pigital Logic Circuits

Digital logic circuits are classified as:
(a) Combinational circuit
(b) Sequertial circuit

epends on present
"II_as previous output -

2. No feedbackis present. 2. Feedback is present.
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Combinational Circuits

fa) Arithmetic Circuit

Half Adder (H.A)

Alogic circuit for the additicn of two one-bit numbers is referred to as an
“HALF ADDER (H.A)".

Symbol and Truth table:

A SUMS =ASB Inputs Qutputs
o D——o AT B | Sum(S) | Carmy(©)
B o]0 0 G
o] 1 1 0
™ : 1|0 1 0
Carry C = AB 1 i -0 1

Logical expression:

Sum | S5=%

Carry



Remember: ...
* Total number of NAND-gates required to implement half adder =5
* Total number of NOR-gates required to implement half adder = 5

¢ Toimplement the half adder circuit by minimum number of logic gates (i
we have all gates except EXOR and EXNOR) is“3”

*  Total number of MUX required to implement half adder = 3.

Full Adder {F.A.)

It performs the arithmetic sum of the three input bits i.e. addend bit
augend hit and carry bit.

Logical expression:

Sum, [S=A@B®&C|]

Carry, [C=AB+BC+CA=AB+C(A®B)]

Remember: Db b BSOS D B L E S . . 56000 - SO IR |
* AFA canbeimplemented by two H.A. and one OR-gate
¢ Total number of NAND-gate/NOR-gate required to implement a FA is
equals to 9"
¢ Total number of MUX required to implement full adder = 7.

Half Subtractor (H.5)
Logical expression:

Difference, [2 =AB+AB=A® B]

Borrow,
Remember: .. ...
*  Total number of NAND/NOR gates required to implement the H.Sis equals
to 57

*  Total number of MUX required to implement half subtractor = 3.

Full Subtractor {F.S)
It is a circuit which performs a subtraction between two bits taking into
accountthat a "1’ may have been borrowed by a lower significant stage.

Logical expression:
Difference, [D=A & B &C]|

gemember:
+  Afull subtractor can be implementéd with two half subtractor and one OR
Gate.

+  Numberof NAND/NOR gates required to implement the full subtractoris
equalto'y’

¢ Inparallel addernfulladderor{(n-1)FA . and 1 HA}or{{(2n— 1) H.A. and
(n - 1) or Gate} are required to add two n-bit numbers.

¢ Total number of MUX required to implement full subtractor = 7.

(b)Non Arithmetic Circuits

Multiplexer
Multiplexer is a combinational circuit which have many data input and
single output depending on select or control input, one of the input line is
ransfer to the output, hence it is known as “many to one circuit” or “universal
fogic circuit” or "data selector circuit”.
+ The selection of a particular input fine is controlied by a set of select
lines.
+ There are 2" input lines where *n’ is the number select line.

4:1 MUX

Output

Data inputs

Selection ling

Y =otput = §, Sada

* Thesize of the MUX is specified by the 2" of its input line and the single
outputline.
* MUXcontains AND gate followed by an OR-gate.



21 MUX
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Higher order MUX using Lower order MUX:
To'be Implémented MUX - ber of MUX
4:1 3
16 1 “4+1=5
64 :1 16+ 44+ 1=21
84:1 8+1=9
256 1 3244+ 1=37
ReEM M

*  Toimplement 2": 1 MUX by using 2: 1 MUX, the total number of 2: 1 MUX
reguired is (2"~ 1).
» MUXis an Universal Logic gate.

Demultiplexer (DEMUX)

1

it receives information on a single line and transmits it on one of 2"
possible output lines.
A “Decoder” with an enabile input can function as a "Demultipiexer”.
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s Other name of demultiplexer are*one to many circuit” or “data distributor
circuit”.

* Number of selectiine is log,n (where nis number of output line).

Higher Order DEMUX Using Lower Order DEMUX:

Given gEﬁ!UX To be l__a_j_\_p_le_menteg;imux Required number.
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Decoder

Decoder is a combinational circuit that is use to convert binary to other
codes such as

{a) Binary to octal
(b) Binary to decimal
() Binaryto hexadecimal

In decoder, depending on binary data applied, one of the output line will
become logic 1.

A “Decoder” has many inputs and many outputs line.

It is a combinational circuit that converts binary information from n input
lines to a maximum 27 unigque output lines,

If the n-bit decoded information has unused or don't care combinations,
the decodszr output will have less than 2" ocutputs.



O Total number of output lines

where n = Total number of input lines

2 x 4 Decoder
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¢ 2 x4-Decoder may acts like 1:4 DE MUX and Vice-versa.
*  Decoder and Demux circuits are almost same.
* Decoder contains AND-gates or NAND-gates.

Higher Order Decoder Using Lower Order Decoder:

[ Required number of

T

Encoder

¢ Encoder is used to convert other codes to binary such as
(a) Octalto binary
(b) Hexadecimal to binary
{c) Decimalto binary
{d) DecimaltoBCD

* In encoder one of the input line is high and corresponding binary is
available at the cutput.

* In priority encoder any number of inputs can be high but based on
priority highest priority input corresponding binary is avaiiable at the
output.

Code Converters

BCD to Excess-3 code

+ Letinput variables of BCD code is A, B, C. D and output variables of
excess-3is W, X, Y, Z.

« Required truth table: (BCD + 0011 = excess-3-code)
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B T PR S ' Gray code
Equivalent logical gate diagram:

Bye—ro —e Gy
Bzh.l:)} S5,
Bre g ) DG
Bye o)) >Co




Gray to Binary Converter

B(J --_'-—Ba‘ & GO

By = G3 _ G, ) =P
B,=B; &G,
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Magnitude Comparator

]
X (A < B)
A E— .
 Comparator . ——————— Y (A = B)
B .
Z(A>B)
Truth table:
X Z
o 1 ._ 1= ©
T a1 0 {0
1 o 0 0. RN B
1 1 0 1 0
Output expression]  AB | AB +AB =Ag Bl AB




