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Logic Design Lab manual

GIVEN EXPRESSION:

Y=(A,B,C,D)= 2(5,7,9,11,13,15)
Truth Table:-

A B C D Y=AD+BD
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 0
0 1 0 0 0
0 1 0 1 1
0 1 1 0 0
0 1 1 1 1
1 0 0 0 0
1 0 0 1 1
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 0
1 1 1 1 1

Implementation:

Using Basic Gates:

Using Universal Gates:

P — (ADy
A 7400
D o— 7400 AD+BD
@f:
>
B (BDY
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EXPERIMENT NO. 1: DATE: / /

SIMPLIFICATION, REALIZATION OF BOOLEAN EXPRESSION USING LOGIC
GATES/UNIVERSAL GATES

AIM: To Simplify and Realize Boolean Expressions Using Logic Gates/Universal Gates.

APPARATUS REQUIRED:- IC Trainer Kit, patch chords, 1C7408, 1C7432 , 1C7400,
I1C7402, IC 7404,IC 7486.

Procedure:
1. Place the IC in the socket of the trainer Kit.
2. Make the connections as shown in the circuit diagram.

3. Apply the different combinations of input according to truth table and verify the
output.

Simplification of expression:-

Y=(A,B,C,D)=X(5,7,9,11,13,15)
Write the expression using K-map

Y=A’'BC'D+A’BCD+AB’C'D+AB’CD+ABC’'D+ABCD
Y =A’BD (C+C")+AB’'D(C+C’)+ABD(C+C’)

Y =A’BD+AB’D+ABD

Y =BD(A+A")+AB’D

Y=BD+AB’'D

Y=D(B+AB’)

Y=D(A+B)

Y =AD+BD

Exercise: Simplify and realize the following POS expn. and implement using nand
gates only: Y(A,B,C,D)=n(5,7,9,11,13,15)
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Half Adder

Logic Diagram Truth Table
A _— A | B | Sum (S) | Carry (C)
E 0|0 0 0
H Lcarry 0|1 1 0
B— 1]0 1 0
Half Adder 111 0 1
Circuit Diagram
USING BASIC AND XOR GATES
A 5
B L ) >_' S
)
USING NAND GATES ONLY
Ay (A{A .B)]

) (A.B)

D

T

P=

) c
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EXPERIMENT NO. 2: DATE: / /

HALF/FULL ADDER AND HALF/FULL SUBTRACTORS.

Aim: - To realize half/full adder and half/full subtractor.
i. Using X-OR and basic gates
ii. Using only nand gates.

Apparatus Required: -

IC Trainer Kit, patch chords, IC 7486, IC 7432, IC 7408, IC 7400, etc.

Procedure: -
1. Verify the gates.
2. Make the connections as per the circuit diagram.

3. Switch on V¢c and apply various combinations of input according to the truth
table.

4. Note down the output readings for half/full adder and half/full subtractor
sum/difference and the carry/borrow bit for different combinations of
inputs.

Exercise: Implement half/full adder and half/full adder circuits using NOR gates
only. Which is better, NAND or NOR? Why?

Department of E&C, SSIT, Tumkur Page 4



Logic Design Lab manual

Full Adder

Logic Diagram Truth Table
Ci| A| B | Sum (S) | Carry (Co)

0/0]0 0 0

v _ ) 0/0]1 1 0

ST T Cout o|1]o0 1 0

Yy —» 5;‘;5‘,1 0111 0 1

Cip — — ST} 1]0]0 1 0

1101 0 1

1|11]0 0 1

1|11 1 1

Circuit Diagram
USING BASIC AND XOR GATES
A 5
B > D‘ ’ > S
Ci VW, N r,
Co
USING NAND GATES ONLY
A o—a—
7400
i Xra00p-

Cine 7400p——= CO
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Half subtractor

Logic Diagram

A— —[D=A-B
Half

Subtractor

B—| B,
Truth Table

Diff Borrow
A|B

(D) (Bo)
0|0 0 0
0|1 1 1
110 1 0
1|11 0 0

Circuit Diagram
USING BASIC AND XOR GATES

I
o

USING NAND GATES ONLY

D=A-B

'!f

' ]
[wm)
o

)
_J

7400 b

R 7400
°

7400 DIFF
o o] 7400 a0y

7400 BORROW
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Full subtractor

Logic Diagram: Truth Table
Minuend | Subtrahend Borrow | Difference | Borrow
(A) (B) In (Bin) (D) Qut (By)
0 0 0 0 0
0 0 1 1 1
FUl 0 1 1 0 1
f—
: Sbfachor 1 g ‘1’ ; g
— ]
f b 1 1 0 0 0
1 1 1 1 1
Circuit Diagram
(USING BASIC AND XOR GATES)
DIFF(D)
A
B L 1)7486
I 7408 )
Cin l

@e 20 s) @—OBORROW(B)

(USING NAND GATES ONLY)

2400 7400 p—

A o2t 7400 |
B e——I, 200 :}“’: 7400 —_|7400 DIFF(D)
7400 7200

Cin e _@——c BORROW(B)
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Pin Detail: -
By Ty C4 Cp GHND By A
[e] [is] [ie] [e2] [e2] o] [oo] o]
Lol Lef [ Led Le] o] [ L8]
Ay Iy Ay By Voo & By A
Adder: -
BU 151 ibE iSH ¢4
II] |R |"] 1IC EJ
Vee
7A972
{039
[ €6 (i3 e
= L“""
=
o Ta Ta Ti 11 T 7 T 4 T1g
[ A R L I B
I [ I I I I 1 [
Truth Table: -
A3|A2|A1|A0|B3|B2|B1|B0|c4(V)]|S3(V)]|Sz(V)]|s1(V)]|so(V)
0 0 0 1 0 0 1 0|0 0 0 1 1
0 1 0 1 1 0 1 1|1 1 0 0 0
1 0 1 0 1 0 1 0|1 0 1 0 0
1 1 1 1 1 1 1 1|1 1 1 1 0
0 1 1 1 0 0 1 110 1 0 1 0
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EXPERIMENT NO. 3: DATE: / /

PARALLEL ADDER/SUBTRACTOR

AIM: - To realize IC 7483 as parallel adder / Subtractor.

Apparatus Required: -

IC Trainer Kit, patch chords, IC 7483, IC 7404, etc.
Procedure: -

1. Apply the inputs to A0 to A3 and BO to B3.

2. Connect CO to the Ground.

3. Check the output sum on the SO to S3 and also C4.

4. For subtraction connect CO to Vcc, Apply the B input through NOT gate, which
gives the complement of B.

5. The truth table of adder and Subtractor are noted down.

Exercise:

Implement parallel adder/subtractor using IC 7483 and xor gates.
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Subtractor:-

B ilp
|BD |B1 |B2 |BS

T404 T404 T404 T404

Ailp

F\o‘m‘,&z‘m
10 8 3 1 11 7 4 16

Vce

Vee 7483

GND
12—

Truth Table for Subtractor

A3 | A2 | A1 | A0 | B3 | B2 |B1|B0 | C4(V) | S3(V) | S2(V) | S1(V) | SO(V)
o|o|1|0|0|0|0]|1]|1 0 0 0 1
o|1|0|1|0|0|1]1]|1 0 0 1 0
0o|o|1|1|0|1]0]|1]0 1 1 1 0
1/0|1|0|0|1|1]|0]1 0 1 0 0
1/0/0|0|1|1|1|1]0 1 0 0 1
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BCD To Excess-3:

Truth Table For Code Conversion: -

Inputs Outputs
B3 | B2 | B1 | BO fv?; sz) fvl) fv‘;
0O 0 0|00 0 1 1
0O 00|10 1 0 0
0O 0100 1 0 1
o011 0 1 1 0
o100 0 1 1 1
01011 0 0 0
01101 0 0 1
01111 0 1 0
1,0]0]0 |1 0 1 1
1,00 |1 |1 1 0 0
Circuit diagram using NAND gates
H_EI‘S Bz B B0
7400 7400 7400 7400
E0=B0

7400

F400

F400

7410

X

E1

BOB1 + BOB1 = BOGE1

400

E2=B0B1 B2+B2B0+E1 B2

410

7400

E3=B3+B0B2+B182

740 :F

Department of E&C, SSIT, Tumkur
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EXPERIMENT NO. 4: DATE: / /

BCD TO EXCESS-3 AND EXCESS-3 TO BCD CODE CONVERTER

AIM: - To study and verify BCD to excess -3 code and excess-3 to BCD code conversion

using NAND gates.

APPARATUS REQUIRED: -

IC Trainer Kit, patch chords, IC 7400, IC 7404, etc.

Procedure: - (BCD Excess 3 and Vice Versa)

1.
2.
3.

Make the connections as shown in the fig.

Pin [14] of all IC’S are connected to +5V and pin [7] to the ground.

The inputs are applied at E3, E2, E1, and EO and the corresponding outputs at B3,
B2, B1, and BO are taken for excess - 3 to BCD.

The inputs are applied at B3, B2, B1, and B0 and the corresponding outputs are
E3,E2, E1 and EO for BCD to excess - 3.

Truth tables are verified.

Exercise:

Implement BCD to excess-3 and excess-3 to BCD code converter using parallel

adder IC 7483.
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Excess-3 To BCD :-

Truth Table For Code Conversion: -

Inputs Outputs
E3 | E2 | E1 | EO | B3 (v) | B2 (v) | B1 (v) | BO(V)
o (0 (1 (1 |0 0 0 0
o (1 (0 (0 |O 0 0 1
o (1 (0 (1 |0 0 1 0
o (1 (1 (0 |O 0 1 1
o (1 (1 (1 |0 1 0 0
1 /0 [0 [0 |O 1 0 1
1 /0 [0 |1 |0 1 1 0
1 /0 |1 |0 |0 1 1 1
1 /0 |1 |1 |1 0 0 0
1 |1 |0 |0 |1 0 0 1
Circuit diagram using NAND gates on
= E1 EQ
7400 7400 7400
B0 =ED
7400 B1 = EDBE

F400

F400

F400

B2 = E2E1+ E2EC+EQDE1E2

7400

7410

T410

¥

<

B3 = E2E3 + EOE1ES

T400

410

oy

Department of E&C, SSIT, Tumkur
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Binary to Gray:

Truth Table:

GO

G3 |G2 |Gl

BO

B3 | Bl | Bl

Circuit diagram using EX-OR Gates:

GO0

7486

G1

7486

G2

7486

B2 &

Page 18
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EXPERIMENT NO. 5: DATE: / /

BINARY-TO-GRAY AND GRAY-TO-BINARY CODE CONVERTER

AIM: - To convert given binary numbers to gray codes.

APPARATUS REQUIRED: -
IC Trainer Kit, patch chords, IC 7486, etc

PROCEDURE: -

1. The circuit connections are made as shown in fig.

2. Pin (14) is connected to +Vcc and Pin (7) to ground.

3. In the case of binary to gray conversion, the inputs B0, B1, B2 and B3 are given at
respective pins and outputs GO, G1, G2, G3 are taken for all the 16 combinations
of the input.

4. In the case of gray to binary conversion, the inputs G0, G1, G2 and G3 are given at
respective pins and outputs B0, B1, B2, and B3 are taken for all the 16
combinations of inputs.

5. The values of the outputs are tabulated.

Exercise:
Implement binary to gray and gray to binary code converter using nand gates

only.
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Gray to binary:

Truth-table:

BO

B1

B2

B3

GO

G1

G2

G3

EX-OR Gates

Circuit Diagram usin

® B3

® B2

® B1

BO

7486

7486

7486

G2 @

/

G2 @

Gl @

G0 @

Page 20
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Pin Details: -
14 =0
< =1 Yo 16
- e
B 0.4, A, -7
AP S pa
4 [2A,
_3_ 34 74153 - e
-5 =5
[ 0B
BIP T  ig .
12 | o8 GHND [—
et
Truth Table: -
CHANNEL -A CHANNEL -B
INPUTS SELECT o/P INPUTS SELECT | O/P
LINES LINES
Ea | Joa | I1a | I2a | I3a | S1 | S2 Za(v) Ea | Iob | I1b | I2b | I3b | S1 | S2 | Za(v)
1 X |[X (X |[X [ X |X 0 1 X |[ X |[X [ X (X X |0
0 |0 X | X |[X |0 |O 0 00 [ X X |[X [0 |0 (O
0|1 X | X (X |0 |O 1 0|1 X X |[X [0 |0 |1
0 | X |0 [ X |X |0 |1 0 0 X |0 X |[X [0 |1 (O
0 | X |1 | X |X |0 |1 1 0 X |1 X |[X |0 |1 |1
0 | X [ X |0 |[X |1 |O 0 0 X (X (0 |[X |1 |0 (O
0 X (X |1 |[X |1 |0 1 0 X (X |1 |[X |1 |0 |1
0 X |[X |[X |0 |1 |1 0 0 X (X (X |0 |1 |1 (O
0 X X | X |1 |1 |1 1 0 X X X |1 |1 |1 |1
Department of E&C, SSIT, Tumkur Page 22
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EXPERIMENT NO. 6: DATE: / /

MULTIPLEXER USING IC 74153

Aim: - To verify the truth table of multiplexer using 74153

To study the arithmetic circuits half-adder and half Subtractor, full adder and full

Subtractor using multiplexer.

Apparatus Required: -

IC Trainer Kit, patch chords, IC 74153, IC 74139, IC 7404, etc.

Procedure: -

1. The Pin [16] is connected to + Vcc.

2. Pin [8] is connected to ground.

3. The inputs are applied either to ‘A’ input or ‘B’ input.

4., If MUX ‘A’ has to be initialized, Ea is made low and if MUX ‘B’ has to be initialized,
Ep is made low.

5. Based on the selection lines one of the inputs will be selected at the output and
thus the truth table is verified.

6. In case of half adder using MUX, sum and carry is obtained by applying a
constant inputs at loa, I1a, [ 22, I 32 and L op, I 1, [ 2b and I3p and the corresponding
values of select lines are changed as per table and the output is taken at Z0a as
sum and ZO0b as carry.

7. In this case, the channels A and B are kept at constant inputs according to the
table and the inputs A and B are varied. Making Ea and Eb zero and the output is
taken at Za, and Zb.

8. In full adder using MUX, the input is applied at Cn-1, An and Bn. According to the

table corresponding outputs are taken at Cn and Dn.

Department of E&C, SSIT, Tumkur Page 23
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Half Adder Using 74153 -

D —
0
B 10a voo HB—
1
51 1a .
ZA
14 1oa 7
3 faa 4 lz A
1
8 185 Eg g N E
210 f g .
7B
11 g
0
— 12 1 og GND -2
1
13 1 135
Full Adder Using 74153: -
_105
Cre1
s B 0a vee H8
5
! 2 A ]
4lpa T #
7404 n
An
31 aa g1 2
1
_ B
—184 z5 g gp 4
o 10
I0B 5 cn
y 7B
1B
12 1 g e
1
130 138

Half Subtractor Using 74153:

Full Subtractor Using 74153: -

D 15 ex
D B g
L PPN
L4 on
D3 fi3a
0 15,4 E5
L L
11 e
512 | g
813 139

VOO — —

W= b

=1

il =

GHD

CrH1

7404

16
7 On
2 A
B
s 14
g Bn
8
7 Dn
A
v
4 A
51 12
1
B
5 5q L4
3
En
e e

Department of E&C, SSIT, Tumkur
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Truth Tables: -
Full Adder

An | Bn | Cn-1 | Sn (V) | Cn (V)
Half adder o (0 |O 0 0
A |B|Sn(V)|Cn(V) 0O |0 |1 1 0
0|0 0 0 0O |1 |0 1 0
0|1 1 0 0o |1 |1 0 1
1|0 1 0 1 |0 |0 1 0
1|1 0 1 1 |0 |1 0 1
1 |1 |0 0 1
1 |1 |1 1 1

Full subtractror

An | Bn | Cn-1 | Dn (V) | Bn (V)
Half subtractor 0O |0 |0 0 0
A | B |Dn (V) |Bn(V) o |0 |1 1 1
0|0 0 0 0O |1 |0 1 1
0|1 1 1 0o |1 |1 0 1
1|0 1 0 1 |0 |0 1 0
1|1 0 0 1 |0 |1 0 0
1 |1 |0 0 0
1 |1 |1 1 1

Department of E&C, SSIT, Tumkur
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Pin details:

Mo ® 16 Ve
Sa 7 15 B
Sla 3 14 Sb
Y0a 4 13 Sb
74138
Yia 5 12 Ylb
Yoa g 11 Y1b
Yia 7 10 Y
GNDg g Yb
Truth Table For Demux: -
CHANNEL - A CHANNEL - B
Inputs Outputs Inputs Outputs
Ea |Sla | SOa|YO0a | Yla |Y2a|Y3a| |[Eb|S1b|SOb | YOb | Y1b|Y2b|Y3b
1| X X 1 1 1 1 1| X X 1 1 1 1
0| 0 0 0 1 1 1 0| 0 0 0 1 1 1
0| O 1 1 0 1 1 0| 0 1 1 0 1 1
0| 1 0 1 1 0 1 0 1 0 1 1 0 1
0| 1 1 1 1 1 0 0 1 1 1 1 1 0
Half subtractor:-
0 @o ® 15 Ve
g a2 15 B
o3B3 14 S
Borrow —d 740 Yoa 4 a1 | 13 Sb
Yia 5 | 12 YIb
Difference —  7a0 Yo g Y
R |10 ¥
GNDg g ¥b
Department of E&C, SSIT, Tumkur Page 26
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EXPERIMENT NO. 7: DATE: / /
DE-MULTIPLEXER USING IC 74139
Aim: - To verify the truth table of de-multiplexer using 74139.

To study the arithmetic circuits half-adder and half Subtractor, full adder and full
Subtractor using de- multiplexer.

Apparatus Required: -
IC Trainer Kit, patch chords, IC 74153, IC 74139, IC 7404, etc

Procedure: -

1. The inputs are applied to either ‘a’ input or ‘b’ input
2. The demux is activated by making Ea low and Eb low.

3. The truth table is verified.

Department of E&C, SSIT, Tumkur Page 27
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Full subtractor using IC 74139:-

Botrow

N
e
AR . 15 Vec
Cil Sha o 15 B
B Sta 3 14 S
Yia 4 13 Sbh
74139
Difference g R e
_E( B Yo g 11 Yh
- Y 7 10 Y
GNDg | 9 Yh
Truth Table
Half Subtractor
A | B |[Dn (V)| Bn(V)
00 0 0
01 1 1
1|0 1 0
1|1 0 0
Full Subtractor
Cn- | Dn Bn
Bn
An 1 v M
0 0 0 0 0
0 0 1 1 1
0 |1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1|1 1 1 1

0 p—

Department of E&C, SSIT, Tumkur
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One Bit Comparator: -

Truth-table

YO Y1 Y2
@»: Y2=A=B AlB
(A<B) | (A>B) | (A=B)
0|0 0 0 1
0|1 1 0 0
D) evona 10 0 | 1|0
11 0 0 1
Two Bit Comparator: -
A1 A0 B1 BO
[ ] 9 [ ]
———o Y2=A=B
w>c Y0 =A<B
———o Y1=A>B
Al A0 B1 BO | Y2(A=B) | Y1(A>B) | YO(A<B)

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

Department of E&C, SSIT, Tumkur
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Date: _/_/_
Experiment No:8

COMPARATORS

Aim: - To verify the truth table of one bit and two bit comparators using logic

gates and four bit and eight bit comparators using IC 7485.

Apparatus Required: -

1C 7485, 1C 7404, IC 7408, etc.

Procedure: -

1. Verify the gates.

2. Make the connections as per the circuit diagram.

3. Switch on Vcc.

4. Applying i/p and Check for the outputs.

5. The voltameter readings of outputs are taken and tabulated in tabular
column.

6. The o/p are verified.

Exercise:
¢ Implement one bit, two bit comparator circuit using nand gates only.

¢ Write the function table for 8 bit comparator .
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4-bit Comparator

LOGIC DIAGRAM: FUNCTION TABLE :
Comparing Cascadin
g
1:,__‘_ B3 VOO | 16 I/Ps /Ps Outputs
S A3
13- B2 A>B | A=B | A<B | A>B | A=B | A<B
S A2
],;—51 A<B g A>B X | X | X 1 0 0
2| a4 A-R 1 0 0 1 0 0
g 5
A | BO A>B X 1 X 0 1 0
19+ Ag A=B oo | 1|00 1
~— A<B_IN 0 0 0 1 0 0
4 | A=B_IN 3 1 [ 0[1]0]0]0
] A>B_INGND — A<B X | x| x [ ol o] 1
7485
8-Bit Comparator: -
LSB MSB
1 1
B3 vee 16 B3 VGG 16
1j— A3 1:,—’— A3
131 B2 12| B2
11| A2 7 11| A2 7
12 | B1 A<B 6 12 | B1 A<B 5
o | Al A=B 5 o | Al A=B 7
1;§— BO A>B 1;;’— BO A>B
E— AD 5— AD
< A<B_IN 5 A<BIN
“— A=B_IN 8 24 | A=B_IN 3
“— A>B_INGND A>B_INGND
7485 7485
Department of E&C, SSIT, Tumkur Page 32
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PIN DETAILS:-
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143

o'r

FUNCTION TABLE:

OUTPUTS
A2 | A1 | A0 | GS | EO

INPUTS

7

6

El

Page 34
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Experiment No: 9 DATE: _/_/___
ENCODER & DECODER

AIM:-To convert a given octal input to the binary output and to study the LED
display using 7447 7-segment decoder/ driver.

APPARATUS REQUIRED: -

IC 74148, 1C 7447, 7-segment display, etc.

PROCEDURE: - ( Priority Encoder)

1. Connections are made as per circuit diagram.
2. The octal inputs are given at the corresponding pins.

3. The outputs are verified at the corresponding output pins.

PROCEDURE: - (Decoder)

1. Connections are made as per the circuit diagram.
2. Connect the pins of IC 7447 to the respective pins of the LED display board.

3. Give different combinations of the inputs and observe the decimal numbers

displayed on the board.

Exercise: Implement the following expression using decoder and logic gates.
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BCD TO SEVEN SEGMENT DECODER CIRCUIT DIAGRAM WITH LED DISPLAY

+5V
PN
1 16
47 Ohm
a7 dot
4 (. CA
—©| BIRBO 14 |
0| RBI e s 13 _|° 14
—O| LT £ o2 10, |
_ — 8l p D o1 8, |
input 2 11 7.
from ' C cP 5 '
J : 1 g g 12 N
switches 7\ o A [o13 11, 13
1s
a
A— AVAVAY. - PEEDN
AVAVAV f b
B—) NN~
- g \V4
7447 SVAVAY. d /\
Decoder
E AVAVAV . le c —
AVAYAY \/ N
D A8 d D 1
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TRUTH-TABLE:

SEVEN SEGMENTS LEVEL

al

LED
DISPLAY

VALUE

No seg.
glows

A

B

INPUTS
C

D

DECIMAL

DIGIT

10
11
12
13
14
15
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Circuit Diagram: - (Master Slave JK Flip-Flop)

— Pr al—
—Jck FF .
1 7410 ol
I al—
;,I H 7410
Truth Table:- (Master Slave JK Flip-Flop)
Preset | Clear | ] | K| Clock | Qn+1 | Qn+1
0 1 X | X X 1 0 Set
1 0 XX X 0 1 Reset
- No
1 1 0|0 I Qn Qn Change
1 1 0 =1 0 1 Reset
1 1 10 I 0 Set
1 1 11| @ Qn | Toggle
D Flip-Flop:-
PR T_
7410 bi 7410
@DTL_ 7410
@ I H 7410
Truth Table:-

Preset | Clear | D | Clock | Qn+1 | Qn+1

1 | 1 (o] | o

1 | 1 (1| | 1 | o
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Date:_/_/
Experiment No: 10

FLIP-FLOPS

Aim: Verification of truth-tables of the following types of flip-flops using NAND
gates and using IC 7476:

i. JK Master Slave FF
ii. D-FF
iii. T-FF

iv. SR-FF

Apparatus Required: -
IC 7410, 1C 7400, IC 7476, etc.

Procedure: -
1. Connections are made as per circuit diagram.

2. The truth table is verified for various combinations of inputs.

Exercise:-

¢ Write the timing diagrams for all the above Flip-Flops
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T Flip-Flop:-

@ s
Truth Table:-
Preset | Clear | T | Clock | Qn+1 | Qn+1
1 1 |0 | Qun | Qn
1 1 (1| 1 | Qn | Qn
SR Flip-flop:
S
R
Truth-table:
S R Clk Qn+1
0 0 0 Qn
0 0 1 Qn
0 1 0 Qn
0 1 1 0
1 0 0 Qn
1 0 1 1
1 1 0 Qn
1 1 1 Invalid
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Circuit Diagram: - 3-Bit Asynchronous Up Counter

WEE + +
L] - l."'\-IJ)
L L L
4| |e, s 9 |E, | 4| E, Hoisar
':"jJ‘fL”F-& Lovok Lop oLk Lov oLk
18 g pld  U2]p eqg bl 18 |y 1eg pld
[ L o
NTATE NP4 NTATE
WGE ; ;
Truth-table:
3-bit Asynchronous up counter
Clock QC | QB | QA
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1
8 0 0 0
9 0 0 1
Circuit Diagram: - 3-Bit Asynchronous Down Counter
WO + +
4 == HJ)
L L L
4 ..IED 14 g ..IED 11 4 JEQL-:-DE
':'E'J'z_kl_”FG Loteik LepoLk Lot oLk
18 ey pld] UZf g hlo 16 | e pld
L) L o
~TAT6 ~TATE NTATE
WO ;
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Experiment No: 11 Date: _/_/

ASYNCHRONOUS COUNTERS

Aim: Realization of 3-bit asynchronous up/down counters and design of Mod-N
counter design.

Apparatus Required: -

IC7408,1C7476,1C 7400, I1C 7432 etc.

Procedure: -
1. Connections are made as per circuit diagram.

2. Clock pulses are applied one by one at the clock I/P and the O/P is
observed at QA, QB & QC for IC 7476.

3. Truth table is verified.
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Truth-table:

3-bit Asynchronous down counter
Clock QC QB QA
0 1 1 1
1 1 1 0
2 1 0 1
3 1 0 0
4 0 1 1
5 0 1 0
6 0 0 1
7 0 0 0
8 1 1 1
9 1 1 0

Mod 5 Asynchronous up Counter:-

400

WEC ' '
o o o
i i 7S
al, |z, s 2 I T al e, s oc
':'E'J‘i‘L”FO——-:H CLK Bop oLk LoteLk
i K|§E 14 | |12 K|EE 10 16 KlEE 14
L] [ [ ]
TTaTE TFaT TTaATG
m| Q4 -:\\:-J 0B MJ

Truth-table:

Mod 5 Asynchronous counter
Clock QB QA

c»—xoocog

UV [ WIN (= O
ClICO|Im OO
ClICO|Im O m O
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Mod 3 Asynchronous up Counter:-

D
WEC G fi '{Z
|
o ¢
al, |u_0 15 ol [v-u 1
Clock /P Leb ok !
I 18 — .14 12 — |10
K|5n o= K[E,G o=
[&] [&]
Trars T4 o
o1 % q @

Truth-table:

Clock | QB | QA

0 0 0

1 0 1

2 1 0

3 0 0

Mod 4 Asvnchronous down Counter:-

QA QB
® ®

Vcc @
J Q J Q
clk e——P——d 7476 o i 7476
K @ 7—| K Qh—
Vcc @
Truth-table:
Clock | QB | QA
0 1 1
1 1 0
2 0 1
3 0 0
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State Diagram

3 /\. _

Excitation Table: Transition Table:
State Change | J-K Input Present State Next State
From To J K QC QB QA QC QB QA
0 0 0 X 0 0. 0 0 0 1
0 1 1 X 0 0 1 0 1 0
1 0 X 1 0 1 0 0 1 1
] 1 X 0 0 = 4 1 1 0 0
1 0 0 1 0 1
1 0 1 1 1 0
1 1 0 1 1 1
1 : 1 1 0 0 0
(L ]} oc
o o o
0
WIC 2 +
VSR Sy | !
] xS 3| |E, K 7408 4] |&, s
Chj_kl_'”& Led ol Bt el SR Lo
1 ey pld 12 e Pl B g pld
E E E
T T |oTaTa
i:“lJ ':-:iJ r“'-'|
W O '
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Experiment No: 12 Date: _/_/__

SYNCHRONOUS COUNTERS

Aim: Design and Realization of 3-bit synchronous counters.

Apparatus Required: -

IC 7408,1C7476,1C 7400, 1C 7432, etc.

Design steps :
1. Write the truth-table or state diagram.
2. From truth-table/state-diagram, derive the state transition table.
3. Decide the no. and type of flip-flops to be used.

4. Using the corresponding excitation tables, derive the input and output
equations and simplify using K-maps.

5. Using the derived simplified input and output expressions with flip-
flops, draw the circuit diagram.

Procedure: -

1. Connections are made as per circuit diagram.

2. Clock pulses are applied simultaneously at the clock I/Ps of all 7476 ICs
used in the circuit and the O/P is observed at the outputs of ICs 7476.

3. Truth table is verified.

Truth Table:
QcC QB QA JC KC JB KB JA KA
Q 0 0 0 X 0 X 1 X
0 0 1 0 X B X X 1
0 1 -0 0 X X 0 1 X
0 1 + 1 1 X X 1 X 1
1 0 .. 0 X 0 0 . X 1 X
1 0 o X 0 ;9 X X 1
1 1 0 X 0 X 0 1 X
1 1 1 X 1 X 1 X 1
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Internal Diagram of IC 7490 PY Y ® ®
QA 0B |oC |oD GND
12 9 8 1
JL o = Mod 2 Mod 5
Clock 1/P |14

R . B 08 VBo—igae

MODE SELECTION — ggﬁc%'-:‘NTT ::&usuce_
FUNCTION TABLE _
RESET/SET INPUTS |  OUTPUTS O SANGIE
MRy |MRz [ MS,|MS,| Qy | Q| Q. | Q4 Q | @ | Q7 | O
0 L L
HlH[L|X|L L t t » hlo :: t
H|H|X]|L|L L L L 2 Ll el ¢ N
X X H HI1H L L H 3 H H L L
L X L X Count 4 L L H L
X L X L Count 5 H L-1 H L
TN AR
H L L X Count ; L A % -
H = HIGH voitage level 5 H L L H

L = LOW voltage tevel NOTE:
X = Don't care Output Qp connected 1o input TF,.
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Experiment No: 13 Date: _/_/

DECADE AND BINARY COUNTERS

Aim: Realization of decade and binary counters.

Apparatus Required: -

IC 7408,1C7476,1C 7400,1C 7432,1C 7490, I1C 74192, 1C 74193 etc.

Procedure (IC 74192,1C 74193):-

1. Connections are made as per the circuit diagram except the connection

from output of NAND gate to the load input.

2. The data (0011) = 3 is made available at the data i/ps A, B, C & D

respectively.

3. The load pin made low so that the data 0011 appears at QD, QC, QB & QA

respectively.
4. Now connect the output of the NAND gate to the load input.
5. Clock pulses are applied to “count up” pin and the truth table is verified.

6. Now apply (1100) = 12 for 12 to 5 counter and remaining is same as for 3 to

8 counter.
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Mod 8 Counter using 7490:
& @ & L]
QA i OB QcC QD
12 9 I
ELH st
: (4 Mod 2 Mod 5
c1o%k 1/p}14
CP2 |1 2 3 6 q
MR1| MR2| MS1|MS2
-
Truth Table: Decade Counter: Mod 8 Counter:
Clock QD QC QB QA Clock QD QC QB QA
0 0 0 0 0 0 0 4] 0 0
1 Q 0 0 i 1.5 Q Q 0 1
2 0 0 1 0 2 0 o ? 1 0
3 0 0 1 1 3 0 Q 1 1
4 0 g 4] 0 4 0 1 0 0
5 0 1 0 1 5w, 0 1 0 1
6 0 1 1 0 6 0 1 1 0
7 0 1 1l 1 7 0. 1 1 1
8 1 0 0 0 8 0 0 0 0
9 1 0 0 1
10 0 0 0 0
® ] ] €
Circuit Diagram for Decade QA OB gc oD
Counter
12 9 8 Tk
‘Ll—q( CP1 Mod 2 Mod 5
Clock I/pjl4
CP2 1 g 8B
MR1|{ MR2| MS1|MS2
=
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Logic Diagram of 74192 IC:

Q1 Q2 Q3 gnd Carry Borrow

_ O 2 13
Clock up 5
Clock down @——b4 74192
Clear e——114 ,

1 1.0 o . 11 16
LSB MSB

PO P‘l_ P2  P3 Load (L) VCC

Function Table:

Load | Clear | Clk- Clk- Mode
up down . Nl
X 1 X LN Reset to zero
1 0 i § 1 Up-count
1 0 1 ¥ Down-count
0 0 X X Preset
4 0 1 1 Stop count

Circuit diagram for Preset value = 5, N = 4, (To count from 5 to 8)

03 Q2 01 QO
¢ ©®
2
A get g g
Clock I/N &——%5 :
74192 11
vVCC &——p 4 Load (L)
cl 14
sl 12 © . 33> 9 .10 .1 15
MSB | LSB

&
Carry(NC) Borrow (NC) P3 P2 P1 PO
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Circuit diagram for Preset value=8, N=6 (To count from 8 to 3

tid

03102]| Q1] Q0
) ; 7.6 2 3
Vce @—>5 4

e - 74192

) !
Clear l 12 13 910, Tt 15
MSB LSB
Carry (NC) Borrow(NC) P3 P2 Pl PO
Truth Table : From 5to0 8 : From8to3:

Clock | QD | QC | QB | QA Clock | @D | QC | QB | QA
1 0 1 0 1 1 1 0 0 0
2 0 1 1 0 2 0 1 1 1
3 0 1 1 1 3 0 1 q 0
4 -1 0 0 Q 4 0 1 0 1
5 0 1 0 1 5 0t 0 0

6° 0 0 1 1
7 1 0 0 0
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BINARY COUNTER: e
Logic Diagram of 74193 IC:
Q0 Q1 Q2 Q3 gnd Carry Borrow
o B~ F - 5 12 13
Clock up o—Pp5 .
Clockdown @—— %4 74193
Clear e—— |14
1 i R 1 : 11 16
LSB MSB
® o @

PO. P1. PZ PF3 Load (L) VCC
Function Table: -

Load | Clear | Clk-up | Clk-down Mode
oK 1 X X Reset to
zero
1 0 T 1 Up-count
1 0 1 1 Down-count
0 0 X X Preset
1 0 1 1 ~ Stop count

Circuit Diagram for Preset value =3, N = 6,(To count from 3 to 8 ¥

03 02 Q1 Q0
&
i
2
;i t
Clock I/N @——%> 5 :
74193 11
Vee @——%> 4 Load (L)
Clear 1
L] 2 a3 - 910115 |
l' MSB LSB
& , @

Carry(NC) Borrow(NC) P3 p2 Pl PO
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Circuit Diagram for Preset value =12, N = 8,(To count from 12to 5 ):

Q3

Ve @—P5
: 74193
N 4 ‘
Clock I/N @¢—> Load(L)
14 .
Clear 12 13 9 10 1 15
MSB : LSB
Carry(NC) Borrow(NC) P3 p2 P1 PO
Truth Table: From3to 8 fromi2to5

Clock | QD | QC | QB | QA Clock | QD | QC | QB
QA
0 0 0 1l 1 0 1 1 0 0
1 0 1 -0 0 1 1 0 1 1
2 0 1 0 1 2 1 0 1 0
3 0 1 1 0 3 1 0 0 1
4 0 1 1 1 4 1 0 0 0
he 1 0 0 0 5 0 1 1 1
& P00 1 1 6 0 1 1 0
7 0 1 0 1
8 1 i 0 0
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Circuit Diagram: - Shift Left

Clock | Serial i/p | QA | QB | QC | QD
1 1 X X X 1

Nigd e QA —-%3-
. 0B 3 2 0 X|X|1]0

A oC g
) E: oo 3 1 X 1 0 1

Senal O/P. 5

AT s 4 1 10011

rLill:‘E"—El'ELkﬂ

i
ook IFO———FCLkz  wee [Hbvee

T

oo

&

SIPO (Right Shift):-

Serial o1 [0 o % Clock | Serial i/p | QA | QB | QC | QD
2 0B Iy 1 0 0 | X | X |X
- [
o3¢ 2 1 1]0|X|X
Clock /P {)EI_ : e 3 1 1 1 0 X
—TF LK1
i} T
C—— MODE GHD
hdode (hi) :I_
SISO:-
PNl gt 5 s H p——
e s Clock | <" QA |QB|QC| QD
el oo H i/p
gl i 1 do=0 | 0 | X [ X | X
Clock I."F'E g LKA : 2 di=1 1 0 X X
e G 3 | d2=1 |1 |1]0]| X
1] T
o]
mode gy~ MHDE '3””]_ 4 | d3=1 | 1| 1|1 |o0=do
- 5 X X | 1]1|1=d1
6 X X | X | 1|1=d2
7 X X | X | X |1=d3
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Experiment No: 14 Date: _/_/

SHIFT REGISTERS

Aim:- Realization of 3-bit counters as a sequential circuit and Mod-N counter
7 design (7476, 7490, 74192, 74193).

Apparatus Required: -
IC 7495, etc.

Procedure: -

Serial In Parallel OQut:-

5. Connections are made as per circuit diagram.

Apply the data at serial i/p

Apply one clock pulse at clock 1 (Right Shift) observe this data at QA.
Apply the next data at serial i/p.

Apply one clock pulse at clock 2, observe that the data on QA will shift to QB
and the new data applied will appear at QA.

© ® N o

10.Repeat steps 2 and 3 till all the 4 bits data are entered one by one into the
shift register.

Serial In Serial Out:-

1. Connections are made as per circuit diagram.

Load the shift register with 4 bits of data one by one serially.
At the end of 4t clock pulse the first data ‘d0’ appears at QD.
Apply another clock pulse; the second data ‘d1’ appears at QD.
Apply another clock pulse; the third data appears at QD.

L

Application of next clock pulse will enable the 4t data ‘d3’ to appear at QD.
Thus the data applied serially at the input comes out serially at QD

Department of E&C, SSIT, Tumkur Page 57



Logic Design Lab manual

PISO:-
MC
gl S0l QA }
oidn  ocH
Paralle| 3 1
=B oo
I¥P Data g :
D 7ags
MC ‘}—E}ELH 14,
Clock ItR™ POLEZ  WEC LA
i T
Mode | Clock | Parallel i/p Parallel o/p
A|/B/C|D|QA QB |QC|QD
1 1 1/0/1/1|1|0 |1 1
0 2 X XX/ X|X|1]0|1
0 3 X X|X|X| X | X 1 0
0 4 X XXX X | X | X 1
PIPO:-
"ol sy aa H
Z a8 M
Parallel e QG M
> 1B a0
I¥P Data ; :
S0 aes
NE o———CLKS 14
Clack 1P~ CLkz  WCC vl
i 7
Clock | Parallel i/p Parallel o/p
A|/B|C/D|QA|QB|QC|QD
1 101110 |11
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Parallel In Parallel Out:-

1.
2. Apply the 4 bit data at A, B, C and D.

3.

4. The 4 bit data at A, B, C and D appears at QA, QB, QC and QD respectively.

Connections are made as per circuit diagram.

Apply one clock pulse at Clock 2 (Note: Mode control M=1).

Parallel In Serial Out:-

1.
2.
3.

4,

Connections are made as per circuit diagram.

Apply the desired 4 bit data at A, B, C and D.

Keeping the mode control M=1 apply one clock pulse. The data applied at A,
B, C and D will appear at QA, QB, QC and QD respectively.

Now mode control M=0. Apply clock pulses one by one and observe the data
coming out serially at QD.

Left Shift:-

Connections are made as per circuit diagram.
Apply the first data at D and apply one clock pulse. This data appears at QD.

Now the second data is made available at D and one clock pulse applied.
The data appears at QD to QC and the new data appears at QD.

Step 3 is repeated until all the 4 bits are entered one by one.
At the end 4t clock pulse the 4 bits are available at QA, QB, QC and QD.
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Circuit Diagram: - Ring Counter

Mode | Clock | QA [ QB | QC | QD
1 1
ceral 1| 20 g? % 1 1 1(0/0]O0
i 1
e Y (]
gi: 3 o 1 0 2 0 1 0 0
C
5 0 3 0 0 1 0
S RUR 1Y
i 0 4 (0|00 1
o ] 2 1
Clack I/ CLKZ  WOC DVEE 0 5 1/0/0]0
1] ¥
hode = LMODE  GND :I_ 0 6 repeats
s
Johnson Counter:-
2 : Mode | Clock | QA | QB | QC | QD
4 1 1 1/0/0]0
i 5 0 2 1 1 0 0
=01 0A = 5
: op (—o 0 3 |1[1]1]0
D LS o
'3‘—4 B oo 0 4 1 1 1 1
Ae=—prr
el G 0 5 (0| 1]1|1
I 4 o | 6 [0]|0|1]|1
& MODE GHD ! 0 ’ 0 0 0 !
Mode) :|_ 0 8 |o|o|o]o
e 0 9 1/0]/01|o0
0 10 repeats
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Experiment No: 15 Date: _/_/

JOHNSON COUNTERS / RING COUNTER

Aim:- Design and testing of Ring counter/ Johnson counter.

Apparatus Required: -

IC 7495, 1C 7404, etc.

Procedure: -
1. Connections are made as per the circuit diagram.
2. Apply the data 1000 at A, B, C and D respectively.
3. Keeping the mode M = 1, apply one clock pulse.

4. Now the mode M is made 0 and clock pulses are applied one by one and the

truth table is verified.

5. Above procedure is repeated for Johnson counter also.
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Useful IC Pin details

7400(NAND) 7402(NOR)
: L +2 to +6V HC U 2to +6V HC
input gate 1 E o EI +5V LS/HCT output gate 1 E o E ISVOLEIHCT
input gate 1 2| 13] input gate 4 input gate 1 [ 2 [13] output gate 4
output gate 1 E EI input gate 4 input gate 1 | 3 7402 El input gate 4
input gate 2 E 7400 EI output gate 4 output gate 2 E EI input gate 4
input gate 2 E EI input gate 3 input gate 2 E EI ouiput gate 3
output gate 2 E EI input gate 3 input gate 2 E EI input gate 3
o E EI output gate 3 ov E El input gate 3
7404(NOT) 7408(AND)
, L +2 10 +6V HC
inputgate 1|1 |0 14
input gate 1 [T o U i +2 to +6V HC putg |: :I +5V LS/HCT
output gate 1 E E input gate 6 mput gate nput gate
input gate 2 E El output gate 6 output gate 1 E E’ input gate 4
output gate 2 E 7404 E input gate 5 input gate 2 E 7408 EI output gate 4
input gate 3 E EI output gate 5 input gate 2 E EI input gate 3
output gate 3 E El input gate 4 oufput gate 2 E E input gate 3
ov E El output gate 4 ov E E oufput gate 3
7432(OR) 7486(XOR)
4 13 12 11 10 9 &
'I.."clc | | | inout gate 1 [T 1a B E+2m+ev HC
putg +5V LS/HCT
input gate 1 | 2 EI input gate 4
output gate 1 E E] input gate 4
) input gate 2 E 7486 E output gate 4
input gate 2 E EI input gate 3
GND oufput gate 2 E EI input gate 3
| I I I I ov E EI output gate 3
1 2 3 4 5 6 7
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7410(3-i/p NAND)

oo [T T[] 20548
input gate 1 E El input gate 1
input gate 2 E E output gate 1
input gate 2 E 7410 E input gate 3
input gate 2 E EI input gate 3
wutput gate 2 E El input gate 3
ov E El output gate 3

7420(4-i/p NAND)

input gate 1 E
input gate 1 E
e [3]

input gate 1 E
input gate 1 E
output gate 1 [6 |

avE

L

o

7420

EI +2 to +6Y HC
+5V LS/HCT

EI input gate 2
E] input gate 2
1] NC

E' input gate 2
E input gate 2
E output gate 2

16 18 14l i3 12l 1] id] [9]

Yoo

AS
B3

A2 A A1 AQ

80

AcB A=B ARE A<E A=B AJB

GHD

L) [2] (3] [4) 18] (6] [7) 18]

7485
4-Bit Magnitude Comparator

el [15] 14 13 [12] 1] 1] [9]

—J CLR O

ol

= CK
K PR
E

L*ﬁ

[ 2] 3] LJ [5] (67 [T [8]
7476

Dual J/K M/S Flip—Flop

with Preset and Clear
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