
Multiplexer:

Schematicofa2-to-1Multiplexer

A multiplexer(mux)isadevicethatselectsanalog or digital inputsignals

and forwards the selected inputinto a single line.A multiplexer

of 2n inputshas n selectlines,whichareusedtoselectwhichinputline

to sendto theoutput. Multiplexersaremainlyusedto increasethe

amountofdata thatcan be sentoverthe network within a certain

amountoftime and bandwidth.A multiplexeris also called a data

selector. Multiplexers can also be used to implement Boolean

functions ofmultiplevariables.

Multiplexer isa combinationallogiccircuit whichallowsonlyoneinput

ataparticulartimetogeneratetheoutput.Thesignalswhichcontrol

which inputwillbe reflected atthe outputend is determined by

the SELECTINPUT lines.Itisalsocalledas Many-to-One circuit.Thisis

becauseofitsabilitytoselectonesignaloutofmanyinputs.

TheMUXistheverycrucialcomponentofthecommunicationsystem.

Thisisbecause,insuchsystems,weneedtoselectasinglechannel

from variousotherchannels.A multiplexercanbeconsidered asa

digitally controlled switch.The controlling code which selects a

particularinputlinecanbegivenasbinaryinputintheform ofselection

line.TheoutputwillbeoneoftheinputsgiventoMUX,whichisdecided

byselectionlines.

Four-to-OneMultiplexer:

In4:1MUX,therewillbe4inputlinesand1outputline.Andtocontrol

whichinputshouldbeselectedoutofthese4,weneed2selectionlines.





Example:DesignaFulladderusing4:1Mux

Forsum output:inputBandCactsasselectlines,asperthetruthtable

of4x1muxoutputfallows:I1whenBC=00,I2whenBC=01,I3whenBC=10

andI4whenBC=11.

Truthtable:

From theK-mapexpressionfor4inputsoftheMUXcanbewrittenas

I1= I2= I3= I4=

ForCarryoutput:

From theK-mapexpressionfor4inputsoftheMUXcanbewrittenas

I1=0 I2= I4=1I3=

Logicdiagram forthefulladderusing24X1mux:



Decoder:

Decoderisacombinationalcircuitthatconvertsbinaryinformationfrom

ninputlinesto amaximum of2nuniqueoutputsandhasaenable

pin.Eachoutputsrepresentsmintermsofninputvariable.Thecircuitis

designedwithANDandNANDlogicgates.Ittakes3binaryinputsand

activatesoneoftheeightoutputs. 3to8linedecodercircuit isalso

calledasbinarytoanoctaldecoder.

ThedecodercircuitworksonlywhentheEnableinput(E)ishigh,wecan

also havedecoderwithlow enableinput.A0,A1 and A2 arethree

differentinputsandZ0,Z1,Z2,Z3,Z4,Z5,Z6,Z7aretheeightoutputs.



Truthtable:

A2 A1 A0 E Z0 Z1 Z2 Z3 Z4 Z5 Z6 Z7

x x x 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0

0 0 1 1 0 1 0 0 0 0 0 0

0 1 0 1 0 0 1 0 0 0 0 0

0 1 1 1 0 0 0 1 0 0 0 0

1 0 0 1 0 0 0 0 1 0 0 0

1 0 1 1 0 0 0 0 0 1 0 0

1 1 0 1 0 0 0 0 0 0 1 0

1 1 1 1 1 0 0 0 0 0 0 1

WhentheEnablepin(E)islowalltheoutputpinsarelow.

IMPLEMENTINGFULLADDERUSINGDECODER

Equationforsum S=ab’c’+a’b’c+a’bc’+abc=Σ(1,2,4,7)



EquationforcarryCout=ab+ac+bc

=ab(c+c’)+ac(b+b’)+bc(a+a’)=abc+abc’+abc+ab’c+abc+

a’bc

=abc+a’bc+ab’c+abc’=Σ(3,5,6,7)

Sowecanimplementitfrom decoderusingORgatesasfollow:

SRFlip-Flop

Thissimpleflip-flopisbasicallyaone-bitmemorybistabledevicethat

hastwoinputs,onewhichwill“SET”thedevice(meaningtheoutput=

“1”),andislabelled S andonewhichwill“RESET”thedevice(meaning

theoutput=“0”),labelled R.

Abasic NAND gateSRflip-flopcircuitprovidesfeedbackfrom bothofits

outputsbacktoitsopposinginputsandiscommonlyusedinmemory

circuitstostoreasingledatabit.ThentheSRflip-flopactuallyhasthree

inputs, Set, Reset anditscurrentoutput Q relatingtoit’scurrentstateor

history.Theterm “Flip-flop”relatestotheactualoperationofthedevice,

asitcanbe“flipped”intoonelogicSetstateor“flopped”backintothe

opposinglogicResetstate.

TheNANDGateSRLatch

Thesimplestwaytomakeanybasicsinglebitset-resetSRlatchisto

connecttogetherapairofcross-coupled2-input NAND gatesasshown,

so that there is feedback from each output to one of the



other NAND gateinputs.Thisdeviceconsistsoftwoinputs,onecalled

the Set, S and the othercalled the Reset, R with two corresponding

outputs Q anditsinverseorcomplement Q (not-Q)asshownbelow.

NANDGateSRlatch

Aswellasusing NAND gates,itisalsopossibletoconstructsimpleone-

bit SRlatchusingtwocross-coupled NOR gatesconnectedinthesame

configuration.Thecircuitwillworkinasimilarwaytothe NAND gate

circuitabove,exceptthattheinputsareactiveHIGH andtheinvalid

conditionexistswhenbothitsinputsareatlogiclevel“1”,andthisis

shownbelow.

TheNORGateSRFlip-flop

Flipflopv/sLatch

Thebasicdifferencebetweenalatchandaflip-flopisagatingorclocking

mechanism.Forexample,letustalkaboutSRlatchandSRflip-flops.Inthis

circuitwhenyouSetSasactivetheoutputQwouldbehighandQ’willbelow.

Thisisirrespectiveofanythingelse.(Thisisanactivelowcircuitsoactive

heremeanslow,butforanactivehighcircuitactivewouldmeanhigh)



SRLatch

Aflipflopontheotherhandis synchronous andisalsoknownasgatedor

clockedSRlatch.

SRFlip-Flop

 

Advertisement

Inthiscircuit,theoutputischanged(i.e.thestoreddataischanged)only

whenyougiveanactiveclocksignal.Otherwise,eveniftheSorRisactivethe

datawillnotchange.Let’slookatthetypesofflipflopstounderstandbetter.

SRFlipFlop

Therearemajorly4typesofflipflops,withthemostcommononebeingSR

flipflop.Asshownabove,itisthesimplestandtheeasiesttounderstand.The

twooutputsasshownabovearetheinverseofeachother.Theoutputsofa



SRflipfloparehighlightedinthetablebelow.

S R Q Q’

0 0 Nochange

0 1 0 1

1 0 1 0

1 1 Invalidstate

J-Kflip-flop

ThebasicS-RNANDflip-flopcircuithasmanyadvantagesandusesin

sequentiallogiccircuitsbutitsuffersfrom followingproblem.

 TheSet = 1andReset = 1conditionmustalwaysbeavoided

Thissimple JK flip Flop isthemostwidelyused ofalltheflip-flop

designsandisconsideredtobeauniversalflip-flopcircuit.Thetwo

inputslabelled“J”and“K”arenotshortenedabbreviatedlettersofother

words,such as “S”forSetand “R”forReset,butare themselves

autonomousletterschosenbyitsinventorJackKirbytodistinguishthe

flip-flopdesignfrom othertypes.

ThesequentialoperationoftheJKflipflopisexactlythesameasforthe

previous SR flip-flop with the same “Set”and “Reset”inputs.The

differencethistimeisthatthe“JKflipflop”hasnoinvalidorforbidden

inputstatesoftheSRLatchevenwhenSandRarebothatlogic“1”.

The JKflipflop isbasicallyagatedSRflip-flopwiththeadditionofa

clockinputcircuitrythatpreventstheillegalorinvalidoutputcondition

thatcanoccurwhenbothinputsSandRareequaltologiclevel“1”.Due

tothisadditionalclockedinput,aJKflip-flophasfourpossibleinput

combinations,“logic1”,“logic0”,“nochange”and“toggle”.Thesymbol

foraJKflipflopissimilartothatofan SRBistableLatch exceptforthe

additionofaclockinput.



TheBasicJKFlip-flop

Boththe S andthe R inputsofthepreviousSRbistablehavenow been

replacedbytwoinputscalledthe J and K inputs,respectivelyafterits

inventorJackKilby.Thenthisequatesto: J = S and K = R.

Thetwo2-input AND gatesofthegatedSR bistablehavenow been

replacedbytwo3-input NAND gateswiththethirdinputofeachgate

connectedtotheoutputsat Q and   .ThiscrosscouplingoftheSRflip-
̅
Q

flopallowsthepreviouslyinvalidconditionof S =“1”and R =“1”stateto

be used to produce a “toggle action”as the two inputs are now

interlocked.

TheTruthTablefortheJKFunction

sameas

forthe

SRLatch

Input Output

DescriptionClock
J K Q  

̅
Q

0 X X
Sameasprevious

state

Memory

nochange

1 0 0
Sameasprevious

state

Memory

nochange

1 0 1 0 1 ResetQ»0

1 1 0 1 0 SetQ»1



toggle

action

1 1 1 0 1
Toggle

1 1 1 1 0

ThentheJKflip-flopisbasicallyanSRflipflopwithfeedbackwhich

enablesonlyoneofitstwoinputterminals,eitherSETorRESETtobe

activeatanyonetimetherebyeliminatingtheinvalidconditionseen

previouslyintheSRflipflopcircuit.

Alsowhenboththe J andthe K inputsareatlogiclevel“1”atthesame

time,andtheclockinputispulsed“HIGH”,thecircuitwill“toggle”from

itsSETstatetoaRESETstate,orvisa-versa.


