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Q.Designandverifythelogiccircuitforthefollowing:

1) Halfadderusinglogicgates?

HalfAdder:

Thehalf-adderacceptstwobinarydigitsonitsinputsand

producestwobinarydigitsonitsoutputs—asum bitanda

carrybit.



Thehalfadderaddstwobinarydigitscalledasaugendand

addendandproducestwooutputsassum andcarry;XORis

appliedtobothinputstoproducesum andANDgateis

appliedtobothinputstoproducecarry.

Byusinghalfadder,youcandesignsimpleadditionwiththe

helpoflogicgates.

Letsseeanadditionofsinglebits.

0+0=0

0+1=1

1+0=1

1+1=10

Thesearetheleastpossiblesingle-bitcombinations.But
theresultfor1+1is10,thesum resultmustbere-writtenas
a2-bitoutput.Thus,theequationscanbewrittenas

0+0=00

0+1=01

1+0=01



1+1=10

HalfAdderTruthTable:

Nowithasbeenclearedthat 1-bitaddercanbeeasily

implementedwiththehelpoftheXORGatefortheoutput

SUM andanANDGatefortheCarry.Whenweneedtoadd,

two8-bitbytestogether,wecanbedonewiththehelpofa

full-adderlogic.Thehalf-adderisusefulwhenyouwantto

addonebinarydigitquantities.Awaytodevelopa

two-binarydigitadderswouldbetomakeatruthtableand

reduceit. Whenyouwanttomakeathreebinarydigit

adder,doitagain.Whenyoudecidetomakeafourdigit

adder,doitagain.Thecircuitswouldbefast,but

developmenttimeisslow.

HalfAdderLogicGate:



2) Half-subtractorusinglogicgate?

Halfsubtractor:

Halfsubtractorisusedtoperform twobinarydigits

subtraction....Thecircuitofthehalfsubtractorcanbebuilt

withtwologicgatesnamelyNANDandEX-ORgates.This

circuitgivestwoelementssuchasthedifferenceaswellas

theborrow.Halfsubtractorisusedtoperform twobinary

digitssubtraction. Similarly,thesubtractorcircuituses

binarynumbers(0,1)forthesubtraction.

HalfSubtractorisacombinationallogiccircuit.

Itisusedforthepurposeofsubtractingtwosinglebit

numbers.



Itcontains2inputsand2outputs(differenceand

borrow).

TruthTable:

LogicDiagram ofHalfSubtractor :



ApplicationofHalfSubtractor:

Halfsubtractorisusedtoreducetheforceofaudioor

radiosignals

Itcanbeusedinamplifierstoreducethesound

distortion

HalfsubtractorisusedinALUofprocessor

Itcanbeusedtoincreaseanddecreaseoperatorsand

alsocalculatestheaddresses

Halfsubtractorisusedtosubtracttheleastsignificant



columnnumbers.Forsubtractionofmulti-digit

numbers,itcanbeusedfortheLSB.

3) JKFlipflop?

JKFlip-flop:

ThenameJKflip-flopistermedfrom theinventorJack

Kilbyfrom texasinstruments.Duetoitsversatilitytheyare

availableasICpackages.ThemajorapplicationsofJK

flip-flopareShiftregisters,storageregisters,countersand

controlcircuits.InspiteofthesimplewiringofDtype

flip-flop,JKflip-flophasatogglingnature.Thishasbeenan

addedadvantage.Hencetheyaremostlyusedincounters

andPWM generation,etc.HereweareusingNANDgates

fordemonstratingtheJKflipflop

WhenevertheclocksignalisLOW,theinputisnevergoing

toaffecttheoutputstate.Theclockhastobehighforthe

inputstogetactive.Thus,JKflip-flopisacontrolled

Bi-stablelatchwheretheclocksignalisthecontrolsignal.



TruthtableofJKFlipFlop:

Clock INPUTOUTPUT

RESETJ K Q Q

X LOW X X 0 1

HIGH HIGH 0 0 NoChange

HIGH HIGH 0 1 0 1

HIGH HIGH 1 0 1 0

HIGH HIGH 1 1 Toggle

LOW HIGH X X NoChange

HIGH HIGH X X NoChange

HIGH HIGH X X NoChange

TheJ(Jack)andK(Kilby)aretheinputstatesfortheJK

flip-flop.TheQandQrepresentstheoutputstatesofthe

flip-flop.Accordingtothetable,basedontheinputs,the



outputchangesitsstate.But,theimportantthingto

considerisallthesecanoccuronlyinthepresenceofthe

clocksignal.This,workslikeSRflip-flopforthe

complimentaryinputsandtheadvantageisthatthishas

togglingfunction.

JKFlip-FlopusingLogicGates:

RepresentationofJKFlip-Flop

usingNANDGates

4) Serialin-serialOutshiftregister?

SerialInSerialOut(SISO)shiftregisters:



SerialInSerialOut(SISO)shiftregistersareakindofshift

registerswherebothdataloadingaswellasdataretrieval

to/from theshiftregisteroccursinserial-mode.Figure1

showsan-bitsynchronousSISOshiftregistersensitiveto

positiveedgeoftheclockpulse.Herethedatawordwhich

istobestoredisfedbit-by-bitattheinputofthefirst

flip-flop.Furtheritisseenthattheinputsofallother

flip-flops(exceptthefirstflip-flopFF1)aredrivenbythe

outputsoftheprecedingonessayforexample,theinputof

FF2isadrivenbytheoutputofFF1.Atlastthedatastored

withintheregisterisobtainedattheoutputpinofthenth

flip-flopinserial-fashion.

Initiallyalltheflip-flopsintheregisterareclearedby
applyinghighontheirclearpins.Nexttheinputdatawordis
fedseriallytoFF1.

ThiscausesthebitappearingattheD1pin(B1)tobe
storedintoFF1assoonasthefirstleadingedgeofthe
clockappears.Furtheratthesecondclocktick,B1gets
storedintoFF2whileanewbitentersintoFF1(B2).



Thiskindofshiftindatabitscontinuesforeveryrisingedge
oftheclockpulse.Thisindicatesthatforeverysingleclock
pulsethedatawithintheregistermovestowardsrightbya
singlebit.ThusthedesignshowninFigure1isregardedas
aright-shiftSISOshiftregister.Followingthedata
transmissionasexplained,onecannotethatthefirstbitof
aninputwordappearsattheoutputofnthflip-flopforthe
nthclocktick.Onapplyingfurtherclockcycles,onegetsthe
nextsuccessivebitsoftheinputdatawordastheserial
output(TableI).Thewaveformspertainingtothesameare
shownbyFigure2.



Similartotheright-shiftSISOshift-registershown,there
canexistaleft-shiftSISOshift-registeralso(Figure3).
Howevertheworkingprincipleremainsthesameexceptthe
factthatthedatamovementwillbefrom righttoleft.

5) AsynchronousBCDCounter?



AsynchronousBCDCounter:

Thistypeofasynchronouscountercountsupwardsoneach

trailingedgeoftheinputclocksignalstartingfrom 0000

untilitreachesanoutput1001(decimal9).Bothoutputs

QAandQDarenowequaltologic1.Ontheapplicationof

thenextclockpulse,theoutputfrom the74LS10NAND

gatechangesstatefrom logic1toalogic0level.

AstheoutputoftheNANDgateisconnectedtotheCLEAR

(CLR)inputsofallthe74LS73J-KFlip-flops,thissignal

causesalloftheQoutputstoberesetbacktobinary0000

onthecountof10.AsoutputsQAandQDarenowboth

equaltologic0astheflip-flopshavejustbeenreset,the

outputoftheNANDgatereturnsbacktoalogiclevel1and

thecounterrestartsagainfrom 0000.Wenowhavea

decadeorModulo-10up-counter.



BCD CounterTruthTable:



BCDCounterTimingDiagram :

Byusingthesameideaoftruncatingcounteroutput

sequences,theabovecircuitcouldeasilybeadaptedto

othercountingcyclesbesimplychangingtheconnections

totheinputsoftheNANDgateorbyusingotherlogicgate

combinations.


