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UNIT : Combinational circuits:

AKTU Syllabus

Analysis and Design of combinational circuits, MSI devices like

comparators, multiplexers, demulti plexers, encoders, decoders, circuit

realization using Multiplexers and decoders, half and full adders,

subtractors, serial and parallel adders, BCD adders, barrel shifter and

ALU.




..@_ Combinational circuits: steps for designing -@1

* Study required conditions -~

* Prepare Truth Table

* Identify Minterms and place in K-map

* Generate a reduced boolean expression.

* Realize using basic gates/ NAND gates (as required)



@ Example: Realize a circuit with four inputs (A,B,C,D) that provide output as logic eﬁ
| for all combination of inputs which are multiples of 3~
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..@_ Binary Adder gji

* Binary Adders are arithmetic circuits in the form of half-adders and full-adders
used to add together two binary digits.

* The addition of these two digits produces an output called the SUM of the addition
and a second output called the CARRY or Carry-out, ( Cy 1 ) bit according to the
rules for binary addition.

* One of the main uses for the Binary Adder is in arithmetic and counting &:Eijrcuits.
X

* Binary Addition of Two Bits: / J
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Binary Adder Block Diagram

Sum Q
Outputs
Cout

Carry Out



é} Half Adder Truth Table with Carry-Out @

K-map for ‘sum and carry " & implementation using basic gates
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..@. Disadvantage of the Half Adder circuit ,_5_9/}'3_

* when used as a binary adder, is that there 1s no provision for a “Carry-in” from the
previous circuit

* multiple bits of data cannot be added.




/\3 A Full Adder Circuit

* a full adder has three inputs.

* 2 bits are single bit data inputs A and B

* plus an additional Carry-in (C-1n) input to receive the carry from a previous stage.
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OUTPUTS + B
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v Cout € SUM
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Full Adder Truth Table with Carry-Out

éw

A Cin S | Cout K-map for ‘sum’and “carry’ & impkeéncntation using basic gates
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UNIVERSITY QUESTIONS
YEAR QUESTION MARKS
21-22 Design a full adder by constructing the truth table | 10 marks
and simplify the output equations.
20-21 Construct full adder using logic gates. 2 marks
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Binary Subtractor

* produces an output which 1s the subtraction of two bimary numbers.
* The binary subtractor produces a DIFFERENCE. D l/ @
* use a BORROW bit, B from the previous column. Pod A
y ~h 6D

* Binary subtraction Rules: 5\ | _

o 3 ~ | B
e 0-0=0 \/ ? i
*1-0=1

4 & 10 )

*0-1=1, borrow=1 < i

—



o—— A
@:v) A Half Subtractor Circuit W

"« A half subtractor is a logical circuit that performs a subtraction operation on two binary digits“.
* The half subtractor produces a sum and a borrow bit for the next stage.
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PA A Full Binary Subtractor Circuit -
Sw . cw
wmaee * @ full subtractor has three inputs. B

* The two single bit data inputs X (minuend) and Y (subtrahend)

* an additional Borrow-in (B-1n) input to receive the borrow generated from a previous
1 BOPw= X

D= Ax+AX
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) An n-bit Binary Subtractor éw

“ o It uses an n-bit adder and n number of inverters (NOT Gates)

* the process of subtraction becomes an addition as we can use two's complement
notation on all the bits in the subtrahend and setting the carry input of the least
significant bit to a logic 17 (HIGH).
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@9 Difference between Serial Adder and Parallel Adder: @

SERIALADDER PARALLELADDER
It 1s used to add two binary numbers 1n senial form. It 1s used to add two binary numbers in parallel form.
A senal adder uses shift registers. A parallel adder uses registers with parallel loads.

It requires single full adder. | 6 5 0 [ ? ’ : It requires multiple full adders
O D

+ ol
Cﬂ ﬂip—ﬂgp 1s used 1n serial adder. s Ripple carry adder is used in parallel adder.
Serial.éder IS a sequer}tial circuit. Parallel adder 1s a combinational circuit.
| In serial adder, propagation delay 1s less. In parallel adder, propagation delay 1s present from
ptienmt <_ . Input carry to output carry.
Numpber of required fgll adder 1s fixed 1.e. one. ?lumfer of required full adder 1s equal to the number of

v bits in the binary number.




Diftference between “Ripple Carry Adder” and Carry Look-ahead
,@. Generator .&.@_

* In a ripple carry adder, the carry signal has to travel through each adder module to

get to the end, causing long propagation delays.

-

* In a carry look-ahead adder, the carry logic 1s handled separately with shorter

—

delays.

J

* A carry look-ahead adder reduces the propagation delay by introducing more

complex hardware.




g‘ji Carry Look Ahead Adder g/},:
* Carry Look Ahead Adder 1s an improved version of the ripple carry adder.

* It generates the carry-in of each full adder simultaneously without causing any delay.
* The time complexity of carry look ahead adder = © (logn).
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UNIVERSITY QUESTIONS
YEAR QUESTION MARKS
22-23 Draw a full adder using two half adders 2 marks
21-22 What is the role of subtractor in digital electronics? | 2 marks
21-22 Construct half subtractor using NAND gates. 2 marks
21-22 Explain the concept of serial adder with 10 marks
accumulators.
20-21 What 1s difference between “Ripple Carry Adder” 2 marks
and Carry Look-ahead Generator?
19-20 Construct half subtractor using logic gates. 2 marks
19-20 Design a 4-bit parallel binary Adder/Subtractor 10 marks

circuit.




Digital Comparator

&

* A digital comparator or magnitude comparator is a hardware electronic device that takes two

numbers as input in binary form and determines whether one number 1s greater than, less than or
equal to the other number.

* Comparators are used in central processing units (CPUs) and microcontrollers (MCUs ).
* One bit Comparator:

A: O 1 ®) , B
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- B A>B /W
gj’ 2 BIT Digital Comparator A : ’ sw
* Consider two 2 blt blnary numbers A and B as; A, A, & B, B, A @ @ B

0o
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BIT Digital
gj& 3 igital Comparator - @

* Consider two 3-bit binary numbers d Bas;A,A; A, & B, B, B,
« A=BIf; h""gz— ND A= B - Ao=BRp
* A>Bif; A?_>BZ @R A€=BZA| CTCLS Ay:Po GHD) Az By AD%B

¢ A<Bif; A2<®, Pp=Py (AND) A<B Ar=h @ND A= B AND) Ao < Bo
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/) ' 101 )
éw 4 BIT Digital Comparator éw
~=-¢onsider two 4-bit binary numbers A and B as; A; A, A, A, & B; B, B, B, o

( | -
. - DY EE ‘Pt =Bo
e A=Bif- A3,63 AL Y)DZA| \ ,?_3
R __— Binan Binary
/ . -
inputs A inputs B

B, B, B, B,
LSB MSB

%’5: %S@HL‘B&@ A,: B, ﬂ0<80 Binary Outputs
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UNIVERSITY QUESTIONS
YEAR QUESTION MARKS
22.23 What is magnitude comparator? Design a Single-bit comparator 7 marks
circuit using logic gates.
21-22 | Design 2-bit magnitude comparator. 7 marks
19-2(0 | Design a 4-bit comparator circuit using logic gates 7 marks




UNIVERSITY QUESTIONS

YEAR

QUESTION

MARKS

22-23 Implement the function F = ¥m(0,1,3,4.7.8.9.11,14(15) using ks
8:1 mux. I
20-21,19-20 | Implement a 4:1 multiplexer using 2: | multiplexer. 2 marks
19-20 Implement a full adder by using 8:1 multiplexer. .~ 10 marks
18-19 Implement the. following Boolean function < 10 marks S

F (A, B, (0,1,3,4,7,8,9, 11, 14,15))using
(I)4:1 MU >
(i) 2:1 MUX
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Multiplexer is a combinational circuit that has

Multiplexers

maximum of 2" data inputs,

‘n’ selection lines and single output line.
One of these data inputs will be connected to the output based on the values of

selection lines.

Multiplexer is also called as Mux.
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- - -
Q{‘_ 4x1 Multiplexer éw

* four data inputs I, I,, I, & I,

* two selection lines S, & S, and

* one output Y.

T

* The block diagram of 4x1 Multiplexer 1s shown in the following figure.

Bt One of these 4 inputs will be connected to
the output based on the combination of

4 inputs present at these two selection lines.
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st | so | Y |
o | O | Lo
o || |1
/ 0 | I
(| | | Ta

Truth table of 4x1 Multiplexe

Boolean function for output :

\{/; S § 1 _T—S:ISO—,II T SISZI1+SSOIS

-

Sl?s

cakl —
1 / i

1L

NI g
- N
1)
== |




—
X |

\ MU/(

,'D O @) To
O O | j—-l
o | O }L
o | | Hx
| o O 1&7

| o 1 ofls
| l O Hg
I D B




@9 Implementation of Higher-order Multiplexers.
"% 8x1 Multiplexer using 4x1 Multiplexers and 2x1 Multiplexer.

fm.(dfmvx ﬁaL.:»%XL:Z axpr =3
qxl l L{Xl ’o Y\:L
prizh B0 g, -y
ISR ; wux [ =
U X C 13:7. ‘i’\/‘ -
fu\r\_‘( MUX e
Iq ) Eo! >
:3% i ! T
I;— MtﬁX 'A\
e - &










16x1 Multiplexer using 8x1




@ Design multiplexer implementations for the following functions using @33'
== the numerical method. .

« Z=F(A,B,C,D) = ¥m(0,1,2,3,5,7,8,10,12,13(15)
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Z=F(A.B.C.D)=2m(1,3.4,7,12.13) +d(0.5.8.11)
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éW Implement Z= I@B,C,p) = zm(o,1,2,3,5,7,8,10,12,13@ using 8x1 MUX i
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éw DEMULTIPLEXER

* inverse of the multiplexer

—

* single data input

* n address inputs

* 2" outputs

* The address input determine which data output 1s going to have the same value as

the data input.

 other data outputs will have th@

* abbreviation used 1s DEMUX.




TRUTH TABLE AND CIRCUIT DIAGRAM
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Multiplexed display @ﬁ'
* Multiplexed displays are electronic display devices where the entire display 1s not driven .
at gm.ﬁme.
. . . |
* Instead, sub-units of the display are multiplexed ﬁ%

* typically, rows or columns for a dot matrix display or

* individual characters for a character oriented display, occasionally mdlvndu | display

elements Y v

—

* These are driven one at a time, but the_electronics and the persistence of vision combine
to make the viewer believe the entire display 1s continuously active.

* Advantages compared to a non-multiplexed display: 1

» Fewer wires (often, far fewer wires) are needed a }) C 0( :
» simpler driving electronics can be used

- il
» both lead to reduced cost

N N
» reduced power consumption
A /

L
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Two Broad Categories

* character-oriented displays | ~

* pixel-oriented displays |~

@



Character-oriented displays @@

display an entire character at one time.

various segments,of each character are connected in a two-dimensional diode matrix and will
only illuminate if both the "row" and "column” lines of the matrix are at the correct electrical
potential. .

<

If the display had been built with every segment being individually connected, the display
would have requiréd 49 wires just for the digits, with more wires being needed for all of the

other indicators that can be illuminated. .

By multiplexing the displéy, only seven "digit selector” lines and seven "segment selector” lines
are needed. : p )

The extra indicators are arranged as if they were segments of an additional digit or two or extra
segments of existing digits and are scanned using the same multiplexed strategy as the real
digits.

A keyboard matrix circuit has a very similar arrangement as a multiplexed display




“
)

3



é,} Pixel-oriented displays

* In dot matrix displays, individual pixels are located at the intersections of the

matrix's "row" and "column"” lines and each pixel can be individually controlled.

* For a typical 1024x768 (XGA) computer screen, 2,359,296 wires would be

needed for nonimultiglexed control. That many wires would be completely

3 S 'é 4 QO'O_-.I
impractical. +  @e= 6° ©
’ ~ 14 =1

* By arranging the pixels il\ItO a multiplexed matrix, onl

1792 wires

* Pixel-oriented displays may drive a single pixel at a time or an entire row or

column of pixels simultaneously.

* Active-matrix LCD provide a storage element at each pixel so that the pixel
s ] ;

continues to display the correct state even when not being actively driven.
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Break up -
&
* Because most multiplexed displays do not present the entire display

simultaneously, they are subject to "break up" if :

¥

» the observer's point of regard is in motion.

. i « . .
» People with nystagmus (involuntary eye movement) are much more likely

to experience the effect.

NN
» provoked by chewing hard candy which causes vibration of the user's

S

eyes.

|

» The multiplexed nature of a display can also be revealed by observing it

———

through a mechanical stroboscope.
I






gﬁ Display driver g/},:

"« Adisplay driver is usually a semiconductor integrated circuit

* provides an interface function between a microprocessor or a microcontroller or

general-purpose peripheral interface and a particular type of display device, e.g. LCD,
LED, CRT, ETC.
_/

- ~

\

* accept commands and data using senal or parallel interface and generate signals with

suitable voltage, current, timing and demultlplexmg to make the display show the desired

¥

text or image. <5

* The display driver may itself be #‘applicati/og—_s&iﬁc microcontroller and may
incorporate RAM, Flash memeory, EEPROM, ROM

* Example of a display driver IC 1s the Hntachl HD44780 LCD controller, KSOlOS

\

SSDlSlS and ST7920 -

- ‘
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UNIVERSITY QUESTIONS

YEAR
22-23

QUESTION

expression Yx2m(2, 4, 6,

ing decoder.

MARKS
10 marks

Explain Dec%am. Implement the logic
: 7)

XY 0o

—_— ‘
2 DE MUX

\01_

[T 0x

@
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-~
.g(\“f‘l_ DECODER
* a combinational logic circuit that converts binary information from the n coded inputs

to a maximum of 2" unique outputs.

* Some decoders also have one or more "enable"” inputs.

* ninput signals

* 2" unique output signals

\,\
SIEY =N
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APPLICATIONS

* data multiplexing and data demultiplexing _~
* seven segment displays |~
* Address decoders for memory

* Address decoders for port mapped 1/0 /

S

R

—

@



é) TRUTH TABLE, BOOLEAN EXPRESSION CIRCUIT DIAGRAM @@

ENABLE |  INPUTS OUTPUTS
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Implementing 3%8 line Decoder by using 2x4 decoders
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@Q Implementing 4x16 line Decoder by using 3x8 decoders
. &7, Ava.
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4 x 149 line Decoder using 2x4 decoders
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@Q Implement the logic expression Y=@n( 1,34, 6,@ using decoder. @Q
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UNIVERSITY QUESTIONS
YEAR QUESTION MARKS
22-23 What 1s the difference between Multiplexer and 2 marks
Encoder
18-19 Write short notes on priority encoder. 7 markf,zr:
— ] S - Yo
7" —| Mux e P g | Encob;“/ v
y N A'b = |

X

—

@

N

@



P/V) . )
v Digital Encoder g)r_

* a combinational circuit that generates a specific code at its outputs such as binary or
BCD in response to one or more active inputs.

* reverse operation
2" input lines

* enable signal 1s optional in encoders




@W 4 to 2 Encoder 9/“’

* fourmputs Y5, Y,, Y, &Y,

B —

* two outputs A, & A,

* block diagram 1s shown

* At any time, only one of these 4 inputs can be “17 in order to get the respective binary code at the
output.

B —————a—

Truth table ‘300|¢‘.3"
INPUTS Pp—— Equations

. YO | A1 | AO A\: 75-% 72_
4 to 2 L : .. 3
Encoder " ‘ O/kiz\;@® AO: ZZ)T Y/
ol axDlo
JEINEO
0| O1.1 ]9 |O

Y2 Yl




Implementation of 4 to 2 Encoder

A\: Vo + Vo Yo 2 i Yo
N\
:Y'.’;-i- /l r% m)
# @ \ DAO
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Octal to Binary Encoder

* eight inputs, Y, to Y,

* three outputs A,, A, & A,

* block diagram of octal to binary Encoder

Binary

Encoder




Truth table & Boolean Equations

Y2
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O
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Priority Encoder

4 to 2 priority encoder

four mputs Y;, Y,, Y, & Y,
two outputs A, & A,

Y ; has the highest priority
Y, has the lowest priority

if more than one input 1s “1° at the same time, the t will be the binary code
corresponding to the input, which is having higher priority.)

one more outpntsures the code available at outputs 1s valid or not.
If at least one input of the encoder 1s “1°, then V=1

‘—:::‘_

[f all the inputs of encoder are “0°, th

I

@



Truth table of 4 to 2 priority encoder

Y3

INPUTS

Y2

Yl

YO

ouUTPUTS

#
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K-maps for Al & AO
A =Yt 12
Ao = Yat YoV
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@;v}’ Circuit Diagram of 4 to 2 priority encoder
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Binary Adder & Subtractor

@

Binary addition and subtraction can be done using single circuit.

Thi duce th t and :
is can reduce the cost and space A 00| O]
Subtraction 1s done by 2’s compliment method. 0 -£ 00| | . B
o = _
)
An extra inpu introduces such that; |
T\ 2|00\ 00 ||
for addition: sub =0 ol's,\Z\ o] 45 | (0O
' 'h——‘z X)—O 1Jo +X |
For subtraction: sub = | oy _
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CIRCUIT DIAGRAM
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G - Y
GV Decimal or BCD Adder _@Y__

* The BCD-Adder 1s used in the computers and the calculators that perform arithmetic operation
directly in the decimal number system.

* The BCD-Adder accepts the binary-coded form of decimal numbers. o0— 9 o000
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Boolean Expression for Cout
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ow Circuit Diagram for BCD Adder
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