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CourseOverview:Students will learn and understand the Basics of digital electronics and able to design basic logic circuits, combinational and sequential circuits. 

	CONo
	CognitiveLevel
	CourseOutcome(LAB)

	
1
	Comprehension
	Define different types of logic gates, identify their ICs and also verify their truth table.

	
2
	Application
	Derive basic logic gates, adder, and subtractor using universal gates.

	
3
	Application
	Illustrate realization of Boolean expression in SOP and POS form and design it using logic gates.

	
4
	Application
	Design and test combinational circuits.

	
5
	Application
	Design and develop sequential circuits





CourseOutcomeMappingwith ProgramOutcome(LAB):

	CourseOutcome
	ProgramOutcome(LAB)

	CONo.
	DomainSpecific
	DomainIndependent
	PSO

	
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12
	PSO1
	PSO2
	PSO3

	CO 1
	2
	2
	1
	
	
	
	
	
	
	2
	
	2
	
	
	

	CO 2
	2
	2
	2
	2
	
	
	
	
	
	2
	
	2
	
	
	

	CO 3
	2
	2
	2
	2
	
	
	
	
	
	2
	
	2
	1
	1
	

	CO 4
	2
	2
	2
	2
	
	
	
	
	
	2
	
	2
	1
	1
	

	CO 5
	2
	2
	2
	2
	
	
	
	
	
	2
	
	2
	1
	1
	

	1:Slight(Low),2:Moderate(Medium),3:Substantial(high)


















InstructionsfortheLab

DO’S

1. Studentshouldgettherecordofpreviousexperimentcheckedbeforestartingthenew experiment.
2. Readthemanualcarefullybeforestartingtheexperiment.
3. Beforestartingtheexperiment,getcircuitdiagramchecked bytheteacher.
4. Beforeswitching onthepowersupply,getthecircuitconnectionschecked.
5. Getyourreadingscheckedbytheteacher.
6. Apparatusmust behandledcarefully.
7. Maintainstrictdiscipline.
8. Keepyourmobilephoneswitchedofforinvibrationmode.
9. Studentsshouldgettheexperimentallottedfornextturn,beforeleavingthelab.

DON’TS

1. Donottouchorattempttotouchthemainspower supplywirewithbarehands.

2. Donotovercrowdthetables.

3. Do nottamperwithequipment’s.

4. Donotleavethelabwithoutpermissionfromtheteacher.







Introduction to theDE–Lab

Digital electronics is the Lab of electronics and computer science that deals with thedigitalinputsandoutputs toperform varioustasks.Itisbaseduponthedigital designmethodologiesandconsists ofdigitalcircuits,IC’sandlogicgates.Itusesonlybinarydigits,
i. e. either‘0’or‘1’.

We know there are two types of signals,one is analogor continuous signal andthe secondone is Digital or discrete signal. Now coming to the area of Digital electronics, it isessential to understand wide range of applications from industrial electronics to the fields ofcommunication, from micro embedded systems to military equipment. The main and perhapsthe most revolutionary advantage of Digital electronics is the decrease in size and theimprovementintechnology.

Theworldofelectronicswasinitiallydominatedbyanaloguesignals—thatis,signalsrepresenting a continuous range of values. In digital circuitry, however, there are only twostates: on and off, also referred to as 1 and 0, respectively. Digital information has its rootsbackin the Victorian era thanks toGeorge Boole,whodevelopedtheidea of Booleanalgebra. Every aspect of our lives is increasingly becoming integrated and connected by theInternet of Things (IoT), which consists of computers and embedded systems. These devicesare controlled by software which at its core is Boolean logic in conjunction with digitalinformation.Theworldaroundusisanalogue,butwitheverypassingdayourinteractionwiththe worldisbecomingmoredigitalandmore integrated.
Somegeneralthingsto know inthislabare:
· BreadBoard/ProtoBoard
[image: ]

Figure1:BreadBoardandinternalconnections





Your kit includes a plastic board used to wire together electric circuits. This is called abreadboard or a proto board, since it is used to prototype circuits. Figure 1 above shows howthe terminals are connected internally inside the board. The horizontal connections X and Yare calledbusesandareusuallyforpowerandground.

Usually, the top row is connected to the +5V power supply and is called the power bus. Thebottomrowis connected toanexternalgroundandiscalledthe groundbus.

Figure 2 shows how the power and ground pins of IC1 and IC2 can be connected together bythe red wires and black wires. It also shows how the output of pin 3 on IC1 can be connectedtotheinputpin1ofIC2withagreenwire.
[image: ]
Figure2:ConnectingWires

Special care is needed when using the protoboard. If a wire which is too large is forced intoone of the holes, that particular contact point most probably will be damaged. As a result, thenext time the protoboard is used and a wire is inserted into that hole, the wire may not makecontactwiththeinternalconnectionstripandthe circuitwillnotoperateproperly.
An even more aggravating situation is when the wiremakes contact only part of the time.This is called an “intermittent fault.” Since the circuit will operate correctly part of the time,and then mysteriously fail, this type of fault is very hard to find. A good rule to follow is: ifthe wire doesn'tgo in easily,find another wire.Pay particular attention tocomponents suchas resistors, capacitors - etc., since many have lead with diameters which allow insertion intothe protoboard,butstillcausedamagetothe contacts.

To avoid damage,do notinsertwirestoofar.

You will have to strip the wire leads before using them to interconnect circuits on yourprotoboards. The proper way to do this is to use a pair of wire cutters to carefully strip ¼ inchof insulation off of each end of the wire, taking care not to nick the copper wire. If you takemore than a quarter inch off, you risk having wire exposed above the protoboard, which willcause a short if it touches another lead or IC pin. If you cut less that a quarter off, the wiremaynotmakeagoodconnectionwithintheprotoboardhole.Italsohelpstocuttheendsof





the wire at an angle, which produces a point on the end of the wire. The wire will then slideintotheprotoboardeasier.

· IntegratedCircuits(IC's)

TheIC'saremaincomponents forDSDlab. Eachlookssimilartotheoneshownbelow:
[image: ]
Figure 3:Physicalview ofIC

Notethenumberingsystem,whichprogressescounter-clockwisefrompin1.Pin1isdesignated by a dot or a notch Usually on TTL logic, the last pin is to be connected to the +5V supply, and the pin diagonally opposite is connected to ground. These are pins 14 and 7,respectively,for14-pinIC’sand16and8for16-pinIC’s.

Therearesomeexceptionstothisrule,soalwayscheck!

Specialcautionshould betakenwhen inserting andremoving IC'sfromtheprotoboard.

[image: ]When shipped from the factory, the leads (legs) of the IC's are slightly bent apart to aid inmachineinsertion.Itisnecessarytostraightenthelegspriortoinsertionintotheprotoboards.
Figure4:BendinginICs

When you remove a chip (IC) from the protoboard, it is very easy to bend the legs by notexercising caution. You should not simply pull on the chip with two fingers to remove it. Oneend will invariably risebefore the other causingthelegs on the other end tobend. It mayevenresultinapuncturewoundtooneofyourfingersbecausethelegsoftheIC’sarevery





sharp.Becareful!IfanICextractorisnotavailable,youshouldusethetipofapenorpenciltogentlypryupthelegs onone endofthechip,andthenthe other,asshownbelow.
Usually,ifalegis benttwice,itwillbreakoffeasilyandtheICis virtuallyuselessso.

GOODLAB PROCEDURES
Inordertomakeyourexperimentsgoeasier,therearesomeprocedureswhichshouldbefollowed.Mostare generallycommonsense.

[image: ]

Figure5: Correctwayofremoving anyICfrombreadboard

· Beforewiringacircuit,acircuitdiagramshouldbedrawnandsimulated.Thisdiagramshouldincludepinnumbers as shown below.

[image: ]
Figure6:CircuitconnectiondiagramincludingICpinnumbers

You can then check off each connection as it is wired. For example, after the top AND gate isconnected to the OR gate on the right, the line connecting them in the diagram should bechecked off as having been wired. Without some system like this, it is very easy to forgetwhichgateis whichwithinasystem.
· While wiring, rewiring, etc. turn off the power. This prevents the application of power to thecircuitinunwantedplaces.
· Try to avoid messy "rat's nest" wiring. It is almost impossible to trouble-shoot a messywiring job. It is also hard to make changes to a disorganized board. Keep lead wires as shortaspossible,andmakeneat,flatbends.Itisalsosmart notto wireacrossthetopoftheIC's.

Wirethepowerleadsofchips first, usingacolorschemeifpossible.Traditionally,RED= +5VoltsandBLACK= Ground





Experiment No.– 1

Aim:Toverifythetruthtablesoflogicgates:AND,OR,NOT,NAND,NOR,Ex-ORandEx-NOR

Apparatus/ComponentRequired:ICtester,Digitaltrainer kitandDigitalICs

	
S.No.
	
COMPONENT
	
SPECIFICATION

	1.
	2i/pAND
GATE
	IC 7408

	2.
	2i/pORGATE
	IC 7432

	3.
	NOTGATE
	IC 7404

	4.
	2i/pXOR
GATE
	IC 7486

	5.
6.

7.
8.
9.
	2i/pNANDGATE
2 i/pNORGATE

3 i/p NANDGATE
3i/pANDGATE
3i/pNOR
GATE
	IC 7400
IC 7402

IC 7410
IC 7411
IC 7427

	10.
11.
12.
	4i/pNANDGATE
4i/pANDGATE
4i/pNORGATE
	IC 7420
IC 7421
IC 7425

	
13.
	
2i/pEx-NORGATE
	
IC74266







Theory:

BASICGATES:


The DigitalLogic "AND"Gate
A Logic AND Gate is a type of digital logic gate that has an output which is normally at logiclevel "0" and only goes "HIGH" to a logic level "1" when ALL of its inputs are at logic level"1". The output of a Logic AND Gate only returns "LOW" again when ANY of its inputs areat a logic level "0". The logic or Boolean expression given for a logic AND gate is that forLogical Multiplication which is denoted by a single dot or full stop symbol, (.) giving us theBooleanexpressionof:A.B=Q.
Thenwecandefinetheoperationofa2-inputlogicANDgateasbeing:
"Ifboth AandBaretrue,thenQ istrue"


2-inputAND Gate

	Symbol
	TruthTable

	

[image: ]
2-inputAND Gate
	B
	A
	Q

	
	0
	0
	0

	
	0
	1
	0

	
	1
	0
	0

	
	1
	1
	1

	BooleanExpressionQ=A.B
	Read asAANDBgivesQ


Figure 1.1: Logic symbol and truth table of AND gateCommonlyavailable digitallogicAND gate IC’sincluded:

	TTLLogicTypes
· 74LS08Quad2-input
· 74LS11Triple3-input
· 74LS21Dual4-input
	CMOSLogic Types
· CD4081Quad2-input
· CD4073Triple3-input
· CD4082Dual4-input










Quad 2-InputANDGate IC 7408
[image: ]

Figure 1.2:PindiagramofIC7408

Triple3-inputANDGateIC7411
[image: ]

Figure1.3:PindiagramofIC 7411

Dual4-inputANDGateIC7421
[image: ]

Figure1.4:PindiagramofIC 7421





TheLogic"OR"Gate

A Logic OR Gate or Inclusive-OR gate is a type of digital logic gate that has an output whichis normally at logic level "0" and only goes "HIGH" to a logic level "1" when ANY of itsinputs are at logic level "1". The output of a Logic OR Gate only returns "LOW" again whenALL of its inputs are at a logic level "0". The logic or Boolean expression given for a logicOR gate is that for Logical Addition which is denoted by a plus sign, (+) giving us theBooleanexpressionof:A+B=Q.

Thenwecandefine the operationofa 2-inputlogic ORgateas being:
"IfeitherA orBistrue,thenQistrue"

2-inputORGate


	Symbol
	TruthTable

	
[image: ]
2-inputORGate
	B
	A
	Q

	
	0
	0
	0

	
	0
	1
	1

	
	1
	0
	1

	
	1
	1
	1

	BooleanExpressionQ=A+B
	Read asAOR BgivesQ

	
	
	



Figure 1.5: Logic symbol and truth table of OR GateCommonlyavailableORgateIC’sincluded:
	TTLLogicTypes

· 74LS32Quad2-input
	CMOSLogic Types

· CD4071Quad2-input
· CD4075Triple3-input
· CD4072Dual4-input







Quad 2-InputORGateIC 7432
[image: ]

Figure1.6:PindiagramofIC 7432

TheDigitalLogic"NOT" Gate(DigitalInverter)

The digital Logic NOT Gate is the most basic of all the logical gates and is sometimesreferred toas an Inverting Bufferorsimply a Digital Inverter.It is a singleinputdevicewhich has an output level that is normally at logic level "1" and goes "LOW" to a logic level"0" when its single input is at logic level "1", in other words it "inverts" (complements) itsinputsignal. The outputfrom a NOT gate only returns "HIGH" again when its inputis atlogiclevel"0"givingustheBooleanexpressionof:A= Q.
Thenwecandefinetheoperationofasingleinput logic NOTgateasbeing:
"IfAisNOTtrue,thenQ istrue"


	Symbol
	TruthTable

	[image: ]
InverterorNOT Gate
	A
	Q

	
	0
	1

	
	1
	0

	BooleanExpressionQ=notA orA
	ReadasinverseofAgivesQ



Figure1.7:Logic symbolandtruthtable ofOR gate

Then, with an input voltage at "A" HIGH, the output at "Q" will be LOW and an inputvoltageat"A"LOWtheResultingoutputvoltageat"Q"isHIGHproducingthecomplementoftheinputsignal.CommonlyavailablelogicNOTgateand Inverter IC'sinclude

	TTLLogicTypes
· 74LS04HexInvertingNOTGate
· 74LS04HexInvertingNOTGate
· 74LS14HexSchmittInvertingNOT Gate
· 74LS1004HexInvertingDrivers
	CMOSLogic Types
· CD4009 HexInvertingNOTGate
· CD4069HexInverting NOTGate









HexInverterGate IC 7404
[image: ]

Figure1.8:PindiagramofIC 7404

UNIVERSALGATES:

TheLogic "NAND"Gate

The Logic NAND Gateis acombination of the digital logicAND gate with thatof aninverter or NOT gate connected together in series. The NAND (Not - AND) gate has anoutput that is normally at logic level "1" and only goes "LOW" to logic level "0" when ALLof its inputs are at logic level "1". The Logic NAND Gate is the reverse or "Complementary"formoftheANDgatewe have seenpreviously.

LogicNANDGateEquivalence
[image: ]

Figure1.9:EquivalentcircuitofNANDgateusingANDandNOTgate

The logic or Boolean expression given for a logic NAND gate is that for Logical Addition,which is the opposite to the AND gate, and which it performs on the complements of theinputs. The Boolean expression for a logic NAND gate is denoted by a single dot or full stopsymbol, (.) with a line or Overline, ( ‾‾ ) over the expression to signify the NOT or logicalnegation of the NAND gate giving us the Boolean expression of:A.B = Q. Then we candefine theoperationofa2-inputlogic NANDgateasbeing:
"IfeitherA orBare NOTtrue,thenQistrue"








	Symbol
	TruthTable

	
[image: ]
2-inputNANDGate
	B
	A
	Q

	
	0
	0
	1

	
	0
	1
	1

	
	1
	0
	1

	
	1
	1
	0

	BooleanExpressionQ=A.B
	Read asAANDBgivesNOT Q



Figure 1.10: Logic symbol and truth table of NAND gateCommonlyavailablelogic NAND gateIC’sincluding:
	TTLLogicTypes
· 74LS00Quad2-input
· 74LS10Triple3-input
· 74LS20Dual4-input
· 74LS30Single8-input
	CMOSLogic Types
· CD4011Quad2-input
· CD4023Triple3-input
· CD4012Dual4-input



Quad 2-InputNANDGate IC 7400
[image: ]

Figure1.11:PindiagramofIC 7400





Triple3-InputNANDGateIC7410

[image: ]

Figure1.12:PindiagramofIC 7410

Dual4-InputNAND GateIC7420
[image: ]

Figure1.13:PindiagramofIC 7420

TheLogic"NOR" Gate

The Logic NOR Gate or Inclusive-NOR gate is a combination of the digital logic OR gatewith that of an inverter or NOT gate connected together in series. The NOR (Not - OR) gatehas an output that is normally at logic level "1" and only goes "LOW" to logic level "0" whenANYofitsinputsareatlogiclevel"1".TheLogicNORGateisthereverseor"Complementary"formofthe OR gatewehave seenpreviously.





NORGateEquivalent
[image: ]
Figure1.14:EquivalentcircuitofNORgateusingORandNOTgate

The logic or Boolean expression given for a logic NOR gate is that for Logical Multiplicationwhich it performs on the complements of the inputs. The Boolean expression for a logic NORgate is denoted by a plus sign, (+) with a line or Over line, ( ‾‾ ) over the expression to signifythe NOT or logical negation of the NOR gate giving us the Boolean expression of:A+B = Q.Thenwe candefine theoperationofa 2-inputlogicNOR gateas being:
"Ifboth AandBareNOTtrue,thenQistrue"


	Symbol
	TruthTable

	
[image: ]
2-inputNOR Gate
	B
	A
	Q

	
	0
	0
	1

	
	0
	1
	0

	
	1
	0
	0

	
	1
	1
	0

	BooleanExpressionQ =A+B
	Read as AORBgives NOT Q



Figure 1.15: Logic symbol and truth table of NOR gateCommonlyavailableNORgateIC'sinclude:
	TTLLogicTypes

· 74LS02Quad2-input
· 74LS27Triple3-input
· 74LS260 Dual4-input
	CMOSLogic Types

· CD4001Quad2-input
· CD4025Triple3-input
· CD4002 Dual4-input







Quad2-InputNORGate7402

[image: ]

Figure1.16:PindiagramofIC 7402

Triple3-InputNORGateIC 7427

[image: ]

Figure1.17:PindiagramofIC 7427

Dual4-InputNORGateIC 7425
[image: ]

Figure1.18:PindiagramofIC 7425





TheExclusive-ORGate(Ex-ORGate)
The output of an Exclusive-OR gate ONLY goes "HIGH" when its two input terminals are at"DIFFERENT" logic levels with respect to each other and they can both be at logic level "1"orbothatlogiclevel"0"givingustheBooleanexpressionof:Q = A’B + AB’.TheExclusive-OR Gate function is achieved is achieved by combining standard gates together toform more complex gate functions. An example of a 2-input Exclusive-OR gate is givenbelow.
2- inputEx-ORGate

	Symbol
	TruthTable

	

[image: ]
2-inputEx-ORGate
	B
	A
	Q

	
	0
	0
	0

	
	0
	1
	1

	
	1
	0
	1

	
	1
	1
	0

	BooleanExpression
Q=A⊕B
	ReadasAORBbutNOTBOTHgivesQ

	
TTLLogicTypes

· 74LS86Quad2-input
	
CMOSLogic Types

· CD4030Quad2-input



Figure 1.19:Logicsymbolandtruthtable ofXOR gate

[image: ]Quad 2-InputEx-OR GateIC 7486
Figure1.20:PindiagramofIC 7486
TheExclusive-NORGate
The output of an Exclusive-NOR gate ONLY goes "HIGH" when its two input terminals, Aand B are at the "SAME" logic level which can be either at a logic level "1" or at a logic level"0". Then this type of gate gives and output "1" when its inputs are "logically equal" or"equivalent" to each other, which is why an Exclusive-NOR gate is sometimes called anEquivalence Gate.





Ex-NORGateEquivalent
[image: ]
Figure1.21:EquivalentcircuitofXNORgateusingXOR– NOTgate


	Symbol
	TruthTable

	

[image: ]
2-inputEx-NOR Gate
	B
	A
	Q

	
	0
	0
	1

	
	0
	1
	0

	
	1
	0
	0

	
	1
	1
	1

	BooleanExpressionQ=AXNORB
	ReadifAAND Bthe SAMEgivesQ


Figure 1.22:Logic symbolandtruthtableofXNOR gate

[image: ]In general, an Exclusive-NOR gate will give an output value of logic "1" ONLY when thereare an EVEN number of 1's on the inputs to the gate (the inverse of the Ex-OR gate) exceptwhenallitsinputsare "LOW".Commonlyavailable Exclusive-NORgate IC'sinclude:

	TTLLogicTypes
74LS266Quad2-input
	CMOS
LogicTypes
CD4077Quad2-input

	Quad 2-Input Ex-NOR GateIC74267
	




Figure1.23:PindiagramofIC 74267





Procedure:

· Test the digitalICswiththe helpofICtester.
· Make the connections on the breadboard as per the pin diagram. Connect the inputs ofany logic gatetothelogic sourcesanditsoutputtothelogicindicator.
· Applyvarious inputcombinationsandobserveoutputfor eachone.
· Verifythetruthtablefor eachinput/outputcombination.
· Repeattheprocessfor allotherlogicgates.

Output: The truth tables of logic gates: AND, OR, NOT, NAND, NOR Ex-OR and Ex-NORare verifiedusingtheirICs.

Result:In conclusion, each basic gate works in unique way, which is proved during thisexperiment. We used the truth table to examine the operation of the basic logic gate. It isproved from experiment that logic gates work in basis of Boolean Algebra. AND Gate, ORGate and NOT Gate are the basic gates. All the combinational logic gates are made of thesethree basic gates. Output from one logic gate can be used as input for another logic gate toform combinational logic gate. So, we have studied how logic gates work on the basis ofBooleanalgebra.

Discussions:

Q1. Define the term digital and analog.Q2.Whatis IC?
Q3.DefinetheBasicanduniversalgates.
Q4.Ifa3-inputNORgatehaseightinputpossibilities,howmanyofthosepossibilitieswillResultinaHIGHoutput?
Q5.Whichofthelogicaloperationsisrepresented bythe+signinBooleanalgebra?Q5.How manyno.ofinputvariablescana NOTGate have?





Experiment No–2

Aim:Toverifythetruth tableofOR,AND,NOR,NAND,NOT,Ex-ORandEx-NORlogicgatesrealizedusingNAND&NORgates.

Apparatus/ ComponentRequired:ICtester,Digitaltrainerkit,DigitalICs(7400,7402)

Theory:

UniversalGates(NAND&NOR Gates):
A universal gate is a gate which can implement any Boolean function without need to use anyother gate type. The NAND and NOR gates are universal gates. This is advantageous sinceNAND andNORgates are economicalandeasiertofabricate.
NAND Gate isaUniversalGate:

ToprovethatanyBooleanfunctioncanbeimplementedusingonlyNANDgates,wewillshowthat the AND,OR,and NOToperationscanbeperformedusing onlythesegates.
ImplementinganInverterUsingonlyNANDGate
Thefigure showstwowaysinwhichaNAND gate canbe usedasaninverter(NOTgate).
1. AllNANDinputpinsconnecttotheinputsignalAgivesanoutputA’.

[image: ]

Figure 2.1
2. OneNANDinputpinisconnectedtotheinputsignalAwhileallotherinputpinsareconnectedtologic1.Theoutputwillbe A’.
[image: ]

Figure 2.2

ImplementingAND UsingonlyNAND Gates
3. AnANDgatecanbereplacedbyNANDgatesasshowninthefigure(TheANDisreplacedbya NANDgate with itsoutput complementedbya NANDgate inverter).
[image: ]
Figure 2.3





ImplementingORUsingonlyNANDGates


4. AnORgatecanbereplacedbyNANDgatesasshowninthefigure(TheORgateisreplacedbyaNAND gate withallitsinputs complementedbyNANDgate inverters).
[image: ]
Figure2.4
Thus,theNANDgateisauniversalgatesinceitcanimplementtheAND,ORandNOTfunctions.

ImplementingNORUsingonlyNANDGates
[image: ]
Figure2.5
ImplementingEX-ORUsingonlyNANDGates
[image: ]

Figure2.6





ImplementingEXNORUsingonlyNANDGates


[image: ]
Figure2.7

NOR Gate isaUniversalGate:

ToprovethatanyBooleanfunctioncanbeimplementedusingonlyNORgates,wewillshowthat theAND,OR,and NOToperationscanbeperformed using onlythesegates.
Implementingan InverterUsingonly NORGate

Thefigureshowstwowaysinwhicha NORgatecanbeusedasan inverter(NOTgate).


1. [image: ]AllNORinputpinsconnect totheinputsignalAgivesanoutputA’.

Figure2.8

2. OneNORinputpinisconnected to theinputsignal Awhileall otherinputpinsareconnectedtologic0.TheoutputwillbeA’.
[image: ]


Figure2.9
ImplementingOR UsingonlyNOR Gates
AnORgatecanbereplacedbyNORgatesasshowninthefigure(TheORisreplacedbyaNORgatewithits outputcomplementedbya NOR gate inverter)





[image: ]

Figure2.10
ImplementingAND Usingonly NOR Gates

AnANDgatecanbereplacedbyNORgatesasshowninthefigure(TheANDgateisreplacedbya NORgate withallitsinputscomplementedbyNOR gate inverters)
[image: ]

Figure2.11

Thus,theNORgateisauniversalgatesinceitcanimplementtheAND,ORandNOTfunctions.

ImplementingEX-NORUsingonlyNORGates

[image: ]

Figure2.12





ImplementingEXORUsingonlyNORGates
[image: ]

Figure 2.13:LogicDiagram&truthtable ofXORgate
ImplementingNANDUsingonlyNORGates

[image: ]

Figure2.14
Procedure:

· Test the digitalICs(7400,7402)withthe helpofICtester.
· Make the connections on breadboard as per the pin diagram. Connect the inputs of thelogic gatetothelogic sourcesandits outputtothelogicindicator.
· Applyvarious inputcombinationsandobserveoutputforeachone.
· Verifythetruthtablefor eachinput/outputcombination.





Output:The truth tables of logic gates: AND, OR, NOT, NAND, NOR Ex-OR and Ex-NORare verifiedusingthe universalgateICs7400andIC7402.

Result: The universal gates are the gates which can implement any Boolean function withoutneed to use any other gate type. Hence all the gates are realized using Universal gates. Inpractice, this is advantageous since NAND and NOR gates are economical and easier tofabricate andarethemostlyusedgatesindigitallogicfamilies.

Discussion:

Q1. Why NAND & NOR gates are called universal gates?Q2.WhichgateisequaltoAND-inverter Gate?
Q3. Which gate is equal to OR-inverter Gate?Q4.DrawX=ab+b’a’byNANDgate?
Q5.WhatisDemorgan’stheorem?
Q6. SolvefollowingexamplebyDemorgan’stheorem

1)(A+B+C)’	2) (ABC)’(AB)’	3)(A+A)A=?





Experiment No.–3

Aim:TorealizeSOPandPOSexpressions.

Apparatus/ComponentRequired:ICtester,Digitaltrainerkit,DigitalICs(7400,7402,7408,7432).

Theory:

SumofProduct(SOP)
Thesum-of-products(SOP)formisamethod(orform)ofsimplifyingtheBooleanexpressions of logic gates. In this SOP form of Boolean function representation, the variablesare operated by AND (product) to form a product term and all these product terms are ORed(summed or added) together to get the final function. A sum-of-products form can be formedby adding (or summing) two or more product terms using a Boolean addition operation. Herethe product terms are defined by using the AND operation and the sum term is defined byusingOR operation.
The sum-of-products form is also called as Disjunctive Normal Form as the product terms areORed together and Disjunction operation is logical OR. Sum-of-products form is also calledas StandardSOP.
SOP form representation is most suitable to use them in FPGA (Field Programmable GateArrays).

Product ofSums(POS)
The product of sums form is a method (or form) of simplifying the Boolean expressions oflogic gates. In this POS form, all the variables are ORed, i.e. written as sums to form sumterms.All these sum terms are ANDed (multiplied) together to get the product-of-sum form.This form is exactly opposite to the SOP form. So this can also be said as “Dual of SOPform”.
Here the sum terms are defined by using the OR operation and the product term is defined byusingANDoperation.Whentwoormoresum termsaremultipliedby aBooleanORoperation, the resultant output expression will be in the form of product-of-sums form or POSform.
The product-of-sums form is also called as Conjunctive Normal Form as the sum terms areANDed together and Conjunction operation is logical AND. Product-of-sums form is alsocalledas StandardPOS.

ImplementthefollowingSOPfunction
F=[image: ]
Being an SOP expression, it is implemented in 2-levels as shown in the figure. Here theexpressionis realizedusingNAND Gate.






[image: ]

Figure 3.1: SOP using NAND gateImplementthe followingPOSfunction
F=[image: ]
BeingaPOSexpression,itis implementedin2-levelsasshowninthefigure.
[image: ]
Figure 3.2: POSusing OR&ANDgate

Introducing two successive inverters at the inputs of the AND gate Results in the shownequivalent implementation. Since two successive inverters on the same line will not haveanoveralleffectonthe logicasitis shownbefore.

[image: ]

Figure3.3: POSusing NORgate





Procedure:

· Testthe digitalICswiththe helpofICtester.
· Maketheconnectionsonthebreadboard asperthepindiagramandcircuit.Connecttheinputsofthelogicgateto thelogicsourcesanditsoutputto thelogicindicator.
· Applyvarious inputcombinationsandobserveoutputforeachone.
· Verifythecircuitforeachinput/outputcombination.

Output: We have implemented the given Boolean function using logic gates in both SOPandPOSforms.
Result:In the experiment, De-Morgan’s theorem and postulate of Boolean algebra areverified. Also the Sum of products and product of sum expressions are realized using thebasic gates andtheuniversalgates.

Discussion:

Q1. Express the function f(x, y, z) = 1 in the form of sum of minterms and a product ofmaxterms.
Q2.WhatisD’morganstheorem?
Q3.SolvefollowingexamplebyusingD’morganstheorem.(ABC)’(AB)’
Q4.ExaminethistruthtableandthenwritebothSOPandPOSBooleanexpressionsdescribingtheOutput:

	A
	B
	C
	output

	0
	0
	0
	1

	0
	0
	1
	0

	0
	1
	0
	1

	0
	1
	1
	0

	1
	0
	0
	0

	1
	0
	1
	1

	1
	1
	0
	1

	1
	1
	1
	0



[image: ]Q5.ConvertthefollowingSOPexpressiontoanequivalentPOSexpression.
Q6.Expressthefunctionf(x,y,z)=1inthesumofmintermsandaproductofmaxterms?
Minterms=(0,1,2,3,4,5,6,7),Maxterms=Nomaxterms.Q7.MakethetruthtableofπM(1,2,6,7,13,14,15)+d(0,3,5)?





ExperimentNo: 4

Aim:Torealizehalfadder/Subtractor&FullAdder/SubtractorusingNAND&NORgatesandtoverifytheirtruthtable.

Apparatus/Component Required:ICtester,Digitaltrainer kit,DigitalICs(7400,7402)

Theory:A very useful combinational logic circuit which can be constructed using just a fewbasic logic gates and adds together binary numbers is the Binary Adder circuit. The BinaryAdder is made up from standard AND and Ex-OR gates and allow us to "add" together singlebit binary numbers, a and b to produce two outputs, the SUM of the addition and a CARRYcalled the Carry-out, ( Cout) bit. One of the main uses for the Binary Adder is in arithmeticandcountingcircuits.

TheHalfAdderCircuit
1-bitAdderwith Carry-Out

	HalfAdder
	TruthTable

	

[image: ]
	A
	B
	SUM
	CARRY

	
	0
	0
	0
	0

	
	0
	1
	1
	0

	
	1
	0
	1
	0

	
	1
	1
	0
	1

	BooleanExpression: Sum=A ⊕B	Carry=A.B


Figure 4.1:Logicdiagram&truthtable ofhalfadder

From the truth table we can see that the SUM (S) output is the Result of the Ex-OR gate andthe Carry-out(Cout)is the Resultof theANDgate.Onemajordisadvantage of the HalfAdder circuit when used as a binary adder, is that there is no provision for a "Carry-in" fromthe previous circuitwhen adding together multiple data bits. For example, suppose we wantto add together two 8-bit bytes of data, any Resulting carry bit would need to be able to"ripple"ormoveacrossthebitpatternsstartingfromtheleastsignificantbit(LSB).

[image: ]


Figure4.2:Circuitdiagramforhalf-adderusingNANDgates



[image: ]

Figure4.3:Circuitdiagramforhalf-adder usingNORgates

The Full Adder Circuit:The main difference between the Full Adder and the previous seenHalf Adder is that a full adder has three inputs, the same two single bitbinary inputs A andB as before plus an additional Carry-In (C-in) input as shown below. The 1-bit Full Addercircuit above is basically two half adders connected together and consists of three Ex-ORgates,twoAND gates andanORgate,sixlogicgatesintotal.

	FullAdder
	TruthTable

	



[image: ]
	A
	B
	C-in
	Sum
	C-out

	
	0
	0
	0
	0
	0

	
	0
	1
	0
	1
	0

	
	1
	0
	0
	1
	0

	
	1
	1
	0
	0
	1

	
	0
	0
	1
	1
	0

	
	0
	1
	1
	0
	1

	
	1
	0
	1
	0
	1

	
	1
	1
	1
	1
	1

	BooleanExpression: Sum=A⊕B⊕C-in


[image: ]Figure 4.4:Logicdiagram&truthtable ofhalfadder
Figure4.5:FullAdderimplementationusingNANDGate




[image: ]

Figure4.6:FullAdderimplementationusingNORGate

TheHalfSubtractorCircuit

A half-subtractorhas twoinputs and two outputs.Lettheinputvariablesminuend andsubtrahendbedesignatedas A andB respectively,andoutputfunctions bedesignatedasDIFFfor differenceandBORROWfor borrow.Thetruthtableofthefunctionsisasfollows.

	
HalfSubtractor
	TruthTable

	
[image: ]
	A
	B
	DIFF
	BORROW

	
	0
	0
	0
	0

	
	0
	1
	1
	1

	
	1
	0
	0
	1

	
	1
	1
	0
	0

	BooleanExpression:DIFF= A⊕B	BORROW=A’.B


Figure4.7: Circuitdiagram&truthtable ofhalfsubtractor
[image: ]

Figure4.8:Circuitdiagramforhalf-SubtractorusingNANDgates.


[image: ]

Figure4.9:Circuitdiagramforhalf-SubtractorusingNORgates.

TheFullSubtractorCircuit

A combinational circuitof full-Subtractor performs the operation of subtraction of threebits—theminuend,subtrahend,andborrowgeneratedfrom thesubtractionoperationofprevious significant digits and produces the outputs difference and borrow. Let us designatethe input variables minuend as A, subtrahend as B, and previous borrow as C, and outputsdifference as D and B as Borrow. Eight different input combinations are possible for threeinputvariables.

	FullSubtractor
	TruthTable

	
[image: ]
	a
	b
	C
	D
	B

	
	0
	0
	0
	0
	0

	
	0
	1
	0
	1
	1

	
	1
	0
	0
	1
	1

	
	1
	1
	0
	0
	1

	
	0
	0
	1
	1
	0

	
	0
	1
	1
	0
	0

	
	1
	0
	1
	0
	0

	
	1
	1
	1
	1
	1

	BooleanExpression:D =a⊕b⊕c;	B=a’b+bc+b’c


Figure4.10:Logicdiagram&truthtable ofFullsubtractor


[image: ]

Figure4.11: FullSubtractorimplementationusingNANDGate

[image: ]

Figure4.12: FullSubtractorimplementationusingNORGate

Procedure:

1. Insert the IC chips into the breadboard. Point all the chips in the same direction with pin 1at the upper-left corner. (Pin 1 is often identified by a dot or a notch next to it on the chippackage).
2. Connect +5V and GND pins of each IC chips to the power and ground bus strips on thebreadboard.
3. Maketheconnectionsasperthecircuitdiagram.
4. SwitchonVCCand applyvariouscombinationsofinputaccording totruthtable.
5. Note down the output readings for half/full adder and sum and the carry bit for differentcombinationsofinputs.Where5V indicatinglogic1 and 0Vindicatinglogic 0.





Output:ThetruthtableforHalfadder/SubtractorandFullAdder/Subtractorhasbeenverified.

Result:By using various logic gate ICs we can design full or half adder and subtractor. Halfadders/subtractorsperform theiroperationontwobitsandgivesatwobitoutput.Fulladder/subtractorperformtheiroperationonthreebitinputsand givesatwobitoutput.

Discussion:

Q1.DefineCombinationalCircuits.
Q2. Whatisthedifferencebetweenhalfadderandafulladder?Q3.Whatismeantbytwoand three variablemap?
Q4.Realizehalf-subtractorandfull-subtractorusingNORgates.Q5.Realize afulladderusingtwohalfadders.
Q6.Realizeafullsubtractors usingtwohalfsubtractors.








Experiment No: 5

Aim:Torealizea4-bitrippleadder/Subtractorusingbasichalfadder/Subtractorandbasicfulladder/Subtractor.

Apparatus/Component Required:ICtester,Digitaltrainer kit,DigitalICs(7483,7486,7404,7408,and7432)

Theory:

In digital circuits, an adder–Subtractor is a circuit that is capable of adding or subtractingnumbers (in particular, binary). Adder-subtractor is a circuit that does adding or subtractingdepending on a control signal. It is also possible to construct a circuit that performs bothadditionandsubtractionatthesametime.

4 BitBinary Adder
A binary adder is a digital circuit that produces the arithmetic sum of two binary numbers. Itcan be constructed with full adders connected in cascade, with the output carry from each fulladder connected to the input carry of next full adder in chain. The augends bits of ‘A’ and theaddend bits of ‘B’ are designated by subscript numbers from right to left, with subscript 0denoting the least significant bits. The carries are connected in chain through the full adder.Theinputcarrytotheadder isC0 anditripplesthroughthefulladder totheoutputcarryC4.
[image: ]
Figure5.1:Blockdiagramof4-bitparalleladderusingfull-adder
[image: ]
Figure5.2:Blockdiagramofn-bitparalleladderusingfull-adder





4BitBinary Subtractor
The circuit for subtracting A-B consists of an adder with inverters, placed between each datainput ‘B’ and the corresponding input of full adder. The input carry C0 must be equal to 1whenperformingsubtraction.
[image: ]

Figure5.3: Blockdiagramof4-bitbinarysubtractorusingfull-subtarctor
[image: ]
Figure5.4:Blockdiagramof4-bitbinarysubtractorusingfull-adder
4BitBinary Adder/Subtractor
The addition and subtraction operation can be combined into one circuit with one commonbinary adder. The mode input M controls the operation. When M=0, the circuit is addercircuit.WhenM=1,itbecomes Subtractor.
PinDiagramforIC7483
[image: ]
Figure5.5: Pin-diagramofIC7483





LOGICDIAGRAM:
Logic Diagramfor4-BitBinaryAdder

[image: ]


Figure 5.6
LogicDiagramfor4-BitBinary Subtractor:


[image: ]


Figure 5.7



LogicDiagramfor4-BitBinaryAdder/Subtractor:

[image: ]
Figure 5.8
ObservationsforIC7483
[image: ]







Procedure:
1. TestthedigitalICs withthehelpofIC tester.
2. Maketheconnectionsasperthecircuit diagram.
3. Connecttheoutput pinonLEDthroughResistor.
4. SwitchonVCCand apply variouscombinationsofinputaccording totruthtable.
5. Observethelogicaloutput and verifywiththetruthtables.

Output:Thusthe4-bitadderandsubtractorusingIC7483wasdesignedandimplemented.

Result:Afour-bitripplecarryadder/subtractorcanbedesignedbyusingfourfulladders/subtractors.TheycanalsobedesignedbyusingIC7483byusingappropriateselectionmode(M).

Discussion:

Q1.WhatisBCDadder?
Q2.Whatisthedifferencebetweenadder andparalleladder?
Q3. How many full adders are required to construct an m-bit parallel adder?Q4.Whatarethedisadvantagesoftheripple-carryadder/Subtractor?






















ExperimentNo: 6

Aim:Todesign4-to-1multiplexerusingbasicgatesandverifythetruthtable.Alsoverifythetruthtableof8-to-1multiplexerusingIC.

Apparatus/Component Required:ICtester,Digitaltrainer kit,DigitalICs(74153,74151,7408,7432,7404,7411)

Theory:

MULTIPLEXER:
Combinational logic switching devices that operate like a very fast acting multiple positionrotary A data selector, more commonly called a Multiplexer, shortened to "Mux" or "MPX",areswitch.Theyconnectorcontrol,multipleinputlinescalled"channels"consistingof2,4,8 or 16 individual inputs, one at a time to an output. Then the job of a multiplexer is to allowmultiple signals toshareasingle commonoutput.
Multiplexer means transmitting a large number of information units over a smaller number ofchannelsorlines.Adigitalmultiplexerisacombinationalcircuitthatselectsbinaryinformationfromoneofmanyinputlinesanddirectsittoasingleoutputline.Theselectionof a particular input line is controlled by a set of selection lines. Normally there are 2n inputlineandnselection lineswhose bitcombinationdetermine whichinputisselected.

BLOCKDIAGRAMFOR 4:1MULTIPLEXER:


[image: ]

Figure6.1




TRUTHTABLE:

	S1
	S0
	Y=OUTPUT

	0
	0
	D0

	0
	1
	D1

	1
	0
	D2

	1
	1
	D3



CIRCUITDIAGRAM FORMULTIPLEXER:

[image: ]

Figure 6.2


FUNCTIONTABLE:

	
	S1
	S0
	INPUT
	

	
	0
	0
	X →D0=XS1’S0’
	

	
	0
	1
	X→D1=XS1’S0
	

	
	1
	0
	X →D2=XS1S0’
	

	
	1
	1
	X→D3=XS1S0
	









Y =XS1’S0’+XS1’S0+XS1S0’+XS1S0PIN DIAGRAMFORIC 74153
[image: ]

Figure 6.3

TRUTHTABLEOF4:1MUX(IC74153)(CHANNELA) WITHACTIVELOWMODE:

	Inputs(ChannelA)
	Selectlines
	Output

	Ea
	Iao
	Ia1
	Ia2
	Ia3
	S0
	S1
	Za

	1
	×
	×
	×
	×
	×
	×
	0

	0
	0
	×
	×
	×
	0
	0
	0

	0
	1
	×
	×
	×
	0
	0
	1

	0
	×
	0
	×
	×
	0
	1
	0

	0
	×
	1
	×
	×
	0
	1
	1

	0
	×
	×
	0
	×
	1
	0
	0

	0
	×
	×
	1
	×
	1
	0
	1

	0
	×
	×
	×
	0
	1
	1
	0

	0
	×
	×
	×
	1
	1
	1
	1









IMPLEMENTATIONOF8:1MULTIPLEXERUSING4:1MUX:

[image: ]

Figure6.4

CIRCUIT OF 8:1MUXUSINGDUAL4:1MUX

[image: ]
Figure6.5





TRUTHTABLEOF 8:1MUX

[image: ]
Table: 6.1:Truthtable of8:1 MUX

IMPLEMENTATIONOF8:1MULTIPLEXER(74151)
[image: ]

Figure 5.6





ObservationsforIC 74153
[image: ]

Procedure:

1. TestthedigitalICs withthehelpofICtester.
2. Maketheconnectionsasperthecircuit diagram.
3. Connecttheoutput pinonLEDthroughResistor.
4. SwitchonVCCand apply variouscombinationsofinputaccording totruthtable.
5. Observethelogicaloutput and verifywiththetruthtables.

Output:Hencethe4:1muxisdesignedwithbasicgateasgiveninthefigureandverifiedwiththetruthtable.8:1muxare designedwith4:1muxasgivenincircuit.
Result:4:1multiplexerand8:1multiplexercanberealizedusingbasiclogicgates,theycanalsobe designedbyusingIC74153(multiplexer)andIC74151 (multiplexer).
Discussion:

Q1. What is the function of the enable input in a Multiplexer?Q2.What is the difference between multiplexer and decoder?Q3.Listoutthe applicationsofmultiplexer?
[image: ]Q4.RealizethefollowingBooleanexpressionusing4:1MUXsonly





ExperimentNo: 7

Aim:Designandrealizeacombinationalcircuitthatwillacceptthe2421BCDcodeanddrive aTIL-312to7-SegmentDisplay

Apparatus / Component Required:IC tester, Digital trainer kit, Digital ICs (7447), register(200Ω /330Ω),sevensegmentdisplay

Theory:

The Binary Coded Decimal (BCD) to 7-Segment Display Decoder. 7-segment LED (LightEmittingDiode)orLCD(LiquidCrystal)displays,provideaveryconvenientway ofdisplaying information or digital data in the form of numbers, letters or even alpha-numericalcharacters and they consist of 7 individual LED's (the segments), within from 0 to 9 and A toFrespectively,onthedisplaythecorrectcombinationofLEDsegmentsneedtobeilluminated and BCD to 7-segment Display Decoders such as the 74LS47 do just that. Astandard7-segmentLEDdisplay generally has8inputconnections,oneforeachLEDsegmentandonethatactsasacommonterminalor connection for alltheinternalsegments.
Therearetwoimportanttypesof7-segmentLEDdigitaldisplay.
· 	TheCommonCathodeDisplay(CCD) - Inthecommoncathodedisplay,allthecathode connections of the LED's are joined together to logic "0" and the individualsegments are illuminated by application of a "HIGH", logic "1" signal to the individualAnode terminals.
· 	The Common Anode Display (CAD) - In the common anode display, all the anodeconnections of the LED's are joined together to logic "1" and the individual segments areilluminatedbyconnectingtheindividualCathodeterminalstoa"LOW",logic"0"signal.

7-SegmentDisplayFormat
 (
Figure: 
7
.1
)


 (
Figure:
7
.2:7-SegmentDisplayElementsforallNumbers.
)
Itcanbeseenthattodisplayanysingledigitnumberfrom0to9orletterfromAtoF,we
would need 7 separate segment connections plus one additional connection for the LED's"common" connection. Also as the segments are basically a standard light emitting diode, thedriving circuit would need to produce up to 20mA of current to illuminate each individualsegment and to display the number 8, all 7 segments would need to be lit resulting a totalcurrent of nearly 140mA, (8 x 20mA). Obviously, the use of so many connections and powerconsumption is impractical for some electronic or microprocessor based circuits and so inorder to reduce the number of signal lines required to drive just one single display, displaydecoderssuchastheBCDto7-SegmentDisplayDecoderandDriverIC'sareusedinstead.

Combinationalcircuitforconverting 2421BCDcodetosevensegmentnumber
Both the2421codeandBCDcodeare4-bitcodesandrepresentthedecimalequivalents0to
9. To design the converter circuit for the above, first the truth table is prepared with the inputvariables W, X, Y, and Z of 2421 code, and the output variables A, B, C, and D. Karnaughmaps toobtain thesimplifiedexpressions of theoutputfunctions areshowninFigure.Unusedcombinations are consideredasdon’t-carecondition.

[image: ]Table7.1:TruthTablefor BCDtoSevenSegment




Decoder
Theoutputexpressions are:
a=F1 (A,B,C,D)=∑m(0,2,3,5,7,8,9)

b= F2(A,B,C,D)=∑m(0,1,2,3,4,7,8,9)

c=F3(A,B,C,D)=∑m(0,1,3,4,5,6,7,8,9)

d = F4 (A,B,C,D)=∑m(0,2,3,5,6,8)

e=F5 (A,B,C,D)=∑m(0,2,6,8)

f=F6(A,B,C,D)=∑m(0,4,5,6,8,9)

g = F7(A,B,C,D)=∑m(2,3,4,5,6,8,9)

TheK-Map oftheabove expressionsare:
[image: ]
Figure: 7.3


[image: ]

Figure: 7.4

[image: ][image: ]


Figure7.5: LogicdiagramofBCD to Sevensegmentdecoder





Procedure:
1. TestthedigitalICs with thehelpofICtester.
2. Maketheconnectionsasper thecircuitdiagramonthedigitaltrainerkit.
3. Connecttheoutputpinstothesevensegmentpins.
4. SwitchonVCCandapply variouscombinationsofinputaccording tothetruthtable.
5. Observethelogicaloutputand verifywiththetruthtables.

BCDto7-SegmentDisplayDecodersusingTTL74LS47

A binary coded decimal (BCD) to 7-segment display decoder such as the TTL 74LS47 or74LS48, have 4 BCD inputs and 7 output lines, one for each LED segment. This allows asmaller 4-bit binary number (half a byte) to be used to display all the denary numbers from 0to 9 and by adding two displays together, a full range of numbers from 00 to 99 can bedisplayedwithjustasinglebyteof8data bits.

PINdiagramfor7447 IC:
[image: ]


Figure7.6: PINdiagramfor7447 IC

The use of packed BCD allows two BCD digits to be stored within a single byte (8-bits) ofdata,allowinga single databyte toholda BCDnumberinthe rangeof00to99.







[image: ]

Figure 7.7:.4BCDto7-SegmentDisplayDecodersusingTTL74LS47

Observations:ForDM7447A:


	Symbol
	Parameter
	Min
	Typical
	Max
	Unit

	Vcc
	SupplyVoltage
	4.75
	5
	5.25
	V

	VIH
	HighLevelInputVoltage
	2
	-
	-
	V

	VIL
	LowLevelInputVoltage
	-
	-
	0.8
	V

	VOH
	Highleveloutputvoltage(a  tog)
	-
	-
	30
	

	IOH
	High	Level	OutputCurrent(BI/RBO)
	-
	-
	-0.2
	µA

	IOL
	LowLevel OutputCurrent(a tog)
	-
	-
	40
	mA







Output: Hence the BCD to seven segment display is designed using basic gates andwith aBCDtosevensegmentdisplayICasgiven inthefigureandverified withthetruthtable.

Result: It is possible to display any single digit number on a 7-segment display by sending ahigh digital signal to the specific segments that make up the number. It is possible to displaythe decimal value of a binary number on a 7-segment display using a BCD decoder.However,this method will allow displaying only digits from 0 to 9. In the case of the decoder circuit,any binary number between 1010 through 1111 (A toF) is an invalid inputand wouldprovide distorted shapes on the LCD display.The usage of a 7-segment display paired with aBCD decoder is opening the door for an application using digital computation requiring ahuman-readableThatapplicationcanbeforinstance:“aclock,atimer,acalculator,counter…” Thus we had concluded that 7 segment display canbe implemented using IC,sandwe hadseendifferentnumbers 0-9.

Discussion:
Q1.Whatiscodeconversion?
Q2.CanadecoderfunctionasaDemultiplexer?Q3.Givetheapplicationsofsevensegmentdisplay?
Q4.WhatarehappenediftheinputgiveninbetweenAtoF.





ExperimentNo: 8

Aim:UsingbasiclogicgatesrealizetheR-S,J-KandDflipflopswithandwithoutclockpulse andverifytruthtable.

Apparatus/ComponentRequired:ICtester,Digitaltrainerkit, connectingwires, DigitalICs(7400,7402,7404,7408,7432)

Theory:

Sequential Logic circuits have some form of inherent "Memory" built in to them as they areabletotakeintoaccounttheirpreviousinputstateaswellasthoseactuallypresent,asortof"before" and"after"isinvolvedwithsequentialcircuits.
In other words, the output state of a sequential logic circuitis a function of the followingthree states, the "present input", the "past input" and/or the "past output". Sequential Logiccircuits remember these conditions and stay fixed in their current state until the next clocksignalchangesone ofthe states,givingsequentiallogic circuits"Memory".
Sequential logic circuits are generally termed as two state or Bistabledevices which can havetheir output or outputs set in one of two basic states, a logic level "1" or a logic level "0" andwill remain"latched" (hence thenamelatch)indefinitely in this currentstate or conditionuntil someotherinputtriggerpulseorsignal isappliedwhich will causethebistabletochangeits stateonceagain.

SequentialLogicRepresentation
[image: ]

Figure8.1:Block diagramofSequentialcircuit
Theword"Sequential"meansthatthingshappenina"sequence",oneafteranotherandinSequentialLogiccircuits,theactualclocksignaldetermineswhenthingswillhappennext.





Simple sequential logic circuits can be constructed from standard Bistable circuits such asFlip-flops, Latches and Counters and which themselves can be made by simply connectingtogether universal NAND Gates and/or NOR Gates in a particular combinational way toproducetherequiredsequentialcircuit.

FLIP-FLOP:-

"Flip-flop" is the common name given to two-state devices which offer basic memory forsequential logic operations. Flip-flops are heavily used for digital data storage and transferandare commonlyusedinbankscalled"register"forthestorageofbinarynumericaldata.
S-RFlipFlop
The SR flip-flop can be considered as a 1-bitmemory, since it stores the input pulse evenafter it has passed. Flip-flops (or bi-stables) of different types can be made from logic gatesand, as with other combinations of logic gates, the NAND and NOR gates are the mostversatile,theNANDbeingmostwidelyused.Thisisbecause,aswellasbeinguniversal,i.e.it can be made to mimic any of the other standard logicfunctions, it is also cheaper toconstruct. The SET-RESETflipflopis designedwith the help of two NOR gates and alsotwoNAND gates.TheseflipflopsarealsocalledS-RLatch.

· S-RFilpFlopusingNORGate(WithoutClock)

The design of such a flip flop includes two inputs, called the SET [S] and RESET [R]. Thereare alsotwooutputs,Q andQ’.The diagramandtruthtableisshown below.

[image: ]

Figure8.2: LogicDiagramofNORbasedS-RFlipflop





TruthTable – 8.1:S-RLatchusingNORGate

	Inputs
	Outputs
	Action

	S
	R
	Qn+1
	
[image: ]
	

	0
	0
	Qn
	
[image: ]
	No change

	0
	1
	0
	1
	Reset

	1
	0
	1
	0
	Set

	1
	1
	?
	?
	Forbidden



· S-RFlipFlopusingNANDGate(WithoutClock)

ThecircuitoftheS-RflipflopusingNANDGateanditstruthtableisshownbelow.

[image: ]

Figure 8.3: Logic Diagram of NAND based S-R LatchTruthTable–8.2:S-RLatchusingNAND Gate
	Inputs
	Outputs
	Action

	S
	R
	Qn+1
	
[image: ]
	

	0
	0
	?
	?
	Forbidden

	0
	1
	1
	0
	Set

	1
	0
	0
	1
	Reset

	1
	1
	Qn
	
[image: ]
	No
change


· ClockedS-RFlipFlop
ItisalsocalledaGatedS-Rflipflop.
The problems with S-R flip flops using NOR and NAND gate is the invalid state. Thisproblem can be overcome by using a bistable SR flip-flop that can change outputs whencertain invalid states are met, regardless of the condition of either the Set or the Reset inputs.For this, a clocked S-R flip flop is designed by adding two NANDgates to a basic NANDGate flipflop.The circuitdiagramandtruthtableisshownbelow.





[image: ]

Figure8.4:LogicDiagramofNANDbasedClocked S-RFlipflopTruthTable–8.3 ClockedBased S-RFlipFlop
	Clock
	Inputs
	Outputs
	Action

	CLK
	S
	R
	Qn+1
	
[image: ]
	

	0
	X
	X
	Qn
	
[image: ]
	No
change

	1
	0
	0
	Qn
	
[image: ]
	No
change

	1
	0
	1
	0
	1
	Reset

	1
	1
	0
	1
	0
	Set

	1
	1
	1
	?
	?
	Forbidden



DFlipFlop

D flip flop is actually a slight modification of the above explained clocked SR flip-flop. Fromthe figure you can see that the D input is connected to the S input and the complement of theD inputis connectedtotheRinput.
· DFlip Flopwithoutclock
ThecircuitdiagramofDlatchwithNANDgates:

[image: ]

Figure8.5:LogicDiagramofNAND Based D Latch





TruthTable – 7.4:DLatch

	Enable
	Input
	Output

	En
	D
	Qn+1

	0
	X
	Qn

	1
	0
	0

	1
	1
	1


· ClockedDFlipFlop
The D flip-flop is the modification of the SR flip flop which is shown in the figure 5.The i/p D goes directly into the input S and the complement of the input D goes to theinput R. The D input is sampled during the existence of a clock pulse. If it is 1, thenthe flip
flopisswitchedtothesetstate.Ifitis0,thentheflip-flopswitchestotheclear state.
[image: ]
Figure 7.6: Logic Diagram of Clocked based D Flip FlopTruthTable8.5:DFlipFlop
	Clock
	Input
	Output

	CLK
	D
	Qn+1

	0
	X
	Qn

	1
	0
	0

	1
	1
	1



· [image: ]IC7474 (DFF)
Figure 8.7





J-KFlipFlop

JK flip-flop is basically an SR flip flop with feedback which enables only one of its two inputterminals, either SET or RESET to be active at any one time thereby eliminating the invalidconditionseenpreviouslyintheSRflipflopcircuit.Theonlydifferenceisthattheintermediate stateismore refinedandprecisethanthatofanS-R flipflop.
· JKFlipFlopwithoutclock
[image: ]JK latch is similar to RS latch. This latch consists of 2 inputs J and K as shown in the belowfigure 6. The ambiguous state has been eliminated here: when theinputs of J-K latch arehigh, then output toggles. The output feedback to inputs is the only difference, which is notthere intheRSlatch.
Figure 8.8: Logic Diagram ofJ-K LatchTruthTable8.6:J-KLatch
	Inputs
	Outputs
	Action

	J
	K
	Qn+1
	
[image: ]
	

	0
	0
	Qn
	
[image: ]
	No
change

	0
	1
	0
	1
	Reset

	1
	0
	1
	0
	Set

	1
	1
	
[image: ]
	Qn
	Toggle




When both the inputs J and K have a HIGH state, the flip-flop switches to the complementstate.So,for avalueofQ=1,itswitchestoQ=0 andfor avalueofQ=0,itswitchestoQ=1.

· JKFlip Flopwithclock
A JK flip-flop is a refinement of the SR flip-flop in that the indeterminate state of the SRtype is defined in the JK type. Inputs J and K behave like inputs S and R to set and cleartheflipflop(notethatinaJKflip-flop,theletterJisforsetandtheletterKisforclear).





Whenlogic1inputsareappliedtobothJandKsimultaneously,theflip-flopswitchestoitscomplementstate,ie.,ifQ=1,itswitchesto Q=0and viceversa

Thecircuitdiagramandtruth-tableofaJ-Kflipflop isshownbelow.
[image: ]

 (
Clock
Inputs
Outputs
Action
CLK
J
K
Q
n+1
0
X
X
Qn
No
change
1
0
0
Q
n
No
change
1
0
1
0
1
Reset
1
1
0
1
0
Set
1
1
1
Q
n
Toggle
)[image: ][image: ][image: ][image: ]Figure 8.9: Logic Diagram ofJ-K Clocked Flip FlopTruthTable8.6:J-KFlipFlop











The output may be repeated in transitions once they have been complimented for J=K=1because of the feedback connection in the JK flip-flop. This can be avoided by setting a timeduration lesser than the propagation delay through the flip-flop. The restriction on the pulsewidthcanbe eliminatedwithamaster-slave oredge-triggeredconstruction.
· IC7476(JKFF)
[image: ]
Figure8.10:PindiagramofIC 7476





Procedure:
1. Testthe digitalICs withthehelpofICtester.
2. Maketheconnectionsasperthecircuitdiagram.
3. ConnecttheoutputpinofLEDonDigitalTrainerKit.
4. SwitchonVCCand apply variouscombinationsofinputaccordingtothetruthtable.
5. Observethelogicaloutputandverifywiththetruthtables.
Observtions:


	Symbol
	Parameter
	Min
	Typical
	Max
	Unit

	Vcc
	SupplyVoltage
	4.75
	5
	5.25
	V

	VIH
	HighLevelInputVoltage
	2
	-
	-
	V

	VIL
	LowLevelInputVoltage
	-
	-
	0.8
	V

	IOH
	HighLevelOutput Current
	-
	-
	-0.4
	mA

	IOL
	LowLevelOutputCurrent
	-
	-
	16
	mA



Output:HencetheS-R,J-K,DflipflopswithandwithoutclocksaredesignedwithbasicgatesIC andverifiedwiththetruthtable.
Result:
· The function of the S – R flip-flop is to store a bit value of either 0 or 1 for later usebased on the S and R input values. When S is high, the flip-flop stores a logic value of1andstores a logic0wheninputR ishigh.
· The D – Flip-flop operates by propagating the logic level placed on theinput D to theOutputQ on the high edge of the clock. When the clock level is low, the state of theflip-floplatchesandoutputdoes notchange
· TheJ-Kflip-flopsequentialoperationisthesameastheS-Rflip-flopwithsetandreset inputs. But it has no forbidden or invalid input states of the S-R Latch, whenbothinputs,SandR,arebothequaltologic 1.

Discussion:
Q1.Whatissequentialcircuit?
Q2.WhatisSynchronoussequentialcircuit?Q3.Whatis anexcitationtable?
Q4. What do you mean by triggering of flip-flop?Q5.Whatiscalledlatch?
Q6. What advantage does a J-K Flip-flop have over an S-R?Q7.WhatismeantbyRace aroundcondition?





ExperimentNo: 9

Aim:Constructadivideby2,4&8asynchronouscounter.Constructa4-bitbinarycounterandringcounterfora particularoutputpatternusingDflipflop.

Apparatus/Component Required:ICtester,Digitaltrainer kit,DigitalIC7474

Theory:A counteris a register capable of counting number of clock pulse arriving atitsclock input. Counter represents the number of clock pulses arrived. An up/down counter isone that is capable of progressing in increasing order or decreasing order through a certainsequence.Anup/downcounterisalsocalledbidirectionalcounter.Usuallyup/downoperationofthecounteris controlledbyup/downsignal.
Asynchronous or ripple counters are arranged in such a way that the output of one flip flopchanges the state of the next.In a long chain of ripple counter stages, the last flip flopchangesitsstateconsiderablylaterthanthefirstFFduetopropagationdelaysineachstage.If the output lines are connected to logic which can respond to these in-between states,glitchescanoccurthataresofasttheerrormaybe difficulttotrack down.
The 2-bit ripple counter circuit has four different states, each one corresponding to a countvalue.Similarly, a counter with n flip-flops can have 2 to the power n states.The number ofstates in a counter is known as its mod (modulo) number.Thus a 2-bit counter is a mod-4counter.
A mod-n counter may also describe as a divide-by-n counter.This is because the mostsignificant flip-flop (the furthest flip-flop from the original clock pulse) produces one pulsefor every n pulses at the clock input of the least significant flip-flop (the one triggers by theclockpulse).Thus,the abovecounterisanexampleofa divide-by-4counter.

DividebyTwoCounter
The edge-triggered D-type ip-ops which we introduced in the previous Section are quiteuseful and versatile building blocks of sequential logic. A simple application is the divide-by-2countershown inFig.1,alongwiththe correspondingtimingdiagram.
[image: ]

Figure9.1:Block diagram&Timing wave-formsofdivideby2 counter




Divide byfourCounter
[image: ]

Figure9.2:Block diagram&Timing wave-formsofdivideby4 counter

Since the Q output of the first flip flop changes every time the clock input goes low, iteffectively divides the input frequency by 2.The other output of the flip flop becomes theclock input to the next stage, so the output of the second flip flop divides the original inputfrequencyby4.Hencethe term"divide-by-4" or"modulo-4".

Divideby EightCounter
Wecanchainasmanyripplecounterstogetheraswelike.Athreebitripplecounterwillcount23=8numbers,andann-bitripplecounterwillcount2nnumbers.
Theproblemwith ripplecountersisthateach newstageputon thecounteraddsadelay.Thispropagationdelayisseenwhenwelookatalessidealizedtimingdiagram:
[image: ]




Figure 9.3:Blockdiagramofdivideby8counter

[image: ]


Figure 9.4:Timingwave-formsofdivide by8counter

Binary 4 bitUP-COUNTER
[image: ]

Figure9.5: Block diagramof4-bitbinary-upcounter


[image: ]


Figure9.6:Timing waveformof4-bitbinary-up counter

RingCounter

A ring counter is a Shift Register (a cascade connection of flip-flops) with the output of thelast flip flop connected to the input of the first. It is initialized such that only one of the flipflop output is 1 while the remainder is 0. The 1 bit is circulated so the state repeats every nclock cycles if n flip-flops are used. The "MOD" or "MODULUS" of a counter is the numberofuniquestates.TheMOD ofthenflipflopringcounteris n.
The following is a 4-bit ring counter constructed from D flip-flops.The output of each stageis shifted into the next stage on the positive edge of a clock pulse.If the CLEAR signal ishigh,alltheflip-flopsexceptthefirst oneFF0 arereset to0.FF0ispresetto1instead.
[image: ]

Figure 8.6:Blockdiagramofringcounter




[image: ]
[image: ]

Figure 9.7:Timingstatesofringcounter

Since the count sequence has 4 distinct states, the counter can be considered as a mod-4counter.Only 4 of the maximum 16 states are used, making ring counters very inefficient interms of state usage.But the major advantage of a ring counter over a binary counter is that itis self-decoding.No extra decoding circuitis needed to determine what state the counter isin.

ICusedforrealizingabovecounters:

[image: ]

Figure9.8:Pin-diagramofIC7474

Procedure:
1. Maketheconnectionsasperthecircuit diagram.
2. Connecttheoutput pinonLEDthroughResistor.
3. SwitchonVCCandapply variouscombinationsofinputaccordingtotruthtable.
4. Observethelogicaloutputandverifywiththetruthtables.





Output:countersaredesignedwiththehelpoftrainer kitandverifiedwiththetruthtable.

Result:Divideby2,4&8asynchronouscounter,4-bitbinarycounterandringcounterforaparticular outputpatternusing Dflipflop aredesigned andtheirtruthtableareverified.
Whenthevalueofoutputvoltageisgreaterthan2.4Vthenitwillberepresentedbylogic1andifoutput voltageislessthan0.4 voltitwillbe represented bylogic 0.

Discussion:
Q1. What is the difference between synchronous and asynchronous counter?Q2.Whatis upanddowncounter?
Q3.How manyflipflopsarerequiredfor designingthedecadecounter?
Q4. How the synchronous counters eliminate the delay problems encountered inasynchronouscounters.
Q5.DesignMod 5counterinsynchronousmode.







ExperimentNo:10

Aim: Designandconstructunidirectionalshiftregister andverifythefunction.

Apparatus/ComponentRequired:ICtester,Digitaltrainerkit,DigitalICs7474

Theory:

Aflip-flopstores1-bitofdigitalinformation.Itisalsoreferredtoas1-bitregister.Anarrayof flip-flops is required to store the no. of bits. This is called register. The data can be enteredinto or retrieved from the register. A register is capable of shifting its binary information inone or both directions is known as shift register. The logical configuration of shift registerconsists of a D-Flip flop cascaded with output of one flip flop connected to input of next flipflop. All flip flops receive common clock pulses which causes the shiftin the output of theflip flop. The simplest possible shift register is one that uses only flip-flops, as shown infigure. The Q output of a given flip-flop is connected to the D input of the flip-flop atitsright. Each clock pulse shifts the contents of the register one bit position to the right. Theserial input determines what goes into the leftmost flip-flop during the shift. The serial outputis taken from the output of the rightmost flip-flop prior to the application of a pulse. Althoughthis register shifts its contents to the right, if we turn the page upside down; we find that theregister shiftsits contents to the left.Thus,a unidirectional shiftregister can function eitherasashift-rightoras shift-leftregister.
[image: ]

Figure10.1:Blockdiagramofunidirectionalshiftregister

The register in figure shifts its contents with every clock pulse during the positive edge of thepulse transition. If we want to control the shift so that it occurs only with certain pulses butnotwithothers,we mustcontrolCLKinputoftheregister.

Shift registers can be used for converting serial data to parallel, and vice versa. If we haveaccesstoalltheflip-flopoutputsofashiftregister,theninformationenteredseriallyby





shifting can be taken out in parallel from the outputs of the flip-flops. If a parallel-loadcapability is added to a shift register, then data entered in parallel can be taken out in serialfashionbyshiftingthedatastoredintheregister.

Therearefivebasictypesofshiftregisters:
1) Serialin serialout(SISO)
2) Serialin parallelout(SIPO)
3) Parallelinserialout(PISO)
4) Parallelin parallelout (PIPO)
5) Bidirectionalshiftregisters

Unidirectionalshiftregister-Serialin serialout (SISO)
ASerial-inSerial-outshiftregistercanbeimplementedusingD-typeflip-flopsjoinedtogether, the output of one flip-flop used as the input to the next flip-flop. The circuit for a 4-bitSerial-inSerial-outshiftregisteris shownbelow.

The operation of the serial-in Serial-out shift register can be easily explained. Consider thecircuit shown. On each clock edge (rising in this case) we can say the following about theoutputsofeachstage oftheregister(i.e.eachD-type flip-flopinthe register):

[image: ]
Figure10.2:ShowingshiftingoperationinSISO





Waveforms
[image: ]
Figure10.3:TimingWaveformsofSISO
Serialin parallelout (SIPO)
· Insuchtypesofoperations,the dataisenteredseriallyand takenout inparallelfashion.
· Datais loadedbitbybit. Theoutputsaredisabledaslongasthedatais loading.
· Assoonasthe dataloading getscompleted,alltheflip-flopscontaintheirrequired data,the outputs are enabled so that all the loaded data is made available over all the outputlinesatthesametime.
· 4 clock cycles are required to load a four-bit word. Hence the speed of operation ofSIPO modeis same as thatofSISO mode.

[image: ]

Figure 10.4:BlockdiagramofSIPO





TruthTable


	ClockPulseNo
	QA
	QB
	QC
	QD

	0
	0
	0
	0
	0

	1
	1
	0
	0
	0

	2
	0
	1
	0
	0

	3
	0
	0
	1
	0

	4
	0
	0
	0
	1

	5
	0
	0
	0
	0



Parallel-intoSerial-out (PISO)

The Parallel-in to Serial-out shift register acts in the opposite way to the serial-in to parallel-out one above. The data is loaded into the register in a parallel formati.e. all the data bitsenter their inputs simultaneously, to the parallel input pins PA to PD of the register. The data isthen read out sequentially in the normal shift-right mode from the register at Q representingthe data present at PA to PD. This data is outputted one bit at a time on each clock cycle in aserial format. It is important to note that with this system a clock pulse is not required toparallel load the register as it is already present, but four clock pulses are required to unloadthe data.
[image: ]
Figure9.5:Block diagramofunidirectionalshiftregister
TruthTable
	CLK
	Q3
	Q2
	Q1
	Q0
	O/P

	0
	1
	0
	0
	1
	1

	1
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	1







As this type of shift register converts parallel data, such as an 8-bit data word into serialformat, it can be used to multiplex many different inputlines into a single serial DATAstreamwhichcanbesentdirectlytoacomputerortransmittedoveracommunicationsline.

Parallel-intoParallel-out(PIPO)

[image: ]The final mode of operation is the Parallel-in to Parallel-out Shift Register. This type ofregister also acts as a temporary storage device or as a time delay device similar to the SISOconfiguration above. The data is presented in a parallel format to the parallel input pins PA toPD and then transferred together directly to their respective output pins QA to QA by the sameclock pulse. Then one clock pulse loads and unloads the register. This arrangementforparallelloadingandunloadingis shown below.
Figure10.6:Block diagramofunidirectionalshiftregister




	TRUTHTABLE:

CLK
	

DATAINPUT
	
	

OUTPUT
	

	
	DA	DB
	DC
	DD
	QA
	QB
	QC
	QD

	1
	1
	0
	0
	1
	1
	0
	0
	1

	2
	1
	0
	1
	0
	1
	0
	1
	0



PinDiagramforIC7495:

[image: ]
Figure10.7:Pin-diagramofIC7495


[image: ]

Figure10.8: Pin-diagramand truth-tableofSISO&SIPOregisterIC7495





PISO
[image: ]


Figure10.9: Pin-diagramand truth-tableofPISO&PIPOregisterIC7495





PROCEDURE:


SerialIn ParallelOut(SIPO):
1. Connectionsaremadeaspercircuit diagram.
2. Applythedataat seriali/p
3. Applyoneclockpulseatclock1(RightShift)observethisdataatQA.
4. Applythenextdataatseriali/p.
5. Applyoneclock pulseatclock 2,observethat thedataonQAwillshifttoQBandthe newdata appliedwillappearatQA.
6. Repeat steps2and 3tillallthe4bitsdataare enteredone byoneintotheshiftregister.

SerialIn SerialOut(SISO):
1. Connectionsaremadeaspercircuit diagram.
2. Loadtheshiftregister with4 bitsofdataonebyoneserially.
3. Attheend of4thclockpulsethefirstdata‘d0’appearsatQD.
4. Applyanother clock pulse;thesecond data‘d1’appearsatQD.
5. Applyanother clockpulse;thethirddataappearsatQD.
6. Applicationofnextclockpulsewillenablethe4thdata‘d3’toappear atQD.ThusthedataappliedseriallyattheinputcomesoutseriallyatQD

ParallelIn SerialOut(PISO):
1. Connectionsaremadeaspercircuit diagram.
2. Applythedesired 4bitdataat A,B,CandD.
3. KeepingthemodecontrolM=1applyoneclockpulse. ThedataappliedatA,B,Cand D willappearatQA,QB,QCandQDrespectively.
4. NowmodecontrolM=0.Applyclock pulsesonebyoneandobservetheData comingoutseriallyatQD

ParallelInParallelOut(PIPO):
1. Connectionsaremadeaspercircuit diagram.
2. Applythe4bitdataat A,B,Cand D.
3. Applyoneclock pulseatClock 2 (Note:ModecontrolM=1).
4. The4bitdataatA,B,CandDappearsatQA,QB, QCandQDrespectively.





Output: Thus, the Serial in serial out, Serial in parallel out, Parallel in serial out and Parallelinparalleloutshiftregisters were implementedusingIC7495.

Result:Shift registers using IC 7495 in all its modes i.e.SIPO/SISO, PISO/PIPO are verifiedby their truth table. When the value of output voltage is greater than 2.4V then it will berepresented by logic 1 and if output voltage is less than 0.4 volt it will be represented by logic0.

Discussion:

Q1.Whatisbi-directionalshift registerandunidirectionalshift register?Q2.Writetheuses ofashiftregister?
Q3.Shiftingaregistercontenttoleftbyonebitpositionisequivalentto
(A) divisionbytwo.(B)additionbytwo.
(B) multiplication by two. (D) subtraction by two.Q4.Canashiftregisterbeused asacounter?Ifyes,explain how?
.





ExperimentNo: 11

Aim: DesignandconstructBCDripplecounterandverifythefunction.

Apparatus/Componentrequired:-ICtester,Digitaltrainerkit,DigitalICs7476

Theory: A decimal counter follows a sequence of ten states and returns to 0 after the countof 9. Such counter must have at least four flip-flops to represent each decimal digit, since adecimal digitisrepresentedby abinary codewith atleastfourbits.Thesequenceofstatesina decimal counter is indicated by the binary code used to represent a decimal digit. If BCD isused, the sequence of states is as shown in the state diagram of figure fig.1. Thisis similar toa binary counter, except that the state after 1001 (code for decimal 9) is 0000 (code fordecimal0).

State DiagramofdecimalBCD counter



[image: ]


Figure11.1:StateDiagram

ThelogicdiagramofaBCDripplecounterisshowninfig.2.ThefouroutputsaredesignedbythelettersymbolQwithanumericsubscriptequaltothebinaryweightofthecorresponding bit in the BCD code. The flip-flops trigger on the negative edge. Note that theoutputQ1isappliedtotheClkinputsofbothQ2andQ8andtheoutputofQ2isappliedto





theClkinputofQ4.TheJandKinputsareconnectedeithertoapermanent1signalortooutputsofflip-flops,asshowninthe diagram.

Logic DiagramofdecimalBCD counter

[image: ]

Figure11.2:LogicDiagram

IC7476(JKFLIPFLOP)

[image: ]

Figure11.3:Pin-diagramofIC7476





Thefollowingaretheconditionsforeachflip-flopstatetransition:-
1. Q1iscomplementedonthenegativeedgeofeverycountpulse.
2. Q2 is complemented if Q8 = 0 and Q1 goes from 1 to 0.Q2 isclearedifQ8 = 1 andQ1 goesfrom1to0.
3. Q4iscomplementedwhenQ2 goesfrom1 to 0.
4. Q8iscomplemented whenQ4Q2 =11 andQ1goesfrom1to0.Q8isclearedifeitherQ4orQ2is0 and Q1goesfrom1 to0.
Other presentationofBCDripplecounter willbeasfollows:
1. Weneedfourflip-flops,forexampleJKflipflopswhereJandKarehigh.
2. Countfrom0-9, sowhencounter reaches9itwillmakethe10tobe0.
3. Decimal10=(1010)2,clear=DC'BA'
4. Takeones asinputsofNANDandtakeoutputofNANDtoCLR.
[image: ]

TRUTHTABLE
[image: ]





Output:Wehad designedaBCDripple counterthatcountsfrom0 to9andthenreturnto 0.

Result:aswehadstudiedincoursethatBCDis validupto9sowedesignedthecircuitforthatandgotsameresponseas studied.

Discussion:

Q1. WhatdoyoumeanbyBCD?
Q2.DesignaBCDcombinationalcircuit?
Q3. Differentiate between: a) Synchronous and Asynchronous 2) BCD and decade counterQ4.HowdoesarchitectureofasynchronousUP counterdifferfromthat ofDOWN counter?
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RAJASTHAN TECHNICAL UNIVERSITY, KOTA
llabus
I Year-III Semester: B.Tech. iyompnber Science and Engineering

3CS4-24: Digital Electronics Lab

Credit-1.5 Max. Marks :75 (IA:45,ETE:30)
OL+OT+3P

SN

CONTENTS

To verify the truth tables of basic logic gates: AND, OR, NOR, NAND, NOR. Also
to verify truth table of Ex-OR, Ex-NOR (For 2, 3, & 4 inputs using gateswith 2, 3,
&4 inputs).

To verify the truth table of OR, AND, NOR, Ex-OR, Ex-NOR realized usingNAND&
NOR gates.

To realize an SOP and POS expression.

To realize Half adder/ Subtractor& Full Adder/ Subtractor using NAND & NOR
gatesand to verify their truth tables.

To realize a 4-bit ripple adder/ Subtractor using basic Half adder/ Subtractor&.
basic Full Adder/ Subtractor.

To verify the truth table of 4-to-1 multiplexer and 1-to-4 demultiplexer. Realize
the multiplexer using basic gates only. Also to construct and 8-to-1 multiplexer
and 1-to-8 demultiplexer using blocks of 4-to-1 multiplexer and 1-to-4
demultiplexer.

Design & Realize a combinational circuit that will accept a 2421 BCD code and
drive a TIL -312 seven-segment display.

Using basic logic gates, realize the R-S, J-K and D-flip flops with and without
clock signal and verify their truth table.

Construct a divide by 2,4& 8 asynchronous counter. Construct a 4-bit binary
counter and ring counter for a particular output pattern using D flip flop.

10

Perform input/output operations on parallel in/Parallel out and Serial in/Serial
out registers using clock. Also exercise loading only one of multiple values into
the register using multiplexer. Note: As far as possible, the experiments shall be
performed on bread board. However, experiment Nos. 1-4 are to be performed on
bread board only.
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Symbol Parameter Min Typ Max Unit

Vee Supply Voltage 54 45 5.0 55 v
74 475 5.0 525

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

IoH Output Current — High 54,74 04 mA

loL Output Current — Low 54 40 mA
74 8.0
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