IV M 3EES T OhRT

P
vy

27 Oct 1998
00:35:41

317 3.21 (CH1) uarmedeyanas NRZ iiiedlssiar (1101 0000)

(CH2) Ueraa ey ey 1mMCMI

26-Aug-98 Recalibration Suggested (SYSTEM CONFIG Menu)

Huto

22:27:39
CHl 25 aug.z2-27-02

CH1 oc, BuLiFal

2v URCenter -3,

200 2= teéCenter -loo Ous
CH2 26 Aug,22 27.02
oC, BUL:

CH | - ,U!C'ntcr 2 ?su
3 t2Centler -IOD Ous
20us

CH2 =

U1 A 5 J..;_..;J L] - L
gnart Prose og1gg2 TRIGGER on CHi
— 0.0V OC
CH1
CHZ MEASUREMENTS
pkpk 5.38v per M 15.63us
ampl S.107v dutu il 50.4%
rms 2,522y freqn 63,98kHz

30 3.22 (CHI) warmsdoyayion oM

(CH2) narasd gy aufnInud 64 KHz
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26-Aug-98 R

22'22:20 Auto
Eﬂi z8 fus,22:22 00

gﬂl ‘—f 4o Lﬁ- Uoéenter -3 .33y

2008 t@Center -100 .0us
CH2 26 8ug,22:22:00
Dbdentsil $ sy

& — ! - enter
§H2 e teCenter 100 .0us
20us
R A
CH2 -l

Snart Probe on gyz TRIBOER on CHi
2: u

RSt —_F—  owoc
CHZ MEASUREMENTS
pkek U 12.939y per
ampl U 10,176V duty
rMs - -- - freq

- _?_ -
-~ =7 -

- == -

s

CRY

310 2.23 (CH) wansdgyana NRZ ediswiar (1101 0000)

(CH2) ueredayeyian AMI

26~Aug-98 Recalibration Suggested (SYSTEN CONFIG Menu)
22:30:09

Ruto

CHi
2v

CH1 26 AUg 22729 .45
DC, BuL:

U!Center -3 »33V
teCenter =~100 .0us

200

- CH2 26 hug 22:29: 45

0C, BUL:F

CH2 cw —
2V

__GUDContlr 4 .61u

t@Center -100.0us

20us

CH?2|

TRIGOER on CHL

i 0.0V OC

Smart Probke on 2
2: RUN/STE#

CH2 MEASUREMENTS
pkpk 5,76V per
amMpl 5.395y duty
rHs 2.663Y freq

U 3.24 (CHI) uamadaygen AMI

- - -
- _?- -
- =-7- -

-V

CHi

(CH2) aasdygaiIinnug 64 Kiz
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26-Aug-98 Recalibration Suggested (SYSTEN CONFIG Menu)

22:20:45 Auto
o T
ous - teCenter ~100 0us
CH2 2. Aug.22 20 10
‘ ] - VeCenter 5 2 750
ct’z CH b= teCenter -lUD.Out
20us
i
$
cHz }-— L + "
- i
gnart Prosﬁnonggz TRIGGER on CHi
o L 0.0v oC o
1
b CHZ MEASURENENTS
pkpk U 11,01y per ML 62.53us
; anpl U 10,560 duty 87.07
. rms - -7- - freq il 15,99kHz
' 1
= (Y3
‘I.ITI 3.25 (CHI) 151N ﬂul 1% NRZ luﬂlﬁﬂﬁ (1101 0000)
’ o/
(CH2) uaasagyey 1l HDB3
26-Aug-98 i
22:32:29 Auto -
CHt 26 Au9.22'32 0%
CH1 326.33’3»‘ 3330
20us teCenler -100.0us
CH2 26 Aug.22:32 00
DC, BUL:
Ju CHY I '2:5:2::: Zlgol .Ous
20u%
= 4 I } HH
CcH2 ] -J -J -J - lJ .J
gnarb Proge onngz TRIGGER on CHi
—F 0.0v OC T
CH2 MEASUREMENTS
pkpk 5,70V per M 15 .63us
amp 5.299y dutyl 50.4%
rms 2.624Y freq 63.98kHz

31U 3.26 (CH1) uatmsday 0 HDB3

(CH2) uaraedya i IfnInud 64 Kz
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mineasHa ledyguduna NRZ i (1000 0000)

Tek HIH 2MS/s 29 Acgs

| -
batat
(- 2%
<<

Ch2 Ampl
2.48V

2+ Ww__._‘_‘—u__._

WL AR - W0 R N0 - .
IChi 5V Ch? 2V W 23us Chi J [

26 Oct 1998
23:45:38
71% 327 (CHI) ugrnsdgyapnaidunn Rz

(CH2) itanadya19i017i1n NRZ

Tek BIIN 2MS/s

xxxxxxx

op
| -
55
~NN
<<

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

L ke ] omame
® 1oL ] it eing] | 2,48V
2-) _____ _.____.__._.___.._._.J.:_.____....__ ____

A S S

L xxsn!vxlxyChzxux-xxzxxv IIM! 21511115« t(:hxll XIIIII)IOJI

chi 27 Oct 1998
00:00:18

317 3.28 (CH1) uansdygnaiduyn NRz
oy

oy
(CH2) uaadeygaieinm NRZ
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Tek Run: 2MS/s Sample
1 L T h { 1
i L v J [
AR AR AR AR A R : la:103v
{@:-4.6v
Ch2 Ampl
2,56V

26 Oct 1998
23:49:19

U1 3.29 (CHI) untnadayguduna BIPHASE
(CH2) Ueraedgyay 1940 171WA NRZ

“Tok BHU® 2MS/s 10 Acgs
F { T ] {

AN\ S ol | LRGN . W% 4 CE 1A110.2V

l®@:-4.7v

m: : T : m: ; ] ch2 ampl
NS LTS PR Y | ] 248V

T STELEE ST S A RO P AT I I T

ICh | 3V th3 VWM S ChT T
27 Oct 1998
00:03:51

TUBUNA NRZ

(7]

U7 3.30 (CH1) uamadoysy
(CH2) uanadygaieninn NRZ

o



Tek EIliN 2Ms/s

71

Tok HIIENEH 2MS/s

1=

llllllllll

xxxxxxxxxxxxxxx

2V

M 25;15 Chi

5107 3.31(CHI) uam Yoy dune CMI

(CH2) 1A ey 1ae1iHn NRZ

1 I T b | 3
] L L J i >
T TTT T T :L ::::::::: Tr T T T 5

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

2
a5
oW
<<

Ch2 Ampl
2,72V

26 Oct 1998
23:52:50

. 3.88Vv

l@:-3.84 v

Ch2 Ampl
2.8V

;;;;;;

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

Q

319 3.32 (CHI) uaraq

(CH2) uanedey

=

AUYIUOUNN NRZ

9 v 9

4

UIUIDINNR NRZ

o q

27 Oct 1998
00:05:58



Tok EIKGITH 2Ms/s

72

69 Acgs
t [ I h] 1
¥ L . J i
AR TSV AN S e
c

o

a

319 3.33 (CH1) uermadayeIdunn ADI

(CH2) uaraeay

72 A
-

94197Y NRZ

o

cgs

Tok SR 2MS/s
H
i

I
LY

xxxxxx

i i i i i s i .
: } } il } b : #

a

JUM 3.34 (CH1) udasdyanaduyn NRZ

(CH2) uera

oy
oy

QRO NTHA NRZ

B B TR 1]

| IR
oV

ch2 Ampl

24V

26 Oct 1998
23:34:54

:3.88V
:—-3.84V

Ch2 Ampl
24V

27 Oct 1998
00:07:44
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Tek B 2MS/s 213 Acqs
i f. b o 1 ]
i L v ¥ 1
""""" L T T T T T A 10,3 Y
J@:-4.6 v
Ch2 Ampl
2.56V
ORI A AR -~ N\ oSO
JCh ) 5V T th2 2V M 28ps Ch1 7 0
s 26 Oct 1998
23:47:34
31 3.35 (CHD) uamadgygadumm AMI
o I's
(CH2) uaaargy1a4ie1myea NRZ
Tok BTN 2MS/s 90 Acgs
[ 10,2V
1=4.7V
Ch2 Ampl
2.56 V

€1 | S A 7 pAVANNS Y B 1T ol ) R R
27 Oct 1998
00:02:03

317 3.36 (CH1) uanadgygiaiBunn NRZ
(CH2) Hanad ey 19101y A NRZ



Tok SHIEITH 2MS/s
L

74

71 3.37 (CHI) uaasdgyauduns HDB3

(CH2) UAASHRyQy1048171¥A NRZ

Ch2 Ampl
248V

26 Oct 1998
23:

42:16

Tek BXJE 2MS/s 40 Acgs
] I T. 1 i
i L5 M ) 1
T TR b S @l
; j@:-4.7v
. ] ] l: Ch2AmpI
oy e s Pt o o nNLR ] 248V
i n ......... l 1, : ai i
S D ! D ‘ ’
S S
i M PP ST PRI IR SPPIT T P P P
Ch 1) 5V Ch2 2V M 23js Chil T (RY
26 Oct 1998
23:58:21

317 3.38 (CH1) uamsdygnaduya NRZ

(CH2) uarnsdgya1nie1iym NRZ
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m3seaswa  (ieduna NRZ iy (1101 0000)

Tek BIIRR 2MS/s 28 Acqgs
i I T 1 i
. :,‘{ ,,,,,, L ; e Ia:
I Ja@:
_: :A.i.A;,...'ﬂ: 11111111 ‘ ida oo :
Chi §'\17 Ch2) 2V M 25us CRT T

U7 3.39 (CH1) uamsdryanadunn RZ
(CH) terasdaysy1a101%%n NRZ

Tek X 2MS/s 62 Acgs
L.

Ch2 Ampl
248V

27 Oct 1998
00:11:41

Ch2 Ampl
248V

QF =

U1 3.40 (CH) uarmadeyanaiduyn NRZ

o U
4

(CH2) uaasdayg sie19inn NRZ

o

SR TN TOUNE FUDIE SUUE TN TUUE PO SO U
Lo B 4 A I\ I A a1 T e 1) R A Y

27 Oct 1998
00:22:41
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Tek ST 2MS/s 23 Acgs
1 IT. h |
i T

xxxxxxxxxxxxxx I AT B SR

a

U 3.41 (CH1) uarnsdeyaaiBusn BIPHASE

L]

aQ,

(CH2) Haasd e 10i1011%n NRZ

(1]

317 342 (CH) uameFayguduna NRZ
(CH2) uanadygeieming NRZ

Ch2 Ampl
248V

e T N > R & 17T o 1 )
27 Oct 1998
00:15:44

Ch2 Amp!
2.48V

27 Oct
00:26:

1998

26:53
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Tek Run: 2mMs/s Sample [IIGKE
1 I T.

:3.88v
:—3.84V

Bk

Ch2 Ampl
248V

714 3.43 (CH1) uanadeyanadunn CMI

(CH2) uamedyg 101873190 NRZ

Tek BisR 2MS/s 84 Acqs
I I b o
i

27 Oct 1998
00:33:41

Ch2 Ampl
2.8V

U1 3.44 (CHI) usrmadryanaiBunn NRZ

(CH2) UaAsdeygIaue1in NRZ

Lo B A R RV LT ot R

27 Oct 1998
00:29:26

A,



Tok BI 2MS/s 75

78

Ch2 Ampl
24V

VM 3Ehs R

U7 3.45 (CHD uansdeyanadunn ADI

(CH2) uamadtynIau 1A NRZ

Tek SIE 2MS/s 165 Acgs
i T.

xxxxxxxxx

l.x,~~x 2

[o/1) B A | 2

M 25}15 Chi

U1 3.46 (CHI) uarmsdygnaduyn NRZ

(CH2) uaraadygoue1vinm NRZ

27 Oct 1998
00:18:28

A:3.88Y
@:-3.84 V

Ch2 Ampl
24V

27 Oct 1998
00:31:37

[EN
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Tek EIXIER 2MS/s 81 Acqgs
5 [.T
+

Ch2 Ampl
248V

Lo U 72 1 B A" 'l 1T 1) e
27 Oct 1998
00:13:36

U1 3.47 (CHY) uarmsdygnaduyn AMI

o o
(CH2) uﬁmmytymmmvgm NRZ
Tok BTiER 2MS/s 15 Acgs
1. L
3.88V
-3.84V
. Ch2 Ampl
. 2.48 Vv
]
27 Oct 1998
00:24:46

317 3.48 (CH1) et Teyey 108U HA NRZ
(CH2) uamsdayginue 1inn NRZ
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Tek BIETH 2MS/s 358 Acgs
i L T 1 ¥
¥ LY v

Ch2 Ampl!
248V

mx P sz\L, : ‘M- szsn}isx i .c;hxlx !:r- IR 0;\;,
27 Oct 1998
00:09:40

319 3.49 (CH1) uanadgyaudunn HDB3
(CH2) uansdgyanaue1yina NRZ
Tek BT 2MS/s 69 Acgs
i [.xT 31 }
~ :3.88V

1~3.84V
Ch2 Ampl

248V

Chi R 2 AV R LTI« 1] R " 2 2
27 Oct 1998
00:20:35

1% 3.50 (CH1) uarasdeyaaBunn NRZ
(CH2) uetadeygaue1vinm NRZ
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@ MOTOROLA

QUAD 2-INPUT NAND GATE

» ESD > 3500 Volts

SN54/74LS00

QUAD 2-INPUT NAND GATE

LOW POWER SCHOTTKY
J SUFFIX
it CERAMIC
) CASE 632-08

GND
N SUFFIX
PLASTIC
CASE 646-06
F
i D SUFFIX
SOIC
CASE 751A-02
ORDERING INFORMATION
SN54LSXXJ  Ceramic
SN74LSXXN  Plastic
’ SN74LSXXD _ SOIC
GUARANTEED OPERATING RANGES
i Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54 45 5.0 5.5 A
. 74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
,loH Output Current — High 54,74 -04 mA
loL Output Current — Low 54 4.0 mA
74 8.0
FAST AND LS TTL DATA

5-2
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SN54/74L.S00

D(:; CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 \ All Inputs
i 54 0.7 Guaranteed Input LOW Vottage for
ViL Input LOW Voltage T4 o8 \ Al Inputs
VIK Input Clamp Diode Voltage -0.65 -1.5 Vv Ve =MIN, ljN=—-18 mA
54 2.5 3.5 v VGG = MIN, IoH = MAX, V|N = VIH
You Output HIGH Voltage - = y y or Vi per Truth Table
54,74 0.25 0.4 Vv loL=40mA | Vcc=VccMN,
VoL Output LOW Voltage ViN= VL or ViH
74 0.35 0.5 \ loL=8.0mA per Truth Table
20 Voo =MAX, ViN=27V
H Input HIGH Current A cC IN
0.1 mA Voo =MAX, ViN=7.0V
L Input LOW Current -0.4 mA Voo = MAX, VN =04V
los Short Circuit Current (Note 1) -20 ~100 mA Ve = MAX
Power Supply Current
icc Total, Output HIGH 1.6 mA Vo = MAX
Total, Output LOW 4.4
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
. Limits
1 Symbol Parameter Min Typ Max Unit Test C'onditi\Sns ~
| tPLH Turn-Off Delay, Input to Output 9.0 15 ns Vo =50V
tPHL Turn-On Delay, Input to Output 10 15 ns CL=15pF

FAST AND LS TTL DATA

5-3




@ MOTOROLA

QUAD 2-INPUT NOR GATE

106

SN54/74LS02

QUAD 2-INPUT NOR GATE

LOW POWER SCHOTTKY
(] [1s] [re] [1] [ro] [o] [e]
; ; Lal Ll
: rq, _C%—‘ J SUFFIX
CERAMIC
1] 2] [a [of Ls] Le] CASE 632-08
GND N
N SUFFIX
PLASTIC
CASE 646-06
D SUFFIX
SOIC,
CASE 751A-02
ORDERING INFORMATION
SN54L.SXXJ  Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 4.5 5.0 5.5 \
74 4.75 5.0 5.25
Ta Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
IoH Output Current — High 54,74 -04 mA
oL Output Current — Low 54 4.0 mA
74 8.0
FAST AND LS TTL DATA
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SN54/74L.S02
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min | Typ | Max | Unit Test Conditions
' Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 \ All inputs
54 0.7 Guaranteed Input LOW Voltage for
Vi Input LOW Voltage 7 o8 \' Al Inputs
VIK Input Clamp Diode Voltage -065 ] —-1.5 \Y Voo =MIN, Iy =—-18 mA
54 25 | 35 V | Voo =MIN, IoH = MAX, VN = ViH
VoH Output HIGH Voltage 72 | 27 | 35 V| or ViL per Truth Table
. 54,74 0.25 | 0.4 \% oL = 4.0 mA Vee =Vee MIN,
VAL Output LOW Voltage VIN=VILOor VIH
74 0.35 0.5 Vv loL=8.0mA per Truth Table
20 A | Voo =MAX, VN =27V
IH Input HIGH Current cC IN
. 0.1 mA Voo =MAX, ViN=7.0V
h Input LOW Current -04 | mA | Voo=MAX, V|N=04V
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
Power Supply Current
lcc Total, Output HIGH 3.2 mA Voe = MAX
Total, Output LOW 54
Noﬁc: 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 10 15 ns Vee =50V
tPHL Turn-On Delay, Input to Output 10 15 ns CL=15pF
FAST AND LS TTL DATA
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@ MOTOROLA

SN54/74LS04
HEX INVERTER

HEX INVERTER
vee

LOW POWER SCHOTTKY
[14] [1s] [12] [1] [vo] [o] [G]

J SUFFIX

I ¢
i CERAMIC
Ll (2] Lsf Le] [5] Le] ! CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
'80IC
CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 45 5.0 5.5 Vv
74 4.75 5.0 5.25
il TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
IoH Output Current — High 54,74 -0.4 mA
loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
5-1
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]
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 \ All Inputs
, 54 0.7 Guaranteed Input LOW Voltage for
Vu_ Input LOW Voltage a 0B v All Inputs
VIK Input Clamp Diode Voltage -0.65 | -1.5 \' Veo =MIN, N =-18 mA
. 54 2.5 3.5 v Ve = MiN, IoH = MAX, VN = Vi
VOH Output HIGH Voltage 7 27 35 Y or Vy_ per Truth Table
54,74 0.25 0.4 \' loL=4.0mA Voo = Ve MIN,
VoL Output LOW Voltage VIN=V|Lor ViH
74 0.35 0.5 \' loL=8.0mA per Truth Table
20 pA Voo =MAX,Viy=27V
hH Input HIGH Current cc IN
0.1 mA Ve =MAX,ViN=7.0V
e Input LOW Current -04 mA Veo=MAX,V|N=04V
lds Short Circuit Current (Note 1) ~20 -100 mA Vce = MAX
Power Supply Current
lcc Total, Output HIGH 24 mA Voo = MAX
Total, Output LOW 6.6
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 9.0 15 ns Veg=5.0V
Turn-On Delay, Input to Output 10 15 ns CL=15pF

tPHL

¥

FAST AND LS TTL DATA
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TRIPLE 3-INPUT NAND GATE

GUARANTEED OPERATING RANGES

SN54/74LS10

TRIPLE 3-INPUT NAND GATE

LOW POWER SCHOTTKY
- J SUFFIX
CERAMIC
) CASE 632-08

Y N SUFFIX
OOy PLASTIC
Dy CASE 646-06
1
D SUFFIX
solc

CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ  Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC

Symbol Parameter Min Typ Max Unit

Vee Supply Voltage 54 4.5 5.0 5.5 \
74 4.75 5.0 525

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

IoH Output Current — High 54,74 -0.4 mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA

5-1




111

SN54/74LS10

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits

Symbol Parameter Min Typ Max Unit TJest Conditions
ViH input HIGH Voltage 2.0 v f,:’f;ﬁﬂ::ed nput HIGH Voltage for

54 0.7
viL Input LOW Voltage — — v gl:llar:gs:seed Input LOW Voltage for
ViK Input Clamp Diode Voltage -065 | —-1.5 \' Vco=MIN, Iy=-18 mA
VOoH Output HIGH Voltage :: 2: :: \\: ch\g: phg:'\-:-'rb%Hi.:bhfeAX’ VIN=ViH

54,74 025 | 04 v ioL=4.0mA Vce =Voe MIN,

VoL Output LOW Voltage VIN=Vy_or Vi

74 0.35 0.5 " loL=8.0mA per Truth Table
IH Input HIGH Current 4 a Yoo =MAX, Vin=27V

0.1 mA Voo =MAX, ViN=7.0V
I Input LOW Current -04 | mA | Voo=MAX, V=04V
los Short Circuit Current (Note 1) -20 -100 mA Ve = MAX
Power Supply Current
Icc Total, Output HIGH 1.2 mA VGG = MAX
Total, Output LOW 33
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
'
AC CHARACTERISTICS (T =25°C)
Limits -

Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 9.0 15 ns Voc=5.0V
tPHL Turn-On Delay, Input to Output 10 15 ns CL=15pF

FAST AND LS TTL DATA
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DUAL 4-INPUT NAND GATE

Vee
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SN54/74LS20

DUAL 4-INPUT NAND GATE

LOW POWER SCHOTTKY
[14] [13] [12] [11] [ve] [o] [e]
J SUFFIX
CERAMIC
’ Ll L2 L] [ef [s] [e] CASE 632-08
GND N
N SUFFIX
PLASTIC
CASE 646-06
D SUFFIX
SoIC
CASE 751A-02
ORDERING INFORMATION
SN54LSXXJ  Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54 4.5 5.0 5.5 Vv
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54,74 -0.4 mA
oL Output Current — Low 54 4.0 mA
74 8.0
FAST AND LS TTL DATA

5-1




113
SN54/74LS20

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 V| Alnauts P 9
54 0.7 Guaranteed Input LOW Voltage for
VIL Input LOW Voltage e Y \" Al Inputs
Vik ' Input Clamp Diode Voltage -065 | ~-1.5 Vv Voo =MIN, Iiy=-18 mA
54 25 [ 35 v Voo = MIN, IoH = MAX, V|N = VIH
tput HIGH Voltage il ’
VoH Output HIG g 74 27 | 35 v or Vy|_ per Truth Table
54,74 025 | 04 v loL = 4.0 mA Vo = Voo MIN,
VoL Output LOW Voltage VIN=VjLor VIH
74 0.35 0.5 \ loL=8.0mA per Truth Table
20 pA | Voo =MAX, V=27V
M Input HIGH Current cc IN
0.1 mA Voo =MAX,ViN=7.0V
I Input LOW Current -0.4 mA Voo = MAX, Vi =04V
los Short Circuit Current (Note 1) -20 -100 | mA Vce = MAX
Power Supply Current
Ice Total, Output HIGH 0.8 mA | Voo =MAX
) Total, Output LOW 29
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C) -
' Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 9.0 15 ns Voo =5.0V
foHL Turn-On Delay, Input to Output 10 | 15 ns CL=15pF
13
N
FAST AND LS TTL DATA
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QUAD 2-INPUT OR GATE

‘GUARANTEED OPERATING RANGES

SN54/74LS32

QUAD 2-INPUT OR GATE
LOW POWER SCHOTTKY

- J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
SOIC
CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC

Symbol Parameter Min Typ Max Unit

vee Supply Voltage 54 4.5 5.0 5.5 \
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 ~55 25 125 °C
74 0 25 70

IoH Output Current — High 54,74 -0.4 " mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
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SN54/74LS32

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Vil Input HIGH Voltage 2.0 v c:,ff;:ﬂ::ed Input HIGH Voltage for
54 0.7 Guaranteed Input LOW Voltage for
!
VIL Input LOW Voltage 7 o8 \ All Inputs
VIK Input Clamp Diode Voltage -0.65 -15 \ Vco=MIN, N =~18 mA
54 2.5 3.5 v Vee = MIN, IoH = MAX, Vi = V!
CC »IOH = » VIN=VIH
VoH Output HIGH Voltage - 27 a5 v or Vj_per Truth Table
54,74 0.25 0.4 \Y loL =4.0mA Vce =Vee MIN,
VoL Output LOW Voltage VIN =ViLor ViH
74 0.35 05 \ loL=8.0mA per Truth Table
20 pA Ve =MAX, VN =27V
hH Input HIGH Current cc IN
0.1 mA Vo =MAX, ViN=70V
he Input LOW Current -04 mA Veo =MAX,VIN=0.4V
los Short Circuit Current (Note 1) -20 -100 mA Vce = MAX
Power Supply Current
lcc Total, Output HIGH 6.2 mA Ve = MAX
Total, Output LOW 9.8
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta =25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 14 22 ns Voc =5.0V
tPHL Turn-On Delay, Input to Outpul 14 22 ns CL=15pF
FAST AND LS TTL DATA
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DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54/74LS74A dual edge-triggered flip-flop utilizes Schottky TTL cir-
cuitry to produce high speed D-type flip-flops. Each flip-flop has individual
clear and set inputs, and also complementary Q and Q outputs.

Information at input D is transferred to the Q output on the positive-going
edge of the clock pulse. Clock triggering occurs at a voltage level of the clock
pulse and is not directly related to the transition time of the positive-going
pulse. When the clock input is at either the HIGH or the LOW level, the D input
signal has no effect.

LOGIC DIAGRAM (Each Flip-Flop)

~— |
SET(Sp) © s
), o
Q
— 5(9)
CLEAR(CD) ©
1(13)
CLOCK © ‘ \ ¢
3(11) -
Q
6(8)
Do
2(12)
MODE SELECT — TRUTH TABLE
INPUTS OUTPUTS
OPERATING MODE
Sp Sp D Q Q
Set L H X H L
Reset (Clear) H L X L H
*Undetermined L L X H H
Load “1” (Set) H H h H L
Load “0" (Reset) H H | L H

* Both outputs will be HIGH while both Sp and Cpy are LOW, but the output states are unpredictable
it Sp and Cp go HIGH simultaneously. If the levels at the set and clear are near Vj_maximum then
we cannot guarantee to meet the minimum level for Vo.

H, h = HIGH Voltage Level

L, | = LOW Voltage Level

X =Don't Care

i, h {q) = Lower case letters indicate the state of the referenced input (or output) one set-up time
prior to the HIGH to LOW clock transition.

SN54/74LS74A

DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

- J SUFFIX
I CERAMIC
) CASE 632-08
4

N SUFFIX
PLASTIC
CASE 646-06

D-SUFFIX
80IC
CASE 751A-02

ORDERING INFORMATION

SNS54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC

LOGIC SYMBOL
4 10
& 4

2—p SD Q5 12—p SO gl—9

3—cCP 11— cP

op OP~6 op 98

T T

1 13

Voo =PIN 14
GND=PIN7

FAST AND LS TTL DATA
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SN54/74LS74A
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54 4.5 5.0 5.5 \
. 74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 ~55 25 125 °C
74 0 25 70

IoH Output Current — High 54,74 ~-0.4 mA

6L Output Current — Low 54 4.0 mA
74 8.0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ | Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH input HIGH Voltage 20 V| Alllnputs
54 0.7 Guaranteed Input LOW Voltage for
\ Input LOW Voltage = o8 \' All Inputs
ViK Input Clamp Diode Voltage -065 | —-1.5 \ Voo =MIN, |y =-18mA
54 25 [ 35 Vv VoG = MIN, IoH = MAX, ViN = VIH
Voo Output HIGH Voltage - 37 o m or Vi per Truth Table
54,74 025 | 04 v loL = 4.0 mA Voo = Voo MIN,
VoL Output LOW Voltage ViN=ViLorViH
74 0.35 0.5 \' loL=8.0mA per Truth Table
Input High Current
Data, Clock 20 pA Voo =MAX,VIN=27V
IH Set, Clear 40
Data, Clock 0.1
Set, Clear 0.2 AD pYeg™=MPE ViN=7.0V
Input LOW Current
TN Data, Clock -04 mA Veoc =MAX, V=04V
Set, Clear ~0.8
los Output Short Circuit Current (Note 1) -20 -100 mA Voo = MAX
Icc | Power Supply Current 8.0 mA Vee = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C, Vgg =5.0V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
" fMAX Maximum Clock Frequency 25 33 MHz Figure 1
Veg=5.0V
tPLH 13 25 ns . Cl =1
' Clock, Clear, Set to Output Figure 1 L=15pF
tPHL P 25 40 ns g
AC SETUP REQUIREMENTS (Tp = 25°C)
' Limits
Symbol Parameter Min Typ Max Unit Test Conditions
twW(H) Clock 25 ns Figure 1
tw (L) Clear, Set 25 ns Figure 2
' Data Setup Time — HIGH 20 ns Fiéide 1 Voo =5.0V
S Low 20 ns o
th Hold Time 5.0 ns Figure 1

FAST AND LS TTL DATA
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SN54/74LS74A
AC WAVEFORMS
D'%m z%////////////// h "fh(H)%
== thl)

CP______7
1

tPHL tpLH—
Q 13V

tPHL

tPLH

13V 3V

P

*The shaded areas indicate when the input is permitted to change for predictable output performance.

Figure 1. Clock to Output Delays, Data
Set-Up and Hold Times, Clock Pulse Width

SET \
3 1.3V 13V

CLEAR
tPLH tPHL
13V 13V

Q

tPHL tPLH
Q

13V 1.3V

Figure 2. Set and Clear to Output Delays,
Set and Clear Pulse Widths

FAST AND LS TTL DATA
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DUAL JK FLIP-FLOP
WITH SET AND CLEAR

The SN54/74LS76A offers individual J, K, Clock Pulse, Direct Set and Di-
rect Clear inputs. These dual flip-flops are designed so that when the clock
goes HIGH, the inputs are enabled and data will be accepted. The Logic Level
of the J and K inputs will perform according to the Truth Table as long as mini-
rhum set-up times are observed. Input data is transferred to the outputs on the
HIGH-to-LOW clock transitions.

)

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS

OPERATING MODE
Sp Cp J K Q Q
Set L H X X H L
Reset (Clear) H L X X L H
*Undetermined L L X X H H
Toggle H H h h q q
Load “0” (Reset) H H | h L H
Load “1” (Set) H H h I H L
Hold H H | | q q

*Both outputs will be HIGH while both Sp and Cp are LOW, but the output states are unpredictable
't Sp and Cp go HIGH simultaneously.

H,h = HIGH Voltage Level

L,| = LOW Voltage Level

X = Immaterial

1, h (q) = Lower case letters indicate the state of the referenced input (or output) one setup time prior
to the HIGH-to-LOW clock transition

LOGIC DIAGRAM

SN54/74LS76A

DUAL JK FLIP-FLOP
WITH SET AND CLEAR

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

D SUFFIX
SOIC
CASE 751B-03

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC

~ — LOGIC SYMBOL
o e i 5,
4 .
> 16—k 0 of—15 12—k P qf—1
—_ _— 1 [
CLEAR (Cp) © < o SET (Sp) 9% 7P
| %:} L_(C% o K a—J ¢p Op-14 9y ¢ ap—10
7 ?
o _ 3 8
CLOCK (CP) Vog =PI
=PIN13
FAST AND LS TTL DATA
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SN54/74LS76A
GUARANTEED OPERATING RANGES
Symbol . Parameter Min Typ Max Unit
vce Supply Voltage 54 4.5 5.0 55 \
) 74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 ~55 25 125 °C
74 0 25 70
loH Output Current — High 54,74 -0.4 mA
loL Output Current — Low 54 4.0 mA
74 8.0
DC lCHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 \" All Inputs
54 0.7 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage - - v Al Inputs
VIK tnput Clamp Diode Voltage -0.65 | -1.5 \' Ve =MIN, jy=-18 mA
54 2.5 3.5 Vv Ve = MIN, loH = MAX, VIN = VIH
VoH Output HIGH Voltage 3 g p— L or VjL_per Truth Table
54,74 0.25 0.4 \' loL=4.0mA Vee =Vog MiN,
VoL Output LOW Voltage ViN=ViLorViH
74 0.35 0.5 v loL =8.0mA per Truth Table
J, K 20
Clear 60 HA Voo =MAX, ViN=27V
Clock 80
IiH Input HIGH Current
J, K 0.1
Clear 0.3 mA | Voo =MAX,VN=7.0V
Clock 04
| Input LOW Current 3. K 04 mA | Voo =MAX, Vi =
L npu uren Clear, Clock -08 | ™ CC=MAX.VIN=04V
los Short Circuit Current (Note 1) -20 -100 mA Ve = MAX
Icc Power Supply Current 6.0 mA Vo = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp =25°C, Vog =5.0V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Clock Frequency 30 45 MHz
Ve =50V
. 15 20 ns
:PLH Clock, Clear, Set to Output CL=15pF
PHL 15 20 ns
AC SETUP REQUIREMENTS (T =25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw Clock Pulse Width High 20 ns
tw Clear Set Pulse Width 25 ns
Ve =50V
ts Setup Time 20 ns
th Hold Time 0 ns

FAST AND LS TTL DATA
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QUAD 2-INPUT
EXCLUSIVE OR GATE

Vee

121

SN54/74L.S86

QUAD 2-INPUT
EXCLUSIVE OR GATE

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

5-1

GND
N SUFFIX
' PLASTIC
- CASE 646-06
3 .
TRUTH TABLE
IN ouT
A B z D SUFFIX
SOIC
L L L
L H H CASE 751A-02
H L H
H H L
ORDERING INFORMATION
SN54LSXXJ  Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
\ee] Supply Voltage 54 4.5 5.0 55 v
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 - 25 125 °C
1 74 0 25 70
I0H Output Current — High 54,74 -0.4 mA
loL Output Current — Low 54 4.0 mA
74 8.0
FAST AND LS TTL DATA
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SN54/74L.S86

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

F)

' Limits
S{ymbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 20 v gff;;g::ed Input HIGH Voltage for
54 0.7 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage 24 0B v All Inputs
Vik Input Clamp Diode Voltage -0.65 | -1.5 \ Vco=MIN,|N=-18 mA
54 25 3.5 v Voe = MIN, IgH = MAX, VN = VIH
VOH Output HIGH Voitage 74 27 | 35 v or V)L per Truth Table
54,74 0.25 { 04 v oL = 4.0 mA Vee =Vee MIN,
VoL Output LOW Voltage VIN = Vi or VIH
74 0.35 0.5 \' loL=8.0mA per Truth Table
40 pA | Voo =MAX, ViN=2.7V
H Input HIGH Current ce N
0.2 mA Voo =MAX,ViN=7.0V
" Input LOW Current -08 | mA | Vco=MAX,V|N=04V
los Short Circuit Current (Note 1) -20 -100 mA Vce = MAX
icc Power Supply Current 10 mA Voe = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta =25°C)
Limits
Symbol Parameter Min Typ | Max Unit Test Conditions
tPLH Propagation Delay, 12 23
tPHL Other Input LOW aPt ) 17 hy Voo =50V
tPLH Propagation Delay, 20 30 CL=15pF
tPHL Other Input HIGH 13 | 22 pe

FAST AND LS TTL DATA
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4-BIT SHIFT REGISTER

The SN54/74LS95B is a 4-Bit Shift Register with serial and parallel
synchronous operating modes. The serial shift right and parallel load are acti-
vated by separate clock inputs which are selected by a mode control input.
The data is transferred from the serial or parallel D inputs to the Q outputs
synchronous with the HIGH to LOW transition of the appropriate clock input.

The LS95B is fabricated with the Schottky barrier diode process for high
speed and is completely compatible with all Motorola TTL families.

¢ Synchronous, Expandable Shift Right
e Synchronous Shift Left Capability
e Synchronous Parallel Load

- @

V
[u

Q O

13] [12]

Separate Shift and Load Clock Inputs
Input Clamp Diodes Limit High Speed Termination Effects,

CONNECTION DIAGRAM DIP (TOP VIEW)

651 CPg

[ [ol [e] [e]

NOTE:
The Flatpak version has the

SN54/74L.S95B

4-BIT SHIFT REGISTER
LOW POWER SCHOTTKY

J SUFFIX
i CERAMIC
i CASE 632-08

same pinouts (Connection N SUFFIX
Diagram) as the Dual In-Line PLASTIC
P Package_ CASE 646-06
: Vog =PIN 14
GND=PIN7
[0 Gl ] BT o [
Ds Pp Pt P2 P3 S GND D-SUFFIX
soit
CASE 751A-02
PIN NAMES LOADING (Note a)
RGN QW ORDERING INFORMATION
S Mode Control Input 0.5 U.L. 0.25U.L. .
N X
Ds Serial Data Input 05UL | o2sUL. gNgitgx;“N g;g;z'c
EO_—PS Parallel Data Inputs 0.5U.L. 0.25 U.L. SN74LSXXD SoIC
CP4 Serial Clock (Active LOW Going Edge) Input 0.5U.L. 025U.L.
CP2 Paralle! Clock (Active LOW Going Edge) Input 0.5 U.L. 0.25 U.L.
Qp-Q3 Parallel Outputs (Note b) 10U.L. | 5(25) U.L.
NOTES:
a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.
b. The Qutput LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 4.5 5.0 5.5 \
74 4.75 5.0 5.25
Ta Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54,74 -0.4 mA
loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
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SN54/74LS95B

LOGIC DIAGRAM

Po Py P2 P3
6@ Toor @ @ ® ®
0. O
s || || | |
51 -
62 R R R R
YA IR AR A if
s QM s aH s QN s Q
GND=PIN7 ® ® @)
(= PIN NUMBERS Qo Q Q2 Q3

FUNCTIONAL DESCRIPTION

The LS95B is a 4-Bit Shift Register with serial and parallel
synchronous operating modes. It has a Serial (Dg) and four
Parallel (Pg—P3) Data inputs and four Parallel Data outputs
(Qo—Qg). The serialor parallelmode of operationis ¢ontrolled
by a Mode Control input (S) and two Clock Inputs (CP4) and
(CP2). The serial (right-shift) or paralle! data transfers occur
synchronous with the HIGH to LOW transition of the selected
clock input. . 1N

"When the Mode Control input (S) is HIGH, CP2is enabled. A
HIGH to LOW transition on enabled CPo transfers parallel
data from the Pg—P3 inputs to the Qg—Q3_outputs.

When the Mode Control input (S) is LOW, CP1 isenabled. A

HIGH to LOW transition on enabled CP{ transfers the data
from Serial input (Dg) to Qg and shifts the datain Qg to Q1, Q1
to Qo, and Q2 to Q3 respectively (right-shift). A left-shift is ac-
complished by externally connecting Q3 to P2, Qo to P4, and
Q1 to Pg, and operating the LS95B in the parallel mode (S =
HIGH).

For normal operation, S should only change states when
both Clock inputs are LOW. However, changing S from LOW
to HIGH while CP2 is HIGH, or changing S from HIGH to LOW
while CP1 is HIGH and CP2 is LOW will not cause any changes
on the register outputs.

MODE SELECT — TRUTH TABLE

OPERATING MODE

INPUTS

OUTPUTS

CPy

(@]
(7]

0
3

[»)
o

Qi Q3 Q3

Shift

@ 41 92
H g a1 a2

X X
-

Parallel Load

0
=}

0
o

Pq P2 P3

Mode Change

Txrrzxz-~|x|fF _%

srnesesd|z|erlo

ITIIIrrrr|d| XX

No Change
No Change
No Change
Undetermined
Undetermined
No Change
Undetermined
No Change

HKXEXXXXXXX|X|T —
HKX XXX XXX

L = LOW-Voltage Level
H = HIGH Voltage Level
X =Don't Care

| = LOW Voltage Level one set-up time prior to the HIGH to LOW clock transition.
h = HIGH Voltage Level one set-up time prior to the HIGH to LOW clock transition.
P, = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the

HIGH to LOW clock transition.

FAST AND LS TTL DATA
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SN54/74LS95B
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 2.0 A All Inputs
) 54 0.7 Guaranteed Input LOW Voltage for
E\/u_ Input LOW Voitage 7 . \ Al Inputs
VIK Input Clamp Diode Voltage -0.65 | -1.5 \' Voo =MIN, iy =-18mA
] 54 25 | 35 v Ve =MIN, IoH = MAX, VN =V
CC + IOH = MAX, VIN = VIH
VOH Output HIGH Voltage - 27 35 " or Vii_ per Truth Table
54,74 025 | 04 v loL=4.0mA Vce =Vee MIN,
VoL Output LOW Voltage VIN=VjLor VIH
' 74 0.35 0.5 \' ioL=8.0mA per Truth Table
20 BA | Voo =MAX,VN=27V
IiH Input HIGH Current cC IN
0.1 mA | Voo =MAX,ViN=7.0V
1T Input HIGH Current -0.4 mA Voc =MAX, VN =04V
los Short Circuit Current (Note 1) -20 -100 mA | Voc =MAX
Icc Power Supply Current 21 mA Voo = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp =25°C, Vcc =5.0V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Clock Frequency 25 36 MHz
Veco=50V
PLH 18 27 ns ¢
. CP to Output L=15pF
tPHL P 21 | 32 | ns
AC SETUP REQUIREMENTS (Ta =25°C, Vcg =5.0V)
' : Limits
\ Symbol Parameter Min Typ Max Unit Test Conditions
tw CP Pulse Width 20 ns
ts Data Setup Time 20 ns
"th Data Hold Time 20 ns Voc =50V
ts Mode Control Setup Time 20 ns
th Mode Control Hold Time 20 ns
FAST AND LS TTL DATA
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SN54/74L.S95B

DESCRIPTION OF TERMS

SETUP TIME(ts) —is defined as the minimum time required the clock transition from HIGH to LOW that the logic level must
for the correct logic level to be present atthe logic input prior to be maintained at the input in order to ensure continued recog-
the clock transition from HIGH to LOW in order to be recog- nition. A negative HOLD TIME indicates that the correct logic
nized and transferred to the outputs. level may be released prior to the clock transition from HIGH to
HOLD TIME (th) — is defined as the minimum time following LOW and still be recognized. ’

AC WAVEFORMS

The shaded areas indicate when the input is pemmitted to change for predictable output performance.

—_ — _—'\ *The.Data input is—.
CPq orGP2 \1‘3 v 13V r 13 VX (Dg for CP4) or (P, for CP2).
tw ———> S

tpHL — tPLH
Q 13V 13V

Figure 1

57
ts(H) = -

ts(1) —<>| (L ORH)—
13V K13V

/ xg 13V

Figure 2

FAST AND LS TTL DATA
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DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54/74LS112A dual JK flip-flop features individual J, K, clock, and
asynchronous set and clear inputs to each flip-flop. When the clock goes
HIGH, the inputs are enabled and data will be accepted. The logic level of the
J and K inputs may be allowed to change when the clock pulse is HIGH and
the bistable will perform according to the truth table as long as minimum set-up
and hold time are observed. Input data is transferred to the outputs on the
negative-going edge of the clock pulse.

SN54/74LS112A

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

LOGIC DIAGRAM (Each Flip-Flop) J SUFFIX
CERAMIC
X CASE 620-09
Q o— ] +—o Q
5(9) - 6(7).
1
N SUFFIX
- | PLASTIC
CLEAR (Cp) o I o SET (Sp) CASE 648-08
1514 _—_‘): | °C___J— )
o— —er——D
3(11) [ pal 2(12)
o 1(13)
CLOCK (CP) D SUFFIX
SOIC
CASE 751B-03
ORDERING INFORMATION
SN54LSXXXJ Ceramic
MODE SELECT — TRUTH TABLE SN74LSXXXN Plastic
INPUTS OUTPUTS SN74LSXXXD  SOIC
OPERATING MODE -
Sp | Cb J K Q Q
# Set L H X X H L
" Reset (Clear) mlo x| x|c]H LOGIC SYMBOL
*Undetermined L L X X H H 4 10
Toggle H H h h q q
Load “0” (Reset) H H | h L H Sp [ sp
+ Load “1” (Set) H H h | H L 3I— Qp—5 —4 Q9
Hold H H | | q q 1 —dcp 13-dcp
* Both outputs will be HIGH while both Sp and Cp are LOW, but the output states
are unpredictable if Sp and Cp go HIGH simultaneously. 2—K Cp Qb—6 12 K Co Qb—7
H, h = HIGH Voltage Level 7 7
L, | = LOW Voltage Level 15 14
X = Don't Care
i, h (q) = Lower case letters Indicate the state of the referenced input (or output)
one set-up time prior to the HIGH to LOW clock transition. Voc =PIN 16
GND=PIN8
FAST AND LS TTL DATA
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SN54/74LS112A
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54 45 5.0 55 v
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
) 74 0 25 70
IoH Output Current — High 54,74 -0.4 mA
loL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max | Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voitage 20 \' All Inputs
54 0.7 Guaranteed Input LOW Voltage for
VIL Input LOW Voltage - 15 Vo | Allinputs
iVlK Input Clamp Diode Voltage -0.65 | -1.5 v Voo =MIN, Iy =-18 mA
” 54 | 25 | 35 v - - -
VOH Output HIGH Voltage Ve =MIN, IoH = MAX, Vi =Viy
74 27 3.5 Vv or V"_ per Truth Table
.’ 54,74 025 | 04 V. | loL=40mA [ Vcc=Vce MIN,
VoL Output LOW Voltage ViN= VL or VIH
74 0.35 0.5 \' loL=8.0mA per Truth Table
J.K 20
Set, Clear 60 pA Vco=MAX, ViN=2.7V
Clock 80
iH Input HIGH Current
J K 0.1
Set, Clear 0.3 mA | Vcc=MAX,VIN=70V
Clock 0.4
input LOW Current | J, K -0.4
e Clear, Set, Clk —08 | M | VeC=MAX,ViN=04V
los Short Circuit Current (Note 1) -20 -100 mA | Voo = MAX
Icc Power Supply Current 6.0 mA Voo = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (T =25°C, Vg =5.0V)
: Limits
¢ Symbol Parameter Min Typ Max | Unit Test Conditlons
. fTMAX Maximum Clock Frequency 30 45 MHz
Vece=5.0V
. tPLH Propagation Delay, Clock 15 20 ns C?_C= 15 pF
tPHL Clear, Set to Output 15 20 ns
AT SETUP REQUIREMENTS (Tp =25°C, Vg =5.0V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
b tw Clock Pulse Width High 20 ns
tw Clear, Set Pulse Width 25 ns
Vec =50V
s Setup Time 20 ns
th _Hold Time 0 ns

FAST AND LS TTL DATA

5-2




@ MOTOROLA

QUAD 3-STATE BUFFERS

VccEDOEDO
[14] [is] [te] [1n] frol [s] [

129

SN54/74LS125A
SN54/74LS126A

QUAD 3-STATE BUFFERS
LOW POWER SCHOTTKY

E D O E D O GND
LS125A
Ve E D O E D O
[14] [13] [12] [11] [10] [o] [e

J SUFFIX
CERAMIC
0 CASE 632-08

j_' ‘j_' N SUFFIX
> PLASTIC
CASE 646-06
1 2 3 4 5 6 7
( D 0 E D O GND D SUFFIX
LS126A solc
CASE 751A-02
3
TRUTH TABLES
LS125A LS126A
INPUTS INPUTS ORDERING INFORMATION
SN54LSXXXJ Ceramic
E D itk E 0 QUTRED SN74LSXXXN Plastic
L L L H L L SN74LSXXXD SOIC
L H H H H H
H X 2) L X (2
L = LOW Voltage Level
H = HIGH Voltage Level
X = Don't Care
(Z) = High Impedance (off)
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
vee Supply Voltage 54 4.5 5.0 5.5 \Y
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 ~55 25 125 °C
74 0 25 70
loH Output Current — High 54 -1.0 mA
74 -2.6
loL Output Current — Low 54 12 mA
74 24
FAST AND LS TTL DATA
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SN54/74L.S125A « SN54/74LS126A

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
: Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 20 \ All Inputs
54 0.7 Guaranteed Input LOW Voltage for
\Y Input LOW Voitage v
i p g 74 08 All Inputs
\7"( Input Clamp Diode Voltage -0.65 -1.5 Vv Vee =MIN, Iy =-18 mA
54 24 v Vae = MIN, IoH = MAX, ViN = VIH
YOH Output HIGH Voltage 74 o4 v or VyL_ per Truth Table
54,74 0.25 0.4 Vv ioL=12mA | Vcc=Vco MIN,
VoL Output LOW Voltage ViN=VILor VIH
74 0.35 05 v loL =24 mA | per Truth Table
lozH Output Off Current HIGH 20 MA Voo =MAX, VouT =24V
lozL Output Off Current LOW -20 HA Voo = MAX, VoyTt =04V
20 pA Voo = MAX, Viy =27 V
IH Input HIGH Current K N
0.1 mA Voo =MAX, ViN=7.0V
L Input LOW Current —04 mA Vee =MAX, VIN=0.4V
los Short Circuit Current (Note 1) -40 —225 mA Voo = MAX
LS125A 20 VIN=O0V,VE=45V
Icc Power Supply Current mA Vge = MAX
LS126A 22 VIN=O0V,VE=0V
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C) _
’ Limits
" Symbol Parameter Min Typ Max Unit Test Conditions
tpLH LS125A 9.0 15 .
tPLH Propagation Delay, LS126A 9.0 15 - Ao
igur
tpyL | Dateto Output LS125A 7.0 18 y
tPHL LS126A 8.0 18 Vee=50V
CL =45 pF
" Output Enable Time LS125A 12 20 f Fioures 4. 5 RL =667 Q
\ Output Enable Time LS125A 15 25 ns Fiqures 3. 5
PZL | toLOW Level LS126A 21 35 gures =
t Output Disable Time LS125A 20 N - s
PHZ from HIGH Level LS126A o5 s igures <, Vec=5.0V
CL=5.0pF
X Output Disable Time LS125A 20 . A - RL = 667 Q
S ures 3,
PLZ from LOW Level LS126A 25 9
FAST AND LS TTL DATA
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SN54/74LS125A « SN54/74LS126A

13V ViN SK 1.3V 7L 13V

= tPHL tPHL - tpLH

Vout — 13V Z 13V

|~

Figure 1 Figure 2
VE VE
1.3V 1.3V 13V 13V
VE — ‘ VE >< (C ><
) )7
— fPzL — tPLZ - tp7H tPHZ l
(C

\ P24 & OH
(¢ V4 VoL out 05V
) _j X
05V

Figure 3

Figure 4

Vee
RL
Swi1
TO OUTPUT
UNDER TEST
MV
5kQ l
-~ C SW2
L il
Figure 5
SWITCH POSITIONS
SYMBOL sSwWi1 sw2
tpzH ' Open Closed
tpzL Closed Open
tpLz Closed Closed
tPHZ Closed Closed
FAST AND LS TTL DATA
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8-BIT PARALLEL-TO-SERIAL

SHIFT REGISTER

The SN54/741.5165 is an 8-bit parallel load or serial-in register with
complementary outputs available from the last stage. Parallel inputing occurs
asynchronously when the Paralle! Load (PL) input is LOW. With PL HIGH,
serial shifting occurs on the rising edge of the clock; new data enters via the
Serial Data (DS) input. The 2-input OR clock can be used to combine two
independent clock sources, or one input can act as an active LOW clock

enable.

CONNECTION DIAGRAM DIP (TOP VIEW)

Vog CP2 Py Po Py Po DS Qy

[16] [1s] [1a] [1a] [12] [11] [ro] [e]

NOTE:

The Flatpak version

has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.

PIN NAMES LOADING (Note a)
HIGH Low
CP4,CP2  Clock (LOW-to-HIGH Going Edge) Inputs 0.5U.L. 0.25 U.L.
DS Seriai Data Input 0.5U.L. 0.25 U.L.
PL Asynchronous Parallel Load (Active LOW) 1.5 U.L 0.75 U.L.
Input
Po~-P7 Parallel Data Inputs 0.5U.L. 0.25 U.L.
Q7 Serial Output from Last State (Note b) 10U.L. | 5(2.5) U.L.
Q7 Complementary Output (Note b) 10UL. | 5(2.5)U.L.
NOTES:

a) 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)

SN54/74LS165

8-BIT PARALLEL-TO-SERIAL
SHIFT REGISTER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

D SUFFIX
SOIC
CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

Temperature Ranges.
TRUTH TABLE LOGIC SYMBOL
cp CONTENTS
PL RESPONSE
1 2 |Qp| Q1 |Q2|Q3|Qs]Q5 |Qs] Q7
111121314 34 5 6
L X| X |Po| P14 |P2]|P3|Pa]|Ps |Pg| P7 | Parallel Entry L[ I | | I | I |
H| L]/ |Ds|Qy | Q1 |Q |Q3]1Q4 |Qs5] Qs Right Shift
H | H|_~|Q]Q1|Q |Q3|{Q4]0Q5 |Qg] Q7 | NoChange 10 DZL PoP1 P2 P3Py P5P6';"
H || L [bs|ay|ay | |Qs]Qs |0s| Qs | Rightshitt I
H || H [aplar|ax|as|{as|as [Qs| @7 | NoChange 1@ cP a7p—7
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
VoG = PIN 16
GND=PINS
FAST AND LS TTL DATA
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® ® ® ® ® ® ® ©®
LOGIC DIAGRAM Po Py Py Py Pa Ps P Py
l I ] | ! | l
® cpy PRESET] PRESET] PRESET] PRESET, PRESET PRESET] PRESET PRESET_| ®
S Qp S S Q@ S Q3 S Q S Qs S Qg S Q7
qcP cP cP -qCP -q CP CP CP rgcP
o, o N S S St e A e A i A i
R ¢ Qop R ¢, Qip R cd2p R Q3P R ¢ Q4P R ¢,Q5 R ¢,Q6P Ro OPT— @
Veg=PIN16
GND=PIN8

O = PIN NUMBERS

FUNCTIONAL DESCRIPTION

iThe SN54/74L.S165 contains eight clocked master/slave applying a HIGH signal. To avoid double clocking, however,
RS flip-flops connected as a shift register, with auxiliary gating the inhibit signal should only go HIGH while the clock is HIGH.

to provide overriding_asynchronous parallel entry. Parallel Otherwise, the rising irhibit signal will cause the same
data enters when the PL signal is LOW. The parallel data can response as a rising clock edge. The flip-flops are
change while PL is LOW, provided that the recommended set- edge-triggered for serial operations. The serial input data can
up and hold times are observed. change at any time, provided only that the recommended

" For clock operation, PL must be HIGH. The two clock inputs setup and hold times are observed, with respect to the rising

perform identically; one can be used as a clock inhibit by edge of the clock.

GUARANTEED OPERATING RANGES

, Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 4.5 5.0 5.5 \Y
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
lOH Output Current — High 54,74 -0.4 mA
loL Output Current — Low 54 40 mA
74 8.0
3
H
FAST AND LS TTL DATA
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SN54/74LS165
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 20 v flffgz[j‘:ged Input HIGH Voltage for
54 0.7 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage 7 0B v Al Inputs
VIK Input Clamp Diode Voltage ~0.65 | -1.5 \ Vee =MIN, Iy =-18 mA
54 2.5 3.5 V| Voo =MIN, IoH = MAX, V|N = VIH
VOH Output HIGH Voltage - oo Y v or Vj_ per Truth Table
54,74 0.25 0.4 Vv loL=4.0mA Voe = Voo MIN,
VoL Output LOW Voltage VIN=ViLor VIH
74 0.35 0.5 \' loL=8.0mA per Truth Table
Input HIGH Current
Other Inputs 20 HA, | Voo=MAX, VIN=2T7V
m PL Input 60
Qther Inputs 0.1 _ _
PL Input 03 mA Voo =MAX, ViN=7.0V
Input LOW Current
he Other Inputs -0.4 mA Voo =MAX, VN =04V
PL Input -1.2
los Short Circuit Current (Note 1) ~-20 -100 | mA | Vgg=MAX
Icc Power Supply Current 36 mA | Voo =MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
" fMAX Maximum Input Clock Frequency 25 35 MHz
y tPLH Propagation Delay 22 35 hs
I tpHL PL to Output 22 35
i tPLH Propagation Delay 27 40
i ns Vec=5.0V
L tPHL Clock to Output 28 40 Cy = 15 pF
t tPLH Propagation Delay 14 25 Re
| tPHL P7to Q7 21 30
* tPLH Propagation Delay 21 30 ns
' tPHL P7to Q7 16 25
FAST AND LS TTL DATA
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SN54/74LS165
AC SETUP REQUIREMENTS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw CP Clock Pulse Width 25 ns
tw PL Pulse Width 15 ns
ts Parallel Data Setup Time 10 ns
fs Serial Data Setup Time 20 ns Ve =50V
is CP4 to CP2 Setup Time! 30 ns
th Hold Time 0 ns
trec Recovery Time, PL to CP 45 ns

1The role of CP¢, and CPg in an application may be interchanged.

DEFINITION OF TERMS:

SETUP TIME (t5) — is defined as the minimum time required
for the correct logic level to be present at the logic input prior
td the clock transition from LOW-to-HIGH in order to be recog-
nized and transferred to the outputs.

HOLD TIME (th) — is defined as the minimum time following
the clock transition from LOW-to-HIGH that the logic level
must be maintained at the input in order to ensure continued

recognition. A negative hold time indicates that the correct
logic level may be released prior to the clock transition from
LOW-to-HIGH and still be recognized.

RECOVERY TIME (trec) — is defined as the minimum time
required between the end of the PL pulse and the clock
transition from LOW-to-HIGH in order to recognize and
transfer loaded Data to the Q outputs.

AC WAVEFORMS

CP4 m
Do

s le——— Vimax ——»]
cPy 13V W T2 3y
_ e tpLH_*"
Q70RQy 5( 1.3V ﬁ v
' Figure 1
Py 13V 13V

ts(H)*‘_-l*r_ t(H) ts(L)_J;:l [y

PLORCP 13V 13V

Figure 3

-

PLyay 13V X 13V

Q7OR &ﬂ

Figure 2
L 13V 13V
F— tw . trec
cP 13V
Figure 4
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Order this document by MC7800/D
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Three-Terminal Positive
Voltage Regulators

These voltage regulators are monolithic integrated circuits designed as
fixed-voltage regulators for a wide variety of applications including local,
on—card regulation. These regulators employ internal current limiting,
thermal shutdown, and safe—-area compensation. With adequate heatsinking
they can deliver output currents in excess of 1.0 A. Although designed
primarily as a fixed voltage regulator, these devices can be used with
external components to obtain adjustable voltages and currents.

® OQutput Current in Excess of 1.0 A
® No External Components Required

MC7800,

MC7800A, LM340,

LM340A Series

THREE-TERMINAL
POSITIVE FIXED

VOLTAGE REGULATORS

SEMICONDUCTOR
TECHNICAL DATA

® |nternal Thermal Overload Protection

Internal Short Circuit Current Limiting

Output Transistor Safe—Area Compensation
Output Voltage Offered in 2% and 4% Tolerance

Available in Surface Mount D2PAK and Standard 3-Lead Transistor
Packages

® Previous Commercial Temperature Range has been Extended to a
Junction Temperature Range of ~40°C to +125°C

DEVICE TYPE/NOMINAL OUTPUT VOLTAGE

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

Pin 1. Input
2. Ground
3. Output

D2T SUFFIX
PLASTIC PACKAGE
CASE 936

(D2PAK) &2
3

Heatsink surface (shown as terminal 4 in
case outline drawing) is connected to Pin 2.

MC7805AC MC7812C 12y
LM340AT-5 oy LM340T-12
MC7805C y MC7815AC
LM340T-5 LM340AT-15 ).
MC7806AC e\ MC7815C
MC7806C ¥ LM340T-15
MC7808AC MC7818AC
8.0V 18V
MC7808C MC7818C
MC7809C 2.0V MC7824AC v
MC7812AC oy MC7824C
LM340AT-12
ORDERING INFORMATION
Output Voltage Operating
Device Tolerance Temperature Range Package
MC78XXACT
Insertion Mount
LM340AT-XX 2%
MC78XXACD2T Surface Mount
Ty =-40°t0 +125°C
MC78XXCT
Insertion Mount
LM340T-XX 4%
MC78XXCD2T Surface Mount

STANDARD APPLICATION
| B

Input Io—{ MC78XX I-OIOutput
Cin*

| I
033uF T }_ e

A common ground is required between the
input and the output voltages. The input voltage
must remain typically 2.0 V above the output
voltage even during the low point on the input

ripple voltage.

XX, These two digits of the type number
indicate nominal voltage.

* Cin is required if regulator is located an
appreciable distance from power supply

fitter.

** Cp is not needed for stability; however,

it does improve transient response. Values
of less than 0.1 F could cause instability.

XX indicates nominal voltage.

© Motorola, Inc. 1997

Rev5
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MC7800, MC7800A, LM340, LM340A Series

MAXIMUM RATINGS (T = 25°C, unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (5.0-18V) \Y| 35 Vdc
(24 V) 40
* Power Dissipation
¥ Case 221A
I Ta=25°C Pp Internally Limited W
. Thermal Resistance, Junction—to—Ambient RoJA 65 °C/W
| Thermal Resistance, Junction-to—Case ReJc 5.0 °C/W
Case 936 (D2PAK)
Ta=25°C Pp Internally Limited W
Thermal Resistance, Junction—-to—Ambient ReJa See Figure 13 °C/wW
Thermal Resistance, Junction-to—Case ReJA 5.0 °C/wW
Storage Junction Temperature Range Tstg —65 to +150 °C
Operating Junction Temperature Ty +150 °C

NOTE: ESD data available upon request.

Representative Schematic Diagram

This device contains 22 active transistors.

MC7800 R24 02
Py Zener
LAT ™ LAT3A
a7 A N a8 o
,_] Jars
! QNPN
€3, 10P
Qi
- QNPN \
18 P4
100k R22 2(2;0
100
Qr
—K_ QNPN s
ém QNPN 2
Q12
9.0k Q@ QNPN :iL
QNPN 2
NI a6 il Q15
A e | QNPN 315k B
Rt
§10Ass k
R16 R10
R20
- il 60 | 3340-{3316ACT)
QNPN
ZR2
31 56k
>R5 R13
45Kk suB 11660
Q14 Qn2
QNPN
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ELECTRICAL CHARACTERISTICS (Vin = 10V, Ig = 500 mA, T = Tjow to Thigh [Note 1], unless otherwise noted.)

MC7805C/LM340T-5
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 48 5.0 52 Vde
Output Voltage (5.0 mA<I9<1.0A, Pp<15W) Vo Vde
7.0 Vdc < Vjn <20 Vde 475 5.0 5.25
8.0 Vdc < Vipn <20 Vde - - -
Line Regulation (Note 2) Regline mV
7.5Vdc £ Vjp£20Vdc, 1.0A - 0.5 20
8.0 Vdc < Vi < 12 Vde - 0.8 10
Load Regulation (Note 2) Regload mV
50mA<Ip<1.0A - 1.3 25
‘' 5.0mA<Ip<1.5A(Tp=25°C) - 1.3 25
{ Quiescent Current I - 3.2 6.5 mA
Quiescent Current Change Alg mA
7.0 Vde < Vi, £25 Vde - 0.3 1.0
50mA<Ip<s1.0A(Ta=25°C) - 0.08 0.8
Ripple Rejection RR 62 83 - daB
8.0 Vdc < Vi £18 Vdc, f =120 Hz
Dropout Voltage (io = 1.0 A, Tj =25°C) Vi-Vo - 2.0 - Vdc
Output Noise Voltage (Tp = 25°C) Vi - 10 - uVWNo
10 Hz < f< 100 kHz
Output Resistance f = 1.0 kHz ro - 0.9 - mQ
Short Circuit Current Limit (Tp = 25°C) Isc & 0.6 - A
Vin =35 Vdc
Peak Output Current (T j = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -0.3 - 1 mv/eC
ELECTRICAL CHARACTERISTICS (Vip =10V, l0=1.0A, Ty = Tjow t0 Thigh [Note 1], unless otherwise noted.)
MC7805AC/LM340AT-5
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 4.9 5.0 51 Vde
Output Voltage (5.0 mA< |0 <1.0A, Pp<s15W) Vo 4.8 5.0 5.2 Vde
7.5 Vdc < Vi <20 Vde
Line Regulation (Note 2) Regiine mV
7.5 Vdc < Vip < 25 Vdc, 1o = 500 mA - 0.5 10
8.0Vdc<Vijp<12Vde, Ip=1.0A - 0.8 . 12
8.0Vdc<Vjh<12Vde, Ig=1.0A, Ty=25°C - 1.3 4.0
7.3Vde<Vipn<20Vde, lp=1.0A, Ty=25°C - 4.5 10
Load Regulation (Note 2) Regload mV
50mA<Ip<s15A Ty=25°C - 1.3 25
50mA<Iip<1.0A - 0.8 25
250 MA S 10 <750 mA - 0.53 15
Quiescent Current B - 3.2 6.0 mA
Quiescent Current Change Alg mA
8.0 Vdc < Vjp < 25 Vdc, |g =500 mA - 0.3 0.8
7.5 Vdc < Vin $20 Vde, Ty =25°C - - 0.8
50mA<ips1.0A - 0.08 0.5
Ripple Rejection RR 68 83 - dB
8.0 Vdc < Vip < 18 Vdc, f = 120 Hz, I = 500 mA
Dropout Voitage (I = 1.0 A, Ty = 25°C) Vi-Vo - 2.0 - Vdc
NOTES: 1. Tiow = —40°C for MC78XXAC, C, LM340AT-XX, LM340T-XX Thigh =+125°C for MC78XXAC, C, LM340AT-XX, LM340T-XX
2.Load and line regulation are specified at constant junction temperature. Changes in V(y due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.
MOTOROLA ANALOG IC DEVICE DATA 3
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Three-Terminal Negative
Voltage Regulators

The MC7900 series of fixed output negative voltage regulators are
intended as complements to the popular MC7800 series devices. These
negative regulators are available in the same seven—-voltage options as the
MC?7800 devices. In addition, one extra voltage option commonly employed
in MECL systems is also available in the negative MC7900 series.

Available in fixed output voltage options from —-5.0 V to —24 V, these
regulators employ current limiting, thermal shutdown, and safe-area
compensation — making them remarkably rugged under most operating
conditions. With adequate heatsinking they can deliver output currents in
excess of 1.0 A.

® No External Components Required

® Internal Thermal Overload Protection

® [nternal Short Circuit Current Limiting

® Qutput Transistor Safe—Area Compensation

® Available in 2% Voltage Tolerance (See Ordering Information)

Representative Schematic Diagram

a
QI 20k
o

A
AT
. O

20pF
4 41t {
10pF| 10k

o N .
20k 20k M T 20

Gnd

2 8.0k

1.1k af
750 o
This device contains 26 active transistors. -
ORDERING INFORMATION
Output Voltage Operating
Device Tolerance Temperature Range Package
MC79XXACD2T 2%
Surface Mount
MC79XXCD2T 4%
TJ=0°to +125°C
MC79XXACT 2%
Insertion Mount
MC79XXCT 4%
MC79XXBD2T Surface Mount
4% Tj=-40°to +125°C
MC79XXBT Insertion Mount

XX indicates nominal voltage.

Order this document by MC7900/D

MC7900
Series

THREE-TERMINAL
NEGATIVE FIXED
VOLTAGE REGULATORS

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

Pin 1. Ground
2. Input
3. Output
D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK)

Heatsink surface (shown as terminal 4 in
case outline drawing) is connected to Pin 2.

STANDARD APPLICATION
Input ’TT MC79XX Output
Cin' + C 3
0334F ’E T 1.8 uF

Acommon ground s required between the input
and the output voltages. The input voltage must
remain typically 2.0 V above more negative even
during the high point of the input ripple volitage.

XX, These two digits of the type number
indicate nominal voltage.
* Cin is required if regulator is located an
appreciable distance from power supply filter.
** Co improve stability and transient response.

DEVICE TYPE/NOMINAL OUTPUT VOLTAGE

MC7905 50V MC7912 2v
MC7905.2 52V MC7915 15V
MC7906 6.0V MC7918 28V
MC7908 8.0V MC7924 24V

© Motorola, Inc. 1996

Rev 6
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MC7900
MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)
Rating Symbol Value Unit
Input Voltage (-5.0V2Vp2-18V) V) -35 Vdc
(24 V) -40
Power Dissipation
Case 221A
Ta = +25°C Pp Internally Limited w
Thermal Resistance, Junction—to—Ambient OJA 65 °C/w
Thermal Resistance, Junction-to—Case oyc 5.0 °C/w
Case 936 (D2PAK)
Ta = +25°C Pp Internally Limited w
Thermal Resistance, Junction—-to—Ambient 0JA 70 °C/wW
Thermal Resistance, Junction—to-Case 6y 5.0 °C/wW
¢ Storage Junction Temperature Range Tstg —-65to +150 °C
Junction Temperature Ty +150 °C
THERMAL CHARACTERISTICS
Characterlstics Symbol Max Unit
Thermal Resistance, Junction-to—Ambient ReJA 65 °C/W
Thermal Resistance, Junction-to—-Case ReJc 5.0 °CW

MC7905C
ELECTRICAL CHARACTERISTICS (V| =-10 V, Ig =500 mA, 0°C < T, < +125°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -4.8 -5.0 -5.2 Vde
Line Regulation (Note 1) Regline mv
(Ty=+25°C, o = 100 mA)
=7.0Vdc 2 V| 2-25 Vdc - 7.0 50
-8.0Vdc 2 V| 2-12 Vdc - 2.0 25
(Ty = +25°C, Ip = 500 mA)
~7.0Vdec 2 Vy2-25 Vde - 35 100
-8.0Vdcz2V|2-12 Vde - 8.0 50
Load Regulation, Tj = +25°C (Note 1) Regload mvV
50mA<ipsi5A - 11 100
250 mA < lp S 750 mA - 4.0 50
Output Voltage Vo Vdc
~7.0Vdc =2V 2-20Vde, 5.0mA<Ip<1.0A,P<15W -4.75 - -5.25
Input Bias Current (T = +25°C) B - 4.3 8.0 mA
Input Bias Current Change Al mA
-7.0Vdc'2Vy2-25 Vdc - - 1.3
50mA<Ip<15A - - 0.5
Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) Vn - 40 - nv
Ripple Rejection (Ip =20 mA, f = 120 Hz) RR - 70 - dB
Dropout Voltage Vi-Vo Vdc
lo=1.0A,Ty=1+25°C - 20 -
Average Temperature Coefficient of Output Voltage AVo/AT mV/°C
lo=5.0mA, 0°C < T )< +125°C - -1.0 -

NOTE: 1. Load and line regulation are specified at constant junction temperature. Changes in V¢ due to heating effects must be taken into account separately.

Pulse testing with low duty cycle is used.

MOTOROLA ANALOG IC DEVICE DATA
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MC7900
MC7905AC
ELECTRICAL CHARACTERISTICS (V| =-10V, Ip = 500 mA, 0°C < Tj < +125°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -4.9 -5.0 -5.1 Vde
Line Regulation (Note 1) Regline mv
~-8.0Vdc2V)2-12Vdc; Ip=1.0A, Ty =+25°C - 20 25
-8.0Vdc=2V|2-12Vdc;lp=1.0A - 7.0 50
7.5 Vdc 2 V) 2-25 Vdc; Ilp = 500 mA - 7.0 50
~7.0Vdc 2V|2-20Vde; Ig=1.0A, Ty =+25°C - 6.0 50
Load Regulation (Note 1) Regioad mV
50mASIo<1.5A, Ty=+25C - 1 100
250 mA <lp £ 750 mA - 4.0 50
50mA<in<1.0A - 9.0 100
" Output Voltage Vo Vdc
-75Vdc2V|2-20Vdc, 5.0mASIpsS1.0A,PS15W —-4.80 - -5.20
Input Bias Current liB - 4.4 8.0 mA
Input Bias Current Change Al mA
-7.5Vdc2V)2-25Vdc - - 1.3
50mA<in<s1.0A - - 0.5
50mA<Ins1.5A, T)=+25°C - - 0.5
Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) Vn - 40 - uv
Ripple Rejection (g = mA, f = 120 Hz) RR - 70 - dB
Dropout Voltage Vi-Vo Vde
I0=1.0A.Ty=+25°C - 2.0 -
Average Temperature Coefficient of Output Voltage AVO/AT mv/°C
lp=5.0A,0°C<Ty<+125°C ~ -1.0 -
MC7905.2C
ELECTRICAL CHARACTERISTICS (V; =-10V, 1o = 500 mA, 0°C < Tj < +125°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -5.0 -5.2 ~5.4 Vdc
Line Regulation (Note 1) Regjine mV
(Ty =+25°C, Ig = 100 mA)
~7.2Vdc2V|2-25Vde & 8.0 52
~8.0Vdc2V|2-12Vdc - 2.2 27
(TJ = +25°C, 1o = 500 mA)
~7.2Vdc2V|2-25Vdc - 37 105
-8.0Vdc2V)2-12Vde - 8.5 52
Load Regulation, Tj = +25°C (Note 1) Regload mV
50mA<Ip<15A - 12 105
250 mA<Ip <750 mA - 4.5 52
Output Voltage Vo Vde
-7.2Vdc2V|2-20Vdc, 5.0 mA<Ip<1.0A, P<15W -4.95 - -5.45
Input Bias Current (T j = +25°C) B - 4.3 8.0 mA
Input Bias Current Change Al mA
-7.2 Vdc 2 V) 2 -25 Vdc - - 1.3
50mA<Ip<15A - - 0.5
Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz2) Vn - 42 - Ny
Ripple Rejection (I =20 mA, f = 120 Hz) RR - 68 - dB
Dropout Voltage VI-Vo Vde
lo=1.0A,Tj=4+25°C - 2.0 -
Average Temperature Coefficient of Output Voltage AVo/AT mV/°C
lo=5.0mA, 0°C<Tj< +125°C & -1.0 -

NOTE: 1. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account separately.

Pulse testing with low duty cycle is used.
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Quad Single Supply
Comparators

These comparators are designed for use in level detection, low-level
sensing and memory applications in consumer automotive and industrial

electronic applications.

142

® Single or Split Supply Operation
® Low [nput Bias Current: 25 nA (Typ)
e |ow Input Offset Current; £5.0 nA (Typ)
e Low Input Offset Voltage: +1.0 mV (Typ) LM139A Series
e [nput Common Mode Voltage Range to Gnd
e | ow Output Saturation Voltage: 130 mV (Typ) @ 4.0 mA
e TTL and CMOS Compatible
e ESD Clamps on the Inputs Increase Reliability without Affecting Device
Operation
MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vee Vdc
LM239, A/LM339A/LM2901, V +36 or +18
MC3302 +30 or £15
Input Differential Voltage Range VibR Vdc
LM239, A/LM339A/LLM2901, V 36
MC3302 30
Input Common Mode Voltage Range VICMR -0.3to Vce Vde
Output Short Circuit to Ground (Note 1) Isc Continuous
Power Dissipation @ Ta = 25°C Pp
Plastic Package 1.0 w
Derate abiove 25°C 8.0 mwW/°C
Junction Temperature Ty 150 °C
Operating Ambient Temperature Range Ta °C
LM239, A ~25to +85
MC3302 —40 to +85
LM2901 —40 to +105
LM2901V ~40 to +125
LM339, A Oto +70
Storage Temperature Range Tstg 65 to +150 °C

NOTE: 1. The maximum output current may be as high as 20 mA, independent of the magnitude of Vee.
Output short circuits to Vo can cause excessive heating and eventual destruction.

Order this document by LM339/D

LM339, LM339A,

LM239, LM239A,

LM2901, M2901V,
MC3302

N, P SUFFIX
PLASTIC PACKAGE
CASE 646

1

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(SO-14)

PIN CONNECTIONS
\/

Output2 [ 1] 14 ] Output 3
Output 1 IZ 13 | Output 4
vee [] 2] Gnd
= Input 1 E 1:] +Input 4
+Input 1 5] o ] - Input4
- Input 2 [E:l: j:g +Input 3
+Input2 [7] [8 ] - input3
(Top View)

Figure 1. Circuit Schematic

ORDERING INFORMATION

Vee o o +Input =Input o o Output
Operating
% Device Temperature Range | -Package
e 7 LM239D,AD ke g sago SO-14
_}m]' N LM23GNAN | TA=25°10+485°C | oo chiepip
4 LM339D, AD o o S0O-14
%_ " (M33ON, AN | TA=0°10+70°C | o i DIP
LM2901D _ o o SO-14
—_ LM2g0iN | TA=T40°10+105°C | o e DIP
LM2901VD e oo . SO-14
e Tod LM2901VN | TA=40°10+125°C | o e DIP
NOTE: Diagram shown s for 1 comparator. MC3302P TA =~40°10 +85°C | Plastic DIP
©® Motorola, Inc. 1996 Rev 2



143
LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302
ELECTRICAL CHARACTERISTICS (Vo = +5.0 Vdce, Tp = +25°C, unless otherwise noted)

LM239A/339A LM239/339 LM2901/2901V MC3302
Characteristic Symbol | Min | Typ |Max | Min | Typ |Max | Min | Typ | Max | Min | Typ | Max | Unit
input Offset Voltage (Note 4) Vio - |#1.0|{+0]| - |0 |50 | - [+2.0[£7.0| -~ 3.0 |20 | mVdc
Input Bias Current (Notes 4, 5) B - |2 [250] - {26 |250 | - 25 250 | — | 25 {500 i nA
(Output in Analog Range)
Input Offset Current (Note 4) o - |50 (450 | - |#5.0 |50 | - |%5.0] 450 | ~ |[+3.0 |[+100] nA
Input Common Mode Voltage Range | VICMR 0 - |Vec}i O - tVeel © - |Vec| © - |Vec| V
-1.56 -1.5 -1.5 -1.5
" Supply Current Icc mA
RL = e (For All Comparators) - 0.8 | 2.0 - 08 | 20 - 08 {20 | - 0.8 | 2.0
Ry =ee, Vo =30 Vdc - 10 | 25 - 1.0 |25 - 1.0 | 25 - 10 | 25
Voltage Gain AyoL 50 (200 § - 50 |200 | - |25 |100| - |25 |100 | - |V/imV
RL2 15 kQ, Vo =15 Vde
Large Signal Response Time - - | 300 | - - 1300 - - |3800 | - - 1300 | - ns
» V] =TTL Logic Swing,
Vief= 1.4 Vdc, VR =5.0 Vde,
RL =5.1kQ
Response Time (Note 6) - - 1.3 - - 1.3 - - 1.3 - - 13| - Hs
VRL =5.0 Vde, R = 5.1 kQ
Output Sink Current ISink 60116 | - |60} 16 - |60} 16 | -~ |60} 16 | - mA
Vi (=) 2 +1.0 Vdc, V|(+) = 0,
Vo 1.5 Vde
Saturation Voltage Vsat — {130 {400 | - | 130 | 400 | — | 130 [ 400 [ — [ 130 [ 5C0 | mV
Vi(-) 2 +1.0 Vdc, V|(+) =0,
lsink <4.0mA
Output Leakage Current oL - 0.1 - - 0.1 - - 0.1 - - 0.1 - nA
V|(+) 2 +1.0 Vdc, V|(-) =0,
Vo =+5.0 Vdc
PERFORMANCE CHARACTERISTICS (Vg = +5.0 Vdc, Ta = Tiow to Thigh [Note 3])
LM239A/339A LM239/339 LM2901/2901V MC3302
Characteristic Symbol | Min | Typ | Max | Min | Typ |Max | Min | Typ |Max | Min | Typ | Max | Unit
input Offset Voltage (Note 4) Vio - - |40} - - |498.0] - - |16 | - - | +40 | mVdc
input Bias Current (Notes 4, 5) B - - 400 | - - | 400 } - - |500 ] - - 11000 nA
(Output in Analog Range)
Input Offset Current (Note 4) lio — - [¥150| - - |£150| - - |+200} - — |1300] nA
Input Common Mode Voltage Range | VICMR 0 - {Vece | © - Vece| O - |Vcc| © - Veel V
-2.0 -2.0 -2.0 =2.0
Saturation Voltage Vsat - - 1700 | - - {700 | - - {700 ] - - {700 | mV
V|(-) 2 +1.0 Vdg, V)(+) =0,
Output Leakage Current loL - - |10 ] - - 1.0 | - - 110 ] -~ - 110 pA
Vj(+) 2 +1.0 Vdc, V|(-) =0,
VO =30 Vdc
Differential Input Voltage ViD - - |Veo| - - |Vec | - - |Vee | - - {Vcgo | Vvde
Al V|20 Vde

NOTES: 3. (LM239/239A) Tiow =—-25°C, Thjgh = +85°
{LM339/339A) T|oy = 0°C, Thigh = +70°C
{MC3302) Tjgw = —40°C, Thjgh = +85°C
(LM2901) Tyo =—40°C, Thjgh = +105°
(LM2901V) Tjo = —40°C, Thigh = +1 25°C
4. At the output switch point, Vo = 1.4 Vdc, Rg S 100 Q 5.0 Vdc < Vo < 30 Vdc, with the inputs over the full common mode range
(0 Vdc to Vo —1.5 Vde).
5. The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state.
6. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.
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NORMALIZED OFFSET VOLTAGE
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 2. Inverting Comparator Figure 3. Noninverting Comparator
with Hystersis with Hysteresis
+Vee +Voo
R3
10k 10k Rref
Vin © v - Vret
Rref —o Vo 10k
+Veo + A1
- 3 — Vo
Vref 4 R Vin © B
A1 1.0M Veg Rt 10k =
10K Viet = Rt 4 R1 R3 _ VeehRt
ref + R1 VWA = o A
= 1.0M ref +
R3 = R1//Rpef// R2 R = R/l o
= el
R1//Ref .
V4= _—H1IIR,efTR2 Vo(max) = VO(min)] Amount <; :ysteresrs VH
R2 > Rref // R V= Rz + ra [VO(mex) - VQ(min)l

Typical Characteristics
(Vee = 15 Vdce, Ta = +25°C (each comparator) unless otherwise noted.)

Figure 4. Normalized Input Offset Voltage Figure 5. Input Bias Current
1.40 48 ]
. 42 —
-~
// E 3. - By
1.20 > £ 3 A — p—
/ E - =] Tp=2425°C___L =]
1.00 o 24 =T T) = +1125°C T2
(72} / A
< "]
// @ g -
/ 2
0.80 s Z 12
o
— 60
0.60 0 :
=50 ~25 0 25 50 75 100 125 0 40 8.0 12 16 20 24 28 32
Ta, AMBIENT TEMPERATURE (°C) Ve, POWER SUPPLY VOLTAGE (Vdc)

Figure 6. Output Sink Current versus
Output Saturation Voltage
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Vsat, OUTPUT SATURATION VOLTAGE (mV)

{0, OUTPUT CURRENT (mA)
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