8.
9.

SYLLABUS

Design and implementation of Adders and Subtractors using logic gates.
Design and implementation of code converters using logic gates
(i) BCD to excess-3 code and vice versa
(i) Binary to gray and vice-versa

Design and implementation of 4 bit binary Adder/ subtractor and BCD adder using
IC 7483

Design and implementation of 2 Bit Magnitude Comparator using logic gates 8 Bit
Magnitude Comparator using 1C 7485

Design and implementation of 16 bit odd/even parity checker /generator using
|C74180.

Design and implementation of Multiplexer and De-multiplexer using logic gates and
study of 1C74153 and IC 74139

Design and implementation of encoder and decoder using logic gates and study of
|C7445 and |C74147

Construction and verification of 4 bit Asynchronous (ripple) counter.

Construction and verification of 4 bit Asynchronous (ripple) counter.

10. Construction and verification of Mod 10 and Mod 12 counter.
11. Implementation of SISO, SIPO, PISO and PIPO shift registers using Flip- flops.
12. Design of expts 1,6,8,10 using NI MultiSim Software.
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10.
11.
12.
13.
14.
15.
16.

LIST OF EXPERIMENTS

Study of logic gates.

Design and implementation of adder
Design and implementation of subtractor using logic gates.

Design and implementation of code converters using logic gates.

Design and implementation of 4-bit binary adder/subtractor

Study and verify the performance of BCD adder using IC 7483.

Design and implementation of 2-bit magnitude comparator using logic gates and
|C7485

Design and implementation of multiplexer and demultiplexer using logic gates

and study of IC 74153 and IC 74139.

Design and implementation of encoder and decoder using logic gates and study of

IC 7442 and IC 74147.

Study and verify the performance of SR, JK and D flip-flops using logic gates.
Construct and verify the truth table of 4-bit Asynchronous (Ripple) counter.
Construct and verify the truth table of 4-bit Synchronous counter.

Design and implementation of 3-bit synchronous up/down counter.

Construct and verify the truth table of Asynchronous Mod-10/Mod-12 counter.

Construct and verify the truth table of Johnson counter
Implementation of SISO, SIPO, PISO and PIPO shift registers using flip-flops.
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Date:
Expt. No.:

STUDY OF LOGIC GATES

AlM:
To study about logic gates and verify their truth tables.

APPARATUS REQUIRED:

SL No. COMPONENT SPECIFICATION | QTY
1. |AND GATE IC 7408 1
2. |ORGATE IC 7432 1
3.  |NOT GATE IC 7404 1
4. INAND GATE2I/P IC 7400 1
5. |INORGATE IC 7402 1
6. [X-ORGATE IC 7486 1
7.  INAND GATE3I1/P IC 7410 1
8. |ICTRAINERKIT - 1
9. |PATCH CORD . 14

THEORY:

Circuit that takes the logical decision and the process are called logic gates. Each
gate has one or more input and only one output.
OR, AND and NOT are basic gates. NAND, NOR and X-OR are known as

universal gates. Basic gates form these gates.

AND GATE:
The AND gate performs a logical multiplication commonly known as AND

function. The output is high when both the inputs are high. The output is low level when

any one of theinputsis|ow.

OR GATE:
The OR gate performs a logical addition commonly known as OR function.

The output is high when any one of the inputs is high. The output is low level when both

the inputs are low.



NOT GATE:

The NOT gate is called an inverter. The output is high when the input is low.

The output islow when the input is high.

NAND GATE:

The NAND gate is a contraction of AND-NOT. The output is high when both
inputs are low and any one of the input is low .The output is low level when both inputs

are high.

NOR GATE:

The NOR gate is a contraction of OR-NOT. The output is high when both inputs

are low. The output islow when one or both inputs are high.

X-OR GATE:

The output is high when any one of the inputs is high. The output is low when
both the inputs are low and both the inputs are high.

PROCEDURE:
(1) Connections are given as per circuit diagram.

(i) Logical inputs are given as per circuit diagram.

(iii)  Observe the output and verify the truth table.



AND GATE:

SYMBOL:
A
—: Y=4.B
B 54080

TRUIH TABLE

A O AT
0 o 0
] 1 0
1 a 0
1 1
OR GATE:
SYMBOTL
B 7432
TRUTH TABLE
A 3 A+E
0 0 0
0 1 1
1 O 1
1 1 1

13
12

11
10

PIN DIAGRAM:
W
1 Yoo
2
I
i c
3 s |
‘— pd
4
5
0 - |
i}
G
=Gl h[———
PIN DIAGEADN :
LA

]

i | e ]

-Gnd

L

-
lx]
o]

|
—
=5

13
12

-

M
10

E




NOT GATE:

SYMBOL: PIN DIAGRAM:
S
B 4l>0* Y=A 1 Voo - 14
3 C 12
% ,_f 7 11
4 4 i; .
TEUTH TABLE : 5 0 10
- f’ Y
0 1 .
1 0 7+Gnd
X-OR GATE:
SYMBOL : PIN DIAGRAM :

ey e L)
A _————qj—ﬁx Y = AB + AB

B oo gt
TAZ5N
2 :J ‘
TRITTH TARLE - I‘j :
L c
A B AB + AB j e 7
0 0
4
] 1 1 )
1 0 1 =] 3
1 1 0 / b
5

J
7

12
12



2-INPUT NAND GATE:

SYMBOL:
% Y=
I e =
B B
T400

THUI'H TABLE

A m =]
] ] 1
d 1 1
1 0 1
1 1 ]

3-INPUT NAND GATE :

SYMBOL
A _ —~
i — F= A.B.C
Poe— }:

7410

TREUTH TAELE

A B c | apc

o o 0 i

o o 1 i

o i 0 i

0 i 1 i

i o 0 i

i o 1 i

i i 0 i

i i 1 0

PIN DIAGRAM:
v
1 Yoo
r |
\J ¢ ﬂ
3 — 7 |
%
4 4 i
b} ’j‘ 0 . U
Jj "
E L\J
7 +Gnd B
PINDIAGREAN :
WA
1 Yoo 114
2 | 13
“ ,_f' | 12
3
i
. IC 11
[ 7410 10
I_ 9
3]
7| Gnd g

13
12



NOR GATE:
SYMBOL :

A

) e hrd
_F=A¥]

B 7

TRUTH TABLE

B A+

o |o |=
&
i

RESULT:

FINDIAGRAM :

o

7+Gnd

T
I il=dR

13

12

™

10



LOGIC DIAGRAM:

HALF ADDER

Aes

Be »

Jo >

SUM =AB + AB

741 S86N
1Y) .
|1~ CARRY = AB
74L.S08D
TRUTH TABLE:
A B CARRY SUM
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0
K-Map for SUM: K-Map for CARRY:
x\\'\ E ..\'\_ E
A D0 01 AT 00 01
00 1 00
01 01 1
1

SUM =AB + AB

CARRY =AB

10



Date:
Expt. No.:

DESIGN OF HALF ADDER AND FULL ADDER

AlM:
To design and construct half adder, full adder, half subtractor and full subtractor
circuits and verify the truth table using logic gates.

APPARATUS REQUIRED:

Sl. No. COMPONENT SPECIFICATION QTY.

1 AND GATE IC 7408 1

2. EX-OR GATE IC 7486 1

3. OR GATE IC 7432 1

4. IC TRAINER KIT - 1

5. PATCH CORDS - Adequate
THEORY:
HALF ADDER:

Half adder is a combinational circuit which consists of two binary input variables
called augend and addend and two binary output variables called sum and carry. In the
addition result, the lower significant bit is called as sum and the higher significant bit is
called as carry. The truth table of the half adder is given below, in that the sum becomes
logic ‘1’ when any one of the input is maximum and it is equal to logic ‘0’ when both
inputs are equal. The carry is equal to logic ‘1’ when both inputs are equal to logic ‘1’
unlessit is equal to logic ‘0.

FULL ADDER:

Full adder is a combinational circuit which consists of three binary input variables
called augends and addends and two binary output variables called sum and carry out. In
the addition result, the lower significant bit is called as sum and the higher significant bit
is called as carry out. The truth table of the full adder describes al the eight possible
input variations. The full adder results the outputs are equal to logic ‘0’ when all the
applied inputs are equal to logic ‘0’ and the outputs are equal to logic ‘1’ when all the
inputs are equal to logic ‘1’. The sum is equal to 1 when odd numbers of inputs are equal
to 1 from the applied three inputs. The carry out is equal to 1 if more than one applied
inputs are equal to 1.

11



LOGIC DIAGRAM:
FULL ADDER USING TWO HALF ADDER

UlA

74LS86D UlB
Ae 0—-1—)T>4_. , TALS86D
£ 9 24 . : ))—>—6—.S
© T SUM=A@BgCi
uzB
, TALSO8N
' 6
C® | 51 .
U3A
U2A 74L.S32D

, 7ALSO8N Cour

~ )-3 2

2 / —

Cout = (A B) Cin+ AB
TRUTH TABLE:
Inputs Outputs

A B Cha Cout S
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

12



K-Map for SUM:

BCin
A 00 01 11 10

0] O 1 0 1

1( 1 0 1 0

Sum (S) = ABCin+ ABCin +ABCi, + ABCiy
= (AB + AB)Cin + (AB + AB)Cin
= (A®B) Cin + (A® B) Cin,
= (A®B) Cin+ (A®B) G

SUM (S) = A®B&Ciy

PROCEEDURE:

K-Map for Coyu:

Cin
A 00 01 11 10

0] O 0 1 0

1 o (Lo (02l 1]

Cout = BCin+ ACin +ABCin + AB
=(A+A)BC,+A (B+B)C,+AB
= ABCi, + ABC;, + ABCi, + ABCi,, + AB
= (AB + AB) Ci, + ABCip + AB

Cout = (A@ B)Cm + AB

(i) Verify the truth table of the given Logic Gates.
(i) Connection to be made as per the circuit diagram.
(iii)  All the possible input variations are to be given.
(iv)  Observe the output and verify the truth table.

RESULT:

13



LOGIC DIAGRAM:

HALF SUBTRACTOR
A ?4861HJ AUBE
B 5 3 Difference
o 2] A'B
MDEEH—J 3 Borrow
TRUTH TABLE:
A B BORROW | DIFFERENCE
0 0 0 0
0 1 1 1
1 0 0 1
1 1 0 0

K-Map for DIFFERENCE:

B

A o0 o

Y

oo ‘ 1

'1 ‘

DIFFERENCE = AB + AB

01

K-Map for BORROW:

-L B
B, on |:'|

oo 1

01

BORROW =AB

14



Date:
Expt. No.:

DESIGN OF HALF SUBTRACTOR AND FULL SUBTRACTOR

AlIM:

To design and construct half adder, full adder, half subtractor and full subtractor
circuits and verify the truth table using logic gates.

APPARATUS REQUIRED:

SI.No. | COMPONENT SPECIFICATION QTY.

1. | AND GATE IC 7408 1

2. | EX-ORGATE IC 7486 1

3. | ORGATE IC 7432 1

4. | NOT GATE |C7040 1

5. | ICTRAINERKIT - 1

6. | PATCH CORDS - Adequate
THEORY:
HALF SUBTRACTOR:

Half subtractor is a combinational circuit which consists of two binary input
variables called minuend and subtrahend, and two binary output variables called
difference and borrow. In the two bit subtraction result, the lower significant bit is called
as difference and higher significant bit is called as borrow. The truth table of the
subtractor is given below in that the difference becomes logic ‘1’ when both inputs are
different each other and it is equal to logic ‘0’ when both inputs are equal. And borrow is
equal to logic ‘1’ when minuend is smaller than subtrahend.

FULL SUBTRACTOR:

Full subtractor is a combinational circuit which consists of three binary input
variables called minuend and subtrahend, and two binary output variables called
difference and borrow out. In the subtraction result, the lower significant bit is called as
difference and the higher significant bit is called as barrow out. The truth table of the full
subtractor describes all the eight possible input variations. The full subtractor results the
outputs are equal to logic ‘0’ when all the applied inputs are equal to logic ‘0’

15




LOGIC DIAGRAM:
FULL SUBTRACTOR USING TWO HALF SUBTRACTOR

U3A
174L886D

As uss
Bs 2 D ; i )Y>—5—'DIFFERENCE

74LS04N 741.586D

UzB
UiB

Bin® 4 4)
UlA 3

& 74 S08N T4LSOBN o
“_l>c 2 . ﬂ q 5 Bour
74L.S04N L 741.532D

TRUTH TABLE

Inputs Outputs
A B Bin Bout D
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 1 0
1 0 0 0 1
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

16



or most significant bit and any one of the least significant bit is equal to logic “1’, and the
outputs are equal to logic “1’ when all the inputs are equal to logic ‘1’ or any one of the
subtrahend is equal to logic ‘1’. The difference is equal to 1 when odd numbers of inputs
are equal to 1 from the applied three inputs. The barrow out is equal to 1 if any one of the
subtrahend or all the applied inputs are equal to logic “1°.

PROCEEDURE:

(1) Verify the truth table of the given Logic Gates.
(i) Connection to be made as per the circuit diagram.
(@iii)  All the possible input variations are to be given.
(iv)  Observe the output and verify the truth table.

K-Map for Difference:

Bin

A 00 01 11 10
ol O 1 0 1

1 1 0 1 0

Sum (S) = ABB;, + ABBi, +ABBi, + ABCi,
= (AB + AB)Bi, + (AB + AB)Bin
= (A®B) B, + (A® B) Bis
= (A®B) B+ (A®B) B;,

SUM (S) = A®B® B,

RESULT:

K-Map for Borrow (Bow):

Bi n
A 00 01 11 10

BORROW (Boy) = AB + ABj,+ BB,
=AB +A (B +B)Bi, + (A + A) BBi,
= AB + ABB;, + ABB;, + ABB;,+ ABB;,
= AB + ABB;, + ABB;, + ABBi,
= AB + ABB;,+ (AB + AB) Bj,
=AB + (A®B) Bi,
(Bou) =AB + (AT%S) Bin

17



LOGIC DIAGRAM:

BINARY TO GRAY CODE CONVERTOR

B3 s

S—

741 S86N

S——

74LS86N

9
Sya—

74LS86N

TRUTH TABLE:

UlA

®*G3=B3

UlB

e G2 = B{+)B2

uiC

«G1 = B1(+ B2

» G0= BA(+)B1

Inputs (BINARY CODE)

Outputs (GRAY CODE)

09)
w

B2 Bl

vy}
o

@
w

G2 Gl

@
o

PP IPIPIPIPIO OO OjlOC|OC|O|O

Rlkr|FP|Fr|lOo|lo|lo|O|rR|rR|rR|R|Oo|o|o]|O
Rlr|lo|lo|lrRr|rR|lo|O|rR|rR|Oo|lO|rR|rR|O|O

Rr|lo|lr|lo|rRr|O|r|O|R|O|r|O|R|O|rR|O

PRI |IPIPIPIPIO OO O|lOCO|OC|O|O

o|/lo|lo|jo|rR,|(FP|IFP|IP|IP|IP|IPIPIOOC|lO|O
o|o|rR|(FP|IP|IPIOOlO|IOCO|FRP|FP|FP|PL|O|O

o(RPr|PO|IOC|P|POIOCO|P|P O|lOC|(FL |, |O

18




Date:
Expt. No.:

DESIGN AND IMPLEMENTATION OF CODE CONVERTOR

AlIM:
To design and implement 4-bit
(1) Binary to gray code converter
(i)  Gray to binary code converter
(ili)  BCD to excess-3 code converter
(iv)  Excess-3to BCD code converter

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1 X-OR GATE IC 7486 1
2. AND GATE IC 7408 1
3. OR GATE IC 7432 1
4. NOT GATE IC 7404 1
S. IC TRAINER KIT - 1
6. PATCH CORDS - 35
THEORY:

BINARY CODES: A group of binary bits that used to represent the characters,
numbers and symbols is defined as binary codes. Binary codes are used in the digital
computer to represent, store and transmit various data.

BCD NUMBERS: BCD numbers are straight binary representation for decimal
numbers. The decima numbers ate directly represented with the weightages of 8421 in
BCD code. This is popularly used in decima addition, subtraction, etc. the BCD code
represents the decimal number O to 9 with the binary representation 0000 to 1001. In the
4-bit binary representation last six assignments are discarded for BCD number
representation.

EXCESS - 3 CODE: The 4-bit excess — 3 code is obtained by adding 3(0011)
with BCD code. 8421 and 2421 weighted codes provide the self-complement number of
excess — 3 code in the binary representation. The self-complement property of excess — 3
code helpsto perform the arithmetic operation in digital system design.

19



LOGIC DIAGRAM:

GRAY TO BINARY CODE CONVERTOR

G3 G2

91 GO

UlA

1
3
2

» B0 = cHe2(De13)Go

74LS86N

uiB

4 .
) O
74LS86N

uicC

74LS86N

*B1 = G3(+)62(+) G1

—— B2= G162

B3 =G3

TRUTH TABLE:

Inputs (GRAY CODE) Outputs (BINARY CODE)
G3 G2 G1 GO B3 B2 B1 BO
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 1
0 0 1 1 0 0 1 0
0 1 0 0 0 1 1 1
0 1 0 1 0 1 1 0
0 1 1 0 0 1 0 0
0 1 1 1 0 1 0 1
1 0 0 0 1 1 1 1
1 0 0 1 1 1 1 0
1 0 1 0 1 1 0 0
1 0 1 1 1 1 0 1
1 1 0 0 1 0 0 0
1 1 0 1 1 0 0 1
1 1 1 0 1 0 1 1
1 1 1 1 1 0 1 0

20



BINARY TO GRAY CODE CONVERTOR -K-MAP

K-map for G3: K-map for G2:
1B0
B3B 00 01 11 10 s 1B0 % oL " "
00| 0 0 0 0
00| o 0 0 0
o1| o 0 0 0
01 1 1 1
11
1 1 1 1| o 0 0 0
oL | 1 1 w|[r | 1 | 1 | 1
G3=B3 — —
G2 = B3B2+ B3B2 = B3+)B2
K-map for G1: K-map for GO:
1B0 1B0
B3B 00 o 11 10 | B3B 00 01 11 10
00| 0 o |\ 1 1] 00| o 1 0 1
o1 | 1 1 0 0 ol o 1 0 1
11 1 1 0 0 11 0 1 0 1
of o | o |[1 ]| 1) 10| o |[[2]] o | |2

G1= B1B2 + B1B2 = B1©)B2

GRAY TO BINARY CODE CONVERTOR -K-MAP

GO0 = B1BO + B1B0 = B1£)BO

K-map for B3: K-map for B2:
1GO 1GO

G3G 00 01 11 10 G3G 00 01 11 10
00 0 0 0 0 00 0 0 0 0
01 0 0 0 0 01 1 1 1
11 1 1 1 11 0 0 0 0
10l T1 1 1 10| |1 1 1 1]

G3=B3 B2= G3G2+ G3G2=G3®G2

21




GRAY CODE: This code is an un-weighted binary code. A gray code is often used in
the trandation of an analog quantity, such as a shaft position in to digital form. The four
bit gray code can be used to represent the decima number from O to 15. In this
representation the last and first entry of gray code consequently differs only in one bit

position (MSB bit). So thisis also called reflective code.

CODE CONVERTERS: The presence of different codes in digital system for the same
discrete elements of binary information results the requirement of code conversion. Code
converter is a logic circuit that converts one type of binary code into another type of

binary code.

PROCEDURE:

1. Construct the truth table to convert one form of code to another form.
2. Veify the Boolean expression using K-map for the output variables.
3. Rigthecircuit diagram for ssmplified Boolean expressions.
4

. Verify the truth table.

GRAY TO BINARY CODE CONVERTOR -K-MAP

K-map for B1: K-map for BO:
1GO 1GO
G3G 00 01 11 10 G3G 00 01 11 10
ool O 0 x| 1) ool O 1 0 1
or| (o [ 1 0 0 o1| |1 0 1 0
1|l o | o | L] 4 1| o 0 1
10 @ [ 1)] o 0 10 |1 0 1 0

Bl =G3¥G2®G1

BCD TO EXCESS-3 CODE CONVERTOR -K - MAP:

K-map for E3: K-map for E2:
1B0 1B0
B3B 00 01 11 10 B3B 00 (0l 11 | 10
0| 0 0 0 0 oo] o [\1 [\1 1
01| o | (1 1 1) 01| 1 0 0 0
11| (x X X X 11| X X X X
10| [1 T | XX of o | /1 [[x |\ x)

E3=B3+B2(B1+B0)

B0 = G3WG2@G1@ GO

[ | |
E2 = B2®(B1 + BO)

22




LOGIC DIAGRAM:
BCD TO EXCESS-3 CODE CONVERTOR

B3 B2 Bl BO

U2A U1B

=" U2B
) M E3=B3+B2(B1+B0)
74LS32N

74LS08N

74LS32N

U3A

npY

E2 = B2(®(B1 + BO)

741.S86D

u3B U4A

«E1= B1#B0

] >~

74LS86D

u4B

1fl>cz

74LS04N

3[|>¢4

74LS04N

TRUTH TABLE:

E0=B0

Inputs (BCD CODE)

Outputs (EX-3 CODE)

09)
w

B2 Bl

09)
o

[T
w

E2 El

m
o

Rrlkr|lo|lo|lo|lo|lo|lo|o|o
o|lo|r|r|r|r|lo|lo|lo|o
o|lo|r|r|o|o|r|r|o|o
Rrlolr|lo|lr|olr|lo|lr|o

RPlIlRP|IP|IP|IP|IO|IO|O|O|O

RP|IO|O|O|O|FR,|FP|FLP|FL,]|O
oO(Frkr|kP|O|O|(FRP|[P|[|OC|O|F

oO(fFr|O(FR|O(FRP|[O|[FRL|O|F
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LOGIC DIAGRAM:
EXCESS-3TO BCD CODE CONVERTOR

EO E1 E2 E3
, UB
.| )*———B3=E3(E2+ELEQ)
ULA _u2A 74LSO8N
5 f‘j)g_______:::;:[::>‘j"'
720508 74LS32N
U3A
3 - U2B
740504N L ; U4A L
38 - ) >———B2=E2®(E1 + EO0)
“"14%>”A‘"*' 7ALS3N 741 sgeN
74LS04N
, s
) > B1=E1®E0
74L.S86N
— B0 =EO0
TRUTH TABLE:
Inputs (EX-3 CODE) Outputs (BCD CODE)

E3 E2 El EO

B3 B2 Bl BO

RPlIlRPP|IP|IPIO|OC|O|O|O

RlO|lO|OC|O|FR|FP|FL|FL]|O
O|lFRP|([P|IOCO|IOC|FRP|FP|OC|O|F
O|FRP|OCO|FRP|O|FRP|O|FRL|O|F

RP|IRP[O]J]O|O[|O|O|O|O|O

O|O0o|(FR|FR|IFRP|IPIOC|IOC|O|O

O|0o|(FRr|FP|IO|IOC|FR|FL]|O|O
RP|IO(RP|IO|IFRP|OC|FRL|O|FL]|O
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BCD TO EXCESS-3 CODE CONVERTOR -K — MAP:

K-map for E1: K-map for EO:
BO BO
B3B 00 01 11 10 B3B 00 01 11 10
oo|(IT)] o | (1) o 0| | o 0 | (1T
o1] |1 0 1 0 01] 1 0 0 1
1] [ X X X X 111 X X X X
10 |1 0 X X 10 1 0 X X
El1= B1®BO EO0 = B0
EXCESS-3TO BCD CODE CONVERTOR - K — MAP:
K-map for B3: K-map for B2:
EO 1E0
E3E 00 01 11 10 E3E 00 01, 11 10
o x | x o | x 00 [Tx x| o | x|
oL o 0 0 0 o1l o 0 1] o
un| (1 | x [[x]] X] 1mf o | x | X|| x
B3 =E3 (E2 + E1EQ) B2 = E2®(E1 + EO)
K-map for B1: K-map for BO:
TNE1E0
E3E2 00 01 11 10 1EO
wl X 101 o 10 E3E 0 _01 11 10
ool o [[2[] o [[1 Of x ) x| 0 [ X |
ul o [[x[] x [[X o1 ) 0] o[
0| o || o 1 11| 1 X X X
10 1 0 0 1
B1=E1®EO —
BO=EO
RESULT:
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BLOCK DIAGRAM - BINARY ADDER
A3 A2

T 1 1

J,i- FI < FI < ,:J,AA

Cca Ss3 S2 Sa
PIN DIAGRAM OF IC 7483:
1 a4 Ed
2 — =3 I =4 —
S — AT cC cCa 1
P — B3 T fols | = 1
5 |— WCC 4 =D
o =2 8 B
7T — B2 3 ool
= Az = —
LOGIC DIAGRAM:
4-BIT BINARY ADDER
L ] i 14
IKPUT DATA A
h3F E I
A 10 o L
— Z
D4 1H T s
4 ]
H® 4
INPUT DATA H — =
n —? 3
o 13 &
==
CE=-C MY

OUTrUT canmm”

DATA OUTRUT
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Date:
Expt. No.:

DESIGN OF 4-BIT ADDER AND SUBTRACTOR

AlIM:

To design and implement 4-bit adder and subtractor using |C 7483.

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1 IC IC 7483 1
2. EX-OR GATE IC 7486 1
3. NOT GATE IC 7404 1
3. IC TRAINER KIT - 1
4. PATCH CORDS - Adequate
THEORY:

BINARY ADDER:

A binary adder is a digital circuit that produces the arithmetic sum of two binary
numbers. It can be constructed with full adders connected in cascade, with the output
carry from each full adder connected to the input carry of next full adder in the chain. The
augend bits of ‘A’ and the addend bits of ‘B’ are designated by subscript numbers from
right to left, with subscript ‘0’ denoting the least significant bit. The carries are connected
in chain through the full adders. The input carry to the adder is Cy and it ripples through
the full adders to the output carry C4. The *S’ outputs generate the required sum bits.

BINARY SUBTRACTOR:

The subtraction of unsigned binary numbers can be done most conveniently by
means of complements. The subtraction A — B can be done by taking 2’s complement of
B and adding it to A. The 2’s complement can be obtained by taking 1’s complement and
adding 1 to the least significant pair of bits. The 1’s complements can be implemented
with inverters, and a 1 can be added to the sum through the input carry. The input carry
Co must be equal to 1 when performing subtraction.
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LOGIC DIAGRAM:
4-BIT BINARY SUBTRACTOR

MODE SELECT (M)

=0 [ADDITION]
=1 [SLUBTMACTION]

YT
A 1 f
b |
&1 4 14
IMAUT CATA A
e i |
44
A u . 15
. u3
n4 e 10 7 i a7
e 4 5 1
ny — o—0o"4
INPLIT NATE B — B g
[ — a7 3
g
m By n
- e T 1@
-+
CE=1 G
LOGIC LOGIC DIAGRAM:
4-BIT BINARY ADDER/SUBTRACTOR
VLT
ad 1 >
W |
A3 ] 14
INEATE 1804 4
Az g 1
A 1 c 15 51
w1
g = Tigsag T i
e 14 | 52
g i
4 |
B SR I “
| E
IMELU | als B ]
y___
T 7 E
f — ~
10
Vi
e £
11 1% P
GND

OHTPUT ZARRY

— DATA LT

QUTMUT CANIy

DATA OUTPUT



BINARY ADDER/SUBTRACTOR:

The addition and subtraction operation can be combined into one circuit with one
common binary adder. This is done by including an exclusive — OR gate with each full-
adder. The mode input M controls the operation of the circuit. When M=0, the circuit is
an adder and when M=1, the circuit becomes a subtractor.

PROCEDURE:

1. Rigthecircuit as per the circuit diagram.
2. Apply the given binary input data to the respective input pins
3. Verify thetruth table.

TRUTH TABLE:

Input Data A Input Data B Addition Subtraction

A4 | A3 |A2|A1|B4|B3|B2|B1|C|S4|S3|S2|S1| B |D4|D3|D2|D1

i1j0(0}j0}J0O0|Of2(0O}|J0O(1T]0O|2|0Of21])O0O|21(1)]O0

RESULT:
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LOGIC DIAGRAM:

BCD ADDER
A8 A3 AZ A1 B4 B3I B2 B1
[ S T |
13 8 10 1 4 7 M
CE=0
C4=%
lIC 7483 — WCC
| GHD
1% 2 & g
4| 53| 82|
——ff:j._ - T—l " <OBH
TLazk 15*52?'—| =
3908
o Ad A3 | AZ A1 (B4 | B3| B2 | BI
|
1 3 B 10 1€ 4 7 1
CE=D
Cany C 7483 — WCC
ignored
| GHD
15 2 &6 9
54 53 52 03
K-map for C:
7271
72874 00 01 11 10
00 0 0 0 0
01 0 0 0 0
\
1| (1 1 1 1))
10 0 0 1 1
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Date:
Expt. No.:

DESIGN OF BCD ADDER

AlM:

To design and implement BCD adder |C 7483.

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1 IC IC 7483 2
2. EX-OR GATE IC 7486 1
3. NOT GATE IC 7408 1
3. IC TRAINER KIT - 1
4. PATCH CORDS - Adequate
THEORY:

BCD ADDER: BCD adder isacircuit that performs the addition of two BCD numbersin
paralel. BCD additions are performed in 4-bit binary form so there is a possibility of
increasing binary number greater than 9 that results wrong output. To avoid this, in BCD
addition correction logic | included as described below,

1. If the binary sum is equa or less than 9 with carry O, then that binary sum is
correct BCD sum.

2. | the binary sum is equal or less than 9 with carry 1, then that binary sum is an
incorrect BCD sum. To get the correct BCD sum add 0110 with least significant
binary sum digits.

3. If the binary number is greater than 9, then that binary sum is an incorrect BCD
sum. To get the correct BCD sum add 0110 with binary sum digits.

BCD adder can be constructed with three blocks such as two binary adders and the
correction logic circuit. Initially in the BCD adders, the four bit binary numbers are added
using paralel binary adder and then, the binary output is checked to correct as BCD
number. The correction logic generates the correction code based on the binary output
values. When we get the incorrect binary output as per the condition described above, the
correction code is added with the binary output to get the correct BCD number through
second binary adder.

PROCEDURE:
1. Connections are made as per the circuit diagram.

2. Apply thelogica Input data and verify the corresponding output.
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TRUTH TABLE:

©
£ old|lan|lm|st|wvw|o|~]|0|o
mW A | A | A | A| A | A | A | A | | A
(@]

) o|ld|o|d|lo|d|o|d|o]|«
m&. o|lo|d|dA|o|o|d|HdA|O]|O
ald o|lo|o|o|d|dA|dA|HA|O|O
O
m

0] o|lo|o|o|o|o|lo|o|d|d

(@) A | A | A | A| A | A | A | A | | A

N o|ld|o|d|o|d|o|d|o]|«
qmw_/n_/_ A|ld|o|lo|d|d|o|lo|w]|«
>0
2N o|lo|ld|d|Hd|Hd|o|o|o|o
=
[l NGt —A|d|d|d|d|d|o|o|o| o

X O|o|loco|o|jlo|lo|dA|A|dA|dd

RESULT:
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Date: DESIGN AND IMPLEMENTATION OF MAGNITUDE
Expt. No.: COMPARATOR

AIM:
To design and implement

(i) 2 — bit magnitude comparator using basic gates.

(i) 4 - bit magnitude comparator using IC 7485.

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1 AND GATE IC 7408/ 1C7411 2/1
2. X-OR GATE |C 7486 1
3. OR GATE IC 7432 1
4. NOT GATE IC 7404 1
5. 4-BIT MAGNITUDE IC 7485 2

COMPARATOR
6. IC TRAINER KIT - 1
7. PATCH CORDS - 30
THEORY:

The comparison of two numbers is an operation that determines whether one
number is greater than, less than (or) equal to the other number. A magnitude comparator
is a combinational circuit that compares two numbers A and B and determines their
relative magnitude. The outcome of the comparator is specified by three binary variables
that indicate whether A>B, A=B (or) A<B.

A=A3 A, A1 Ao

B=B3; B, B; By

The equality of the two numbers A and B is displayed in a combinational circuit
designated by the symbol (A=B).

This indicates A greater than B, then inspect the relative magnitude of pairs of

significant digits starting from most significant position. A is0 and that of B isO.
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LOGIC DIAGRAM:

2BIT MAGNITUDE COMPARATOR
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We have A<B, the sequential comparison can be expanded as

A>B = A3B3" + X3AB5" + XaX2A1B1 + XaX2X1A0Bo"

A<B = A3'B3 + X3A,'By + XaX2A1'B1 + X3X2X1A0'Bo

The same circuit can be used to compare the relative magnitude of two BCD
digits.

Where, A = B is expanded as,

A =B =(A3+B3) (A2+By) (A1+B1) (Ao+Bo)

N7 N7 N7 N7

X3 X2 X1 Xo

2-BIT MAGNITUDE COMPARATOR - K-MAP

K-map for A>B: K-map for A=B:
1BO 1B0
AlA 00 01 11 10 AlA 00 o1 11 10
00| 0 0 0 0 of[1]] o 0 0
01| (1] 0 0 0 | o [ 1] 0 0
1| (le 1] o |[1 1| o o [[)] o
o[l [ 1J] o 0 10| o 0 o | 1]
A>B=B1A1+B1B0AO+B0OALAD A=B = (BO(®MAO0) (B1(® A1)
K-map for A<B:
1B0
ALA 00 01 111 10
oof o [[x [[la] | 1]
ol o 0 1 1
11| o 0 0 0
10| 0 0 1 0

A<B=B1A1+A1A0B0+B0OB1A0
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A<B

15 — vcco
A3

14 — @2

13 — az

11 — B1

OUTPUTS
12 — a1

A>B

BO

3
- |
G

— 2

AL

12

1l

Bl
B

INPUTS

1{a<B)

1{a=B}

1{a>B)
A-B
=

AO

Al

TRUTH TABLE-2-BIT MAGNITUDE COMPARATOR

PIN DIAGRAM OF IC 7485:

A<B | T
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LOGIC DIAGRAM:
4BIT MAGNITUDE COMPARATOR

A3 42 Al AD B3 B2 B1 ED
Ll L

w15 13 12 10 12 11 e

=l | 7485 (1) 3

A<B |

16 g 1
Voo GND
TRUTH TABLE:
Comparing Inputs Cascading I nputs OUPUTS

A3 B3 A> B> A1 B3 AoBo | lase | la<e | la=B A>B A<B A=B
Az> B3 X X X X X X 1 0 0
A3< B3 X X X X X X 0 1 0
A3=Bs | A>B> X X X X X 1 0 0
A3=Bs | Ax<B> X X X X X 0 1 0
A3=Bs | A2=B, | A1>B3 X X X X 1 0 0
A3=Bs | A2=B, | A1<B: X X X X 0 1 0
A3=Bs | A2=B, | A1=B1 | Ap>Bo | X X X 1 0 0
A3=Bs | A2=B, | A1=B1 | Ap<Bo | X X X 0 1 0
A3z=Bs | A,=B2 | A1=B1 | Ap=Bp 1 0 0 1 0 0
A3z=Bs | A,=B2 | A1=B1 | Ap=Bp 0 1 0 0 1 0
A3z=Bs | A,=B2 | A1=B1 | Ap=Bp 0 0 1 0 0 1
A3z=Bs | A,=B2 | A1=B1 | Ap=Bp X X 1 0 0 1
A3z=Bs | A,=B2 | A1=B1 | Ap=Bp 1 1 0 0 0 0
A3=Bs | A2=B, | A1=B1 | Ap=Bo 0 0 0 1 1 0
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PROCEDURE:

(1) Connections are given as per circuit diagram.
(i) Logical inputs are given as per circuit diagram.

(i)  Observe the output and verify the truth table.

RESULT:
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Date: DESIGN AND IMPLEMENTATION OF MULTIPLEXER AND
Expt. No.: DEMULTIPLEXER

AlIM:
To design and implement multiplexer and de-multiplexer using logic gates and

study of 1C 74153 and I1C 74139.

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1 31/PAND GATE IC 7411 2
2. OR GATE |C 7432 1
3. NOT GATE IC 7404 1
4. MULTIPLEXER IC IC 71LS153 1
S. DEMULTIPLEXERIC |C 74L.S139 1
6. IC TRAINER KIT . 1
7. PATCH CORDS . 32
THEORY:

MULTIPLEXER:

Multiplexer means transmitting a large number of information units over a
smaller number of channels or lines. A digital multiplexer is a combinational circuit that
selects binary information from one of many input lines and directs it to a single output
line. The selection of a particular input line is controlled by a set of selection lines.
Normally there are 2" input line and n selection lines whose bit combination determine
which input is selected.

DEMULTIPLEXER:

A demultiplexer is a circuit that receives information on a single line and
transmits this information on one of 2" possible output lines. The selection of specific
output line is controlled by the values of n selection lines. The single input variable Di,
has a path to al four outputs, but the input information is directed to only one of the
output lines.
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BLOCK DIAGRAM OF 41 MULTIPLEXER:

PIN DIAGRAM
Ul

Ve e 16 |

M — ~5— 100 1Y |—F—
DATANP |0 — 41 DATA CIP —=— 1c1
Dz 4 WX =115

03 ~LO0d 2D 2Vy |—
—ld o1
124 o2
134 23

S """"2 a
DATE SELECT G
—D —2G
74LS153N
FUNCTION TABLE:
Select Inputs Inputs (1 or 2) Output

So S E lo l1 I> I3 Y
X X 1 X X X X 0
0 0 0 0 X X X 0
0 0 0 1 X X X 1
1 0 0 X 0 X X 0
1 0 0 X 1 X X 1
0 1 0 X X 0 X 0
0 1 0 X X 1 X 1
1 1 0 X X X 0 0
1 1 0 X X X 1 1
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CIRCUIT DIAGRAM OF MULTIPLEXER:
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LOGIC DIAGRAM OF DEMULTIPLEXER:

St %
QPe— Ge—
/P
Vum Vum 9
74L504D
741 S04D
U2A
Pe——
! 1 )—0
74LS11N
u2B
Pe———
1 DD
74LS11N
u2c
Pe—
4 o D—Dz
74LS11N
U3A
Pe——
| ? D—Ds
74LS11N
TRUTH TABLE:
Inputs Outputs
S1 SO /P DO D1 D2 D3
0 0 0 0 0 0 0
0 0 1 1 0 0 0
0 1 0 0 0 0 0
0 1 1 0 1 0 0
1 0 0 0 0 0 0
1 0 1 0 0 1 0
1 1 0 0 0 0 0
1 1 1 0 0 0 1

42



BLOCK DIAGRAM OF 1:4 DEMULTIPLEXER:

PIN DIAGRAM
| Ul
' 154 g
U > gq_ DATA CiF — ~1G VCC |—
e — 1B 2A =
o — 1YO 2B |—
— 1Y1 2Y0 |—
S o ] 1Y§ %Y% .
DATA SELECT
74L S139N
FUNCTION TABLE:
Inputs Outputs
E A B | Yo | Yi | Y2 | Y3
1 X X 1 1 1 1
0 0 0 0 1 1 1
0 1 0 1 0 1 1
0 0 1 1 1 0 1
0 1 1 1 1 1 0

PROCEDURE:
(1) Connections are given as per circuit diagram.

(i) Logical inputs are given as per circuit diagram.

(i)  Observe the output and verify the truth table.

RESULT:
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PIN DIAGRAM OF IC 7442:

BCD TO Decimal Decoder:
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PIN DIAGRAM OF IC 74147:
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LOGIC DIAGRAM OF 8-TO -3 LINE ENCODER:
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Date: DESIGN AND IMPLEMENTATION OF ENCODER AND
Expt. No.: DECODER

AIM:

To design and implement encoder and decoder using logic gates and study of 1C
7442 and IC 74147.
APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1 31/PNAND GATE IC 7410 2
2. OR GATE |C 7432 3
3. NOT GATE IC 7404
4. DECODER IC 7441 1
5. ENCODER IC 74147 1
6. IC TRAINER KIT - 1
7. PATCH CORDS - 27
THEORY:
ENCODER:

An encoder is a digital circuit that perform inverse operation of a decoder. An
encoder has 2" input lines and n output lines. In encoder the output lines generates the
binary code corresponding to the input value. In octal to binary encoder it has eight
inputs, one for each octal digit and three output that generate the corresponding binary
code. In encoder it is assumed that only one input has a value of one at any given time
otherwise the circuit is meaningless. It has an ambiguity that when al inputs are zero the
outputs are zero. The zero outputs can also be generated when DO = 1.

DECODER:

Decoder is a multiple input multiple output combinational digital circuit that
converts n number of coded binary inputs in to 2" number of coded binary outputs. In the
decoder, the combination of input information lines define the logic output of any one
output line as logic high at a time and rest of the output lines are being fixed to logic O.
When the combination of input binary information changes the logic 1 output line also be
changes. Usually decoder produces unigue output corresponding to each input pattern.
Therefore, the nto 2" decoder is also called as simple minterm generator with each output
corresponding to exactly one minterm. The enable input used in the diagram acts as a
controller of decoder. To operate the decoder the enable input must set as active high.
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TRUTH TABLE -8-TO -3-line Encoder:

Inputs Outputs
D7 | D¢ | Ds | Dgy | D3 | D2 | D1 | Do C B A
0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 1 0 0 0 1 0
0 0 0 0 1 0 0 0 0 1 1
0 0 0 1 0 0 0 0 1 0 0
0 0 1 0 0 0 0 0 1 0 1
0 1 0 0 0 0 0 0 1 1 0
1 0 0 0 0 0 0 0 1 1 1
LOGIC DIAGRAM OF 2-TO-4 LINE DECODER:
En B A
Q— Ge—
U3B
U3A 74LS04N
74L 4N
UlA
2 )—1—2—-Y0: B A
[ = -
74LS11IN
UilB
[ 2 —
)—Y,=B A
[ I
74LS11N
ulcC
[ 10 >-8—.Y2: B A
[} H
74LS11IN
U2A
=] ) Y,=B A

74LS11N

46



TRUTH TABLE OF 2-TO-4 LINE DECODER:

Enable INPUTS OUTPUTS
En B A Yo Y1 Y2
1 0 0 1 0 0 0
1 0 1 0 1 0 0
1 1 0 0 0 1 0
1 1 1 0 0 0 1
PROCEDURE:

(1) Connections are given as per circuit diagram.
(i) Logical inputs are given as per circuit diagram.

(iii)  Observe the output and verify the truth table.

RESULT:



LOGIC DIAGRAM OF SR FLIP-FLOFP:

So—.—l—
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LOGIC DIAGRAM OF D FLIP-FLOFP:
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-
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L5000

TRUTH TABLE:

INPUTS OUTPUTS
CLK | S R Q Q
0 0 0 NC NC
0 0 1 NC NC
0 1 0 NC NC
0 1 1 NC NC
1 0 0 NC NC
1 0 1 0 1
1 1 0 1 0
1 1 1 0/1 0/1
TRUTH TABLE:
INPUTS OUTPUTS
CLK | D Q Q
0 X NC NC
1 0 0 1
1 1 1
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Date:
Expt. No.:

STUDY OF FLIP-FLOPS

AlM:
To construct and verify the truth table of a given flip-flops.

1. SRflip-flop
2. D flip-flop
3. XK flip-flop

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
NAND GATE |C 7400 1
NOT GATE IC 7404 1
IC TRAINER KIT . 1
PATCH CORDS . 30
THEORY:
FLIP-FLOP:

Flip-Flop is an edge triggered synchronous sequential logic circuit that is capable
of storing single bit binary information. A flip-flop consists of two outputs one for
normally stored binary bit and another one for complement of stored binary bit. It can
maintain the stored binary state indefinitely until driven by another input signal to switch
other state.

SR FLIP-FLOP:

SR (Set-Reset) flip-flop is a clocked sequential circuit which is controlled by edge
triggered CLK control signal. The change of clock signal from either each edge of logic O
to logic 1 changes or each edge of logic 1 to logic O changes updates the output for a
response of change in input signal. The circuit output is only respond to the CLK not for
the changein inputs S and R.
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LOGIC DIAGRAM OF

JK FLIP-FLOP:

1
2 ’ 12
J ¢ 13 o

U2A

) S I

74LS10N 74_LSOOD
CLK&—¢
uz2B 12 J-UB —
3 [o N . —
K ® i )C‘S 3 Q
— 74L.S00D

74LS10N

TRUTH TABLE:
INPUTS OUTPUTS
— STATES
CLK J K Q Q
0 0 0 NC NC No Change
0 0 1 NC NC No Change
0 1 0 NC NC No Change
0 1 1 NC NC No Change
1 0 0 NC NC No Change (Present State = Next State)
1 0 1 1 Reset
1 1 0 Set
—= Toggles (complement of present stateis

1 1 1 Q Q equal to next state)
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D FLIP-FLOP:

D flip-flop is used to eliminate the undesirable conditions that are present in the
SR flip-flop. It define only the set and reset condition of SR flip-flop. The logic diagram
of D flip-flop which satisfies the above consideration. The D flip-flop has only two inputs
such as data input D and control input CLK. Theinput D is Connected directly to the SR
flip-flop S and connected with an inverter to R. When an input D = 1, the flip-flop
represent the set condition while an input D = O, the flip-flop represent the reset
condition. When the control input CLK is applied to the D flip-flop the input is applied to
develop the output for the response of change in input. When the applied clock pulse
CLK isequal to logic 1 the input D is stored in the flip-flop and the output Q is equal to
the input D. When the applied clock pulse CLK is equal to logic O the input D does not
applied to the flip-flop that maintains the data that stored previously on it and the output
Q isalso equal to previous state output.

JK FLIP-FLOP:

JK flip-flop is arefinement of SR flip-flop in which the indeterminate state of SR
flip-flop is defined. The inputs of JK flip-flop J and K are behave like inputs of SR flip-
flop S (set) and R (reset) respectively. The input Jis used to set the flip-flop, while K is
used to reset the flip-flop. When both inputs are high the output complements the
previous output that obtained from flip-flop. The previous output is called as present state
input while the present output is called as next state of flip-flop.

PROCEDURE:
1. Connections are given as per the logic diagram.
2. Apply the input data and verify the truth table.

RESULT:
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LOGIC DIAGRAM OF 4-BIT ASCHNCRONOUS (RIPPLE) UP-COUNTER:

HIGH (1) *

14
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CLKl_

uiB

2 2Q
2CLK
2K -2Q
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11qu< 1o 2 ;o
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20b 2CLK
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~2CLR

2Q
-2Q |—
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TRUTH TABLE:

INPUT OUTPUTS
CLK Qa4 Qs Q2 Q1
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

74LS73N

Q

PIN DIAGRAM OF IC 7473

~Lop 1CLK

PESIRE

~1CLR
1K
VCC
2CLK
~2CLR
2J

17 H4.
~10 ol
10 M7~
K0
2K =L
QQﬁLﬂ

74LS73N
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Date: VERIFICATION OF 4 BIT ASYNCHRONOUS (RIPPLE)
Expt. No.: COUNTER

AIM:
To construct and verify 4 bit ripple counter.

APPARATUS REQUIRED:

Sl. No. COMPONENT SPECIFICATION | QTY.
1. | KFLIPFLOP IC 7473 2
2. | ICTRAINERKIT - 1
3. | PATCH CORDS - 30
THEORY:
UP-COUNTER:

Asynchronous counters are the circuit that used to count the binary numbers in
prescribed sequence. In asynchronous counter the flip-flops are not triggered with
common clock pulse. Except the first (least significant) flip-flop others are triggered by
the output of previous flip-flop while the first one is triggered by the clock pulse. Hence
asynchronous counter is also called as ripple counter. When inputs set into logic high the
JK flip-flops are continuously present in the toggle condition which complements the
output continuously. This cause to prevent the circuit from triggering of two adjacent
flip-flops simultaneously.

DOWN-COUNTER:

Asynchronous down counter performs the reverse operation of up-counter which
counts the binary number by decreasing one when the flip-flops are activated by the clock
pulse. First flip-flop triggered by clock pulse the remaining flip-flips are triggered by the
inverted output of previous flip-flop. It is an only difference from up-counter.
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LOGIC DIAGRAM OF 4-BIT ASCHNCRONOUS (RIPPLE) DOWN-COUNTER:

HIGH (1) ®

Q, Q, Q,
q q
U1A UiB U2A uz2B
14113 1Q H2 71 2) 20 14115 1Q H2 12 20
19 50 1o 50
I- 3 >ﬁfLK ~1Q otz 10 ﬁgLK ~2Q 3 ﬁ?LK ~1Q o110 ﬁgLK -2Q |-
CLK ~ICLR —60 ~2cLR ~ICLR ~2CLR
74LS73N 74LS73N 74LS73N 74LS73N

CLR(1)®

TRUTH TABLE:

INPUT OUTPUTS
CLK Q4 Qs Q2 Q1
0 1 1 1 1
1 1 1 1 0
2 1 1 0 1
3 1 1 0 0
4 1 0 1 1
5 1 0 1 0
6 1 0 0 1
7 1 0 0 0
8 0 1 1 1
9 0 1 1 0
10 0 1 0 1
11 0 1 0 0
12 0 0 1 1
13 0 0 1 0
14 0 0 0 1
15 0 0 0 0

PIN DIAGRAM OF IC 7473

~Lop 1CLK

PEEE:

~1CLR
1K
VCC
2CLK
~2CLR
2]

1) H4.
~1Q ok~
¢ fir
GNO-5-
2K 4
20 2
~2Q |L

74LS73N



PROCEDURE:
1. Connections are given as per the logic diagram.
2. Apply the clock pulse and verify the truth table.

RESULT:
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LOGIC DIAGRAM OF 4-BIT SCHNCRONOUS UP-COUNTER:

HIGH (1)
UBA
! '_'\ 3 4 USB U5C
Z—I / 6 9
ULA 74LS08N UiB 74Lsé; ) WA D 2B
i40 1i]CLK 0 .—-% 2é]CLK 2 .—-% 1:lCLK 1 74L508N ‘—-Z_O 2ZJCLK 2
3 11K -1Q L 107 o -2Q [B— L3 11k 10 ol L 101 o 20 |B—
—20| ~ICLR —£&0 ~2cLR —20 ~ICLR —£80l ~2CLR
N 74LSTIN 74LSTIN 74LST3N 74LSTIN
CLR (1) 1 2 3 4
CLK®
TRUTH TABLE: PIN DIAGRAM OF IC 7473
INPUT OUTPUTS | oD 1CLK 1] |4
ck [ | o | @ | o 20 ~1CLR ~1Q [ol3~
0 0 0 0 0 .-2— 1K 1Q _ﬁ_.
1 0 0 0 1 '5— VCC GN El—o'
> o [ o | 1| o 20p2CLK 2K |-
3 0 0 1 1 "7 O £§C LR %Q 3 j
4 0 1 0 0 Q
5 0 1 0 1
4L S 73N
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
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Date:
Expt.

No.:

VERIFICATION OF 4 BIT SYNCHRONOUS UP-COUNTER

AlM:

To construct and verify 4 bit Synchronous counter.

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1. JK FLIP FLOP IC 7473 2
2. IC TRAINER KIT - 1
3. PATCH CORDS - 30
THEORY:

UP COUNTER: Synchronous counter is a circuit in that al flip-flops are
triggered by the common clock pulse. The common clock pulse is applied to all the flip-
flops simultaneously to update the output for the change of input by triggering. In the
logic diagram of 4-bit synchronous up counter four flip-flops are connected in series with
common clock pulse. The logic high input is applied to LSB flip-flop (1). The AND
output of first stage flip-flop Q; and input is used to drive the J and K inputs os flip- flop
(2). The Jand K inputs of flip-flop (3) is driven by the AND output of flip-flops (1) and
(2). Smilarly, Jand K inputs of flip-flop (4) is driven by the AND output of (2) and (3).
The Jk flip-flop employed in the synchronous counter operates only in two conditions
such as no change condition and toggle condition.

PROCEDURE:
1. Connections are given as per the logic diagram.
2. Apply the clock pulse and verify the truth table.

RESULT:
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LOGIC DIAGRAM OF 4-BIT SCHNCRONOUSUP/DOWN COUNTER:

Q1 QZ 03
UP/DOWN LA I
o 1 . 4 UIC
e el Ry 4,
HIGH (1 74L.S04D 7ALSOBN 74LS08N ’Z_I_J
(1) WA B UsA ¢ 7ALSOSN UsB

14119y 10 H2 2) 2Q [ 13 10 H2 2] 2Q [

130 11Kcu< le U3A ﬁ 22K<:|_>< sz e %J—:é 11Kcu< ng s 2 2zKCLK sz o

20 ~1CLR J ~2CLR J 29 ~ICLR . 60 ~2cLR

74LS32D 74L.S32D 74LS32D
74LS73D 74L.S73D 74LS73D 74L.S73D
UlD
U1B -LLI—\ “
D “74Ts;3N 74LS08N
74L.S08N
CLR
CLK
TRUTH TABLE:
Control Inputs OUTPUTS Control Inputs OUTPUTS
CLK [UP/DOWN | Qs | Q3 | Q2 | @1 CLK |UP/IDOWN | Qs | Q3 | Q2 | Q;
0 | Initial state| O 0 0 0 17 1 0 0 0 1
1 0 1 1 1 1 18 1 0 0 1 0
2 0 1 1 1 0 19 1 0 0 1 1
3 0 1 1 0 1 20 1 0 1 ol o
4 0 1 110]0 21 1 ol 1]lo0] 1
5 0 1101111 22 1 ol1]l1]|o0
6 0 110110 23 1 o| 1| 1] 1
/ 0 1[0]J0]1 24 1 1l olofo
8 0 11010710 25 1 1]oflo]1
9 0 o I I 26 1 1ol 1] o0
10 0 0 1 1 0 o7 1 1 0 1 1
11 0 0 1 0 1 8 1 1 1 0 0
12 0 0 1 0 0 29 1 1 1 0 1
13 0 0 0 1 1 30 1 1 1 1 0
14 0 0 0 1 0
31 1 1 1 1 1
15 0 0 0 0 1
32 1 0 0 0 0

16 0 0 0 0 0
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Date: VERIFICATION OF 4 BIT SYNCHRONOUS UP/DOWN
Expt. No.: COUNTER
AlIM:

To construct and verify 3 bit Synchronous UP/ DOWN counter.

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1 JK FLIP FLOP IC 7473 2
2. IC TRAINER KIT - 1
3. PATCH CORDS - 30
THEORY:

SYNCHRONOUS UP/DOWN COUNTER: Up/Down counter isacircuit which
perform the logic count either up or down by increasing or decreasing a number by 1.
Synchronous Up/Down counter is a circuit which executes the counting operation either
up or down with a commonly clocked flip-flops. In a counter the progress of Up and
Down counting operation s are selected by the control signal. After selecting the counting
operation by enforcing the clock pulses to the flip-flops desired counting operation is
executed. If the control signal is logic low (0) then the counter counts in the decreasing
order that is down counter. When the control signal is logic high (1) then the counter
counts in the increasing order that is up counter.

PROCEDURE:
1. Connections are given as per the logic diagram.
2. Apply the clock pulse and verify the truth table.

RESULT:
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LOGIC DIAGRAM FOR MOD - 10 RIPPLE COUNTER:

U3A

1 CLR
— | e
74LSO00ON
HIGH (1)
U1A UlB U2A U2B
%4 13 1Q H2 g 2J 2Q K2 %4 1J 1Q M2 ; 2J 2Q 2
J_—?»llKCLK ~1Q [oL3- _.L?>22|<CLK ~2Q |B— _.—30 11KCLK ~1Q [ot3. _.LS»ZZKCLK ~2Q [B—
CLK 20 ~ICLR —60 ~2CLR 20| ~ICLR ~2CLR
74LS73N 74LS73N 74LS73N 74LS73N L
r Q Q, r Q, Q,
LOGIC DIAGRAM FORMOD - 12 RIPPLE COUNTER:
Y p—
[ AR
2
74LSO0N
HIGH (1)
U4A U4B U5A UsB
——014 11JC|_K 10 42 é 2ZJCLK &in %4 11J<:|_K 10 42 é ZZJCLK &in
J_ 3 11k ~1Q |ot3 107 -2Q [B— 3Pk ~1Q o3 10T ~2Q |—
CLK 29 ~1CLR —60 ~2CLR 29 ~1CLR 69 ~2CLR
74LS73N 74LS73N 74LS73N 74LS73N
r Q Q, r Q, r Q,

TRUTH TABLE of MOD-10:

Input OUTPUTS

CLK | Q4| Q3| Q2 [ Q1
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 0 0 0 0

TRUTH TABLE of MOD-12:

[nput OUTPUTS

CLK | Q4| Q3| Q2 [ Q1
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 0 0 0 0
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Date:
Expt. No.:

VERIFICATION OF MODULO - N COUNTER

AlIM:
To construct and verify the circuit of MOD 10 and MOD 12 ripple counter.

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
4. JK FLIP FLOP IC 7473
5. NAND GATE 1C7400
6. IC TRAINER KIT -
1. PATCH CORDS - 30
THEORY:

MODULO - N COUNTER: Modulo - N (mod — N) counter is a type of counter
that counts the N count sequence repeatedly by the control of clock pulse. The logic
circuit of mod-10 and 12 in its basic form is a BCD counter. However the presence of
NAND gate will ater this sequence as follows. the NAND gate output is connected to
the asynchronous RESET inputs of each flip-flops. As long as the NAND gate output is
high, it will have no effect on the counter. When it goes low, it will reset all the flip-flops
so that counter immediately goes to the 0000 state.

PROCEDURE:
1. Connections are given as per the logic diagram.
2. Apply the clock pulse and verify the truth table.

RESULT:
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LOGIC DIAGRAM FOR JOHNSON COUNTER:

PRE (1) ®

CLK

~1PR

1D 1p 1@
74LS74N
bi1CLK ~1Q

~1CLR

(il

5

12

ol

01

® B =
74L.S74N
115 oCLK  ~2Q

~2CLR

~1PR

13

1D pp 1@
74LS74N
bi1CLK  ~1Q

~1CLR

o

~2PR

b

L o X
74LS74N

b 2CLK  ~2Q
~2CLR

TS

CLR (1) ®

TRUTH TABLE OF JOHNSN COUNTER

nput OUTPUTS

CLK Q1 Q2 Qs Qs
0 0 0 0 0
1 1 0 0 0
2 1 1 0 0
3 1 1 1 0
4 1 1 1 1
5 0 1 1 1
6 0 0 1 1
7 0 0 0 1

62




Date:
Expt. No.:

VERIFICATION OF JOHNSON COUNTER

AlIM:
To construct and verify the circuit of MOD 10 and MOD 12 ripple counter.

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1 JK FLIP FLOP IC 7474 2
2. IC TRAINER KIT - 1
3. PATCH CORDS - 30
THEORY:

JOHNSON COUNTER: Johnson counter is a modified ring counter that the inverted
output of last flip-flop is applied input for first flip-flop. Hence it is also called as twisted
ring counter or switch tail ring counter. The diagram is constructed with series connected
common clocked four negative edge triggered flip-flops. Commonly clocked negative
edge triggered flip-flop shifts the binary data by one bit when the clock pulse is switched
from logic 1 to logic 0. The count sequence of Johnson counter is obtained by shifting the
numbersin circle for the triggering of each clock pulse.

PROCEDURE:
1. Connections are given as per the logic diagram.
2. Apply the clock pulse and verify the truth table.

RESULT:
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LOGIC DIAGRAM: SERIAL-IN-SERIAL-OUT SHIFT REGISTER

| | SERIAL
l4 llO 14 110 DATA OUT
~1PR ~2PR ~1PR ~2PR
DATAIN | 74157an 74LS74N 74LS74N 74LS74N
1CLK  -1Q PP— 1 ocLk  ~2Q PP— 1ICLK  -1Q PP— 1> 2cLk  ~2Q PP—
CLK ~ICLR 2CLR ~1CLR ~2CLR
1 13 1 ]13
CLR (1)
PIN DIAGRAM:
CLREG - 1 1 14— WCC
[wx | = k= 13 CLR1
CLKDO 3 T iz —| o1
PRFLO E] o 11 CLEA
= T | FRE
g0 4 - = o1
GhD | T a w1

TRUTH TABLE OF SERIAL-IN-SERIAL-OUT SHIFT REGISTER

. Binary data stored in .
Clock Pulse Serial Input yRegister Serial Output
Dataln Q1 Q2 Qs Q4 Dataout = Qq
Initial Vaue 1111 0 0 0 0 0
After 1% Clk 111 1 0 0 0 0
After 2" Clk 11 1 1 0 0 0
After 39 Clk 1 1 1 1 0 0
After 4™ Clk - 1 1 1 1 1

LOGIC DIAGRAM: SERIAL-IN-PARALLEL-OUT SHIFT REGISTER

PRE ' PARALLEL DATA OU]
4 Q 10 Q, 4 Qs 10 Q,
~1PR ~2PR ~1PR ~2PR |
gil?l'lﬁ:_N 0 Uia 2 0 ygp 9 10 LA 19 2120 g 20
74LS74N 74LS74N 74LS74N 74LS74N
1ICLK  ~1Q - 2CLK  ~2Q PAi— 3 b icLk  ~1Q - 11boclk  ~2Q PR—
CLK ~1CLR ~2CLR ~1CLR ~2CLR
1 13 fl ‘[13
CLR (1)




Date:
Expt. No.:

DESIGN AND IMPLEMENTATION OF SHIFT REGISTER

AIM:
To design and implement
() Seria in serial out
(i)  Serid in paralée out
(iii)  Parallel inserial out
(iv)  Pardld inparalée out

APPARATUS REQUIRED:

Sl.No. COMPONENT SPECIFICATION QTY.
1 D FLIPFLOP IC 7474 2
2. OR GATE IC 7432 1
3. IC TRAINER KIT - 1
4. PATCH CORDS - 35
THEORY:

SHIFT REGISTER: Shift register is a group of flip- flops that has the capability of
storing and shifting the binary information. In digital system the binary datum are
required to shift in the register from one position to next position. Shift register performs
the logic operation shifting of binary data from one flip-flop to next flip-flop. In the shift
register, the shifting operation is controlled by common clock pulse. All the flip-flops
employed with shift register receives the clock pulse that helps to shift the data from one
position to next.

SERIAL-IN-SERIAL-OUT SHIFT REGISTER: This Shift register is constructed in
the way of connecting the output of one flip-flop to the input of next flip —flop. All the
flip-flops are connected with a common clock pulse. The binary inputs are applied in the
input terminal of first flip-flop in series and the outputs are obtained from the output
terminal of last flip-flop in series.
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TRUTH TABLE OF SERIAL-IN-PARALLEL-OUT SHIFT REGISTER

Serial Input Parallel Output

Clock Pulse
Dataln Q1 Q2 Qs Qs
Initial Vaue 1011 0 0 0 0
After 1% Clk 111 1 0 0 0
After 2" Clk 11 1 1 0 0
After 39 Clk 1 0 1 1 0
After 4" Clk - 1 0 1 1

LOGIC DIAGRAM: PARALLEL-IN-PARALLEL-OUT SHIFT REGISTER

PARALLEL DATA IN |
| 1 4 | 2 10 I 3 4 4 10

~1PR ~2PR ~1PR ~2PR

5 12 2 5 12

1D j3p 1Q . D pp X 9 . 1D yp 1Q . D g X 9
74LS74N 74LS74N 74LS74N 74LS74N
3 BicLk ~1Q P— 11hocLlk  ~2Q B— 3 BicLK ~1Q PP 115 oclk  ~2Q B—
QZ

CLK ~ICLR Ql ~2CLR
1 13 1 13
o PARALLEL DAJTA OUT

CLR(1)®

~1CLR Q ~2CLR
3

C

TRUTH TABLE OF PARALLEL-IN-PARALLEL-OUT SHIFT REGISTER

Parallel Input Parallel Output

Clock Pulse

i | 1o | I3 | Ia Q1 Q2 Qs Q4
Initial Value 0 0 0 0 0 0 0 0
After 1% Clk 1 0 0 0 1 0 0 0
After 2" Clk 1 11 o0f o 1 1 0 0
After 39 Clk 0 1 1 0 0 1 1 0
After 4" Clk 1| o0 1 1 1 0 1 1
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SERIAL-IN-SERIAL-OUT SHIFT REGISTER: This register accepts the binary data
in series to provide the output in paralel. In logic diagram the flip-flops are connected
similar to SISO shift register that logic diagram is constructed in the way of connecting
the output of one flip-flop to the input of next flip-flop. The binary inputs are applied in
the input terminal of first flip-flop in series and the outputs are obtained in parallel from
the output terminal of each flip-flop employed with register. Hence this configuration is
called seria-in-serial-out shift register.

PARALLEL-IN-PARALLEL-OUT SHIFT REGISTER: This register accepts the
binary input in parallel to provide the output in parallel. All the flip-flops present in the
register are triggered with common clock pulse. The binary inputs are applied in parallel
to al the flip-flops and the outputs are obtained in paralel from the output termina of
each flip-flop employed with register. Hence this configuration is called parallel-in-
parallel-out shift register.

PARALLEL-IN-SERIAL-OUT SHIFT REGISTER: This register accepts the binary
input in parallel to provide the output in series form right most flip-flop. The logic
diagram is constructed by flip-flop and combination of logic gates. The combinational
logic gates are functioning as a control circuit to load the input of shift the stored binary
information. A control signal “shift’ is an active high signal i.e., when the control signal
line is activated with logic high input a shift register performs the shifting operation. A
control signal ite IS an active low signal i.e. when the control signal line is activated
with logic low input a shift register loads the newly appeared input signals into the flip-
flopsin parallel. These logic operations are controlled by the combinational circuits.
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LOGIC DIAGRAM: PARALLEL-IN-SERIAL-OUT SHIFT REGISTER

SHIFT /WRITE

UBA | | |
74L804D% 1 ] 2 3

3

UIA ] UIC
8
2 10
74LS08N [, WA 74LS08N [, 5B
UlB
®6 74L532N
5
7

UiD
11| 74LS32N
13
4L SO8N 74LS08N
PRE !
L = L.
~1PR ~2PR ~1PR ~2PR
1D Y3A 1Q B —-lZ-ZDUSBZQL.— 2 1D (YA 1Q 20 g 2
74LS74N 74LS74N 74LS74N 74LS74N
1CLK  ~1Q P— b 2clk  ~2Q PB— 3 b 1CcLK  ~1Q [P— 1L octk  ~2Q PR~
CLK ~1CLR ~2CLR ~1CLR ~2CLR
: [ : “  SEIRAL
— DATA OUT

CLR (1)

TRUTH TABLE OF PARALLEL-IN-PARALLEL-OUT SHIFT REGISTER

Control signals Parallel Input Serial Output
Clock Pulse | SHIFT/WRITE| 11 | I> | Is | l4 Qa4

0 X 0 0 0 0 | NoChange (Initial state)

1 0 0 0 0 1 1

1 0 1 1 0 0 0

1 1 1 1 0 0

1 1 1 1 0

1 1 1 1

1 1 - 1
PROCEDURE:

(i) Connections are given as per circuit diagram.
(i) Logical inputs are given as per circuit diagram.
(iii)  Observe the output and verify the truth table.

RESULT:
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Date: STUDY OF ICs- REGISTER, DECADE COUNTER AND
Expt. No.: RIPPLE COUNTER

AIM:
To study the given ICs (IC 7495, 1C7490 and 1C7493)

APPARATUS REQUIRED:

SL.NO. COMPONENT SPECIFICATION QTY.
1 REGISTER IC IC 7495 1
2. DECADE COUNTER IC IC 7490 1
3. RIPPLE COUNTER IC IC 7493 1
4. IC TRAINER KIT - 1
5. PATCH CORDS - 35
THEORY:

| C-74L S95 chip Study:

Description: The IC-74LS95 is a 4-bit shift register with seria and parallel
synchronous operating modes. It has serial data (Ds) and four parallel data (Do — D3)
inputs and four parallel outputs (Qo — Q3). The seria or parallel mode of operation is
controlled by a mode select input (S) and two clock (CPand CR) inputs. The seria
(shift right) or parallel data transfers occur synchronously with the HIGH — to — LOW
transition of the selected clock inpuit.

When the mode select input (S) is CP. HIGH, is enabled. A HIGH - to —
LOW transition on cCP» _enabled loads parallel data from the (Do — Ds) inputs into the

CcP, =
register. When (S) is low, is enabled. A HIGH — to — LOW transition on enabled shifts
the data from seria input Ds to Qg and transfers the data from Qg to Qy, Q1 to Q. and Q-
to Qs respectively (shift right). Shift left is accomplished by externally connecting Qs to
D,, Q2 to D; and Q; to Do and operating the IC-74LS95 in the parallel mode (S = HIGH)
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