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Instruction iid s
For
Digital IC Circuit Trainer
gital electronics.

Digital IC Circuit Trainer offers a unique entry into the world of di
tions flip-flops, power

The system combines simple, easy to use, IC's for GATES, arithmatic opera
states with a versatile solderless bread board.

Students know how digital electronics can implement lo
This unique approach enables the unit to be used by the absolute beginner. Yet it may also

supply, input and outpy

bread board.

gic circuit In a matter of seconds on the |
be usefully employed i

advanced project work.

Features

DC Regulated Power Supplies

1. Output voltages : One fixed DC regulated power supply of 5V/I1Amp

One fixed output DC regulated power supply of £15V/ 500mA

2. Load regulation 1+ 0.2%

3. Line regulation : +0.05%

4, Ripple : Less than 3mV RMS

5. Protections - Short circuit & over load protected

6. Power requirement : 230 VAC +10% , 50 Hz |

7. Voltmeter : 3.5 Digit Dual range (2V/20V) l

Logic Input/Output i

8. Inbuilt 10 logic inputs, logic ‘0’ & logic ‘1’ selectable using SPDT switches, 10 logic output indicators. '

9. 1Hz monoshot clock pulse, automatic clock pulse generator having clock pulses output 1Hz, 1KHz, & 10KHz |

selectable through band switch

10. Seven Segment display with seven I/P terminals for seven logic inputs.

Bread Board Strips {

10. 2 Nos vertically common strips (640 Tie points each) |

1. 4 Nos horizontally common strips(100 Tie points each) (
|

STANDARD ACCESSORIES

The following integrated circuits & patchcords are supplied with the logic computer.
. 1

1 7400 - Quad 2 input NAND GATE. 2. 7402 : Quad 2input NOR GATE.

3. 7404  : Hexinvertor. 4 7408 : Quad2inputAND GATE. '
5. 7411 . Triple - 3inputAND GATES. 6. 7420 : 4input NAND GATE.

7 7427 . Triple - 3input NOR GATES. 8. 7430 : 8-input NAND GATE. .
9 7432 - Quad 2 inputs OR GATE. 10. 7442 : BCDtoDecimal Decoder. :
1. 7447 . BCD to 7-Segment Decoder. 12. 7472 : AND-GATES JKFlip-Flop. (
13. 7474 - Dual D type Flip Flops 14. 7476 : Dual JKFlip Flops (2Pcs.) {
5. 7486  : Quadexclusive-ORGATE. 16. 749 : Decade Counter. '
17. 7495 - Shift Register. 18. 74153 : 1to4line Demultiplexer. (
19. 74155 . 41to 1 line Multiplexer. 20. 74193 : Synchronous Counter.
21. Hook up wire 5 mt. suitable for Bread Board.
22. Eighteen Patchcords with 4 mm Plug on single side.
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Experiments to be Performed

Study of OR_ AND, NOT, NAND, NOR, EX-OR Gates & Vertification of their truth tables.
Verification of Boolean Identities & Demorgan's theorems.

Study & Verification of truth tables of Digital Adders & Subtractors .

Study and verification of truth tables of comparators.

Study of code converters i.e. binary to gray, gray to binary code

Study of flip flops and verification of their truth tables.

Study of Counters & Shift Registers,memory register and verification of their truth tables.
Study of Encoders & Decoders and verification of their truth tables.

Study of Multiplexers, Demultiplexers and verification of their truth tables.

Study of TTL-CMOS & CMOS-TTL Interfacing.

© ® NSO OAE LN

—
i

Experiment 1 :-
Study of OR, AND, NOT, NAND, NOR, EX-OR GATES and verification of their truth tables.
NOTE:- Pin description of all logic IC’s are given on Page No. 40.

Theory

All the digital equipment simple or complex are derived from just a ten basic circuits, called logic elements. There are two
basic types of digital logic circuits i.e. “decision making” and “memory”. Decision making elements monitor the binary
inputs and produce outputs based on the inputs state and operational characteristics of the logic element. Memory
elements are used to store binary data's. The declsion making circuits are called '‘GATES’ while the memory circuits are
made up and called ‘Flip-Flop.’

The GATES are logic circuits & actas an ON/OFF switch also. The GATE shows either ON (HIGH) or OFF (LOW) state in
the digital electronics. There are three basic decision making elements of gatesi.e. OR, AND and NOT (INVERTER). From
these three operations, two more operations have been derived, the NAND operation and the NOR operation. These
operations have become very popular and are widely used, the reason being thay only one type of gates, no. of NAND &
NOR GATES are sufficient for the realization of any logical expression. Because of this reason, NAND and NOR GATES
are known as universal GATES.

AGATE is a circuit with one output and two or more input channels, an output signal occurs only for certain combinations
of input signals. Logic circuits are used to perform various computer functions.

Verification of ‘OR’ GATE :-

'OR’ GATE can have two or more inputs and signal output. Itis defined as whenever anyone or all the input are high then
output must be high otherwise output is low. For 2-input ‘OR’ GATE we are using IC 7432, Pin configuration, Circuit
diagram and truth table are shown in fig. 1, and table 1 respectively. Mathematically

itis expressed as Y = A+B OR GATE FUNCTION (7432)

(Y equals A or B). A c”
3 \7
b J_ﬁ

220
(INT)

FIG. 1 CIRCUIT DWGRAM -

Page3/31
Rev. 02

Scanned with CamScanner



Procedure :-

1. Put the IC in lower bread board and connect Svolts DC supply from pin No. 30
and ground .
pin No.35 of upper bread board meant for conneclions,

2. Give Input signal to logic GATE from pin no. 13,17, 210r 25 of upper bread board.

3. Connect output  of GATE to LED indicator pin no. 40, 46, 62 or 58 of upper,
bread board.

4 Connect the mains lead to 230 V AC and throw the power switch to "ON’ position.
The jewel light will glow indicating that the trainer is ready for use.

5. Give the HIGH or LOW singals from debunced logic switch and observe the
output (1 or 0) by (ON or OFF) indicator,

6.

Verify the truth table as given in Table 1.
Verification of ‘AND’ GATE :-

e ———— e,

"AND’ GATE can have two or more inputs and a single output. It is defined as when all
the inputs are high then output must be high otherwise output is low. For a 2 - inputs
‘AND' GATE using IC 7408. Pin configuration, circuit diagram and truth table symbol are

shown in Fig. 2 and table 2 respectively. Mathematically it is expressed as Y=A.B (Y
equals Aand B).

Procedure
Make the circuit of Fig. (2) and follow procedure of Experiment No.
1. Verify the truth table as given in Table 2.

Verification of ‘NOT’ GATE :-

The simplest from of logic circuitis the INVERTER or NOT GATE. It has one input and
one output terminal. It is defined as whenever input is high then output is low and
vice-versa or we can say that the inverter is a logic element whose output state is
always opposite of its input state. For that function we are using IC 7404. Pin
configuration, circuit diagram

and truth table are shown in Fig. 3 and Table 3. Mathematically it is expresses as Y =
A(read as Y euals ANOT).

Procedure :-

Make the circuit of Fig. 3 and follow procedure of Experiment No. 1. Verify the truth
table as given in Table 3.

Verification of ‘NAND' GATE :-

The term ‘NAND' is a contraction of the expression NOT - AND. A'NAND’ GATE therefore,
is 'AND’ GATE followed by an inverter. It is defined as

whenever all the inputs are high then output must be low otherwise output is high. For 2
-inputs 'NAND' GATE we are using IC 7400. Pin configuration, circuit diagram and truth

table are shown in Fig. 4 and Table 4. Mathematically it is expressed as Y =AB (Y

TRUTH TABLE -

B

0

1

0

1
POSITIVE LOGIC
Y=A+B

ﬁ

1<)

A
0
0
1
1

s A A O

\.

AND GATE FUNG SOM (7408) '
e |

1
|

AG. 2 CIRCUTDIAGRAM

TRUTHTABLE-2 !
B

Y 1

—

0
1
0

- - 0 o>

1
POSITIVE LOGIC 1
Y=AB '

0
0
0
1

.

NOT GATE FUNCTION (740¢

A 1 |
2 220 i

(nt) !

FIG. 3 CIRCUIT DIAGRAM

TRUTH TABLE -3

(A v )
0 1
by e
POSITIVE LOGIC
Y=A

euals Anad B NOT). FRUTH TABLE -4
NAND GATE FUNCTION (7400) A Y 1
A 1 0 0 1
Y
- / 2 220 . L 1
(INT) 1 0 1
W J 1 o |
— POSITIVE LOGIC
FIG. 4 CIRCUTDIAGRAM Y=AB page -
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Procedure :-

Make the circuit of Fig. 4. and follow procedure of Experiment No, 1. Verify the truth table  *

as given in Table 4.

verification of ‘NOR' GATE :-

The 'NOR'GATE is an improved logic element used for implementing decislon making
logic functions. The term 'NOR' is a contraction for the expression ‘NOT' ‘OR'. The
'NOR' GATE Is essentially a circuit containing the logic function of an ‘OR' GATE and

NOR GATE FUNCTION (7402)

-
ot

NG, 5 CIRCUIT DIAGRAM

TRUTHTABLE-5

(A B Y )
inverter. For 2 - inputs ‘NOR' GATE we are using IC 7402. Pin cinfiguration diagram and 5 o 3
truth table are shown in Fig. 5 and Table 5. It is defined as whenever all the inputs are
low then output must be high otherwise output is low. 0 ! ;
Procedure :- 1 0 0
Make the circuit of Fig. 5 and follow procedure of \ 1 ! : J
Experiment No. 1. Verify the truth table as given in 5 POSITIVE LOGIC
Y=A+B
Verification of ‘EX-OR’ GATE :-
The ‘Exclusive-OR'’ (EX-OR) operation is widely used in digital circuits. It is not a basic DOAMRIRE RS
operation and can be performed using the basic gates. ‘AND’, 'OR’ and ‘NOT" or universal - :D .
- GATES ‘NAND' or ‘NOR'. It is similar to the basic ‘OR' GATE expect that the output is low -——/ -
- when both the inputs are high and low. The output of the gate is high when anyone output is s
high. For 2 - inputs ‘EX-OR' GATE we are using IC 7486. Pin configuration, circuit diagram _"'
and truth table are shown in Fig. 6 and Table 6. 'Exclusive-OR’ (EX-OR) circuits are FIG .6 CIRCUT DUGRAM E
used in applications like adder substraction, parity checkers etc. Mathematically
, expression of ‘EX-OR’is given by Y = AB + AB. TRUTH TABLE. 6 ~
Procedure :-
Make the circuit of Fig. 6 and follow procedure of Experiment No. 1. Verify the truth A B Y
table as given in Fig. 6. 0 0 0
0 1 1
Verification of 3 - Input ‘NOR’ GATE :- 1 0 1 )
Itis defined as whenever all the input are low then output must be high otherwise output 1 1 0
is low. For 3 - inputs ‘NOR' GATE we are using IC 7427. Pin configuration, circuit POSITIVE LOGIC
diagram and truth table are shown in Fig. 7 and Table 7. Y= AB+BA
Procedure
Make the cicuit of Fig. 7 and follow the procedure of Experiment no. 1 and verify the
truth table as given in Table 7 . TRUTHTABLE -7
(A B ¢ Y)
NOR GATE FUNCTION ( 7427 ) 0 0 0 1
_/ . 0 0 1 0
/jLT\12 v 0 1 0 o
—F;J_/ o o 1 1
/ (NT) 1 0 0 0
1 0 1 0
FIG. 7 CIRCUIT DIAGRAM
== 1 1 0 0
\: 1 1 1 0 )
POSITIVE LOGIC
YEABG Page 5/31
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Verification of 3 - In ut ‘AND’ GATE :-

Itis defined as when all the input high then output must be high otherwise output is low. For 3 input'AND! GATg,,

using IC 7411, pin configuration, circuit diagram and truth.
table are shown In Fig. 8 and Table 8. Itis mathematically expy

a

e;s
AND GATE FUNCTION (7411) by Y=ABC. T THTABLE 4 |
(" A B
A e A - \
1 0 0 0 T
0
B .. .2 \2 Y 0 0 ! 0
J/ 13 J 220 i 1 ’ x
c (INT) 0 1 1 0
FIG. 8 CIRCUIT DIAGRAM 1 ’ X ;
L 1 0 L 0
1 1 0 0
\_ 1 1 1\14
POSITIVE LOGIC
Y=AB.C

Procedure :-

Make the cicuit of Fig. (8) and follow the procedure of Experiment no. 1 and verify the truth table as given in Table g
Experiment 2 :To study the Boolean Algebraic Theorems.

Objective

To familiarise and verify the following Boolean Algebraic Theorems and to simplify and realize the following expressig,

Integrated Circuit to be used :-

1. IC 7404 Hex Inverter (Six, 1 - Input ‘NOT’ GATES)
2. IC 7408 Quad 2 - Input 'AND GATES
OR
IC 7411 Triple 3 - input 'AND’ GATES where necessary.
3. IC 7432 Quad 2 - Input “OR’ GATES
OR
IC 7427 Triple 3 - input ‘NOR’ GATES in combination with IC 7404 to make 3 - input ‘OR' GATES as follows wher:
necessary.
Theory

The digital signals are discreate in nature and can only assume one of the two values ‘0" or '1'. A number system based
these two digits is known as binary number system. In the middle of 19th century, an English mathematician Georg:
Boole developed rules for manipulations of binary numbers, known as Boolean Algebra. This is the basis of all digiz
system like computers, calculators etc.
Binary variables can be represented by a letter symbol suchasA, B, X, Y, ......... The variable can have only one of the it
positive values at any time, viz, '0' or ‘1'. The Boolean Algebraic Theorems are given in table No. (1).
From these theorems, we observe that the even numbered theorems can be obtained from their preceding odd numbe
theorems by (i) interchanging and signs, and (ii) interchanging ‘0’ and '1".Theorems which are related in this way are calkl
duals. Theorems 1 to 8 involve a single variable only. Each of these theorems can be proved by considering possible vale
of the variable. Theorema 9 to 20 involve more than one variable and can be proved by making a truth table, Theorems 2! #*
22 are known as Demorgan’s Theorems. These theorems can be proved by first considering the two variable case an? “ﬁ
extending this result.To familiarise and verify the following Boolean Algebric Theorems and to simplify and relizé e
expression. mew}
Rev
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Theorm-1:- A+ 0O=A
Procedure :-

) A
1. Make the circuit as shown in Fig. 9 and connect the Inputs of ‘OR'  ypur ' OR OUTPUT, S
GATE, to the two input state sockets ‘A’ & 'B' and output of ‘OR' 55 LA T —
GATE to the output indicator socket T, for LED L, FIG. (9)

2. Set the input combinations by putting Input state switches either '0' or
‘1’ state. Input state switch of 'B' always should be zero and ‘A’ input stato switch either ‘0" or ‘1’ state.

3. Now verify the output, if input state switch of ‘A’ In '0' state. Output indicator LED L, should be ‘OFF". If ‘A’ in ‘1’
state, then LED L, should be 'ON'. Hence the theorem Is proved.

Theorem-2:- A.1=A

Procedure :-
1. Make the circuit as shown in Fig. 10 and connect the inputs of the ‘AND’ GATE, to the two input state sockets ‘A
& 'B' and output to the output indicator socket T, for LED L,.
2. Put input state switch ‘B always in '1' state and switch ‘A’ either in ‘0" or
‘1’ state. A .
—_— OUTPUT, 0
3. Now verify the output. If B = 1 & A= 0, indicator LED L, should be ‘OFF"  mwput T [~ AND o
and ifA= 1 then LED L, Should be 'ON'. Hence the theorem is proved. B=1 FIG. (10)L1 b
Theorem-3:- A+1=1
Procedure :-
1. Make the circuit as shown in Fig. 11 and connect the inputs of ‘OR’ GATE, to the two input state sockets ‘A’ & ‘B’
and output to the output indicator socket T, for LED L,.
2. Put input state switch ‘B" always in ‘1’ state and switch ‘A’ either in ‘0’
or‘1' ste?te. o oo 'OR OUTPUT, 2200
3. Now verify the output. If B=1&A=0or 1 then indicator LED L, should i ™ —
be continuously "ON'. Hence the theorem is proved. FIG. (11)
Theorem-4:- A.0=0
Procedure :-
1. Make the circuit as shown in Fig. 12 and connect the inputs of ‘AND’ GATE, to the two input state sockets ‘A’ &
‘B’ and output to the output indicator socket T, for LED L,.
2. Put input state switch ‘B’ always in ‘0" state and switch ‘A either in ‘0" or
‘1" state. A OUTPUT, 2200
wput —AND
3. Now verify the output. If B=0 &A= 0 or 1 then indicator LED L, should be i LA ==
il FIG. (12) -

continuously ‘OFF'. Hence the theorem is proved.

Theorem-5:- A+A=A wioey
. A\ A\ OUTPUTRG A
Procedure :-
1. Make the circuit as shown in Fig. 13 and connect the inputs of ‘OR’ FIG. (13) =
GATE, to the input state sockets ‘A’ and output to the output indicator
socket T, for LED L,.

’ Put input state switch ‘A’ always either in ‘0" or ‘1" state.
3. Now verify the output. IfA= 1 then indicator LED L, should be continuously ‘ON’ and if A= 0 then indicator LED L,

should be ‘OFF’. Hence the theorem is proved. A s 2200
Theorem-6:- AA=A NPT || oK 1

Procedure :- FIG. (14)

1. Make the circuit as shown in Fig. 14 and connect the inputs of ‘AND’ GATE, to the input state sockets ‘A’ and
output to the output indicator socket T, for LEDL,.

2. Put input state switch ‘A’ in ‘0" or ‘1’ state.

3. Now verify the output. If A= 0, output indicator LED L, should be ‘OFF' Page7/31
and if A= 1 should be ‘ON'. Hence the theorem is proved. Rev. 02




Theorem - 7 :- A+A=1 A !

Procedure :- L L [ Sy 2y, |

1 Make the circuit as shown in Fig. 16 and connect the inputs of the - T : ,
GATE, to the input state sockets 'A’and output to the output indicator FIG. (15) N
socket T, for LED L,.

2, Put input state switch ‘A’ either In ‘0" or ‘1" state.
Now verify the output. If A = 1 or 0, outpul indicator LED L, should be continuously ‘ON', Hence the thegy
proved. b

Theorem-8:- A.A=0

Procedure :-

1. F\dake the circuit as‘ s‘hown in Fig. 16 and connect the GATE, to the - NG e
input state sockets 'A' and output to the output indicator socket T, for .9;_ n WA,
LEDL,. FIG. (16) 3

2. Put input state switch ‘A’ either in '0' or '1' state.

3. Now verify the output. If A= 0 then indicator LED L, should be continuously ‘OFF’, Hence the theorem is prg,,

Theorem-9:- A.(B+C)=AB+AC ;

Procedure :-

1. Make the circuit as shown in Fig. 17 and connect the GATE, to the input state sockets ‘A,'B'&'C’ and Outpyt,

the output indicator socket T, for LED L, and T, for LED L,.

2. Set the input combinations one by one by putting input state switches ‘A’, ‘B’ & 'C’ either in ‘0" or ‘1" state. (&
shown in Truth Table No.9 ).
3. Now verify the output with the help of Truth Table No. 9. Output indicator LED L, & L, should be ‘OFF’ or ‘O
according to the Truth Table No. 9. Hence the theorem is proved.
TRUTHTABLE -9
A B C B+C A.(B+C) AB AC  (AB+#A()
0o 0 o0 o 0 0o 0 0o
0 0 1 1 0 0 0 0
0 1 0 1 0 0 0 0
0 1 1 1 0 0 0 0
1 0 0 0 0 0 0 0
1 0 1 1 1 0 1 1
1 1 0 1 1 1 0 1
L1 1 1 1 1 1 1 1
Theorem - 10 :- A+BC = (A+B).(A+C)
Procedure :-
1. Make the circuit as shown in Fig. 18 and connect the GATE, to

the inputs of the GATE to the input state sockets ‘A’, ‘B' & ‘C’ and
output to the output indicator socket T, for LED L, and T, for LED
L |

2. Set the input combinations one by one by putting input state
switches ‘A, ‘B’ & ‘C’ either in ‘0’ or ‘1’ state. (As shown in Truth < o m())umn

Table No. 10.
3. Now verify the output with the help of Truth Table No. 3. Output indicator LED L, & L, should be ‘ON' or ‘OFF'D)

input combinations according to the Truth Table No. 3, so it is proved that

A+BC = (A+B). (A+C). pagetll
Rev.02

- - Scanned with CamScanner



heorem - 11 :

>rocedure :-
l.

Theorem -12:

A+AB = A

~N

TRUTHTABLE-10

Make the circuit as shown in Fig. (19)
and connect the inputs of the GATE to
the input state sockets 'A' & 'B' and
output to the output indicator socket T,
for LED L,

Put the input state switches ‘A" in '1’
state and ‘B’ either in ‘0’ or '1' state.

Now verify the output with the help of Truth
Table No. 11, If 'A'=*1" and 'B' = "¢ or

‘1", the output indicator LED L, should
be 'ON'.

Now verify the output also if'A'='0' and ‘B’ = '0' or '1 ', the output

indicator LED L, should be ‘OFF'. In this way the theorem is
proved.

A.(A+B)= A

Procedure :-

1.

Theorem - 13 :-

Make the circuit as shown in Fig. (20) and connect the inputs of the
GATE to the input state sockets ‘A’ & 'B' and output, to the output indicator
socket T, for LED L,

Put the input state switches ‘A’ always in ‘1’ or ‘0’ state and
switch.

‘B’ eitherin ‘o' or '1’ state.

Now verify the output with the help of Truth Table No. 12. The output
indicator LED L, should be ‘ON’ or ‘OFF' by input combinations.
Hence the theorem is proved.

A+AB = (A+B)

Procedure :-

1.

INPUTS

A B C BC ABC A+B A+C  (A+B).(AsC))
o 0 0 o o0 o0 o0 0
o 0 1 o0 o 1 0
O 1 0o o 0 1 0 0
0 1 1 1 1 11 1
1 0o o o 1 11 1
13,0 s 00,008 1 1 1
1 1 0 0 1 1 1 1
| RAA (B 1 1 1 1 T
AO A MAB wn
§ by []OD— S
) AB bd
FIG. (19)
TRUTHTABLE - 11
(A B AB  A+AB )
o o0 0 0
o 1 0 0
1 0 0 .
L1 11 1
J
A AA+B) 20
E AND
EaE Thur U =
FIG. (20)

TRUTHTABLE -12

—
Make the circuit as shown in Fig. 21 and connecttheinputsofthe GATE | A B A*B A(AB) )
to the input state sockets ‘A’ & ‘B’ and output to the output indicator 0 0 0 0
socket T, for LEDL,and T, for LED L,. 0 1 1 0
Set the input combinations one by one by putting input state switches 1 0 1 1
‘A’ & ‘B’ either in ‘0" or ‘1’ state. 1 1 1 4
Now verify the outp_ut with the help of Truth Table No. 13. The output \ /
indicator LED's L, & L, should be ‘OFF" or ‘ON’ by input combinations,
so it is proved that A+AB = A+B.
TRUTHTABLE -13
f f— -— -
o : 2200 A B A AB AAB A+B)
5 OR)—¢, 00 -4 0. 0 -0
"0 ) outpur U -
% (N TR BE Y 1
AB 2200
[JOR—%; - 1 0 o0 0 1 1
B -
FIG. (21) L 1 1 0 o 1 1
Page 9/31
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E""" LA AND)__A%sp)
;]

Theorem - 14 :- A.(A+B)=AB -z 3
Erocadurs - P | i
1. Make the circuit as shown in Fig. 22 and connect the inputs AND\__A8 g
[) T2 ""t,

FIG. (22) VT & My

the GATE to the input state ;
sockets ‘A’ & ‘B’ and output to the output indicator socket T, for

LEDL,and T, for LED L,.

TRUTHTABLE -1,

2, Set the input combinations one by one by putting input state
switches ‘A’ & 'B' either in ‘0" or '1' state. A B A MB Ape
3. Now verify the output with the help of Truth Table No. 14. Then o 0 1 1 o by
output indicator LED L, & o 1 1 1 '
L, should be 'ON' or ‘OFF' by input combinations. Hence the 0 )
theorem is proved. \ : 0 . x ’
Theorem - 15 :- AB+AB = A
Procedure :
1. Make the circuit as shown in Fig. (23) and connect the inputs of
the GATE to the input state sockets 'A’ & 'B' and output to
the output indicator socket T, for . LEDL,.
2. Set the input combinations one by one by putting input
state switches ‘A’ & ‘B’ either in ‘0’ or '1' state. TEUTH L L
3. Now verify the output with the help of Truth Table No. 15.The [ A B B _AB 4B AB+4;
output indicator LED. L, should be 'ON’ or 'OFF’ by input 0 0 1 0 0 0
combinations. Hence the theorem is proved. o 1 0 0 0 0
Theorem - 16 : (A+B).(A+B)=A 1 0o 1 0 1 1
Procedure :- ¥ 1 1 0 1 0 1

1.

1.

Theorem - 17 : AB+AC = (A+C).(A+B)

Procedure :-

Make the circuit as shown in Fig. (24) and connect the inputs of
the GATE to the input state sockets ‘A’ & ‘B’ and output to the 1 1 0 1 1 1
output indicator socket T, for LED L,.

Set the input combinations one by one by putting input state

switches ‘A’ & ‘B’ either in '0’ or ‘1’ state.

Now verify the output with the help of Truth Table No. 16. Then output indicator LED L, should be 'ON'or ‘'OFF'y
TRUTHTABLE -16

input combinations. Hence the theorem is proved. — -
(A B B A+B A+B (A*B)(A'D)
0 0 1 0 1 0
0 1 0 1 0 0
1 0 1 1 1 1
¢ 1 0 1 1 1 i)

Make the circuit as shown in Fig. (25) and connect the inputs
of the GATE to the input state sockets ‘A", 'B' & ‘C’ and
output to the output indicator socket T, for LED L, and T, for

LEDL,.

Set the input combina -tions one by one by putting input

state

switches ‘A, ‘B' & ‘C’ either in ‘0" or ‘1’ state according to

Truth Table - 17. Page 103
Rev. 02
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Now verify the output with the help of Truth Table No. 10. The outputindicator LED L, & L, should be ‘OFF or ‘'ON'
by input combdinations. Hence the theorem is proved

TRUTHTABLE-17

(A B C A AB AC ABWAC AWC AB (MC).(T\‘BP
0o 0 o 9 o o0 0 0 1 0
0o 0 1 1 0 1 1 1 1 1
0o 1t o0 1 0 0 0 0 1 0
0o 1 1 9 0 1 1 1 1 1
1 0 o0 o 0 0 0 1 0 0
1 o0 1 o o o 0 1 0 0
1 1 0 o 1 0 1 1 1 1
u 1 1 o0 1 0 1 1 1 1)
Theorem - 18 :- (A+B).(A+C) =AC+AB

Procedure :-
1.

Mazke the circuit as shown in Fig. (26) and connect the
inputs of the GATE to the input state sockets ‘A, 'B'& 'C’
and output to the output indicator socket T, for LED L, and
T,for LEDL,.

Set the input combinations one by one by putting input state
switches ‘A', ‘B' & ‘C’ eitherin ‘0" or ‘1’ state according to Truth
Table-18.

Now verify the output with the help of Truth Table No. 11. The
output indicator LED L, & L, should be ‘ON’ or ‘OFF" by input combinations. Hence the theorem is proved.

TRUTHTABLE-18

(A B C A A+B AC (A*B)(A*C) AC AB AC+AB |

o o 0o 1 0 1 o o o

o o0 1 1 1 0 o 0o o

o 1 0o 1 1 1 i o 1 1

o 1 1 1 1 1 1 0o 1 1

1 0o 0o 0 1 0 0 o o o

1 0 1 0 iqihey [ TR

1 1 0 0o 1 o 0 o o o
L1 1 1 -0 1 1 1 1 0 1

Theorem - 19 : AB+AC+BC = AB+AC
Procedure :

1.

2

3.

Make the circuit as shown in Fig. (27) and connect the inputs of the GATE to the input state sockets ‘A, ‘B' & 'C’
and output to the output indicator socket T, for LED L,and T, for LED L,.

Set the input combinations one by one by putting input state switches 'A', ‘B' & ‘C' either in '0' or '1' state.

Now verify the output with the help of Truth Table No. 19. The output indicator LED L,

&L, should be ‘ON' or ‘OFF’ by input combinations. Hence the theorem is proved. Page 11/31
ge
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TRUTH TABLE -19

C‘BCW\B‘K

0

- - 0 O O O o <o

1
0
1
0
0
0
0

0

-0 O ©O - o °o

0

AB AC BC  (AB+ACHBC) AR
—

1
0
1
0
0
1
1

0

Y 9
" (—'
Elh: A I OR (ARSXCRC) _J\?«n A B Cc .
" outrur = |0 0 0 1
co-d o 0 1 1
A A 0 1 0 1
§‘ : 0o 1 1 1
. 1 0 o0 0
c
¢ 1 0 1 0
1 1 0 0
L 1 1 1 0
Theorem - 20 :- (A*B).(A+C).(B+C) = (A+B).(A+C)
Procedure :-
1.

Make the circuit as shown in Fig. (28) and connect the inputs of
the gate to the input state sockets ‘A", 'B' & ‘C' and output to
the output indicator socket T, for LED L, and T, for LED L,.
Set the input combinations one by one by putting input state
switches 'A, ‘B’ & ‘C' either in ‘0" or '1’ state.

Now verify the output with the help of Truth Table No. 20. The
output indicator LED L, & L, should be ‘ON’ or 'OFF’ by input
combinations. Hence the theorem is proved.

TRUTH TABLE - 20

A0—

=

co

A+B  A+C B+C  (A+B).(A+C).(B+C)

(A+B).(A+C) )

1 0

- = - - 0 0 O O(>
- .-, 0O 0 - =2 O O\
- O =S 0O =0 =2 OO0
P T T e

O I N~ I ™ =

L — I T — T N Y - ]

[ — N Y — J S S _ Y

f

Theorem - 21 :- Demorgan’s Theorem - | A.B.C = A+B+

i Procedure :-
1. Make the circuit as shown in Fig. (29) and connect

the inputs of the GATE to the input state sockets ‘A,

*, ‘B' & 'C' and output to the

I outputindicator socket T, for LEDL,and T, for LED L,
~ 2 Set the following input combinations one by one by
& putting input state switches ‘A, ‘B’ & ‘C' either in ‘0’ or
1" state.

by input combinations. So it is proved that A.B.C = A+B+C.

T T T A Y o <o DS A

FIG. (29)

3. Now verify the output with the help of Truth Table No. 21. The output indicator LED L, &L, should be 'OFF" or O}

Page 12’
Rev.l
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TRUTHTABLE - 21

(A _B ¢ 7 ® © Amc Ac_ADeC
o 0 0o 1 1 1 0 1 1
o 0 1t 1 1 0 0 1 1
0 1t 0o 1 o 1 0 1 1
o 1 1 1 0o o0 0 1 1
1 0 o o 1 1 0 1 1
1 0 1 o 1 o0 0 1 1
1 1 0 o o 1 0 1 1
! 1 1 0o o o0 1 0 o )
m&_@m___-_i’_z : Demorgan's Theorem - || A+B+C=AB.C
procedure :-
Make the circuit as shown in Fig. (30) and connect the inputs of the GATE to the input state sockets ‘A, 'B'&'C’

1.
and output to the output indicator socket T, for LED L, and T, for LED L,.

2 Set the input combinations one by one by putting input state switches ‘A", ‘B’ & ‘C" either in ‘0" or '1" state.
Now verify the output with the help of Truth Table No. 22. The output indicator LED L, & L, should be ‘OFF or ' ON’
by input combinations. Soitis proved thatA+B+C

= A.BC. of 'B’ fmm, A (i.e, A-B)' where ‘A’ & 'B' g: ‘OR A+B+C A+B+C 2200
are |-bir signals is knows as a Half - Substractor. Z¢ E E : UTRUT lu 1..._.

Its logic gate diagram and truth table are givenin | E X
Table22. Here ‘D' is the DIFFERENCE bitand ‘C’ AND o AWV
the BORROW bit. ——p=5 ourur U =
FIG. (30)
TRUTH TABLE - 22
(A B C A B C A+B:C ABC ABC |
0 o 1 1 1 0 1 1
o o 1 1 1 0 1 0 0
o 1 o0 1 o 1 1 0 0
o 1 1 1 0 0 1 0 0
1+ o o o 1 1 1 0 0
1+ o 1 0o 1 0 1 0 0
1 1 o o o 1 1 0 0
(1 1 1 0 o0 0 1 0 0 )

Experiment- 3 Study and verification of truth tables of digital adders and subtractors.

Half Adder
Set up a half adder according to circuit fig.31 given using EX

-OR (7486) & AND (7408) gates & verify the Truth Table 23.
TRUTH TABLE - 23

A (INF L)
ﬂrﬂ SUM(S) |NPUTS OQUTPUT
l >———0 A B S c
. J
o 0 0 0 0
| CARRY(C) 0 1 1 0
) 1 0 1 0
FIG. 31 HALF ADDER CIRCUIT DIAGRAM \1 1 9 1J
— — Page 13/31
s=AB+AB C=AB I“gt;lcv. 02
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carry coming from the lows order bits

J this cicuit is used to-add A, gy,

carry generated from 3 day N
o

Eull - Adder
AHalf - Adder has only 2-input terminals
binary numbers are added. For this purpose @
where An & Bn are the nth order bits of th® num
the (n-1) the order bits.

vision to add @
al Is added an
vely and Cn-1isthe

and there |s no pro
third Input fermin
yors A ' respectl

4
o glven In FIg. 32 & Tﬂb'},}%UTH TABLE - 24

The block diagram of a Full - Adder and 18 fruth table A
INPUT oUTeut, |
" won An Bn Cn4| Sn Cn
.- SUM(Sn .
A _}u oRr ,) -> 0 0 0 0 0
u— SUM
Bn J o 0 1 1 o
0 1 1 0 1
1 0 0 1 0
Fig 32 - FULL ADDER CIRCUIT DIAGRAM 1 1 0 0 1
L 1 1 1 1 1 )

Sn = AnBnCn-1 +AnBnCn-1+
AnBnCn + AnBnCn-1
Cn=Aan+BnCn-1 +AnCn-1

4-Bit Adder-:
4-bit adder using IC 7483 and verify the
output can be observe through LEDs indicator.

two 4 bit data input additions.The pin description of IC 7483 is shownin Fig. 34"

G

=D |

3

%"“f q_'a_—_—)D:.s, B3 S3 Cout Cin BO S0 SO
todvalead | | | | | | | |

> cam 6 15 14 13 12 11 10 9
G VC-——%P' s GND

oy 7483

h>
-
o
3
»
--
N
w
o
<
o
(4]
-~
@

22
R
>
»
-3
w
w
N
w
N
7]
—
1]
-
2

Fig33

Where A3 A2 A1 A0—-—-—First 4-bit Data
B3 B2 B1 BO-—--~Second 4-bit Data
S3 82 S1 S0—--—-——Adder output
Cout---——-—output Carry
Full Subtractor
Set up Full - Substractor circuit using 7486, 7408, 7432 & 7404 IC's as given in Fig. (35
Verify the truth table experimentally as aiven in Fig. (25). A Pang ’:l
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p—— > <3 T S NSNS

EX.OR

o — _ D S § TRUTH TABLE - 25
£ aa own INPUT QUTPUﬁ
I B, NoY An Bn Cn1| Dn Bn
NORAO! o o o o o
NOT - >'=" 0 0 1 1 1
- r 0 1 0 1 1
I 0 1 1 0 1
rig 3% - FULL SURTRACTOR CIRCUNT DIAGRAM 1 . 0 : 0
1 0 1 0 0
Experiment - 4 Study of Code Converters 1 1 0 0 0
procedure [ 1 1 1 1 1)
Binary to Gray Code Converter Dn = AnBnCn-1+ AnBnCn-1+
Table No.26 shows the Gray Code of 4 Bit Binary Code. AnBinCn-1 + AnBnCn-1

Simplified expression for Gray Code from 4 Bit Binary code using K- Bn=AnBn+AnCn-14BnCn-1
map is

G3 ‘= B3
@ = 826 B3 Binary to Gray (Eode Table No.ZG—MN‘
61 =  BleB B3,8281,B0 ____ |[G3.G2.GL.GO___|
® = B0 @ B1 0000 0O 0 0 O E
Procedure 0001 0 0 0 1 '4
Set up binary to gray code converter using circuit given in 0010 0 0 T 1 '
figure no. 36. The circuit is using 3 EX-OR gate using IC 8 ? g) g) 8 (]) } 8 i
7486. Varify the gray code of respective 4 bit binary data. 010 1 0 1 1 ] i
Circuit Diagram Oseil ol a0 0O 1 0 1 ‘
n 01 11 01 0O |
& * 1 000 1 1 0O f
3 .___aD—l__. a@ 1.0 01 D W, |
1:0:1:-0 Looodas dne I
s ) o—F—« 1011 1110
|_\ e 1 100 1 010 |
; ) >— 1101 1 0 1 1
Lse 1110 1 0 0 1 ‘
1T 1 11 1 0 0 O
Fig.38
Gray to Binary Code Converter
The simplified expression for binary code from gray code using K-Map is -
B3 = G3
B2 = G286 G3
B1 = G16G2 ®G3
BO = GODG1HG2 ®G3
Procedure:

Setup gray to binary code converter using circuit given in figure no. 37. The circuitis using 3 EX-OR gate using IC
7486. Varify the binary code of respective gray code. ' Page 15/31
‘ Rev. 02
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Circuit for Gray to Binary

G3

- e
e
D.—-om
GA
D—480
GO *=

Flg.37
Experiment -5 Study a Verification o ab
Procedure
One Bit Comparator

1. Truth Tables of One Bit Comparator.

1- B Comparatar Tadle No. b

: f A>B
Al B‘V‘A>B.A=B.A<B.
O 00 1 0 R .
0 10 01 | ) >——
i { (') A=B
' 01 0lo
1. 10 ‘10 A<B
The smpified expression for single bit Fig.38
comparator
A>B'_~AB L
A=B——-—»38+AB
A<B AB
Procedure
Set up the circuit according to the fig.38 . The Operation can be performed through IC's 7486 (EX-OR) gate , 7404 (NOT
GATE) & 7408 (AND GATE)

4-Bit Comparator

4-bit comparator are available in MSI (7485) which can be compare straight binaryand natural BCD codes. these ICs 2
be cascaded to compare words of greater lenghts without exteral gates. The A>B ,A=B and A<B outputs of a stag
handling less significant bits are connected to the corresponding A.B, A=B and a<B cascading inputs of the next stag
handling more significant bits. The stage handling the least-significant bits must have A=B input connected to logic 1 lew
and A>B and A<B inputs connected to logic 0 or 1 level.The pin description is shown in

fig.40.
¥SB A3 Vec A3 B2 A2 A1 Bt A0  BO
2 I T T R S S
ﬂ':'“* as 6 15 W 13 12 1 10 o
212 —
— AD Lo S —
Lss 7485
Vee
- -~ A8 e Oulpuls 1 2 3 4 s 6 7 8
| 1 1 1 1 1 1 1
Secondabh | 1as ToLED's B3| A<B A=B A>B, \A>B  A=B A<B.GND
- —T L [ |
LSE m—d gy A e
AB Cascading Cascading
Loghtt mmee] A=B Input Output
Al Fig.40
Fig39

Page 16/3!
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e riment - 6 Study of flip flops and verification of their truth tables.
. verification of D-type flip-flop (7474). "

ective:
gﬂ;’:l‘)ela)’ flip flop or D type flip-flop is used to give delay of clock time to the _ L
input given signal. The D type flip-flop is used to divide the frequency of input square o | '
wave-F ig.41 shows a D type flip flop and truth table is given in Table No.28. 0 B
procedure a #F
| 747415 8 dual D-type positive edge triggered flip-flop. Pin configuration, circuit l 5
diagram and truth table are shown in Fig (45), (46) & table no.(30). D-type flip-flop - .5
has only one input referred to as D-input (Data Input). Make the circuit as shown in ‘Y
Fig. (46). Set Preset and Clear as giver in truth table, when clock is low, the flip-flop ’o
is latched in its last state. When clock is high the value od D-input is important. A Fig. 41

high D-input sets the flip-flop, while a low D-input reset the flip-flop. Verify the truth
table as given in table 30.

Objective -: Verification of J-K flip-flop (7476).
R Truth table of a D-type FLIP-FLOP

Procedure
IC 7476 is a dual J-K flip-flop with Preset & Clear. Pin configuration, Input Ostput
circuit diagram and truth table are shown in Fig (47), (48) & table D, Q(')"
no.31. This one input is negative edge reset (O). Again set it by using ? ; 1
the PR terminal.
In each case, observe Q also. Which is complement of Q. Verify that
the presetting and clearing operations arelndependent of J & Kinputs.
Basic Fig. ' - .
asic Fig s " N . L .
|2 Pl SR A
x4 . xo—ro %
X o—mi
Xo——] > “p a . ‘{ )
. [~ 4
Fig42 Fig43
Inputs Output

Ja Kl Qﬂl

0 0 Ql

1 0 1

0 1 0

1 1 Q.
Flip Flop Operation
Set PR = CR = 1. Apply the clock manually by using a Pr
bounce a elimination switch and observe the output for 1 —
all possible combinations of the inputs.Verify the truth T E=X7 0=y tawel T~ | [\ .
table given in Fig. (47) J N

Object :-Verification of JK Master/ Slave flip-flop (7472).
Procedure X
For this flip-fiop we are using IC 7472 JK Master/ Slave | T -—}-Teee- I B
flip-flop with Preset and Clear. Pin configuration circuit
diagram and truth table are

- ———— i ——

Page 17/31
Fig44 Rev. 02
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shown in Fig. (48), (49) & (60).In JK Maater
(44). The Master Is positive- edge-triggered and the Slave Is negalive-
edge-triggered. Therefore, tha master responds Lo its J and K control Inpuls befor

1 Slave flip-flop two JIK flip-flop are connected by Invert clock as showninp,

o the slave, If J = 1, the master sey,,

positive clock edge. The high Q out of tha master drives the J Input of the slave, So, when the negative clock edge hitg fh
slave sets, copying the action of the master.If K =1, the masler resets on the loading edge of the clock, The high Q ¢,

the master goes to the K input of the salve. Therefore, the arrival of the clock's traillin

g edge forces the slave to ra,,

Again, the slave has copied the master.If the master's J and K Inputs are high, it toggles on the positive clock edge anqy

slave toggles on the negative clock edge.
No matter what the master does, the slave coples it If the master sets, the slave sets, if the master resets, the s,

resets.Verify the truth table as given in table (32

vee cim 20 co 2 20 P11

14 1 1 i 1i |'
cK

So

TRUTH TABLE 29
(INPUTS OUTPUTS )
PRE| CLE| CLO | D Q Q
SET | AR | oK
L o |w |x x| W | L
H o |v |x x| v | H
L (L |x |x | H | H
Ho[H | H| H | L
H o |H | L | L | H
\H H L X Qo | Qo )
TRUTH TABLE 30
(" INPUTS OUTPHTS )
PRE | CLE [cLO |J K Q Q
SET | AR | cK
L (v |x |x | x| H| L
H |t |x |x | x| L ]| H
L (L |x |x | x| H| H
H H |la L | L Q | Q@
H |H |a [ | L | H]| L
H [H |a |L | H H
H |H | |H | H | ToceLE
\ )

J —a " 45}— a

K —16 14— Q

CLEAR
Flg. 48 - CIRCUIT DIAGRAM

| ne

1 2 3 4 L] L] 7
cin 10 1K 1PR 10 14 GND

Fig.45 - PIN CONFIGURATION IC 7474

Pnelss'r
D 2 4 gl— o
INPUT
Ic
cLock e
weur |2, °— @
|
CLEAR

Fig. 46 - CIRCUIT DIAGRAM

L3 1@ 4@ oNo 2K 10 L S
1] 1% w1 12 on 0

|
4 :

g

1 2 3 4 .
K PR 1CLR 4y VCE  2CK 2PR 20iR
Flg.47 - PIN CONFIGURATION IC 7476

]
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i il

I ) x
=l =)
ic
¢ u.._-E_“_n—c—“—d 7472

| X
b
T — L—? :; — g * r— a
 —
1 (‘:- J: J: "' nl a—'m. o
Fig.50 - PIN CONFIGURATION IC 7472 < o
POMTIVE Lomc:”_'u"
Fig.50 - LA DIAGARAM.
J i |
11 MASTER b i - SLAVE

Fig. 81 - MAGTER/SLAVE FLIP-FLOP

TRUTH TABLE -31

o INPUTS OUTPUTS

| PRESET __ CLEAR _ SCLOCK J K o Q|
L H X X X H L
H L x |x |Xx L H
L L X X X H H
H H w |L L Q | Qo
H H w H L H L
H H w L H L H

\ H H w |u | H | TOGGLE J

Exmrlment 7 Study of Counters & Shift Registers and verification of their truth tables.

Theory
A counter driven by a clock can be used to count the no. of clock pulses. There are basically 2 different types of counters.
1. Synchronous Counter (Parallel Counter)

Counter)

2. Asynchronous Counter (Ripple
Here we have used ripple counter which is simple and straight forward in operation & construction and usually requires a

minimum of hardware. Here each flip-flop is triggered by the previous flip-flop, which is why itis also called as a serial
counter.For the 4 bit ripple counter, we have used two 74761C's each comprises of two flip-flops.Forup counting, counter
Clock pulses are applied at the clock input of first flip-flop &

counts the no. of clock transition up to 8 maximum of 15.
output of first flip-flop; i.e. QA is used to drive flip-flop g & QBIisusedto drive flip-flop C and so on. The counter begins at

count 0000 & advances one count for each clock transition until it reaches count 1111. Atthis point, it resets back to 0000
& begains the count cycle all over again.For down counting, clock pulses are applied at the clock input of first flip-flop &
compliment of QA is used to drive flip-flop B&QBis used to drive flip-flop C & so on. The counter begins at count 1111 &
counter contents are reduced by one count with each clock transition until it counts 0000. At this point, it resets back to

1 i
11 & begins the counts cycle all over again.

Page 19/31
Rev. 02
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*}
Objective- 4 Bit Binary Asynchronous Counters 51
9 wHd M .
o A | Je2
A. Forward Counte J—" 4 EAl
1 Connect the circuit as shown in Fig. (62) by rd " h, 74

GND

cting clock output to ck input of first flip flop, —
ryaten

conne —
£ 6. (52) FORWARD COUNTER

connect Q1 to ck2,Q2 to ckd.03 to ckA. Also
connect Q1, 02, Q3 & Q4to LED indicators,
Connect reset points of all the flip

flops & keep one lead open to connect it to grou

Conclusion:- counter counts the pulses up to decimel 15 &thenont
The binary counter advances one bit each time at the trailing edge of the clock p

nd point to reset the counter to 0000.
ha application of next pulsa, resets to zero Aoy,

ulse,

B. Reverse Counter :- " o o2 o
1. Connect the circuil as shown in Fig. (63). le 2 V"'l é} T
2. Connect preset of all flip-flops to one another. o " U al, S A o]
3 Reset the flip-flop by connecting the preset ___I:: 1c1 "o, : LA LK 1y o2 T
: ! ‘ CLOCK PULSE 7’,'"’,, ﬁ '2747619 J_:z” 7478, wal 7478 .
input i.e. PR to the ground momentarily. 1%, I, r Jam oz _Jo ap
Observe that output at all the indicators are . 0-,’,:, . \ oo | ]
low (i.e. all the LED's are in OFF condi tions). SARTON
4, Apply clock pulses one by one using pulser = FIG. (53) REVERSE COUNTER
switch. Note all the four output's at each pulse
& venify it with the table no. 33.
5. Draw a graph of the output wave form with respect to the input pulses.
TRUTH TABLE - 32 TRUTHTABLE-33
(CINPUT OUTPUT ) INPUT OUTPUT )
Clock Qb Qc QB QA Clock QD Qc QB QA
0 0 0 0 0 0 1 1 1 1
1 0 0 0 1 1 1 1 1 0
2 0 0 1 0 2 1 1 0 1
3 0 0| 1 1 3 1 1 0 0
4 0 1 0 0 4 1 0 « 1
5 0 1 0 1 5 1 0 1 0
6 0 1 1 0 6 1 0 0 .
7 o [ 1| 1 1 7 1 o | o 0
8 1 0 0 0 8 0 1 1 1
9 Tt 1 0] o0 1 9 0 1] 1 0
:? : g : (13 10 o | 1| o 1
1" 0 1 0 0
g : : : ‘1’ 12 o | o [ 1 1
w o1 [ 1 1] o B0 ol oo
15 UR R B 1 b o oo 1
5 J.oNTe 0 0 0 0 J
C. Module Counter
Theory

4 bit ripple counter counts upto 15 & then resets to '0’,
we operate the reset connections automatically using 4
low if & only if all the inputs are high. Suppose we want

Butit can be made to reset at any clock pulse. For this purpos
-input NAND GATE, As you know that output of a NAND GATE
to convert 4-bit forward counter to Decade counter. For Deca®

Page 20/
Rev!
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counter it is required that counter should count upto 9 & th
. an re
clock pulse output of 2nd & 4th flip flop is high output of 1st & o
P

zero at tenth clock pulse. We know that at 10th
flop is low. So we choose Q output of 2nd & 4th

ﬂip ﬂop & Q Output O| ‘st & 3|d ". “ r 4- ‘\' l\ CO""ect OUKPUt 0[ NA lo G‘ \T E to
comIIIOII f | ran ||Ul||b(3l 01 Fu 5es.,

TRUTH TABLE - 34

(i
INPUT OUTPUT )
. Clock oo 1ac | o8| oal
- 0 0 0 0 0
cLOcK PULEE |! 1 0 0 0 1
m 6
K 2 0 0 1 0
GND 3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
IC 7420 6 0 1 1 0
FIG (54) DECADE COUNTER ). 7 . ! ! !
8 1 0 0 0
9 1 0 0 1
L 10 0 0 0 0

Excess 3 Counter

This is another form 8 BCD code, in which each decimal digit
13 coded into a 4 bit binary code. The code for each decimal
digit 13 obtained by adding decimal 3 to the natural BCD
code of the digit . For example decimal 5 is coded as 0101 +
0011=1000 in excess 3 code.

An excess 3 counter can be made by convertin
counter to its excess- 3code.

For Ex. using IC's 74193 (Asynchronous up down counter )

output up counter add binary three in the 4 bit adder
hronous Counter

Obiective-4 Bit up Down Binary Sync
Theory

A counter is sequential logic circuit made up of flip flops and
is used to count the number of pulses apply to it. The input

ange the status of the flip flops in such a way that by
tal number of input pulses applied

g the updown

pulse ch

observing the output levels, theto
can be determined. The ripple counter is simplest to build, butthere

is a limit to its highest operating frequency. Each flip flop has @

delaytime. Ina ripple counter these delay times are additive and the

total settling time for the counter is approximately delay time times
the total number of fiip flops. This speed limitation can be overcome
by the use of 8 synchronous orparallel counter. The difference here
is every flip flop is triggered by the clock. If the asynchronous operation
ofa counter is changed SO that all flip flops are clocked simultaneously
(synchronously) by the input pulses, the propagation delay time may

be reduced considerably. Repetition rate is limit by the delay of
anyone flip flop plus the propagation time of any control GATE

required.

mse
"

LT

ICT4S2 p— C ot

19

£
Fig.55
vce
(+5V)
APPLY
CLOCK 16
pULSES 3
o---O0—§ IC
T Lle=
oUTPUT
4 : INDICATOR!
1
(]
14 9
— 3 7
=~ GND RESET 8
SWITCH GND.
lsnn -
FIG. (56)
page2
R(
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P hich is aboy
ing TTL logic is 32MHz, w
Typically, the maximum frequency of operation of a 4-bit synchronous counter ys;:i no decoding spikes appear at th
twice that of a ripple counter, another advantage of the synchronous counter is

i i chronaoy,
red when decoding a syn ‘
Output since al| flip flops change state at the same time. Hence the strobe pulse is requi
Counter,

Procedure -

Up (Forward) Counter (+5V)

1. Connect the circuit as shown in Fig.56. Aoy T o

2, Switch ON the instrument using ON/OFF toggle switch provided g"_’é___ . 1$ N
on front panel. 4 ? —ﬁ-uug&gu

3. Press push to OFF reset switch once to reset the output at logic ; . Qﬁ—{ﬂ—

4, Apply clock pulses one by one using pulser =, 3 7 gn—ﬁ' oo
Switch. Note down the status of all the four outputs at each BTCN IGND =
applying pulse and compare the results with truth table no.(1).[as FIG. (57)
in case of asynchronous up counter)

5.

Draw a graph of the output wave from with respect to the input pulses. j e, rosok
Conclusion :- Counter counts the pulses from 0000(1) upto decimal 15 and then the application of next puise, i
0 zero automatically. The binary counter advances one bit each time at the tariling edge of the clock pulse.

Down (Reverse) Counter:-

1. Connect the circuit as shown in fig.57 given above.

2 Switch ON the instrument using ON/OFF toggle switch provided on front panel.
3. Press push to ON reset switch once to reset the output of logic 0000.
4.

Apply clock pulses one by one using pulser switch, Note down the status of all the four outputs all eact

applying pulse and compare the results with Truth Table no.(2). [as in case of asynchronous down counter].
5. Draw a graph of the output wave from with respect to the input pulses.
Conclusion :- Counter counts the pulses from 111

states of the data inputs A,B,C & D.

—lrputy — — LOAD
A o Ir&., ';* L3 ?m
Clock Min  (ong - : O— '
¥ 5 uw g p n n 4 s 1e -o
L . - 1 o— Tats0
i . - =0
O - Qe e
a -
ow
: _J o ex E C
! 2 4 5 8 ) O—q
R o, Q, ta:u.w Q, "0y rio.s 6%.»-
Input  Outpute — ety e Ovputs
%190 [ 2613
Fig.58 Fig.59
DECADE Up COUNTER
1. Connect clock output (1 Hz

2. Connect LOAD to logic input ‘0’
GpinofiC,

3. Connect 4 logic Outputs to outpyt indicators,

U pins to ground point . Apply logic 0 on l
. |
5. Apply logic 1 on LOAD pin of IC. |
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: ApPY clock pulses one by one usin , o
th  gyerify the truth table. @ pulser switch . Nota down allthe four outputs at the application of each pulse

) : Counter counts 1|
nclusio” @ pulses up (o 9 L6, from 0000 to 1001and then on the application of next pulse, reset

0000 au(omnllcally.

WM
Apply logic 110 D/U pinofIC

clock puls
ApplY pulses one by one using pulser swithc, Note down all the four outputs at the application of each pulse

t
and verify that the counter counts from 1001 to 0000 and then on application of next pulse. raset to 0000
automatically.

ive- Study of SHIFT Register

ja) to Parallel and Parallelto Serlal SHIFT Reglster using IC 7495

Theory

,A SHIFT register is basically a storage medium where one or more OUTPUT INDICATORS

’bmaty words may be stored. Like a counter, it is also made up of binary "!’-G“D
jstofage elements, usually flip-flops. These elements are cascaded in \"———‘
:such away that the bit stored there can be moved or shifted from one f.‘.'ff,"‘. gOa om 0Oc @l —e
'e;ement to another adjacent element. All of the storage registers are 8 C 7495 =
‘activated simultaneously by a single input ‘CLOCK’ or ‘SHIFT' pulse. |+ 8 | cowrrou

‘When a shift pulse is applied, the data stored in the shift register is Hf 1A 8 T2 = ,
moved one position either to left or to right as -

idesired. Because of its ability to move the data, one bit at a time, the
| . . . . ! +5Vo—9 +sVeo—o SHIFT LEFT
' SHIFT Register is valuable in performing a wide variety of logic operations SERIEL INPUT — —=GND

. R GNO= p1G. (60) ¢
. like counting, frequency dividing or perforiming airthmatic operations. ST o
The storage capacity of a SHIFT Register depends on the number of
bmary elements used. Most SHIFT Register operations are serial operations, but many circuits are provided with parallel
: inputs and parallel outputs such SHIFT Registers permitdata to be presetin parallel and data to be readout in parallel. This
| property makes the SHIFT Register an ideal circuit for performing serial to parallel and parallel to serial conversions.
| SHIFT Registers can also be used to perform arithmatic operations. Shifting the data stored ina SHIFT Register, to the
. right or to the left by one bit is equivalent to multiplying or dividing that number by two. |n addition, SHIFT Registers can
| also be used for generating a sequence of control pulses for a logic circuit. In some applications, SHIFT Registers are used

for counting and frequency division.

| Procedure for Serial to Parallel SHIFT Register
OUTPUT INDICATORS

1. Connect the circuit as shown in Fig. (60). 2

2: Switch ON the instrument using ON/ OFF toggle switch provided on = GND
: front panel. X 13 1 % ho
3. Put the mode control switch to ground i.e. 0 volt to enable the IC PULSES g QA Qs
i perform right SHIFT operation. 8 IC 7495 +5V
14 Put serial input and D input to ground. Apply four clock pulses andsv s cg:?ggu )

record the final output state as cno
below ABCD= k; k Lé L}
ial i ses again and record the »e

5. Put serial input to +5V. Apply four clock pul

final outputs in the same manner. Note the direction in which the FIG. (61)
data shifts.
6. Set serial input to ground. Apply four clock pulses and note the direction in which the data shifts.
{7 Put mode control switch to +6V. Also put the D input to +5V. Apply SHIFT pulses and
_ note down the direction of shifting. Record the final state after four pulses.
1 Page23/31
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tents of the register in the, .4 erific
ecord the con e’ e
and :

a shift pulses
Set D input to binary 0 i.e. to ground. Apply two

manner.

r
Procedure for Parallel to_Serfal SHIF T,B_O.ﬂ"'.'-'-o
. Connect the circuit as shown in Fig. (61)

dod on front panel

1put levels and record the observy
o . tions in the same
{ record the observa M 3.

) o j switch provi
Switch ON the instrument using ON-OF F togg o

: Voit
Set Data inputs ABC and D to ground i e at 0 tock pulse. Note
ontrol switch to +5V and apply one ¢
Put mode ex > o and note the

1
2
3.
4 K p"’se anc
a cloc
5 Set the Data inputs A B C and D to +5 V. Apply on
6.

one
ulses one by
Put mode control input to ground. Apply four clock p

o the SHIFT Register

outputs each time.

loaded int
D can be
Note :- Any parallel data from 0000 to 1111 at inputs A,B B anldock pulse.

keeping the mode control input high and applying a ¢ {

‘5.
3

h tables.
{ thelr trut
Experiment -§ Study of Encoders & Decoders and vorlﬂcl:::o‘;“
Objective-Decimal to BCD Encoder & BCD TO 7-Segment

Theory ircuit that counts by tens. It has ten d'b;ae::a‘% ™y
A BCD (Binary coded decimal) counter is a sequential c'rc tate nature, A BCD counter is 2iso referreq =g
represent decimal numbers from 0 through 9. Because of its ten s Tru
decade counter. The integrated circuit 7490 is a BCD I = ?“1\, ob
Counter using the standard 8421 binary code. The IC L J!‘- h2 7a = :: A Th
consists of one divide by -two and one divide-by-five 1 IC a I$ ;‘W“' §.: Ic
cireuit, which are independent except for a common e 7 asp? 18 4 —M_—EW “§: of
Power supply input and common reset input cLock ; ot 2l. 4 E;I'WNM ug gz
terminals.In addition to counting circuits, the 7490 1 . 7 -}:W ks
also contains two numbers of 2-input NAND GATES. e ] ! o & s %R :
“enp | e .3 __L RB1g g 45y S:
q}-JfJ GND ey =

A low input to at least one input of each GATE is
necessary to enable counting. If both inputs to
GATES G1and G2 are high, the counter is reset to

FIG. (62)

=

binary 0000. These inputs are marked as Ro(1) and ) ] %
Y ; go high, the counter is reset to binary 1001 (decimal 9).Th

Ro (2). On the other hand, if both inputs to gates G3 and G4
inputs are marked as R9 (1) and R2.

pecial form of decoder circuit that accept the standard 8421 gcp now
i in7

(447

ouputand a ripple blanking input.

Procedure :
Verification of Decimal to BCD Encoder :-

1. Connect the circuit as shown in Fig. (62).

2 Put Ro to ground and Rg to +5v. Note the output levels,

3. Put RO to +5v and R9 to ground. Note the output levels,

4. Put both RO and Rg to ground. Apply clock pulses one by one ang note the oyt

goes high and when it goes low,
5. Repeat step 4 above for about 20 clock pulse.
Tabulate your observations as shown in truth table.
Draw output waveforms with reference to the clock pulse

Scanned with CamScanner
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| Procedure

size (available in the IC form) Flip- Flops and other digital systems such as Vee
' shift -registers can be used for the storage of digital data. In shift registers, the

- TRUTH TABLE - 356

CLOCK BCD OUTPUTS 7 SEGMENT)

PULSE c B OUTPUT __|
0

adﬂmm@-‘l‘_‘mﬂmmmw

' Connect the circult as shown In Fig.
(62).

) Switch ON the instrument using ON/
OFF toggle switch provided on front
panel. The seven segment display
shows any arbitrary Fig.

3, Connect lamp-test (LT) of IC 7447 to
ground. AllLED segments should light
up showing a Fig. 8.

4, Make lamp test input high. Apply clock
pulses one by one and see that the
figures
displayed by the LED repeat
sequentially from O through 9. \

5, Apply clock pulses till figures zero is
displayed. Now connect input marked RB1 to ground. The display should disappea

6. With pin 5 connected to ground, apply clock pulses and confirm that all figures excep

Truth Table No. (19) for Decimal to BCD Encoder & BCDto 7 Segment Decoder

Objective- Study of Memory Register

Theory
|C 7489 is a 16 x 4 RAM in which 16 words of 4 bits length can be read or written. Memory is @ device used for the storage

of digital data. Earlier, only magnetic memory devices were possible, but nowa
days it has become possible to make memory devices using semiconductors. Ay Ay Oy Dy O Og
semiconductor memories have become very popular because of their smaller th s w 1o 0 W :

>

{
{
|

@ ©® NS A LN -

- - oo o S o o = =

0
0
0
0
1
1
1
1
0
0

© o ~N o AL N - =
C O = a2 0 o = = o 2
. O - o -0 =wo =2

r.
t 0 are displayed sequentially.

| data can be stored for any desired length of time and then read outin a serial or

parallel form. In this form of memory any location for storing (Writing) or reading ‘— &0
the data can be accessed only sequentially. Hence, this form of memory is | l.
very slow and also has limited storage capacity. Therefore, this type of arrange- :o é ] “’o 3“0 ;.1 l’,ﬂ

mentis not suitable for storing large data.Another form of memory in which any mﬁnu*

bit can be accessed in a random fashion, requiring the same time for each
location, is known as the random access memaory. RAM is a read and write

memory, i.e. data can be written into it or read from it. In IC 7489 the outputs .
are open collector and active low. CE is the ‘Chip Enable’ terminal and when this is at logic ‘0’, the memory IS enabled. To

write into any memory location apply the address of the chosen memory location at the address input terminals, apply the
data to be stored at the data input terminals, apply logic ‘0" at the Read/ Write (R/ W) line. To read from any memory

location at the address input terminals, apply logic1 at the RW lin

1 Connect logic inputs ‘0" & 1 selectable through SPDT switches to ADDRESS inputs as well as to DATA inputs
. ci j o
th(:cr:SQh p:tgc'hchzrds Also connect CE (Chip Enable) & R/ W pin to logic inputs through patchchords.

c t Four logic outputs (D01, D02 D03 & D04) to four logic output indicators (LED) through patchchords.

onnect Four log! , DUz, .

Switch ON the instrument using ON/ OFF toggle switch provided on the ffontt :ml- MR el
ite i mory location, apply logic input ‘1" at CE as well as a pig at ohves) . No. :

- W”'te '"t: :‘V :e I ::e ADDRESS of the choosen memory location atthe ADDRESS input pins (0000 - 1111)

Fu:ctnonlaltha DiTAp(FZ)‘(’N 1) tobe stored at the DATA input pins through SPDT switches given on the page25/31

and apply the
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proceed o8 G

=

), 10 tond the shove stored DATAon output Indicalons 80 e
o
from logio 1" (00" We will observe thit output Indicalors :
0 Change (he DATA from 0001 - 1110 and repeat the steps

o output 0011,

& 5 of procedure ot thalr  fruth tables,

y catlon
Experiment -0 Study of Multiploxers, Domnmnloxm.,aml.v.w,l_!l el
Oblagtlye-4 to 1 LINE MULTIPLEXER using IC 74163 ¢

Mo, Vi of P uncionial 1tz 16, ',rmr.gq; p/w b

veo
(s5v) I | LT
1%

n
0.‘

Theory p ‘
e , h has Many  A1Q——s ¢
Multiplexer means many Into one 1,8 multiplexer 18 a loglc circuit whic f 7
hut allow only 0N80T gy s
Inputs but aingle output. A multiplexer accepts several data Inpuls buté 4
ultiplexer 18 8HOWN oy e 1 14
them ata time to et through 1o the output. Tha block dingram of 8 m o SITOWS g 3
I Fig 63 In this diagram the Inputs and outputs are Indicated by means of b“? tal coda V'O, 3 »
o Indicate that there may be one or more Inputs Depending upon the dig 2
D D 4) is
applied at the select inputs, one out of the N data source (D, Dy, has four Go 2 8y
selected and transmitted to the single output channel, A4 to 1 line multiplexer FIG, (83
inputs but only single output,
To perform 4 1o 1 tine multiplexer experiment, we have used IC TRUTHTABLE - 26
74153, It has 4-line inputs (A1, B1, C1, D1) and only oné outpuls INPUT OUTPUT
Y1. G, Is the strobe input (active low). 81, and So are select lines or. Nol 5TROBE] S ELECT INPU =Y.
these lines select one out of four inputs at outputfore.g. if wewill  |-=——— ::_*;G.”f:i 1 S0 | \Y\:
apply oo at S1 & SO first input A1 will be selected. i
Procedure 1 0 0 At
1. Connectthe circultas shown In Fig. (83) accordingtoS.No, | 2 0 0 1 B1
1 of Truth Table No. (38). 3 0 1 0 c1
2. Connect output of the circuit to output indicator, 4 0 1 1 01
3. Switch On the instrument by using ON/OFF switch provided e i
on the front panel, ‘vgvc) Touo
4, Verify the truth table for other sets of input and observe the output e e
Da O ——l 3—
indicator, compare that output with truth table. x '$
Objective -1 :4 Demultiplexer MO g @ [ﬂ S
Theory 81 0——3 ; s —[ﬁ— OICATORS
Demultiplexer means one into many i,e Demultiplexer is a logic circuit which & b & ﬂ
has single input L owo
but many output. It accepts a single input & distributes it over several outputs.The X
block diagram of a fig. Fia. (64)
Demultiplexer is sc::wr; intﬁg,8‘4. N h TRUTH TABLE - 37
lect input code determines to which output t i -
The select p. rmines to ' put the data input INPUT OUTPUf
will be transmitted. A 1 to 4 line Demultiplexer has 1 input & 4
oiitputs: Sr. No) STROBE| SELECT INPUT
To perform 1 to 4 line Demultiplexer experiment, we have used IC Ga $1 S0 Y
74155, It has 2 data select line inputs (SO & S1) and one strobe 0 0 0 Y0
input Ga ( active low). 2 -0 0 1 i
Procedure 3 0 1 0 Y2
1. Connect the circuit according to S.No. 1 of truth table given
below:- o el o g oy v
o Switch On the instrument by using ON/OFF switch provided on the front pannel.
3. Apply data inputs at data input Ga & Also connect Gato 0" level g
4, Verify the truth table for other sets of input and observe the outpyt indi
with truth table. Petindicater, compare that output Page 26",
Rev."
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pjective: 8:1 Multiplexer

, o perform 8:1 multiplexer experiment we have use the same IC 74153, Since IC74163 has two 4:1 multiplexer wer can
| | ! ]
Lerform the 8:1 operation by making a multiplexer tree of 4:1 multiplexers. |

| | ,

TABLE

: ww, | S| 5 | % 041

| ) alo o]k

' 1 olo | I |B
j 2 1o} o \|c¢
] 3 0 ! | »

| 4 |1 olo | E
| 5 | o\l | F
i ¢\ | | O &
‘ 1 \ v 1| H

I‘Objective: 1:8 Demultiplexer

of two 1:4 demultiplexers .
similarly 1:8 demultiplexer operation can be

performed by making a demultiplexer tree

|
]

; 18 @wa#fﬂna
i ——
§ 4
| ) Yéc
——4—‘—--.— n
i —JK 6w
2
* 11
§1 3 ”
—-———'. 3 1o
] Y ”
14 ~ 7
s —1
’-o_\a.;__- | —C
So f—1— - 7 ‘\
| o 5. S PR e A
| ¢ |t
: ™
| o basa o
g T gt i)
GND. y

page 271"
Rev.

Scanned with CamScanner



Ex riment 10 :

To Conduct CMOS to TTLIC and TTL to CMOS IC Interfacing Experiment using pull up resistors and transistors

Theory
Transistor Transistor Loglc (TTL)
The original basic TTL gate was a slight improvement over the DTL gate. Aa the TTL tachnology

Progressed. Additional improvements were added to the point where this. Loglic family became the
mostwidely used family in the design of digital systems. There are several subfamilies or series of the TTL techno, :
names and characteristics of seven TTL series appear in table 1 commercial TTL ICs have a number designation th o
With 74 and follows with a suffix that identifies the series type. Examples are 7404, 74586, and 74ALS161. Fan - oy r,,,m: ,;
dissipation and propagation delay were defined in section 2. The speed - power product is an important parame,, ,,;i
comparing the various TTL series. This is the product of the propagation delay and power dissipation and is mexs,
Picojoules (pJ). A low value for this parameter is desirable, because it indicates that a given propagation delay Can b,
achieved without excessive power dissipation, and vice versa, The standard TTL gate was the first version in the TTL famy
This basic Qate was then designed with different resistor values to produce gates with lower power dissipation or with highe{-
Speed. The propagation delay of a transistor circuit that goes into saturation depends mostly on two factors : storage
and RC time constants. Reducing the storage time decrease the propagation delay. Reducing resistor values in the ¢;
reduces the RC time constants and decreases the propagation delay. Of course, the trade - off is higher power dissipaty, |

because lower resistances draw more
cumrent
Table- 1

TTL Series and Their Characteristics
From the power supply. The speed of the gate is inversely proportional to the propagation delay.

In the low - power TTL gate, the resistor values are higher than in the standard gate to reduce the

Jreq A

rC]‘u |

(TTL Series Name Prefix Fan out Power Propagation | Speed
Power
Dissipation | Delay (ns) Product (pJ)
(mW)
Standard 74 10 10 9 90
Low Power 74L 20 1 33 33
High Speed 74H 10 22 6 132
Schottky 74S 10 19 3 57
Low Power Schottky 74LS 20 2 9.5 19
Advanced Schottky 74AS 40 10 1.5 15
S 4Ry,

power dissipation, but the propagation delay is increased. In the high - power dissipation is increased. The Schottky TTL
gate was the next improvement in the technology. The effect of the Schottky transistor is to remove the storage time delay
by preventing the transistor from going into saturation. This series increases the speed of operation without an excessive |
increase in power dissipation. It is equal to the standard TTL in propagation delay, but has only one - fifth the powe!
dissipation. Recent innovations have led to the development of the advanced schottky series, It provides an improvementin -

propagation delay over the schottky has the lowest -
power dissipation. The advanced low - power schottky has the lowest - speed - power product and is the most efficien!
series. Itis replacing all other low - power versions in new designs. 3
Al TTL series are available an available in SS) and in more complex forms as MS! and LS| components. 1

The differences in the TTL series are not in the digital logic that they perform, but rather in the internal R
Page 28/ i
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; ion of the basic NA
: astruction 0 ND gate. Inany case, TT m
-0 it figuration » TTL gates in all available series come in three different

[ Open - collector output
‘ ) Totem - pole output
3 Three - sate (or tristate) output

ese three types of ou i
th mpwmemaz s .lpul.s will be considered in conjunction with the circuit description of the basic TTL gate.
co circuits take advantage of the fact that both n - channel and p - channel devices can be fabricated on

the same substrate. CMOS circuits consist of both types of MOS

.deVTCes lnlerco?nected to from logic functions. The basic circuit is
.the inverter, which consists of one p -channel transistor and one n l E ____* "~

-channel transistor, as shown in fig .1(a). The source terminal of the

p-channel device is at ground. The value of V,,, may be anywhere
from +3 to +18V. The two voltage levels are OV for the low level and g ey

V,, for the high level. & ——L‘

To understand the operation of the inverter, we must review the

behaviour of the MOS trasnsistor from the previous section. o

The n - channel MOS conducts when its gate - to source voltage is O—l————_"

positive.The p - channel MOS conducts MOS conducts when its

gate to source voltage is negative . Either type of device if tumed off -

if its gate- to- source voltage is zero .A two input NAND gate

consists of two p-type units in parallel and two n-type units in series

:as shown in fig.1. If all inputs are hihg, both p- channel transistors turn off and both n-channel transistor turn ON. The

output has a low imedance to ground and produces a low stat. If any input is low ,the associated n-channel transistor is

turnned off and the associated p-channel transistor is turmed off and the associated p-channel transistor is tumed ON. The
out put s coupled to VDD and goes to the high state. Multiple input NAND gate may be formed by placing equal number

of p-type numbers of p-type and n-type transistor in parallel and series respectively, in an arangement similar to that

shown in fig.when its gate - to - source voltage is negative.Either type of device is turned off if its gate - to - source voltage

is zero.A two - input NAND gate consists of two p - type units in parallel and two n - type units in series, as shown in fig.1.
If all inputs are high, both p - channel transistors turn off and both n - channel transistors turn on. The output has a low

impedance to ground and produces a low state. If any input is low, the associated n - channel transistor is tumed off and the

associated p - channel transistor is turned on. The output is coupled to VDD and goes to the high state. Multiple input NAND

gates may be formed by placing equal number of p - type numbers of p - type and n - type transistors in parallel and series,

respectively, in an arrangement similar to that shown in fig.

' Procedure
' TTLto CMOS
1. Arrange the circuit according to the fig.61.
| 2. Give the supply of +5V & +12V from the main board.
3. Connect the output of TTL NAND gate (i.e) pin no. 3 of 7400 to the input of CMOS NAND gate (i.e) pin no. 1 of

. IC 74C00.

4. The output will be arround 2.75V.
. 5. If the CMOS is connected through interface network the output is high of about 8.5 to 9.5V.
. CMOSto TTL

& Arrange the circuit according to the fig.64.
|2 Connectthe outputof TTL NAND gate (ie) pin no. 3of 74C00 to the pin no. 1 of IC 7400 without interface

network.
3. The output will be zero.
| 4. connect the CMOS output (i.€)

_ The output will be high.

pinno. 3of IC 74C00 via interface network as shown in diagram. Page29/31
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PIN CONFIGURATION OF LOGIC GATE IC's

14 1‘3 12 14 T T
Ll—Dc_-mzl—L_D_l
THT

1 2 3 4 5
FIG. 1 PIN CONFIGURATION

Vce
+5V

14 N

vee iz n 1|0

—

ESYMEDY
Dy D>

B
GND
1 2 3 4 5 6
FIG. 3 PIN CONFIGURATION
14 13 12 11 10 9 8

wl | ] ]

v |

¥
v

7404 [
1 2 3 4 5 6
FIG. 5 PIN CONFIGURATION

~
2iH

14 13 12 11 10 9 8

vcC
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1T =
GND
1 2 3 4 5 6

FIG. 7 PIN CONFIGURATION
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FIG.2 PIN CONFIGURATION

14 13 12 11 10 9 8

C 7427 E

BERRES

1 2 3 4 5 6
FIG. 4 PIN CONFIGURATION.

14 13 12 11 10 9 8

Il |
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FIG. 6 PIN CONFIGURATION.
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FIG. 8 PIN CONFIGURATION
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