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EX: NO: DATE:

Design and Implementation of Adder:

Aim:
To design, Implement and verify the truth table of adder using logic gates.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY.
1. |AND GATE IC 7408 1
2. |OR GATE IC 7432 1
3. [X-OR GATE 1€ 7486 1
4. IDIGITAL IC TRAINER KIT - 1
5.  |PATCH CORD : -

Theory:
Half Adder:

A half adder is a combinational circuit,that performs the sum of two binary digits (A, B) to give
a maximum of two binary outputs namely the sum(S) and the carry(C). Carry is the higher order
bit and the sum is the lower order bit of the output. The Boolean expression for the sum(S) and
carry(C) of half adder is,

S=A®B C=AB
Full Adder:

A full adder isa.combinational circuit that performs the sum of three binary digits (A, B,
Cin) to give'a,maximum of two binary outputs namely the sum(S) and the carry- out (Cout).The
full adder becomes necessary when a carry input must be added to the two binary digits to obtain
the correet sum. A half adder has no input for carries from previous circuits. The Boolean
expression for the sum (S) and carry-out (Cout) of full adder is,

S=A®B®Cin Cout=AB + ACin + BCin
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Logic Diagram:

Half Adder:
A 1 .3 S-A®B
2 1C 7486
:Dl 3 C=AB
2 1C 7408
Truth Table:
A B CARRY(C) ). SUM(S)
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0
K-Map for Sum: K-Map for Carry:
A B 0 1 A B 0 1
0 1 0
1 1 1 1
SUM (S)=A®B CARRY(C) = AB

EC2207 ~5~
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Procedure:

1. Verify the gates.

2. Make the connections as per the circuit diagram.

3. Switch on VCC and apply various combinations of inputs according to truth table.

4. Note down the output readings of sum and the carry bit for different combinations
of inputs.
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Logic Diagram:

Full Adder:
A 1 3 4 , S-A®BECin
B 2 IC 7486
Cin
Cout = AB+ACin+BCin
4
5 IC 7408 Truth
Table:
A Cin CARRY(Cout) | SUM(S)
0 0 0 0
0 | 0 1
0 0 0 1
0 1 1 0
1 0 0 1
1 1 1 0
1 0 1 0
1 1 1 1
K-Map for Sum: K-Map for Carry:
BCin A BCin
00 01 1 10 00 01 1 10 Sum (S) =
] 1 1 0 T A®B®
Cin
1 1 i 1 l [[1]] 1 CARRY
(Cout) =

EC2207

AB + BCin + ACin
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Result:

Thus the adder was designed and implemented with their truth table verified using logic gates.
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EX: NO: DATE:

Design and Implementation of Subtractor:

Aim:
To design, Implement and verify the truth table subtractor using logic gates.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY.
1. |[NOT GATE IC 7404 1
2. |AND GATE IC 7408 1
3.  |OR GATE 1€ 7432 1
4. |X-OR GATE 1C.7486 1
5. IDIGITAL IC TRAINER KIT y 1
6. [PATCH CORD - -

Theory:
Half Subtractor:

A half subtractor is a combinatienal eircuit that performs the difference between two binary
digits (A, B) to give a maXximum ofitwo binary outputs namely the Difference (Diff) and the
Borrow (Brw). The Borrow ouitput here specifies whether a ‘1’ has been borrowed to perform the
subtraction. The Booléan expression for the difference (Diff) and borrow (Brw) of half subtractor
is,

Diff =A®B Brw=A’B

Full Subtracter:

A full'subtractor is a combinational circuit that performs the three bit subtraction (A, B, Bin) to
givela, maximum of two binary outputs namely the difference (Diff) and the borrow (Bout). Full
subtractor takes into consideration whether a ‘1’ has already been borrowed by the previous
adjacent lower minuend or not. The Boolean expression for the difference (Diff) and borrow
(Bout) of full subtractor is,

Diff =A@ B® Bin Bout=A’B + A’Bin + BBin
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Logic Diagram:

Half Subtractor:
L ])
B 2 1C 7486

Diff=A® B

Brw=A’B

IC 7404 |2 IC 7408
Truth Table:
A BORROW | DIFFERENCE
(Brw) (Diff)
0 0 0
0 1 1
1 0 1
1 0 0

K-Map for Difference:

B

A 0 1
0 1
1 1

Difference (Diff) = A® B

EC2207

K-Map for Borrow:

Borrow (Brw) = A’B

~11~
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Procedure:

1. Verify the gates.

2. Make the connections as per the circuit diagram.

3. Switch on VCC and apply various combinations of input according to truth table.

4. Note down the output readings for difference and the borrow bit for different
combination of inputs.
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Logic Diagram:

Full Subtractor:
A ! 3, 4 ¢ Diff=FA®B®Bin
E:} 2 1C 7486 5 H&C/M%
Bin
3  Bout= A’B+A’BintBBin
3 4 1 2 1C 7432
lC\ﬁ04 S 1C 7408
Truth Table:
A B Bin BORROW DIFFERENCE
(Bout) (Diff)
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

K-Map for Difference:

BBRin
p,\\\ 00

o1 1 10

0

1

@ Bin

EC2207

K-Map for Borrow:

\BBm

,

00 L]

[1

Borrow (Bout) = A’B + A’Bin + BBin

~13 ~

Differen
ce (Diff)

A®B
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Result:

Thus the subtractor was designed and implemented with their truth table verified using logic
gates.
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EX: NO: DATE:

Design and Implementation of BCD to Excess-3 and Excess-3 to BCD

Code Converters:

Aim:
To design, implement and verify the following code converters using logic gates,
a) BCD to Excess-3 code converter

b) Excess-3 to BCD code converter

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. |[NOT GATE IC 7404 1
2. |AND GATE IC 7408 2
3. |OR GATE IC 7432 1
4. |X-OR GATE IC 7486 1
5. B INPUT AND GATE IC 7411 1
6.  IDIGITAL IGTRAINER KIT - 1
7. [PATCH'CORD - -

Theory:

Code Converters:

The availability of large variety of codes for the same discrete elements of information results
in‘the use of different codes by different systems. A conversion circuit must be inserted between
the tworsystems if each uses different codes for same information. Thus, code converter is a
circuit that makes the two systems compatible even though each uses different binary code.

Binary Coded Decimal:

Binary Coded Decimal is a method of using binary digits to represent the decimal digits O
through 9. It is possible to assign weights to the binary bits according to their positions. The
weights in the BCD code are 8, 4, 2 and 1. Ex: (127);9- BCD equivalent (0001 0010 0111),.
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Logic Diagram:
BCD to Excess-3 Code Converter:

B3 B2 B1 BO
R L
-+ - -+
- — -
© |2 e | 4 = |6
Xo
1 3 7 8 X4
) [
1 2 1C 7486 IC 7404
1 3
S 1
1 2 1C 7432 ¥ 4 6 x,
.2 1c7a08] s 1C 7432
a4
T O
———P—
5 IC 7408 r 10 IC 7408
10 yC 7432

Excess-3 to BCD Code Converter:

X3 X2 X1 X0

%71

2

IC 7404

IC 7404

Bo

1 3

B

])

2 1C 7486

2 1C 7408

4 6

5 IC 7408

211 — 12

2 1C 7432

B:

5 1C 7432

13 IC 7411

4 3 6

5 1Cc 7411

9 8

10 1C 7408

EC2207
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Excess-3 Code:

This is an un-weighted code. Its code assignment is obtained from the corresponding value of
BCD after the addition of (0011),.

BCD to Excess-3 (or) Excess-3 to BCD:

Since each code uses four bits to represent a decimal digit, there must be four inputs and four
output variables. Four binary variables have sixteen different input combinations, only ten of the
input combinations are listed in the truth table. The six bit combinations not listed ferithe input
variables are don’t care combination. For BCD to Excess-3, the input variable are.designated as
B3, B2, B1, BO and the output variables are designated as X3, X2, X1, X0 in the truth table. The
Boolean functions are obtained from K-Map for each output variable. The combinational logic
for the code converters are designed according the Boolean expressions) from K-Map
simplification. The Boolean expressions from the K-Map are shown below.

Boolean Expression for BCD to Excess-3 Code Conversion:

X3 =ByB, + B;B, + B;
X,=ByB, + B,B, + B,B,B,
Xl = B() @ B1

X() 2130

Boolean Expression for Excess-3 to.BCD. Code Conversion:

B = XoX; X3 + Xo X5

B, = XoXo+ XX, Xat+ X155
B =X® X,

B, = X

Procedure:

Verify the gates.

Make the connections as per the circuit diagram.

Switch on VCC and apply various combinations of input according to truth table.
For all input combinations the outputs are verified with the truth table.

b
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Truth Table for BCD to Excess-3 code and Vice Versa:

BCD input Excess — 3 output
B3 B2 B1 B0 X3 X2 X1 X0
0 0 0 0 0 0 1 1
0 0 0 1 0 1 0 0
0 0 1 0 0 1 0 1
0 0 1 1 0 1 1 0
0 1 0 0 0 1 1 1
0 1 0 1 1 0 0 0
0 1 1 0 1 0 0 1
0 1 1 1 1 0 1 0
1 0 0 0 1 0 1 1
1 0 0 1 1 1 0 0
K-Map for BCD to Excess-3 Code Converter:
K-Map for X0: K-Map for X1:
E1 B0
E1 B0
B3iB2 0o 01 11 10 BiB2 1] 01 11 10

el 1 ooyl 1 1

01 1 01f| 1 1

11X X | X X 1| x|l X || X X

10! X | |X 10]| X X|| X

X0 = B0’ X1=E1&®B0

EC2207
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K-Map for X2: K-Map for X3:

E1 BO El B0
B3iB2 00 01 11 10 B3 B2 00 01 11 10
00 1 1 1 0o
0|1 01 I I 1
x|l x X | X 11| rx X X X
10 1 X X 10 1 1 X ¥
X2 =B2’(B0+B1) + B2B1’B0’ X3 =B3 + B2(B0+B1)

K-Map for Excess-3 to BCD Code Converter:

K-Map for BO: K-Map for B1:
X1 X0 X1 X0
X102 00 01 11 10 p e 00 01 11 10
00X X X 0| x < 1
1111 XX X 11 X|| x| |x
101 1 10 1 1
B0 = X0’ B1=X1®X0
K-Map for B2: K-Map for B3:
1.0 X1 =0
X3 XL 0 01 11 10 X3 %2 00 01 11 10

01 ’T‘ 01

11 x | [x]]| x [T | X [IX]]| X]

B2 = X2°X0’+X2’X1’+X2X1X0 B3= X3X1X0 + X3X2
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Result:

Thus BCD to Excess-3 and Excess-3 to BCD converters are designed, constructed using logic
gates and their truth table was verified.
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EX: NO: DATE:

Design and Implementation of Binary to Gray and Gray to Binary

Code Converters:

Aim:
To design, implement and verify the following code converters using logic gates,
a) Binary to Gray code converter

b) Gray to Binary code converter

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. |X-OR GATE IC 7486 1
2. DIGITAL IC TRAINER KIT 3 1

3. |PATCH CORD - -

Theory:

Code Converters:

The availability of large variéty«of codes for the same discrete elements of information results
in the use of different codes by different systems. A conversion circuit must be inserted between
the two systems if eachyuses different codes for same information. Thus, code converter is a
circuit that makesithe two systems compatible even though each uses different binary code.

Gray Code:

To obtain a different gray code, one can start with any bit information and proceed to obtain the
next bitycombination by changing only one bit from 0 to 1 (or) 1 to O in any desired random
fashion provided any two numbers do not have identical code assignments.

Binary to Gray (or) Gray to Binary:

To convert from binary code to Gray code, the input lines must supply the bit combination of
elements as specified by the code and the output lines generate the corresponding bit combination
of code. Each one of the four maps represents one of the four outputs of the circuit as a function
of the four input variables.
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Logic Diagram:

Binary to Gray Code Converter:

B3 B2 B1 BO
S — G3
1 3
! ) G2
2 (7486
4 6
« oy ) G1
S 17486
9
8
! ) —=60
10 1C 7486
Gray to Binary Code Converter:
G3 G2 G1 GO
, 3
i ) .
2 486
415~
5 1C 7486
9 s
10 1C 7486
EC2207 ~25~

B3

B2

B1

- BO
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Binary to Gray Code Conversion Steps:

The example shows the steps involved in conversion of a binary code to its gray code.
Binary code taken for the example is 1011.

B; B, B, By

BINARY 1 0 1 1
GRAY 1 1 1 0
G; G, G, Gy

In the conversion process the most significant bit (MSB) of the binary code is taken as the
MSB of the Gray code. The bit positions G2, GI7and GO4is obtained by adding (B3, B2),
(B2, B1) and (B1, BO) respectively, ignoring the carry/generated. From the K-Map simplification
for binary to Gray code conversion the following,Boolean expressions are obtained,

G;=B3

G,=B; DB,
G1=B2 @ B1
G,=B1 BB,

Gray to Binary. Code Conversion Steps:

The example shows the steps involved in conversion of a Gray code to binary code.
Gray code taken for the example is 1110.

G G G G

GRAY 1

BINARY 1 0

B; B, By B
Truth Table for Binary to Gray code and vice versa:
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Binary input Gray output
B3 B2 B1 B0 X3 X2 X1 X0
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 0
0 1 0 1 0 1 1 1
0 1 1 0 0 1 0 1
0 1 1 1 0 1 0 0
1 0 0 0 1 1 0 0
1 0 0 1 1 1 0 1
1 0 1 0 1 1 1 1
1 0 1 1 1 1 1 0
1 1 0 0 1 0 1 0
1 1 0 1 1 0 1 1
1 1 1 0 1 0 0 1
1 1 1 1 1 0 0 0
K-Map for Binary to Gray Code Converter:
K-Map for GO: K-Map for G1:
Bl BO B1 B0
B3B2 00 01 11 10 B3 B2 00 01 11 10
00 T Bl 00 1 1
01 1 1 01 1 1
11 1 1 111 1
10 1 1 10 1 1
G0=B1® B0 G1=B1® B2

In the conversion process the most significant bit (MSB) of the Gray code is taken as the MSB
of the binary code. The bit positions B2, B1 and B0 is obtained by adding (B3, G2), (B2, G1) and
EC2207 ~27 ~ DIGITAL ELECTRONICS LAB



(B1, GO) respectively, ignoring the carry generated. From the K-Map simplification for Gray

code to binary code conversion the following Boolean expressions are obtained,

B3=G3

B,=G:(® G,

B1:G3@ Gz@Gl

B0= G3 @ G2® G1® GO

Procedure:
1. Verify the gates.
2.
3.
4.

B1 BD

B3 B2 00 01 11 10
00
011 1 1 1]
11
10 |1 1 1 1|

Make the connections as per the circuit diagram.
Switch on VCC and apply various combinations of input according to truth table.
For all input combinations the outputs are verified with the truthrtable.

B1 BO

00

01

11

10

K-Map for
K-Map for

TAL ELECTRONICS LAB



G2=B2® B3

K-Map for Gray to Binary Code Converter:

K-Map for B0O:

G1 GO

G3 G2 o 01 11 10
0o @. @.
01 @O a
11 @ @,
10 @O i)

B0=G1® G2® G3D G4

K-Map for B2:

Gl GO
G3 G2 00 01 11 10

00

011 | 1 [ 1 ] 1]

11

B2=G2® G3

EC2207

G3=B3
K-Map for B1:
G1 GO
G2 G2 0 01 11 10
0 O 11]
0L T
11 O
10| T 1
B1=G1®G2® G3
K-Map for B3:
Gl GO
G3 G2 00 01 11 10
00
01
11| (1 1 1 1
10 |1 1 1 1

B3=G3

~29 ~
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Result:

Thus Binary to Gray and Gray to Binary converters are designed, constructed using logic gates
and their truth table was verified.
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Design and implementation of 4 bit binary Adder/ Subtractor:

Aim:
To design and implement 4 bit binary adder and 4 bit binary subtractor using IC 7483.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION | QTY
1. 4 BIT BINARY ADDER IC 7483 1
2. [ X-OR GATE IC 7486 1
3. |DIGITAL IC TRAINER KIT - 1
4. PATCH CORD - -

Theory:

Four bit binary adder:

A 4 bit binary adder can be constructed using four full adders. Here the full adders are
connected in cascade, with the output carry ftem each full adder connected to the input carry of
next full adder in chain. The input carry to,the adder is C; and it ripples through the full adder to
the output carry Cy.

Four bit binary subtraetor:

Binary subtraction is done using 2’s complement subtraction method. For subtracting B from A
using adders, S =\A + B+ 1. A 4 bit binary subtractor using 4 bit binary adder consists of
inverted B inputs,and the carry input C; set to ‘1°.

Four bit binary adder/subtractor:

A4 bit binary adder/subtractor is used to perform both addition and sub-traction using a control
line add’/sub. If add’/sub =0 binary addition takes place and if add’/sub = 1 binary subtraction
takes place, i.e. 2’s complement subtraction of B from A.

Pin Diagram:
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2 - 83 | S4 — 15
3 | A3 c Cc4 —{14
4 — B3 7 cC1 —{13

5 |- VCC 4 GND—| 12

6 | S2 8 B1 —{ 11
7 - B2 3 Al — 10
8 - A2 S

4 Bit Adder/Subtractor circuit diagram:

VCC
5
A4 1
3 14, - Cout/Bout
A3
A2 |8
10 15— s4/D4
Al I
S3/D3
B4 1 3 iy C 6 | Ss2D2
2 1C 7486 7 ? S1/D1
B3 4 5 6 |, 4
q
5 1Cc7486 8
B2 .9 8
. 7 3
10 a¢ 7486
B1 12
— 11 1
13 1C 7486 13 12
Cin
GND
ADD’/SUB
Procedure:
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1. Verify the gates.
2. Make the connections as per the circuit diagram.
3. Switch on VCC and apply and verify various combinations of input according to the truth

table for 4 bit binary adder/subtractor,
a) By keeping add’/sub as low, binary addition takes place.
b) By keeping add’/sub as high, binary subtraction takes place.

Truth table - 4 Bit Binary Adder/Sub-tractor:
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Adder: Add’/sum = 0, Sub-tractor: Add’/Sum = 1

Input Data A Input Data B Addition Subtraction

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

1{0]0]0]O0]O0]1]O0 0 1701110 1 0|1 110

Result:
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Thus the 4 bit binary adder, 4 bit binary subtractor was designed and implement using IC 7483
with their truth table verified.
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Design and Implementation of BCD Adder:

Aim:
To design and implement BCD adder using 4 bit binary adder IC 7483.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION | QTY
1. 4 BIT BINARY ADDER IC 7483 2
2.  |AND GATE IC 7408 1
3.  |OR GATE IC 7432 1
4. | DIGITAL IC TRAINER KIT - 1
5. [PATCH CORD - -

Theory:
BCD Addition:

Binary Coded Decimal is aymethod of using binary digits to represent the decimal digits O
through 9. The valid BCD numbers arey(0000 to 1001)pcp. Each digit of the decimal number will
be represented by its four bit binary equivalent. Ex: (127);9- BCD equivalent (0001 0010 0111)s.
In BCD addition the following three cases are observed,

1. The resulting BCD . number equal to less than (1001)gcp.
2. The resulting BCD number greater than (1001)gcp.
3. Carryis generated in the BCD addition.

For casey2 and 3, the result is added with correction factor (0110)gcp so that the result is in
valid BCD number.

Pin Diagram:
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2 - 83 | S4 — 15
3 | A3 c Cc4 —{14
4 — B3 7 cC1 —{13

5 |- VCC 4 GND—| 12

6 | S2 8 B1 —{ 11
7 - B2 3 Al — 10
8 - A2 S

Logic Diagram:

BCD Adder:
A4 A3 A2 Al B4 B3 B2 B1
Cinl =0 51 3 8 10 16 4 7 1
VCC 12 IC 7483
13
GND 15 2 6 9 14
- S4 S3 S2 . |S1 Coutl
Cout
1 3
| )
2 IC 7432
T JﬁND
cnz=0 “f 3 8 10 16 4 7 11 —
V.CC 12 IC 7483
13
GND 15 2 6 9 14
- X4 |[X3 | X2 | X1
Carry
Ignored
BCD Adder:
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The two BCD inputs to be added are applied at inputs A and B of the first binary adder IC 7483.
The sum output of the first binary adder is given to the B input of the second binary adder. The A
input of the binary adder is given (0110)gcp when a carry is generated from the first adder or
when sum from the first binary adder is greater than (0110)scp, else A input is (0000)gcp. The
following Boolean expression is used to find whether (0110)pcp or (0000)cp needs to be applied
to the A input,

Cout = Coutl + S4 (S3 + S2)

Where S4, S3, S2, S1 are the sum of the BCD from the first binary adder with S4 as the MSB
and S1 as the LSB. Coutl is the carry output from the first binary adder.

Procedure:

1. Verify the gates.

2. Make the connections as per the circuit diagram.

3. Apply and verify the various combination of input according to the truth table for BCD
adder.

Truth Table - BCD Correction Factor: K-Map - BCD Correction Factor:
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BCD SUM Olltpllt 52 81
S4[S3[S2]s1 Y s 00 o1 1 10
olof[o]o 0
00|01 0 0 0 0 0
0,010 0 o
00 1 1 0 0 0 0 0
0/ 1[/01]0 0 o1
0 1 0 1 0 1 1 1 1
0|l 1[11]0 0 1
0|1 ]1]1 0 0 0 1 1
1/0/l0]o 0 10
1001 0
1010 1
o 111 1 Y =S4 (S3 +S2)
1|1]0]o0 1
1101 1
1110 1
1111 1

Truth Table for BCD Adder:

Input Data A Input Data B BCD output

A4 | A3 | A2 | Al B4 [\ B3 | B2 | Bl [Cout| X4 | X3 | X2 | X1

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

Result:

Thus BCD adder was designed and implemented using IC 7483 with their truth table verified.
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EX: NO: DATE:

Design and Implementation of 2 Bit Magnitude Comparator:
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Aim:
To design and implement of 2 bit Magnitude Comparator using logic gates

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. |[NOT GATE IC 7404 2
2. |AND GATE IC 7408 1
3. |OR GATE IC 7432 1
4. |X-OR GATE IC 7486 1
5. 3-Input AND Gate IC7411 2
6.  IDIGITAL IC TRAINER KIT . 1
7. |PATCH CORD . -

Theory:

The comparison of two numbersyis an operation that determines one number is greater than,
less than (or) equal to the other mumber. A’magnitude comparator is a combinational circuit that
compares two numbers A andyB ‘to determine their relative magnitude. The outcome of the
comparator is specified_by three{binary variables that indicate whether A>B, A=B (or) A<B.
Consider two numberstA and Bswith two digits each. Here A = A1 A0 and B = B1 BO.

Now the Boolean equation for the two numbers to be equal to, greater than and lesser than are as
follows,

(A=B) = (A0 B0) (A1 @ B1)
(A>B)=A0BO’'B1’ + AIB1’ + AIAOBO’

(A<B) =A1’A0’BO + AO’BOB1 + A1’B1

Logic Diagram:

Two Bit Magnitude Comparator:
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Al A0 B1 B0
1 9
2V | BY | § /g
12 g o S
. 1
| ; 3 110
] -
— 2107486 IC 7404 1 3
1 S\a-B
1 14 6 13 12 | 2IC7408
) >
'% '51C7486  1C 7404
— N1 4,\4:D67
— 51C 7408 1;[>3
N 1311 — 12 [2ucun 4 6 AB
e 2 ) >
Y R 51C 7432
_ 4 34 6
'%1
B e
T 9 1C 7408 1:I>*3
L
w10 \ﬂm 8  21c7432| 10 g A<B
[ = TIC%‘{" 9 1C 7432
B 13 11— 12
|
¢ 21C7411
Procedure:

1. Verify the gates.
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2. Make the connections as per the circuit diagram.
3. Switch on VCC and apply various combinations of input according to truth table.
4. For all input combinations the outputs are verified with the truth table.

O

Truth Table for Two Bit Magnitude Comparator:
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Inputs Outputs
Al | A0 | B1 | B0O| A>B A=B A<B
0 0 0 0 0 1 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 1 0 0
0 1 0 1 0 1 0
0 1 1 0 0 0 1
0 1 1 1 0 0 1
1 0 0 0 1 0 0
1 0 0 1 1 0 0
1 0 1 0 0 1 0
1 0 1 1 0 0 1
1 1 0 0 1 0 0
1 1 0 1 1 0 0
1 1 1 0 1 0 0
1 1 1 1 0 1 0
K-Map for Two Bit Magnitude Comparator:
K-Map for (A>B): K-Map for (A<B):
BI1E0D El1 Bo
Al AD 00 ol 11 10 Al AO 00 01 |11] 10
00 00 [ [T 1
o1 [T 01 1 1
1] | N 1
10 (L |1 10 [1]
T I
[A>B] =A0BO’B1’ + A1B1’ + A1AOBO’ [A<B]=A1’A0’BO + AO’BOB1 + A1’Bl1

K-Map for (A=B):

E1 B0

Al AD 00 01 11 10
00 | (1)
01 @
11 oy
10 @

[A=B] = (A0 & B0) (A1 ®B1)

Result:
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Thus the 2 bit Magnitude Comparator was designed and implemented using logic gates with
their truth table verified.
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Design and Implementation of 8 Bit Magnitude Comparator:

Aim:
To design and implement 8 bit Magnitude Comparator using IC 7485.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. 4-Bit Magnitude comparator IC 7485 2
2. DIGITAL IC TRAINER KIT - 1

3. |PATCH CORD - -

Theory:

The magnitude comparator is a combinational circuitghat compares two numbers A and B to
determine their relative magnitude. The outcome of.the comparator is specified by three binary
variables that indicate whether A>B, A=B (or) A<B.

Eight Bit Magnitude Comparator using 1C 7485:

IC 7485 is a four bit magnitude comparator that compares two four bit inputs
(A3, A2, A1, AO) and (B3, B2,'B1, B0). By ecascading IC 7485 it is possible to construct n-bit
comparators. Two IC 7485 is cascaded for the construction of one eight bit comparator. First the
LSB of both A and B namely (A3,,JA2; A1, AO) and (B3, B2, B1, B0) is compared for cascading
outputs 1(A>B), 1(A=B) and 1(A<B).:The operation of the first four bit comparator is as follows.
Depending on whether A3>B3 (or) A3<B3 the cascading outputs of the 4-bit comparator 1(A>B)
(or) 1(A<B) are activated. But#if A3=B3, then the next MSB bits B2 and A2 are compared.
Similarly, if A2=B2 then comparison of Al and B1 is performed and so on. Note if all the inputs
(A3, A2, Al, A0) and (B3, B2, B1, B0O) are equal then the IC 7485 will check for the cascading
inputs. Function, table for IC 7485 consolidates this operation. The intermediate outputs of the
first four it comparator are the intermediate inputs to the second four bit comparator. The
second magnitude comparator gives the final outputs, whether A>B (or) A<B (or) A=B.

Procedure:
1. Verify the gates.
2. Make the connections as per the circuit diagram.
3. Switch on VCC and apply various combinations of input according to truth table.
4. For all input combinations the outputs are verified with the truth table.
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Pin Diagram IC 7485:

B3 1 16 —{ vCC
1(A<B) — 2 [ 15 — A3
1(A=B) — 3 c 14 — B2
1(A>B) - 4 7 13 - A2

A>B -5 4 12 — Al
A=B -6 8 11 — B1
A<B |7 5 10 — A0
GND 8 9 —BO

Logic Diagram:

Eight Bit Comparator using Two — Four Bit Comparator:

MSB of A input MSB of B input

LSB of A input LSB of B input

A6 AS BSB EG BS A3 A Al B3 B! Bl B0
+5V
\L \L \L \L \L \L \L \L 1A \‘ \! \‘ J
BB 15 13 12 10 114 94 1(&>B) AB| 15 13 12 10 114 1 94
O/P 5 o om0
=B 1(A=B) A=B
— 8 IC.7485 (2) 3 aal 6 IC 7485 (1) BJ
ARl o [1AB) A )
16 8 % 8 i
VCC GND VCC  GND
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Function Table for IC 7485:
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Comparing inputs Cascading inputs Outputs
Az B3 AxB, | A1 By Ao Bo 1(A>B) | 1(A<B) | 1(A=B) | A>B A<B | A=B
A3>B3 X X X X X X 1 0 0
Az <B; X X X X X X 0 1 0
A3z=B3; | A, >B» X X X X X 1 0 0
A3 =B; A2 <B, X X X X X 0 1 0
A3=B; | A,=B, | A;>B; X X X X 1 0 0
A3 =B; A2 =B, A] <B; X X X X 0 1 0
A3 =B; A2 =B, A1 =B, A() >By X X X 1 0 0
A3=B;3 | A,=B, | Ai=B; | Ag<Boy X X X 0 1 0
A3=B; | A,=B; | Aj=B; | Ay=By 1 0 0 1 0 0
A3 :B3 A2 :B2 A1 :Bl A() :B() 0 1 0 O 1 0
A3=B; | A,=B, | Ai=B; | Ap=Boy 0 0 0 1 1 0
A3;=B; | A,=B; | A;=B; | Ay=By X X 1 0 0 1
A3=B; | A,=B, | Ai=B; | Ap=Boy 1 1 0 0 0 0
TRUTH TABLE:
Inputs Outputs
[AS........ A0] [BS....%. BO] A>B A=B A<B

1111 1111 1111 Thl1 0 1 0

1000 0000 00001000 1 0 0

0000 1000 1000 0000 0 0 1

Result:
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Thus eight bit Magnitude Comparator was designed and implemented using IC 7485 with their
truth table verified.
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Design and Implementation of 16 Bit Odd/Even Parity Generator:
Aim:
To design and implement 16 bit odd/even parity generator using IC 74180.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1.  |NOT Gate IC 7404 1
2. |8-bit parity generator/ checker IC 74180 2
3. |Digital IC trainer kit - 1
4.  [Patch cord - -

Theory:

When digital data is transmitted from‘one location to another, it is necessary to know at
the receiving end, whether data received. is free from errors. To help make the transmission
accurate, special error detection dnethods are used. To detect errors there must be constant check
on the data being transmitted. Te check accuracy of the data an extra bit can be generated and
transmitted along with the data:This\bit is called the parity bit. A parity bit is used for detecting

errors during transmission of‘binary information.

Parity generators are circuits that accept an n-1 bit data stream and generate an extra bit
that is transmitted with the bit stream. This extra bit is referred to as parity bit. In an even parity
bit scheme, the parity bit is ‘1’ if there are odd number of 1’s in the data stream and the parity bit
is ‘0’‘fithere are even number of 1’s in the data stream. In the case of odd parity bit scheme, the
reverse happens, that is the parity bit is ‘0’ for odd number of 1’s and ‘1’ for even number of 1’s

in the bit stream.

PIN DIAGRAM FOR IC 74180: PIN DESCRIPTION:
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16 | vee
17 ] | 115
PE [ s 14
PO [] ‘14 13
SE [ : 112
20 0] N
GND [] 710

Logic Diagram:

16 Bit Odd/Even Parity Generator:

{Inputs} {Inputs}
IO Il IZ 13 I4 IS I6 I7 O/F Is 19 l]() I]] 112 113 114 115
21131211109 8 | 211312 11 10 9 8
Vece —p 14 3 g 14 4—\Vcc
IC 74180 (1) PE 3 IC 74180 (2)
Gnd —» 7 7l Gnd
4lpo Po|4
5 6 5 6
>E| >0
>E 30
{Outputs}
Truth Table:
1011213141516 17 ISI9110 111 112113114115 | Active YE >0
1 1%, 0 0 000 11T0000O0O0 1 1 0
1 000O0O0O 110000O0O 0 0 1
1 1T00000O00O0 01 00 0O0O0O 0 1 0

Procedure:

1. Verify the gates.
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2. Make the connections as per the circuit diagram.
3. Switch on VCC and apply various combinations of input according to truth table.
4. For all input combinations the outputs are verified with the truth table.

Result:

Thus a 16-bit parity generator was designed and implemented using IC74180 with its truth
table verified.
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Design and Implementation of 16 Bit Odd/Even Parity Checker:
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Aim:
To design and implement 16 bit odd/even parity checker using IC 74180.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. |NOT Gate IC 7404 1
2. 8-bit parity generator/ checker IC 74180 2
3. |Digital IC trainer kit - 1
4.  [Patch cord - -

Theory:

A parity bit is used for detecting errors during transmission of binary information. A
parity bit is an extra bit included with a binary message to make the number as either even or
odd. The message including the parity bit is,transmitted and then checked at the receiver end for
errors. An error is detected if the checked. parity bit doesn’t correspond to the transmitted parity
bit. The circuit that generates the,parity bit inithe transmitter is called a “parity generator’ and the
circuit that checks the parity injthe €eceiver is called a ‘parity checker’.

In even parity, the added parity bit will make the total number of 1’s as even. In odd
parity, the added parity bit will make the total number of 1’s as odd. The parity checker circuit
checks for possible errors in the.transmission. If the information is passed in even parity, then the
bits required must have an even number of 1’s. An error occur during transmission, if the
received bits have, an odd number of 1’s indicating that one bit has changed in value during
transmission.

PIN DIAGRAM FOR IC 74180: PIN DESCRIPTION:

Ip — I; = Data Inputs
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I6 L]
17 []
PE |
PO []

YE ]|

cCo-~hANO—

YO []

GND ]

lvee
115
114
113
112

1

110

Logic Diagram:

16 Bit Odd/Even Parity Checker:

{Inputs} {Inputs}
1011121314 15 16 17 O7TE" '|g%9 110 1M1 112 M3 14 15

WL ~OUITTE

7
211312 1110 PE 41 211312 11109 8
Vcc —p{ 14 3 7.4 2 a 14— Vcc
IC 74180 (1) 4 pE| 3 IC 74180 (2)
Gnd —» 7 MRE 7/<—Gnd
4 4
PO PO
5 6 5 6
2E 20 SE YO
{Outputs}
Truth Table:
17161514 1312 11 10 17°16°15°14°13°12°11° 10° Active YE >0
00000001 000 000O0OO0 1 1 0
00000110 00000110 0 1 0
00000110 00000110 1 0 1

Procedure:

1. Verify the gates.
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2. Make the connections as per the circuit diagram.
3. Switch on VCC and apply various combinations of input according to truth table.
4. For all input combinations the outputs are verified with the truth table.

Result:

Thus a 16-bit parity checker was designed and implemented using IC74180 with its truth table
verified.
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Design and Implementation of Multiplexer and De-multiplexer:
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Aim:

To design and implement multiplexer and de-multiplexer using logic gates, study of IC 74150
and IC 74154.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. |[NOT GATE IC 7404 1
2. |OR GATE IC 7432 1
3. 3-Input AND Gate IC 7411 2
4. IDIGITAL IC TRAINER KIT - 1
5. |PATCH CORD . -

Theory:

Multiplexer:

Multiplexer is a combinational circuit that selects binary information from one of many input
lines and directs it to a single output line. Selection of input lines controlled by a set of selection
lines — 2" input lines and n selection lines. Multiplexers are used to form a selected path between
multiple sources and single destination.

De-Multiplexer:

De-multiplexer is a“eircuit that receives information on single line and transmits the
information on omne of 2" possible output lines. Selection of specific output lines is controlled by n
selection liness

1C74150= 16:to 1 Multiplexer:

IC74150yi8 a data selector/multiplexer IC that selects one of the sixteen data sources EO to E15.
The STROBE input of the IC must be at a low logic level to enable these devices. A high level at
the.STROBE forces the Q output high. IC 74150 is used in parallel to serial conversion. In digital
communication, a number of input lines are connected to a single output channel using
multiplexer, so that information transmitted one by one in a time shared basis.

Logic Diagram:

4:1 Multiplexer:
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SO S1

2 1 -y 3
=/ =/
) © |4
|
DO 13 U1 12
' 21C 7411 5}3
| S 2 IC 7432
D1 4 \3_,—\ 6
. — 1
51C 7411 Mﬂt
o
D2 11 110 3 9 IC 7432
y 9 1C 7411 4 6
2 1C 7411

Truth Table:
SO S1 Output
0 0 DO
0 1 D1
1 0 D2
1 1 D3

Output = D0OS0*S1"'+D1S0°S1+D2S0S1°+D3S0S1

1C74154 — 1 to 16 De-Multiplexer:

IC74154 will act as a 1 to 16 De-Multiplexer by using the 4 address lines A, B, C, and D to

address the active low output lines QO to Q15, passing data from one of the strobe inputs
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(FE1/FE2) with the other strobe input low. When either strobe inputs are high all the outputs are
high. IC 74154 is ideally suited for implementing high-performance memory decoders. In
telecommunication IC 74154 accepts a single input signal that carries many channels and
separates those over multiple output signals.

Procedure:
1. Verify the gates.
2. Make the connections as per the circuit diagram.
3. Switch on VCC and apply various combinations of input according to truth table.
4. For all input combinations the outputs are verified with the truth table.

Logic Diagram:

1:4 De-multiplexer:
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D SO S1
V4 2/
o |2 o | 4
[ —
1
‘ 1311 12 DO
|
4 3 — 6 DI
—
S 1c7411
1 10
| n 1% 8 m
- 13 L N 12 D3
2 1¢7411
Truth Table:
Input Output
D SO S1 DO D1 D2 D3
1 0 0 D 0 0 0
1 0 1 0 D 0 0
1 1 0 0 0 D 0
1 1 1 0 0 0 D
DO =DS0S1’
D1 =DS0’S1
D2 =DS0S1’
D3 =DS0S1
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Pin Diagram for 1C 74150:
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E7 — 1 24—+ vcce
E6 [ 2 23 | E8
E5 |3 22 1| E9
E4 |4 21+ E10
E3 L5 20 4 ENM
> L6 19 1 E12
E1 |7 18 E13
EO 8 177 B4
ST 9 16 1 E15
a 10 15 | A
D 11 1448
GND —12 134(c
Pin Diagram for IC 74154:
Qo 1 24— vcc
a1 -2 23| A
Qz I 3 22 | B
s \t 21| ¢
o4 5 201 D
os |6 19 - FE2
a6 L 7 18 - FE1
o7 s 17 — Q15
Qs - 9 16 — Q14
ao |10 15 —{ Q13
Q1011 14— Q12
GND 12 13- Q11

Result:
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Thus multiplexer and de-multiplexer was designed and implemented using logic gates with
their truth table verified. Multiplexer and De-multiplexer, IC 74150 and IC 74154 are studied.
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Design and Implementation of Encoder and Decoder:
Aim:

To design and implement encoder and decoder using logic gates, study of IC7445 and
1C74147.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. |NOT GATE IC 7404 1
2. |OR GATE IC 7432 1
3. |AND Gate IC 7408 1
4. IDIGITAL IC TRAINER KIT R 1
5.  |PATCH CORD > -

Theory:

Encoder:

An encoder is a combinational logi¢ circuit that has 2" input lines and n output lines. As an
example consider an four input and\two output encoder. It is assumed that only one input has ‘1’
at any given time. From truth table, it\is obvious that the output is ‘1’ for A when the input is 2
and 3; B is ‘1’ when the inputfs,l and 2.

De-Coder:

A decoder is a_combinational circuit that converts n-bit binary input lines into 2" output lines
such that output line will'be activated for only one of possible combination of inputs. The outputs
are selected basedwon two select inputs. The inputs AB are decoded into four digits output each
representing one of minterms of two input variables.

1C.7445 BCD to Decimal Decoder:

IC 7445 is a BCD to decimal decoder that accepts 4 active high inputs and produces ten active
low outputs. Full decoding of BCD input logic ensures that all outputs remain OFF for all invalid
(1010-1111) binary input conditions. IC 7445 is widely used in BCD to seven segment display.
It is also used as address decoders where the decoded output is used as chip select signal to select
the chip of interest.

Logic Diagram:
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4x2 Encoder:

D0 D1 D2 D3
1
| —3 A
[ 2
2 1Cc7432
4
R — g U
5 1C 7432
Truth Table:
Input Output
D0 D1 D2 D3 B
1 0 0 0 0
0 1 0 0 1
0 0 1 0 0
0 0 0 1 1
A=D2+D3
B=D1+D3

IC 74147 - Priority Encoder:
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IC 74147 is a 9-input priority encoders that accepts data from nine active LOW inputs (E1 to
E9) and provide a binary representation on the four active LOW outputs (QA to QD). A priority
is assigned to each input so that when two or more inputs are simultaneously active, the input
with the highest priority is represented on the output, with input line E9 having the highest
priority. The devices provide the 10-line to 4-line priority encoding function by use of the
implied decimal “zero”. The “zero” is encoded when all nine data inputs are HIGH, forcing all
four outputs HIGH. IC 74147 encodes 10-line decimal to 4-line BCD- Used in 10-position switch
encoding and also in code converters and generators.

Procedure:
1. Verify the gates.
2. Make the connections as per the circuit diagram.
3. Switch on VCC and apply various combinations of input according to,truth table.
4. For all input combinations the outputs are verified with the truth table.

Logic Diagram:
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2x4 De-Coder:

A B
S \g S \é
S 9 |4
1
S :Dﬂ
L
2 1C 7408
4
L
5 IC 7408
— ;Dsim
10 1C 7408
12 1 D3
13 1C 7408
Truth Table:
Input Output
A DO D1 D2 D3
0 1 0 0 0
0 0 1 0 0
1 0 0 1 0
1 0 0 0 1
D0 =A’B’
D1=A’B
D2 =APB’
D3=AB
EC2207 ~75~ DIGITAL ELECTRONICS LAB



222222



1 —oOoIP VCe — 16
2 —OIP | P — 15
3 o ¢ P —{ 14
4 —oP 7 P — 13
5 —0OIP 4 P — 12
6 —oP 4 OIP — 11
8 [~ GND OP —| 9
Pin Diagram IC 74147:
E4 — 1 16 — VCC
|
E5 — 2 15 — NC
C
E6 1 3 14 — QD
7
E7 — 4 13 — E3
4
ES 4 5 12 — EZ
1
Qc 16 11 — E1
4
QB— 7 10 — E®
7
GND— 8 9 — QA
Result:
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Thus the Encoder and De-Coder were designed and implemented using logic gates with their
truth table verified. Encoder and De-Coder, IC 7445 and IC 74147 are studied.
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Aim:

Construction and Verification of 4 Bit Ripple Counter:

To construct and verify 4 bit Ripple Counter.

Apparatus Required:

Theory:

SI. No. COMPONENT SPECIFICATION| QTY
1. K FLIP FLOP IC 7473 2
2. |[NAND GATE IC 7400 1
3. IDIGITAL IC TRAINER KIT - 1

4. |PATCH CORD

Counters are a group of flip flops connected together/to,perform counting operation. According
to the way the flip flops are clocked, there are two types of flip flops,

a) Asynchronous Counter

b) Synchronous Counter

In asynchronous counter, the first flip flop is clocked by the external clock pulse. Then each
successive flip flops are clocked by,Q (or) Q’ output of the previous flip flop. In 4-bit ripple
counter, the total number of states/is 16 (24) and this varies from 0000, to 1111,

Switeh,on VCC and apply various combinations of input according to truth table.

Procedure:
1. Verify.the flip flop.
2. Make the connections as per the circuit diagram.
3.
4,

ACF |1
TR| 2
1K | 3
Vee [4]
ZCP |5
FISl G

207

4] 1.
E
iz] 1a
11] GHD

By applying clock pulse, all the input combinations are given and the outputs are verified
with the truth table.

0] 2k Pin Diagram IC 7473: Pin Description:

9120

Y I ~80~

1CP’, 2CP’ = neg-edge clock input for JK Flip F

IR’,2R’ = Negative Clear Input for JK Flip F

11T O71 — T Tran1r 4



Logic Diagram:

Four Bit Ripple Counter:

Vee

CIK 1

IC 7473
Ja Qa

Clk

Clr’

12

IC
71Jb

Clk
Kb

10

7473
Qb

Qb’

CIr’
T 6

IC 7473
Je Qc

Clk

10

IC
Jd

Clk
Kd

7473
Qd

Qa

CIr’
T 6

Truth Table for Four Bit Ripple Counter:

Clk | Qd | Qc | Qb™)Qa
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
Result:
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Thus 4 bit Ripple Counter was constructed and verified with their truth table.
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Construction and Verification of Mod-10 and Mod-12 Ripple Counters:

Aim:
To construct and verify Mod-10 and Mod-12 Ripple Counters.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. K FLIP FLOP IC 7473 2
2. |[NAND GATE IC 7400 1
3. IDIGITAL IC TRAINER KIT - 1
4. [PATCH CORD - -

Theory:

Counters are a group of flip flops connected together/to,perform counting operation. According
to the way the flip flops are clocked, there are two types of flip flops,

¢) Asynchronous Counter
d) Synchronous Counter

In asynchronous counter, the first flip flop is clocked by the external clock pulse. Then each
successive flip flops are clockediby Q.(or) Q’ output of the previous flip flop. In 4-bit ripple
counter, the total numbex of states is 16 (24) and this varies from 0000, to 1111,. If the counters
are designed with number of sequence which is less than 2", then those counters are said to be
Mod — N counters where N, denotes number of sequence. Thus in Mod—10 counter, total number
of states is 10 and‘number of flip flops are 4. Similarly in Mod—12 counter, total number of states
is 10 and number'of flip flops are 4.

Procedure:

Verify the flip flop.

Make the connections as per the circuit diagram.

Switch on VCC and apply various combinations of input according to truth table.

By applying the clock pulse, all the input combinations are given and the outputs are
verified with the truth table.

s oY B

L)
cP (1 4] 1.
[z i3] 1@
K[z iz] 1a
Vee [4] 11] GHD
P[5 0] 2k
= E 20 Pin Diagram IC 7473: Pin Description:
ki 6]za ~84~ ICP’, 2CP’ mgiegredaerrbsmsinpwt for JK Flip F

IR’,2R’ = Negative Clear Input for JK Flip F



Logic Diagram:

Mod - 10 Counter:

Vee

CIK 1

Clk

IC 7473

Qa

CIr

10

IC 7473
Jb

Clk
Kb Qb’

Qb e

o Jc

Clk

1C.7473
Qc !

IC 7473
Jd Qd
Clk
Kd Qd’
10

Truth Table for Mod:.—= 10 Counter:

Clr’
I) 6

Clkk | Qd { Qc | Qb | Qa
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
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Mod - 12 Counter:

IC 7473

Ja Qa 12

Clk

IC 7473

7\ Jb Qb
Clk

Kb Qv

10

Vce
14
L
CIK’ |1
°3
Clr’

Clr’
T 6

1 3
2 1C 7400

IC 7473

Truth Table for Mod — 12 Counter:

Clk | Qd | Qc | Qb | Qa
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
Result:

EC2207

~87 ~
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Thus Mod-10 and Mod-12 Ripple Counters was constructed and verified with their truth table.
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Design and Implementation of 3 Bit Synchronous Up/Down Counter:

Aim:
To design, implement 3 bit synchronous up/ down counter and verify its truth table.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. JKFLIP FLOP IC 7473 2
2.  NOT GATE IC 7404 1
3.  |OR GATE IC 7432 1
4.  |AND Gate IC 7408 1
5. IDIGITAL IC TRAINER KIT - 1
6. PATCH CORD - -

Theory:

A counter that advances upward through its'sequence (0, 1, 2, 3...0, 1....) is called up counter.
A counter that decrement downward throughuits sequence (3,2, 1,0, 3,2 .....) is called down
counter. A up/down counter is@a counter used to perform both up counting and down counting
operation using up/down control'signal:

Procedure:
1. Verify the flip flop.
2. Make the connections as per the circuit diagram.
3. Switch on"VCC and apply various combinations of input according to truth table.
4. By applying the clock pulse, all input combinations are given and the outputs are verified

withuthe truth table.
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Pin Diagram IC 7473:

[T
W[z
1K [3]
Vee [4]
[T
=[5
2[7]

Logic Diagram:

Pin Description:

1CP’, 2CP’ = neg-edge clock input for JK Flip Flop 1 and 2

Up/Down"

14
Je

Clk

Kc

| &

IC 74732

Qc

Q¢’

CIr’

2

L

4] 1. . .
IR’,2R* = Negative Clear Input for JK Flip Flop 1 and 2
EEe
EI 1a 11, 2] =J Input
E GND 1k, 2k = K Input
0] 2K 1Q,2Q  =QOutput
9120
1Q’,2Q° =Q’ Output
8|2a
3-bit synchronous up/down counter:
1 3 9 h
Ve ?1C 7408 101C 7408
14 1€ 743 IC 7473(1)
Ja Qa 12 Jb Qb 9
Clk Clk 4 6
5
Kb b8 IC 7432
Clr’
Q6
13 1C 7408

CIk’

CIr’

Truth Table - JK Flip Flop:

J Qn+1
0 Qn
0 1 0
1 0
1 1 er ’
EC2207

Excitation Table - JK Flip Flop:

Qn Qn1 J K
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0

~01 ~

12

13
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Truth Table:

Flip Flop Input

Ka

Ja

Ksg

JB

Kc

Jc

Next State

QA+1

QB+1

QC+1

Present State

Qa

Qs

Qc

Input
Up/Down’

K-Map Simplification:

K-Map for Jz:

K-Map for Ja:

10

11

01

0o

QBOA

XQC

oo 01 11 10

QBOA

XQC

0o

01

11

10

0o

01

11

10

DIGITAL ELECTRONICS LAB

JB = XQa+ X’Qy’

~03 ~

Ja=1
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XQC

XQC

EC2207

K-Map for J¢:

QBQA
oo 01 11 10
00 ’T‘ ] ] ]
[ X[ X | X | X
11 X X kA X
10 0 0 1_ 0
Jc=XQp” Qa” + XQpQa
K-Map for Ky:
QBQA
00 01 11 10
00 X X 0 1
01 X X 0 1
11 X X I 0
10 X X 1 ]
Kg=X"Q4’ + XQ4

K-Map for K4:

QAQB
HQC Do 01 11 10
oo X I I X
01 X 1 1 X
11 X 1 1 X
10 X 1 1 X

Ka=1
K-Map for Kc:
QBQA

XQC 00 <01 11 10
00 F‘ X X X
e INE 0 0
(" .0 0 1 0
10 X X X] X

~ 905 ~

Kc=XQp’ Qa’ + XQpQa
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Result:

Thus 3 bit synchronous up/ down counter was designed and implemented with its truth table
verified.
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EX: NO: DATE:

Implementation of SISO and SIPO Shift Registers:

Aim:
To implement SISO and SIPO shift registers using flip flop with its truth table verified.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. |DFLIP FLOP IC 7474 2
2. DIGITAL IC TRAINER KIT - 1

3. |PATCH CORD - -

Theory:

A register capable of shifting its binary information either torthe right or to the left is called a
shift register. The logic types of shift registers in terms of data movement are,

Serial In Serial Out:

SISO shift register accepts data serially (i.€:) one,bit at a time on a single line and produces the
stored data on its output also in,serial form.

Serial In Parallel Out:

SIPO shift register aceeptsidata serially and produces the stored information on its output in
parallel form.

Procedure:
1. Verify the flip flop.
2. Make the connections as per the circuit diagram.
35 Switch on VCC and apply various combinations of input according to truth table.
4. ‘By applying the clock pulse, all input combinations are given and the outputs are verified

with the truth table.
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Pin Diagram:

Pin Description:

11.'..'L_Fl|: ICLR’, 2CLR’ — Low level clear inputs.
100 IPRE’, 2PRE’ — Low level pre-set inputs.
1cLkO
IFEC Vce, Gnd — Power and Ground pins.
:gE 1CLK, 2CLK - Positive edge triggered clock inputs.
GND[ 1D, 2D — Data inputs.
1Q, 2Q — Data outputs.
1Q°,2Q° — Complemented Data outputs.
Logic Diagram:
Serial In Serial Out:
& b S b
DATA 5 PRESET 12 PRESET ) PRESET 2 PRESET 0
b b 2 Ape o P Epy @ PAA
7474(1) 7474(1) 7474(2) 7474(2)
3bck ool Mocukt 0y e S3-cLK o — Yok oy
P CLR’ CLR’ CLR’ CLR’
1 713 71 Tl3
CLOCK ®
RESET . . .
Truth Table for SISO Shift Register :
CIk Serial input Qa Qs Qc Qp | Serial Output
0 1 0 0 0 0 0
1 1 1 0 0 0 0
2 0 1 1 0 0 0
3 1 0 1 1 0 0
4 0 1 0 1 1 1
5 0 0 1 0 1 1
6 0 0 0 1 0 0
7 0 0 0 0 1 1
8 0 0 0 0 0 0
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Logic Diagram:

Serial In Parallel Out:
Qa Qs c Qv
AT , | PRESET PRESET PRESET | PRESET
5. 12 9 |2
P D4 Qs—o Dg Qs &— D¢ Qc Se Dp Qp
7474(1) 7474(1) 7474(2) 7474(2)
30k Qv Mook Qp— 3K Qe — YecLk Qf
P CLR’ F CLR’ P CLR’ P CLR
CLOCK —» 1 o 13 )\ 1 T13
RESET

Truth Table for SIPO Shift Register :

Clk Serial input Qa Qs Qc Qp Parallel Output
[Qa>... Qb]
0 1 0 0 0 0 0000
1 1 1 0 0 0 1000
2 0 1 1 0 0 1100
3 1 0 1 1 0 0110
4 0 1 0 1 1 1011
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Result:

Thus SISO and SIPO shift registers are implemented using flip flop with its truth table verified.
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EX: NO: DATE:

Implementation of PIPO and PISO Shift Registers:
Aim:

To implement PIPO and PISO shift registers using flip flop with its truth table verified.

Apparatus Required:

SI. No. COMPONENT SPECIFICATION| QTY
1. [DFLIP FLOP IC 7474 2
2. INOT GATE IC 7404 1
3.  |OR GATE IC 7432 1
4. |AND Gate IC 7408 2
5. IDIGITAL IC TRAINER KIT 3 1
6. |PATCH CORD > -

Theory:

A register capable of shifting its\binary information either to the right or to the left is called a
shift register. The logic types of shift registers in terms of data movement are,

Parallel In Parallel Out:

PIPO shift register accepts data in parallel and produces the stored data on its output also in
parallel form Onyapplication of the clock input.

Parallel In Serial Out:

PISO shift register accepts data in parallel and produces the stored data on its output in serial
form. The data are presented on the input lines Da to Dd in parallel. The data loads into the
register when the Shift/LLoad’ control lines is held low. When the Shift/Load’ is held high the
data'stored are clocked out serially.

Procedure:
1. Verify the flip flop.
2. Make the connections as per the circuit diagram.
3. Switch on VCC and apply various combinations of input according to truth table.
4. By applying the clock pulse, all input combinations are given and the outputs are verified

with the truth table.
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Pin Diagram:

Pin Description:

1{:1_—“: ICLR’, 2CLR’ — Low level clear inputs.
100 IPRE’, 2PRE’ — Low level pre-set inputs.
1cLk O
1ﬁ‘EE Vce, Gnd — Power and Ground pins.
1%E ICLK, 2CLK - Positive edge triggered clock inputs.
1
GND[ 1D, 2D — Data inputs.
1Q, 2Q — Data outputs.
10Q’,2Q° — Complemented Data outputs.
Logic Diagram:
Parallel In Parallel Out:
A B C D
4 b 4 4
5 PRESET PRESET PRESET " PRESET 0
p, Q> P, oV 2pc o5 b, Q)
7474(1) 7474(1) 7474(2) 7474(2)
3ok Qo Mtk oy b 3bck ool | Mook ok
F CLR’ F CLR’ F CLR’ P CLR’
CLOCK——e 1 13 1 Tl3
RESET
Qa Qs Qc Qp
Truth Table for PIPO Shift Register :
Clke| Parallel input | Qa Qs Qc Qp | Parallel Output
[A...D] [Qa...Qpl
0 1011 0 0 0 0000
1 1100 1 0 1 1 1011
2 0000 1 1 0 1100
EC2207 ~105 ~ DIGITAL ELECTRONICS LAB



222222



Logic Diagram:

Parallel In Serial Out:

IC 7404 B C D

1 2
——

LOAD’

IC 7408
IC 7408
IC 7408

5 PRESET s PRESET 0 PRESET PRESET
A— Dy Qare Dg Qs D¢ Qc 154 Dp Qp
7474(1) 7474(1) T474(2) 7474(2)
3oCLK Quf Hoclk Q| (35CLK et | WMedik oyt
CLR’ CLR’ CLR CLR’
CLOCK 71 713 71 T13
- . . - .
RESET o, Qs Qc Q

Truth Table for PISO Shift Register :

Shift/L.oad’ | Clk | Parallel input™[.Qa Qs Qc Qo Serial Output
[A.G:D]
0 1 1011 0 0 0 0 0
1 2 0000 1 0 1 1 1
1 3 0000 0 1 0 1 1
1 4 0000 0 0 1 0 0
1 5 0000 0 0 0 1 1
1 6 0000 0 0 0 0 0
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Result:

Thus PISO and PIPO shift registers are implemented using flip flop with its truth table verified.
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