BSc. Electronics 3"
Sem.

Digital Electronics &
VHDL Lab

L.ab Course Code:
PS/ELEC/C-302L



List of experiments

1. (A) Introduction to digital laboratory equipment and ICs.
(B) To verify the truth table of AND, OR, NOT, NAND, NOR, EX-
OR, EX-NOR, logic gates.

2. To design and verify AND, OR, NOT, NOR and XOR gates using
NAND/NOR gate only.

3. To convert a Boolean expression into logic gate circuit and
assemble it using logic gate IC’s.

4. To design and verify Half Adder, Full Adder.
5. To design and Verify Half subtractor and Full subtractor.
6. To design a seven segment display driver.

7. To design & implement 4 bit Adder & Subtractor using Full Adder
IC 7483.

8. To design Decoder and Encoders using logic gates.

9. To build a Flip-Flop Circuits using elementary gates (RS, Clocked
RS, JK, D-type).

10. To design and verify Multiplexer and Demultiplexer using logic
gates.

11. To design a shift register and study serial and parallel shifting of
data.

12. Design a counter using D/T/JK Flip-Flop.
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Experiment No: D 1 B

Introduction to Digital Laboratory Equkpments & IC’s

AIM:

The Breadboard

The breadboard consists of two terminal strips and two bus strips (often broken in
the centre). Each bus strip has two rows of contacts. Each of the two rows of
contacts are a node. That is, each contact along a row on a bus strip is connected
together (inside the breadboard). Bus strips are used primarily for power supply
connections, but are also used for any node requiring a large number of
connections. Each terminal strip has 60 rows and 5 columns of contacts on each
side of the centre gap. Each row of 5 contacts is a node.

You will build your circuits on the terminal strips by inserting the leads of circuit
components into the contact receptacles and making connections with 22-26 gauge
wire. There are wire cutter/strippers and a spool of wire in the lab. It is a good
practice to wire +5V and OV power supply connections to separate bus strips.
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Fig 1. The breadboard. The lines indicate connected holes.

The 5V supply MUST NOT BE EXCEEDED since this will d_amage the ICs
(Integrated circuits) used during the experiments. ?ncorrect connection of power to
the ICs could result in them exploding or becoming very hot - with the possible
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serious injury occurring to the people working on the experiment! Ensure that

the power supply polarity and all components and connections are correct
before switching on power.

Building the Circuit:

Throughout these experiments we will use TTL chips to build circuits. The steps

for wiring a circuit should be completed in the order described below:

I Turn the power (Trainer Kit) off before you build anything!

2 Make sure the power is off before you build anything!

3 Connect the +5V and ground (GND) leads of the power supply to the power
and ground bus strips on your breadboard.

4 Plug the chips you will be using into the breadboard. Point all the chips in the
same direction with pin 1 at the upper-left corner. (Pin 1 is often identified by a
dot or a notch next to it on the chip package)

5 Connect +5V and GND pins of each chip to the power and ground bus strips on
the breadboard.

6 Select a connection on your schematic and place a piece of hook-up wire
between corresponding pins of the chips on your breadboard. It is better to
make the short connections before the longer ones. Mark each connection on
your schematic as you go, so as not to try to make the same connection again at
a later stage.

7 Get one of your group members to check the connections, before you turn the
power on.

8 If an error is made and is not spotted before you turn the power on. Turn the
power off immediately before you begin to rewire the circuit.

9 At the end of the laboratory session, collect you hook-up wires, chips and all
equipment and return them to the demonstrator.

10.Tidy the area that you were working in and leave it in the same condition as
it was before you started.

Common Causes of Problems:

1 Not connecting the ground and/or power pins for all chips.

Not turning on the power supply before checking the operation of the circuit.

Leaving out wires.

Plugging wires into the wrong holes.

Driving a single gate input with the outputs of two or more gates

Modifying the circuit with the power on.

N B W

In all experiments, you will be expected to obtain all instruments, leads,
components at the start of the experiment and return them to their proper place
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after you l‘mve finished the experiment. Please inform the demonstrator or
technician if you locate faulty equipment, If you damage a chip, inform a
demonstrator, don't put it back in the box of chips for somebody else to use.

Example Implementation of a Logic Circuit:

Build a circuit to implement the Boolean function F = /(/A./B), please note that the
notation /A refers to A . You should use that notation during the write-up of your

laboratory experiments.
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Fig 2. The complete designed and connected circuit
Sometimes the chip manufacturer may denote the first pin by a small indented
circle above the first pin of the chip. Place your chips in the same direction, to save

confusion at a later stage, Remember that you must connect power to the chips to
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get them to work.

Useful IC Pin ﬂ&Qﬂ&
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7476 Dual jk Flip Flop
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Experiment No. | &18) |

Aim: To study and verify the Truth Tables of AND, OR, NOT, NAND, NOR, EXOR logic gates

Components: 1C 7400, 7402, 7404,7408,7432,7486
Apparatus: Prototyping board (breadboard), DC Power Supply, Connecting Wires

Theory:

AND, OR and NOT gates are basic gates. XOR and XNOR are universal gates.
Basically logic gates are electronic circuits because they are made up of number of electronic
devices and components. Inputs and outputs of logic gates can occur only in two levels. These
two levels are term HIGH and LOW, or TRUE and FALSE, or ON AND off, OR SIMPLY 1
AND 0. A table which lists all possible combinations of input variables and the corresponding
outputs is called a ‘truth table’. It shows how the logic circuit’s output responds to various |
combinations of logic levels at the inputs.

AND GATE:-

An AND gate has two or more inputs but only one output. The output assumes the logic 1
state only when each one of its inputs is at logic 1 state. The output assumes logic 0 state even if
one of its input is at logic 0 state. AND gate is also called an *all or nothing’ gate.

The logic symbol & truth table of two input AND gate are shown in figure 1.a & 1.b
respectively. The symbol for AND operation is “.".

With input variables A & B the Boolean expression for output can be written as;

X=A.B
Logic symbol: A Truth table:

Input | Output )1
| i =2 ) :
| D
| B = o O )
b X=AB
| RER
t 1[0 o0

g Ul % | 1

Fig.l.a Fig.l.b










NAND GATE

NAND gate is uruversal gate. It can perfc
NOT AND that is, AND output is NOTed,so NAND gate i
NOT gate. The output is logic 0 level, only whmub of it

&7 N NO‘

any other combination of inputs, the outputjs_ﬁgg'*fm} ‘g' Doite
bubbled OR gate .= O
The logic symbol & truth table of two ' -
respectively. -
TES
Fig.l.g g e == o




Pin diagram for IC74LS00:

At 1 Yt 2 82 Y2 GND

NOR GATE

NOR gate is universal gate. It can perform all the basic logic function. NOR means NOT
OR that is, OR output is NOTed.so NOR gate is combination of an OR gate and a NOT gate. The
output is logic 1 level, only when each of its inputs assumes a logic 0 level. For any other
combination of inputs, the output is logic 0 level. NOR gate is equivalent to a bubbled AND
gate. The logic symbol & truth table of two inputs NOR gate are shown in figure 1.i& 1.j
respectively. With input variables A & B the Boolean expression for output can be written as;

X.="A+B
Logic symbol: Truth table:
Input | Output
A|B X 3
A ' ‘ 2]
0|0 1 '
B A
0|1 . T20H
X=A+B )
, O B

Fig. Li Fig-l-j/
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EXCLUSIVE-OR (X-OR) GATE

An X-OR gate is a two input, one output logic circuit, whose output assumes
when one and only one of its two inputs assumes a logic 1 state. Under the condi
the inputs are same either 0 or 1, the output assumes a logic 0 state. Since anX~ JR g
produces an output | only when the inputs are not equal, it is called as an anti-cc
or inequality detector. The output of an X-OR gate is the modulo sum of its tWQ‘
symbol & truth table of two input X-OR gate are shown in figure 1.k & 1. lre .‘“

symbol for X-OR operation is ‘@’. With i mput variables A & B the Boolean ex
output can be written as; 2

 X=A®B

- Logic symbol:




Pin diagram for 1C741L.S86:
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Procedure:-
« Set up the breadboard.
e Test all required ICs.
« Give various combinations of inputs and check the output.
« Repeat the procedure for each IC.

Observation Table: LED ON (RED light): Logic 1
LED OFF (Green Light): Logic 0
Input variables: A, B
Output variable: Y

Sr. Input(A) | Input(B) | Output | Output Output | Output | Output | Output
No |LED LED (OR) | (AND) | (OR) (NAND) | (NOR) | (XOR)
=27 Y=AB |Y=A+B _ | Y=A®B |
Y=A Y=AB | Y=A+B '

Bl —

Results and Analysis: R
NOT Gate: When logic 1 is applied to one of NOT gate of 7404 IC, then output becomes zero.
When input LED is ON (RED), the output LED become OFF (Green) vice versa. ol




ﬁxotherorbmhofthqmpmm
tofanORgate alifoneor " :
golthG;:ut:l:eogtp \‘rl'/hen One or the other or Both of the input LEDS are (0) (R-ED

output LED is ON(RED) otherwise Output LED 1 OFF(Green Lxghi)

szoth its inputs are 1. For all oth
AND Gate: TheouqmtofanANDgateasonlyl (
inputs the output is 0.When both the LEDS are On, thu!ontptltLBD is ON‘

otherwise Output LED is OFF. 7 . : =

NOR Gate: The output oftheNOR gattnd 1 Mmmmob\na Otfone ¢
both the inputs are 1. ; : it O
NAND Gate: The output of the NAND gate is i 0 M- nput
or both the inputs are 0. - '

EXOR gate: The output of the XOR gate is a | lf eﬂﬂ
inputs are both 0 and both 1.

Conclusion: Any Boolean expreulou b m
EXOR gates.
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Experiment No.2 (Z)

Aim: - realization of logic gates using NAND and NOR gates.

Components: - IC 7400, 7402

Apparatus: - Digital trainer kit, wires, probes, etc.

Theory:-

Universal gates: -

The Nand and Nor gates are called as universal gates, because it is possible to unplement any

Boolean expression with the help of only Nand or only Nor gates. - = - ?;'“

gates.

The NAND & NOR gates are called as ‘Universal gates’. Because it is possihléf‘; z
implement any Boolean expression with the help of only NAND or only NOR gat
construct AND, OR, NOT, X-OR & X-NOR gates. .

The Boolean expression for NAND gate is,
The Boolean expression for NOR gate is,

-~ X=A+B

All gates using Nand Gate:-

ok

1) Not using Nand:- o
The Boolean expression for NOT gate is A = A Fxg». shows the A
using a two i/p NAND gate. As both I/p‘s are wnmeted
A=B= R

So o/p is given as







4) NOR using NAND:-
The Boolean expression for an NOR gate is Y = A

But by DE-Morgan’s theorem
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This equation can be realized using only NAND gate as shown in fig.

1) AND using NOR:- .
The Boolean expression for an AND gate is Y=A.B
Taking double inversion,










Experiment no. g 3
To convert a Boolean expression into logic Bate circuit
APPARATUS:- LED, IC"s , Wires » S volt D¢ supply,

AIM:-

and assemble it using logic gate 1c’s,
Bread Board/ trainer kit etc, :

Theory:




x-A+1=1
-

Fig.(4-7)

Rule3. A.0= 0
A variable ANDed with 0 is always equal to 0.
gardless of the value of the variabl
r input 18 fixed at 0.

Any time one input to an AND R
¢ on the other input. This rule iiait]T 80,4,
UStras..

output is 0, re
Fig.(4-8). where the lowe

X= e - X=0
X-A0-0
Fig.(4-8)

b

Rule4d. A.1=A
A variable ANDed with 1 is alw
ays equal to the variable. If A i
" s 0 the output of
the

0. If A is 1. the output of th
. e AND gateis 1 b i
Fig.(4-9). where the lower input is fixed at 1 Stduseboth DN A fow IR

A=0—"1
e et
- Sl ¢

Rule 6, A +‘X= i

A Variabl
: € :
1S I, then | _?11{‘? 1\:/.11;}1 its comple
Tl (=T ment {
. dee Fio ¢ ¥



X.A,:-'

Fig.(4-11)
Rule 7. A.A=A

A variable ANDed with itself is always equal to the variable. If A = 0,
then 0.0 =0 and if A = | then 1.1 = 1. Fig.(4-12) illustrates this rule.

A=
A= -

X=0
~A~A-A

Fig‘(nc..-]z:)_’ S5




ve law)
B) 1 aetoring (\|l'~||l|\l|ll\t |

v AB=A(]
3 'I‘H\ I

Aol Rule 2
\ Rule 4: A\
[he prool 18 sh

’ » which shows the truth table and the
own in [able 4-2. W

' it s ification.
sulting logic circuil .\m\pllhul
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rable 4-2

I 0 j 0

0
T R 0 !
0 ! ‘ ! ] 3
| ! 0 ! 0 i A s -
! | | ( ’ l s straight connechon

L___._—’» equal _,-——/"‘J

Rulell. A+AB=A+B

This rule can be proved as follows:
A+KB=(A+AB)+ABRule10:A=A+AB

A

—(AA+AB)+ABRule 2A=AA _
—AA +AB +AA +AB Rule 8: adding AA = 0 :
=(A +A)A +B) Factoring ]
=1.(A+B)Rule6: A+A=1 %
=A + B Rule 4: drop the 1 5
The proof is shown in Table 4-3, which shows the truth table and the resulting logic cm:n@q

<55

simplification.
Table 4-3

L* equal -.....1

Rule 12.  (A+B)A+(Q)=
This rule can be proved as follov)vs: g

b ag Lottt o
=A+AC+AB +BC Rulo 7. A4 o - bt lay

::(11:%++AB+BCRule2: 1+C=1
L BC Factoring (distributive law)




=A(1+B)+BCRule2: 1 +B=1]
=A.1+BCRule4: A . 1=A
="A 4+ BC

The proof is shown in Table 4-4,
resulting logic circuit
simplification.

Table 4-4

which shows the truth table and the

A
0
0
G
0
i
i
1
i

2. Conne
3. Use L.E.D. wit




Experiment No: © ‘—‘

Aim :- To Design and verify Half Adder, Ful| Adder, |
APPARATUS:- LED, IC"s(7486,7404,7408,7432 ) , Wires . 5 volt DC supply, Bread Board etc.
THEORY:

Half-Adder: A combinational logic circuit that performs the addition of two data bits, A and B, is called a

half-adder. Addition will result in two output bits: one of which is the sum bit, S, and the other is the
carry bit, C. The Boolean functions describing the half-adder are:

S=AEPB C=AB

Full-Adder: The half-adder does not take the carry bit from its previous stage into account. This carry bit
from its previous stage is called carry-in bit. A combinational logic circuit that adds two data bits, A and
B, and a carry-in bit, Cin, is called a full-adder. The Boolean functions describing the full-adder are:

S=(A@ B)® Cin C=AB+Cin (A @ B)
A B = =
0 0 < 2
0 1 3 4
1 0 g s
1 1 S -

s=AB+AB

AB

O
[

For Carry B it
B AN
A
o 1
ol o o roRgT
' 0
1 0 1 L————-—'——‘







Experiment . S

ign and verify Half subtractor ful) Subtractor

LED, IC“s(7486,7404,7408,7432 ), Wires

S volt e Supply, Bread Board etc.

. .e 't Subtracting a single-bj

and a borrow out bit B-out This operation is callad 1

alf subtraction and the circuit to
e Boolean functions describing

the halfSubtractor are:

Subtracting two single-bit binary values, B, Cin from a single-bit value A produces

a borrow out Br bit. This is called full subtraction. The Boolean functions
- -subtracter are:

D=(A@®B)®Cin Br= A’B + A’ (Cin) + B (Cin)

D B() ............. - ——— D=A-8
0 0 A Half
Subtractor
1 1 B i, Bo
4 0
0 0

: __—_) — =A-B

e B
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SR EXPERIMENT NO.@R
OF 4-BIT ADDER SUBTR

DESI

To design and implement 4-bit adder

and subtractor using IC 7483,

'PARATUS REQUIRED:

S1.No. 3
% COMPONENT SPECIFICATION | QTY.
IC 7483
EX-OR GATE IC 7486 l
NOT GATE IC 7404 l
IC TRAINER KIT 5 l‘
PATCH CORDS 2 40

m each full adder connected to the input carry of next full adder in chain. The
T bits of ‘A’ and the addend bits of ‘B’ are designated by subscript numbers from
o left, with subscript 0 denoting the least significant bits. The carries are connected

n through the full adder. The input carry to the adder is Co and it ripples through
adder to the output carry Ca.
'BINARY SUBTRACTOR:
The circuit for subtracting A
each data input ‘B’ and the corresponding input of full add

B consists of an adder with inverters, placed
er. The input carry Co

INARY ADDER/SUBTRACTOR:
‘ eration can be combined into one ¢

M=0, the circuit

i ircuit with one
, addition and subtraction op

binary adder. The mode input M ¢o
émt When M=1, it becomes subtractor.

CD ADDER:

ntrols the operation. When

Kmep;r/z,mmwggd/srdmlfmcsw |
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- EXPERIMENT:@ B by ps

AIM: To realize a decoder cirenit using basic gates

and to verify, le-4t-5179
: : G OBJECTIVE:
- Tolearn about working principle of decoder

To learn and .underst_and the worki ng of IC 7418139
To realize using basic gates as well us universal gz.ltes

COMPONENTS REQUIRED:
IC74LS139, IC 7400

 THEORY:

_decoder is a colrlnbinational circuit that connects the binary information from ‘n’ input lines to
‘maximum of 2 unique output lines. Decoder is al

so called a min-term generator/max—t&?rm
generator. A min-term generator is constructed using AND and NOT gates. The appropriate
output is indicated by logic 1 (positive logic). Max-term generator is constructed using NAND
~ gates. The appropriate output is indicated by logic 0 (Negative logic). '
e IC 74139 accepts two binary inputs and when enable provides 4 individual active low
tputs The device has 2 enable inputs (Two active low).

» 1€ 7408, 1C 7432, 1C 7404, 1C 7410, Patch chords, & IC Trainer Kit

CUIT DIAGRAM:

_E-‘(:ODER (MIN TERM GENERATOR):







R A'l_ \
e connections as per the circuit ¢;
e diagram,
nge the vvalues of G1, G2A, G2B, A, B, and ¢y« .
_ status of YO0, to Y7 on LED’s, A

the applications of decoder?

difference between decoder & encoder?

oder how many i/p lines & how many o/p lines?
different codes & their applications?

ode converters?

der and associated logic, implement a full adder?

full subtractor using IC 741387
: fference between decoder and de-mux?
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Lab 11: Desj ‘
1: Design of Shift Reo pakra  Genal
Registers and Shift Register Gounters

11.1 Aim
‘t

The pur .
pose of this exneri
Should adso be . S experiment is to intr 55 .

be able to design n-bit shift rcg;):ll;'r% the design of Shift Registers. The student \

11.2 Hardware Requirement
a. Equi '
quipments - Digital IC Trainer Kit |
b. Di c
iscrete Components - 1C7474 Dual JB Flip-flop / D Uuo|3

11.3 Theory

Shift registe i ic ci

re gr%up :)sfzgiepz-lﬂtgp: of seqfxent{al loglc.mrcuit, mainly for storage of digital data. They

oahraian neti ﬂico_nﬁlected in a chain so thgt the output from one flip-flop becomes

mhmei o 3 p-flop. Most of .the registers possess no characteristic internal
states. All the flip-flops are driven by a common clock, and all are set or reset

simultaneously. The basic types of shift registers are

1. Serial In - Serial Out

2. Serial In - Parallel Out

3. Parallel In - Serial Out

4. Parallel In - Parallel Out

5 Bidirectionfil shift registers

\
11.3.1 Serial In - Serial Out Shift Registers
ft register can be constructed using

The operation of the circuit is as follows. The register is
to zero. The input data is then applied sequentially to the D inpu
left (FFO). During ecach clock pulse, one bit is transmitted from le

word to be 1001. The least significant bit of the data has to be
a data word to be 1001. The least signifi

from FFO to FF3. Assume
be shifted through the register from FFO to FF3.

four D flip-flops, as shown below.
first cleared, forcing all four outputs
t of the first flip-flop on the
fi to right. Assume a data
hifted through the register
cant bit of the data has to

A basic four-bit shi
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outputs immediately
is a four-bit parallel in - para

The D's are the
register is clocked, all th
simultaneously.

tputs.  Once the
nding Q outputs

§0unter and the
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Figure 11.3 Logic Diagram with Truth Table

Clock Pulse | Q302 | 01] OO
0 ] -
1 il T L
2 R
3 R RN
4 S
5 ;A ) T
b R R
/ 7 e A O
Figure 11.4 Truth Table

11.4 Prelab questions

1. Redraw the above logic diagrams using JK flip-flops.
2. How many flip-flops are required to store the data 10017

register?
4. Define shift register counters.
5. What is bidirectional and unidirectional shift register?
6. Explain the function of SHIFT/LOAD input in PISO shift register.

11.5 Result b
Thus, design and verification of shift registers are done successfully.

11.6 PostLab questions : ' :
1. Draw the Logic diagram of Universal shift register.

2. Write the applications of Shift registers. :
3. Draw the State Table and Block diagram of a Serial Adder.

3. How many clock pulses are required to enter a byte of data serially into an 8-bit shift
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