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Chapter

4 Combinantional Circuits

1. Introduction

lLogic circuit for digital systems may be combinational or sequential. A
combinational circuit consists of logic gates whose output at any time are determine
from the present combination of inputs. A boolean circuit performs an operation that
can be specified logically by a set of Boolean function.

A combinational circuit consists of input variables. logic gates and output variables.
The logic gates accept signals from the inputs and generate signal to the outputs.
This process transforms binary information from the given input date to a required
output date. A block diagram of a combinational circuit is shown in Fig. 4.1. The n-
input binary variable come from an external source, the m output variable go to an
external destination.

v

Combinational

m output
circuit

W

ninput >

Fig. 4.1 : Block diagram of Combinational Circuit

Each input and output variable exists physically as a binary signal that represent
logic 1 and logic 0. In many applications the source and destination are storage
registers. It the registers are included with the combinational gates, then the total

circuit considered as sequential circuit.

For n-input variables, there are 2" possible binary input combir!ations. for .cach
possible input combination, there is one possible output value, Thus, a con!bmgtlo'na}
circuit can be specified with a truth table that lists the output va!ue for eagh combln?tlon
of input variables. A combinational circuit also can be describied by m boolean functions,

one for each output variable. Each output function is expressed in ten‘ns of the n

input variables. : : '
There are several combinational circuit that are employed extepsw'ely in the

design of digital systems. These circuits are available in ir}tc?rpretcd circuits and are

classified as standard components. They perform Sp_eciﬁc;' digital functions C-Ommonly

Needed in the design of digital systems. In this chapter, we introduce the most important

Standard combinational circuits such as multiplexers, Demultiplexers, Decoder

oV .
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Comparator. These components are available in interpreted as MIM (‘C'Iﬂdlum 5

m or. ec s are d i ex VLS eir
imepI:aiion) circuits. Thev are also used as standard cells :In n,c;mr::t 4 I?I Cireyjyg
are interconnected withinghe VLS circuitin the same ay as they 5 mlm.mE
IC-MSI design.

2. Multiplexers - (Data Selectors)

The term *multiplex’ means “many into one™ the muiltiplv?xer. - c_mi"bi Nationg)
circuit that is one of the most widely used standard c1rc1illsr in digital des; Y
Multiplexing is the process of transmitting a large number (.]f information over
single line. The multiplexers or (data selectors) is a logic circuit that gaies one and of
several inputs to a single output. The input selected is controlled by a set of selegt
inputs. Fig. 4.2 shows the block diagram of a multiplexer with n input lines and one
output line. For selecting one out of n inputs for connection to the output, a set ofm
select inputs one out of n date sources is selected and transmitted to a single outpy
channel. Normally a strobe (or enable) input (a) is incorporated which helps in

cascading and it is generally active law, which means performs its intended operation
when it is Jow.

Caly

Iy

]1__

e n:1 —y

inputs :
P h— e i

Tne]m—— |

d—

Sin-1 5 5
Select inputs.

Fig. 4.2 : Block Diagram of a djg; i
igital mulg A
Some standard ICs are available, whj - ik

ch are shown in table below, for the 2:1,
4:1,8:1and 16:] multiplexers, ‘

|
com

pinational Circuitg

I

%ﬁ___HEEEﬂEEEﬂEnrw%
IC No. Destripliun 0
utput
74157 Quad 2:] Multiplexer i
74158 Quad 2:1 Multiplexer e
74153 Dual 4:1 Multiplexer ';l‘*cmdiﬂpm
ame as
74352 Dual 4:1 Multiplexer Invc;:fi Epu:
74151A 8:1 Multiplexer Cnmplem:::an
74152 8:1 Multiplexer Inverted input -
74150 ~ 16:1 Multiplexer Inverted input

gasic four input one output multiplexer,

The table shown below, the truth table of4:
pumber of inputs and 1 represents output ki
construct 4:1 multiplexer.

I multiplexer. The 4(%= 4) represents
ne. The 2 select lines are required to

Table 2 : Truth table of 4 : 1 mux

Enable input Select lines Output 4.
E 5§ (Selected inpuﬂ
1] A A ]
1 0 0 L
1 0 1 N
1 10 I,
1 T | Iy

-Wh'm the enable input is equal to 0, the mulﬂ?lexer is disabledmdt::in mthe
enable is equal to | the multiplexer is enabled and is operated based on
truth table, L iss

The data output is equal : to I when 8, =5, =_[lI : —_105 ,SE

Data output is equal to 1, when S, = 0 and SU:O Y, 5 11 51 .

Data output is equal to I, when $; =1 and §,=0Y, T 2518

i ~when 8; = 1 and §g=1Y,=1;8,5
Data output is equal to 1; when $ . N
The Boolean function of 4 to | multiplexer is wri
T +1.5 8.+ 1,855 + 15150
Y=15 +]|5150+21 i . p—

The hard\lira:esfmplcmemaﬁon of the above equﬂm'::;:;e;‘:ﬁ ) mg:;:
mdadj d two inverters (o gener: A Tty e
Fig, ?31?;'1;*3}&3:]:: T:::gic diagram of 4:1 multiplexer and Fig
logie ¢

16 Qrraale 21 _ £ 4.1 caniltinlever.
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232 | Inputs L8

-1 multip)
= [——Multiplexer
E -_—5:__-_5_"“‘--. Outputs
" ——— — L E | ST
' 0 0 [ o L1 o
0l 3] s
| : y 0 0 0 b g & 2
! : ) 0 0 i 15 1| B
: DI D+
I =1 0 0 i | | 2
I = % 0 | o |1 |p, |5
| J 0 1 | i] D{, ﬁﬁ
& 0 1 | =
Fig. 4.3 : (a) Logic diagram of 4 to 1 multiplexer 1 D, | D,
lj——
—_— b, D, D, D D, D, D D
3 — a4 t
- I :‘”}‘ 'i::tpu @ . (9) @) 3) [@] m jesloslonlon
line 2
I— )
’ Data 5 ‘:WID £ i
selet : |

S 5p € Selection lines
Fig. 4.3 : (b) Logic symbol of 4 : 1 mux

IC 74151 - 8 to 1 multiplexer -

IC 74151 is an 8-to-1 multiplexer with eitht data inputs (D, - D), three select
input lines (S, - S;) and a single output (). It also has n enable input E-and provides
both normal and inverted outputs (i.e. Y and ¥ ). Since 23=38, three bits are required
to select any one of the eight data bits. When E = 0. the select inputs $,8, S, will
select one of the data input to pass through the output Y. When E = 1, the multiplexer
is disabled. The logic symbol of IC 74151 is shown is shown in fig. 4.4 (a) and it logic
diagram is shown in Fig. 4.4 (b). The operation of this IC is summarized in truth Table.

Dp Dy Dy Dy b, D5 D Dy

e [@
8) rl3] ]{2) ](ll ?tISr [11}113]][12} ' : T ¥

| i
-

Y G
Itiplexer
Spe— L B, ' o g ingam o 1071 i
i) 4151 ; : (b) : Logic ]
S STl : Fig. 4.4 : (b)
S fy B ke : Lo
B0 :
Fig 4.4 : (a) Logic symbol of IC 74151 - 8-to-1 mliltiplexer h :
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IC- 74150 - 16 to 1 multiplexer-

IC 74150 is a 16-to-1 TTL
multiplexer. Its pinout diagram 15
shown in Fig. 4.5 (a). It has 16
inputs (Dﬁ - DI:"J' a single output
(Y) and four select inputs (S; -
Sg)- Pins 1 to 8 and 16 to 23 are
the input pins and the pins 11, 13,
14 and 15 are the select inpuls
8;8,8,8,. Pin 10 is the output and
it equals the complement of the
selected data input. Pin 9 is for
the strobe, an input signal that
disables or enables the multiplexer.
A low strobe enables the
multiplexer. so that output Y
equals the complement of the input

data bit (i.e. Y = Dy, ). The truth

Elementary ph!ftiq.
. Dr!IrT— 2|Vee
Ds[2] Z’»EIDB :
Ds[3] 2]
D[] 21] Dyg
D3[5] 74150 [20] Dy,
Dy[6] 19] Dy,
Dy[7] 18] D},

2 Dg[8] EDM
Strobe |2 1__5|D15 -
¥ [10] 15]
S3[1] 145

GND[i2] 13]s

Fig. 4.5 (a) Pinout diagram of IC
74150 - 16-to-1 multiplexer

table of IC 74150 is shown in Table. 4. The logic diagram of a typical 16-to-]

multiplexer is shown in Fig. 4.6.

Table- 4 : Truth table of IC 74150 - 16-to-1 multiplexer

Strobe

Select inputs

Output

53

0
0
0
0
0
0
0
0

5
. 0
0
0
0
0
0
0
0
0
0 1
0 1

Lu:accau-_-.-ucc:cie,ff‘

U}
1
I
0
0
1
I
0
0
1
—

So
0
1
0
1
0
1
0
1
0
1
0

51

Y

=l
- o

L]

Ol Ol Ol gl o
g [
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/":}’_—I‘U_‘___—T‘j—‘_\\—_—
Y ! | 0
0 1 1 0
0 1 1 !
0 1 1 1
1 X X X
5 5 5 5
¥y
Do |
2 |
?j_ —
o = =)
D_;_‘ |
0ol )
g X
0] = [T—=
|l
Dy l
Oy
Oy
BW — _
By
o, i
Oy
Logic diagram of 16-t-1 multiplexer
Fig. 4.6 :
rs)
3. Demultiplexer : (Data Distributo - rributes it over several Outputs. Thusf
Demultiplexer accept single input &4 '.i.;:ﬁf a multiplexer. Block diagram 0
the reverse c

demultiplexer pe
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demultiplexer is given below in Fig. 4.7.
_
[0l
oD
=
; Demultiplexer D
Data inpul ———> S __.._DE 1 -
R ———
—=Dn-1

Select inputs

Fig. 4.7 : Block diagram of a 1 : 4 Demultiplexer

As we can see a single input is given select input lines determines to which
output line. the input is transmitted let number of output lines are n. And number of
select lines s m. Then there is a relation n = 2™, So this circuit can also be used as
binary to decimal decoder with binary inputs applied at the select input lines and
output is obtained on corresponding output line. [nput data lines are connected to
logic 1. The circuit can be designed using gates DEMULTIPLEXER is also available
as an MSI IC and can be used for the design of combinational circuit.
DEMULTIPLEXER is usedif multiple output combinational circuit is to be designed,
because it requires minimum package count, DEMULTIPLEXER may be available
in many forms like-2-line to 4-line, 3-line to 8-line and 4-line to 16-line decoder

output of all above demultiplexers are active low, There is a active low enable data
input terminal available.

To realize some of the boolean expressions in the standarg SOP form, decoder
requires some gates. In combinational Iugicdesign using multip| et S
are not required. But if we are designing combinat i s
then some additional gates are required. Inspite of th;

P : s draw is more
ecomomicalin those cases where nontrivial, m back, decoder

ultiple gyt 2 e

whereas itis likely that only one decoder wil) be requ
ire P :
So in some cases using a decoder could have advanty, g Supported with few galc®

: ; T £C5 over ysj Itiplexer
Demultiplexer are available in IC form, Some ofthe ave: ng a multip

ailable demuliplexer ICs ¥

plexer

given below,

)

hinationa‘ Circuits

r _w
— Table : 5 Available demultiplexer 1Cs

1C No. Description Output
/“’?ﬁﬁ—f)_ Dual 1:4 Demultiplexer Inverted input
(2-line-to-4-line decoder)
55 Dual 1:4 D‘:mulli ICX'CI' I'Y—Inverted inpu[
74153 p
(2-line-to-4-line decoder) 2Y—Same as input
74156 -do- Open-collector
1'Y—Inverted input
2Y—Same as input
74138 1:8 Demultiplexer Inverted input
(3-line-to-8-line decoder) _
N 74154 1:16 Demultipi.excr Same as input
B (4-line-to-16-line decoder) )
- -do- Same as input
Tk Open-collector

1-to-4 Demultiplexer

In 1:4 demultiplexer, Y
Y- ¥os )}?. ¥3) Two select lines (Sy

ere i ' lines (¥g.

i< cinale input line (D). There are 4 output Yor

ieeid SI'E-.I: I;I:;n'l'ruth{tat:ﬂe of 1 to 4 demultiplexer is
W

SowmiciaiIl [il!fi;]e 6 : Truth table for 1 : 4 demultiplexer.
Output
Data Select input
Y
input T T, Y, B
IS 3 £ D
D [|] ﬁu 0 0 ?3 §
> 0.:d - : 0 0
- ;0 0 0 5
- D i D 0 0
D
L— . - € = =0 then
i the above table that if select lines ar¢ 5-1t g{‘:‘:ij& ed IS,
We can se¢ 101t imilarly when S, = Oand =1 theny, ouf ps-mn i'rom the truth
output 1o is scleclfd: output line is selected. The output expres
=] thenys
=0and ;= 1 7 S
{able can be written 8™ __
bt = 55D
it = E; SO D
Y, =5,50D
! Y, =5,8,D
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gelect lines

input
data 59 Sp

above

So from
expression it is clear that
1:4 demultiplexer can be
designed complemented
using four 3-input AND

gates and 1wo NOT

gates. The logic djagr:u_n [ ] DNY
of 1 to 4 demultiplexer1s 0
shown in Fig. 4.8.

In logic diagram the
input data lines are
connected to all AND
gates. Two select lines
5,5 enables only one
gate at a time and the
data that appears on the
input lines passes through
the selected gate to the
associated output line.
1-to-8 demultiplexer

In I to 8 demultiplexer there is single input line (D). There are 8 output lines (¥
Y1 ¥3: ¥ar 5o ¥ge ¥7). There are three select lines (Sg, S, S,). The select line
actually select the output lines on which input is to be transmitted.
Truth table of 1 to 8 demultiplexer is shown below,

Table 7 : Truth table of 1 to 8 demultiplexer.

17

L

Fig. 4.8 : logic diagram of 1:4 demultiplexer.

Pata SF et Output =l

input input

D

D iz f}l Soo Y1 % Y5 Y4 ¥3 v2 N1 N

D B o © 0 0 0 o0 o o0 D

D 0 ] 1 0 0 0 0 0 0 D .0

5 g ey fbm D 0,8

D 1 o 5 00 o' b 0 &

D 1 0 Vol ooy 0 B el

D 1 1 g Lk -t b0 el

IR R, N N b AR T S
=2 0 0 o o o.C8

cgmbinalional Circuits

From the table it is clear that
.d on selectinput. Expressio

{he truth table.

Y,

239

I:I_w;l dataline is connected to one of the output line
5 0f 8 output lines can be expressed as follow from

=5,8,5,D

So 1 to 8 demultiplexer can be designed using eight 4-input AND gates. and 3

NOT gates. So logic diagram of  to 8 demultiplexer is shown below

Fig. 4.9 : Logic d

in Fig. 4.9.

Data Select inputs
Lﬂg“ [ < sn

S -'

ERE’

|

i
!

\ E

| I

I I
L
% §§]l] gg

\
1
|
I

il
M

1

jagram of 1-to-8 demultiplexer
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IC- 74154 - 1 to 16 Demultiplexer . o
The 74154 is a 1 to 16 demultiplexer with the F‘f” diagram ol I"Ell- 410 () The
pin 18 is for the input Data 0. and pins 2010 23 are I:.-r tth f:unles bits. ABC Pin
f . Pin 19 is for the strobe. agy

110 1 and 13 10 17 are for the output bits ¥ Xy 5
24 is for Vee and Pin 12 for eround.

in an
active low input finally. Pin £

Table 8 shows the truth table of 74154, The STROBE input must be oy, o
activate the 74134, When STROBE input is low. then the control illpu[ ABL‘D
determines which output lines are low when the DATA input is low. Whey, the
DATA input is high. all output lines are high. And when STROBE is high, al| Outpy
lines are high.

Fig. 4.11 shows low to draw a 74154 on a schematic diagram. There is one inpu
data bit under the control of nibble ABCD. The DATA bit is antomatically steereg o
the output line whose subseript is the decimal equivalent of ABCD. Bubble o the
STROBE Pin indicates an active low input. DATA is inverted at the input and agajp
an any output. With this bubble inversion, DATA pass through the 74154 unchanged,

Table-8 : Truth table of IC 74154 1-to-16 DEMUX

[ Strobe | Data | 5, 52 St S0 Yo | Yo [¥o [ [ e | Yo | Y6 | ¥5 | Yo | Yo [io] You Ve Yea Yl ¥
N I T I3 0 N N N N N BN ER B B A RRERSH
| 010 OO EEE N R R
|8 RO EEEEE il B
3 351111:1111111111111
IR
0 G S EanaSNENEEERE
| 0 [o0] LI ERNE z
{ : | IR EE R E
““ il11101
| 0 10 J0[7] 11111::01'11111111
— e oo e e e
N N T Y N W B g e 2 N G N B KK K
E“III!I 01117%‘}'111011111?1‘
K Sl N KN N N O s R T R
o T H
AR I ERER T
o o KN ENENEN K i
s Anninl KN ENEN KR EREYED AT
AN DEE A
0 o] o AT T[T [T 1[0/
o To RNy KV EN KN g
: SN ENEGE Tjolty
RS e L
R ETB Y g K N K KN K N A RS
T R e o A o o
-___J_,:lj1I]11111_LJ"

10
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a . = o
Yo [T} ,
i3] 2dvee
Y?E E"U i
Vi[5 2l |s
Y4E %53 E
WS, |&
5[5 74154 0 ?ﬁosF
Y,,E DMUX 5
:ﬂ% [17] v55
5 % %"’14
9 15] '
S ¥yo[i] [13] ¥y,
" enpfi2] 3] vy

] —[23] 3

@ L&y,

21 6 .

S

Select lines

74154 (8) Yo

DMUX (k) Yy

Data

pum—

Strobe
Fig. 4.11 : Logic symbol of I

(18)
|

C 74154—1-to-16 DEMUX

4. Decoder i :
lexer but without any date input. The digital

A decoder is similar o demultip : o lications such as
Systems requir the decoding ol mﬁgmmm&mﬂ“"m gdressiog.
data Demultiplixing, digital display, digal O SEEs T0 0y o de into 27 output lines.
Admuduisaioglccwmﬂmﬁﬁ?‘““'b"_ Aokl 1 A s

K
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: - ned ay output line v
Such that each output line will be activated for only one of the possible “ombinaig gecoder is ShOWN'in table bejow, '
SUch that eac

1gC lie ABC = 000] us gbty;
of inputs,

243
o- the truth table of 3 to § Jine

. Table 9 . Truth Table for 3:8 g
Ina decoder the number of output is greater than the number of Inputs, A bingp, or 3:8 decoder

: i g )
code of n bits is capable of representing up to 2" distinct elements of Codg

e Input Outputs
s il sonverts binary . ‘_\—*‘
information. A decoder is a cnmhmal:pnal cnrcultl Ilha.T EI‘FLT';:en—bil ::Od?d'[ﬂ?lmatf A B C Yo Y, Ty Y, Y; Y, Y,
form n input line to a maximum of 2 unique output mt:}- han 2" output " omation i v o } N .
has unused combinations, the decoder may have ﬁ.-\-wi:rl an 2" ou pul 5. 0o 0 1 0 1 0 0 0 o o o
The decoders presented here are called n tom line qecnders. where m < n 6 T 0 0 0 1 o o o ¢ o
Their purpose is to generate the 2" minterms of n input variables. The nﬂame decode, 0 1 1 0 0 0 I 0 0o o o
is also used in conjuction with other code converters such as a BCD-to-seyep, - b 0 ® 9 1 o o o
segment decoder. L0 1 0 0 0 0o o 1 00
Basic Binary decoder 1 1 0 O 0 0 0o o 0o 1 o
An AND gate can be used as the basic decoding element because jis OUtput js P11 0 600 0 0 0o 0 1
HIGH only when all the inputs are HIGH, For example if the input binary number j L - ;
1001, then, to make all the inputs to the AND gate HIGH. the two middle bits (0, From the truth table the boglem expression of each output isas follows :
must be inverted by using two not gates as shown in Fig. 4.12. e = A BC.y.=ABC,
(LSB) yo = ABC.y; = ABC.y, A MABC
At AT v.=AB =ABC,y,=
B0 i ¥4 =ABC,y;=ABC,y;=A 3’1 B 5
&1 o, ﬂ‘ﬁ]
. (MEB) The logic diagram of lhE;c —W] i
Fig. 4.12 ; Decoding logic for input 1001 with an active HIGH input boolem expressm;lmcﬂ:i Noel _D—Y"
2 1 an
IFaNAND gate is used lace of the And . s _ implemented USl‘ﬂE{\ — i
o 11 2a N place of the A gate, then a Low output is generated gates as shown in Fig. 4.14.
to indicate the presence of the proper binary code, Therefore, the n to 2" line -
3 to 8 decode ’ ; ] Y3
Three inpu:-lineﬂie n=3[A, B, C]and m = 23 8 1 i bccanflda-“'“;l‘“:;‘:: j
o kT PTelandm= 27 = § gypny ines [y, v.. Vo..o. . Any boolean fun
¥al. The block diagram of 3 1o decoder is shown in Fip. 4 1 ; [yo Yida genera!ﬂr ¢ d with decoder B
ig.4.13. can be implemente e —
Yo AfS and logic gates. We know ¢ ED_V.,
[T ABC out i f the decoder ]
e put line o :
A e represents the partialar minterm N [ Ys
Y [T of corryponding inputs applied to [  —
oy 5 B=—=d 4 ——Y=ABC | . the selected lines for example 1 11 %
C—— Decoder ———Y=af¢ [ Outputs lines . consider the pair of boolean i T =
[———Y:= ABC functions. i s L
2 1,4,6]
Y= ABC Y,=F,[A,B,C]= E'“[:]Z' 5 7] 2 £3:8
———Y.= ABC = szm el 4: ¢ diagram of 3:
R ) Y,=F,[A,B,C] Fig. 4.1 L;f:a b
Fig. 4.13 . 3:8 dec
. S oder
Each expression op Output line ¢ :
when input ABC = 009 js applied, mﬁ:ﬁfpﬁf'fs 1° 4 single mintery, For example,
output line y, will give logic | ang thufgf ine y, Will get ¢nabled, [t means the
Other lines vy be zero. So minterm

1
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244 sined by 3:8 decoder and qwy,

= g - *, can be ol
The above boolean function I, and [5 ¢

OR gates. The number of input terminals is m‘r n
minterms in the boolem function. The implemenat
using is shown in Fig 4.15.

af boolem function v, and ¥y

[
0+ _\—\ f,= %, (0.1,4,6)
1
A— i -
3:8 ¢
Decoder 3
B—of 4
C— 5
71 =%, (257
|

Fig. 4.15 : 3 : 8 Decoder with two OR code
The Fig. 4.15 shows that both the function have same three inputs A, B, C since
function f, has minterms 0, 1. 4. 6 and functjon f, has 2, 5, 7 minterms the output of
fy and f; will be 1 when input combination A, B, Cis applied. :
For example when ABC = 010 equivalent to [2];y1s applied, then second output
line of decader will select and output will be high or logie 1.

These boolean expressions can be implemented using a 3.8 decoder and NOR
gate also. The boolem function can be expressed as

h =[A.B.Cl= T 0,1, 4,6] =% [2,3,5,7]

B=T.257] =5, [0, 1,3,4,6)

50,

f, [A =¥ 7
1[A,B,C] f.[A.B.q:m]

LIA.B.CI=F [A,B, )= m

1 OR gate will be the number o

12

gombinational Circuits

i

Decoder

Fig. 4.16 : 3 : 8 Decoder with two NOR gate

The complement of the function will be the sum of minterms which gives the
output equal to zero. If complement is taken of the complemented function, it will be
equal to the function of itself. So it can be obtined by NOR gate,

Ifthe function is given in the product of sum [POS] from then the function can
be implemenied using decoder and AND gates. For examples : F

f, [A,B,Cl=nr,[2.3.5,7]
f, [A, B, C]=7,[0. 1,3,4,6]

The implemenation of the above function is shown in Fig. 4.17.

0

e
=

7 : 3:8 Decoder with two AND gate

(3]

Decoder

b |

Fig. 4.1

IC 74139-Dual 2 to 4 decoder ultiplexers in a single
iy §ooge Iz_IHdmdel‘de P g

el o“w“olfnl‘gv’,::ll]; is shown in Fig 4.18 . Each decoder has

Pack-age, The logic symbol o mmwwwmablei;ﬁpﬂ_hzflﬁﬁ“&“
W0 inpus, four active LOW QUIpUS BICOTE X o iplexing s

LOW ¢nable inputs can be
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N Decoder —— 141
1A DEMUXL 7" 142
15 »— ] ——> 143
ic—1 ____ — —
— 240
28— Decoder ) » 241 |
DEMUNZ
2B+ — 242
~E — 243
Ee—v_

Fig. 4.18 : IC 74139

IC 74154-4 to 16 Decoder

IC 74154 is calleda 4-to-16 decoder demultiplexer because it is capable of
decoding as wall as demultiplexing. In order to use this IC 74154 as a decoder, the |
inputs data and strobe must be grounded as shown in Fig. 4.19
¥y
7]
e e — }fz

b =

(23)
(22)
21)
(20

d

b1
I

L= LA
00 &= b =

74154

P

D—L Yo
[ ¥
et g
b 14y
3—-'1—5-— Yuu

b 16 v,

(18)
(19)

e |
Fig. 4.19 : Lop;
: Logic symbal of 1 74154 used as decoder

5. BCD to nﬂﬂl.a] D i

by its nj :
429 is changed to its BCp f nibble “quivalent, Fop instance, decimal numb"

TOm as follgysg,

13
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4 2 g

‘ ) 0100 o010 10m
To anyone using the BCD code, 0100 0010 1001 is equivalent to 429,
As another example here is how to convert the decimal number 8963 to its
BCD from.
8 9 6 3

1000 1001 0110 0011
Again , we have changed each decimal digit to its binary equivalent some early

computers processed BCD numbers. Which the converted from BCD back to
decimal numbers.
Here is an example of how to convert from the BCD from back to the decimal

number.
0101 0111 = 1000
5 7 B8

So that 578 is decimal equivalent of 0101, 0111, 1000.
One final point should be considered. Notice that BCD digits are from 0000 to
1001. All combinatiors above this [1010 to 1111] cannot in the BCD code because

highest decimal digit bing coded is 9.

BCD to Decimal Decode-1C-7445 : E
The TTL IC 7445 is a BCD-to-decimal decoder/driver. The term driver is a_dded
Wits décription because this IC has open collector outputs that cag :,;P_::l: :}Inl:gh::
current, and voltage limits than normal TTL output. The output of < m:kpﬁ
B0mA in the low state and can be raised up o 30V in the HIGH state. s
it possible for them towdrive loads such as indicator LEDs or Immin B
Motors, This IC is functionally equivalent to 1-of -10 decoder, she
©Xcept that the outputs are in the active low state.
For a valid BCD code, the cnmspondin? ?uiput %
Wl other output liny are in the HIGH state- Itis important

willbehhebﬂWmle while
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input [1010 to 1111] forces all output liny into the
IC 7445 is shown in Fig. 4.21

o] ol 51 Al

BaE:
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HIGH state. The Pinout diagrapy,

|

e—

—
—

1;——_

Fig. 4.20 : Logic diagram ol; BC

D~to—decimal decoder
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"’:EE: 't_?;] ¥
Y, % :
Y‘\
Y. % 7445 3 ¢
4
gy
Y5[6]
o v,
¥, m Y
GND [E] o Y

Fig. 4.21 : Pinout diagram of IC 7445-BCD-to-decimal decoder
A list of BD-to-decimal decoder ICs is given decoder driver ICs
Table 10 : BCD-to-decimal decoder driver 1Cs

IC No. Output circuits Applications
7441 Open-collector Nixie tube driver
7442 Totem-pole LED driver
T445 Open-collector Indicator/relay driver
74141 -do- Nixite tube driver
74115 -do- Indicator/relay driver
74445 -do- Indicator/relay driver

6. BCD to seven segment decoder : .
A seven segment display is used to display the decimal digits from 0 to 9. 'l.he
BCD to seven segment decoder accepts BCD input and displays the corrosponding

decimal digits. The block diagram of BCD to 7-segment decoder is shown in Fig.
- i ent.

4.22 (a). The seven segment display is composed of seven elements or segme

: diode (LED), which glows when electrical

Each segment is small light emitting
current jass es through it. As shown inFig4.22 (b) the segments are labelled from a
tog,

The letters a, b, ¢, 4. &
which we candisply the digits 0 thre
display 9, we need light up segment

kwise from the t0p of each segment from

cloc
fMdfi:Tlgh 9 g5 shown in Fig. 4.22 (¢) for example, to
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7 ,-;u!;munl

BCD to
seven-segment

output

decoder

(a

=

N
Il_ﬂ_lll=|

J [
- EL.

(b)

L |=|

| U"

H

Fig. 4.2 : (a) Block diagram BCD to segment diagram, (b)Seven-
segment display, () Display of decimal digits in a seven segment display
Design of BCD of seen segment decoder

The truth table for BCD 1o seven segment decoder is given in table below.

Table - 11 : Truth table of BCD- ~to-T-segment decoder
BCD inputs Seven segment outputs
A B C D a b ¢ d e f g
0O 0 o0 g 11 1 1 1 1 0,
N B A 1 0 0 o0 0
0 0 1 9 Lol &0, £ @ i
0 0 I I 1 | | 0 54
o ‘w2 W G L. e
el 8 N S SRS
.0 1 1 1 I | 1
I i g -I 1 1 0 o o 0
E el 4 iy R S .
1 0 1 1

According to this table the decoder aceq

he seven outputs are set to display PIs the d-bit e inputs A, B, C, D and

Propriate BCD digit for example, if BCP

15
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input ABCD=01111s applied to decoder the output will display decimal seven. It
means the segment a, b, and ¢ will glow and other segments will be off. The output
a. b, ¢, will be on logic and other will be on logic. Similarly, all the conditions can be
verified from the truth table . Since the i input is in BCD from, so the 4-bit i inputs from
0000 to 1001 (0 to 9) will be valid and other six combinations (101010 1111) will be
invalid for the invalid combinations, the output will be considered as don’t care (d)

condition.
To implement the logic diagram of BCD to seven segment decoder the boolean

expression of the outputs in terms of inputs are obtained by solving K-map as follows.
a=Z(0,3,4,5,6,7,8,9)+2,(10,11,12,13, 14,15)
b=2m{0. 1,2,3,4, ?.3,9)+Id(10', 11,12, 13, 14, 15)
c=Z,(0, 1,3,4,5,6,7,8,9+Z,(10, 11, 12,13, 14, 15)
d=%_(0,2,3,5.6,8,9)+Z,(10,11,12,13,14,15)
e=%, (0,2,6,8)+Z4(10, 11,12, 13. 14,15)
f=5,, (0,4,5,6,8,9)+£4(10,11,12,13,14,15)
g=3,(2.3,4,5,6,8,9)+54(10,11,12,13,14,15) .

The above expressions can be simplified using K-map method as shown Fig.

4.23.

AB
o on o1 11 10
0ol 1 0 1
0| o ! d 1
1l r 1 d d
'TD'I_T 1 ) b

(a) K-map for 7-segment output ‘a’

+B®D
From the above K-map, a = A+C+BD+B__D =A+C
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(b) K-map for 7 segment output ‘b’
From the above, b= B+CD+CD =8B+ C®D
oBog 01 11 10

0o |1 1 d 1
ol 1 d 1
1| 1 1 d d

(¢) K-map for 7-segment outpat ‘c’
From the above K-map, c=B + C + 57 v

B
coX, 00 0 1 10

0] 1 0 d ;
L
0 g ™
e e
— T
nj 1 0 d .d
S N -
10] {0 1 P Epe
""._____"-—- —

yﬂqa ‘

16
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From the above K-map,

d=A+BD +§_I') +EC=.B§I)_-A+C]§ +B(C+D)+BCD

=A+CD+ Bo(Cc+ D)

AB g

) 0 1 |10
00} 1 ] d D_—
0] o 0 d 0
1 1 0 d d
10 il 1 d d Ii

(e) K-map for 7-segment output ‘¢’
From the above K-map,e= BD +CD =D (B +0)

co*Boo 01 11 10

W‘T 1 il 1
o o 1 d 1
1l o |.0 d d
10| 0 \1 di| d

°f

.n t -
(f) K-map for 7-segment oufp® cD+B(C +D)

From the above Kemap, f=A+ C D +BC+BL’J =A+
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: 1 10
5B oo [__rl:__r__i_l_,____
oo 1 Pl d 1
o1l o h d l 1
1] 1] 0 d d
10| [1 1 d d |
1
(g) K-map for 7-segment output ‘g’
F

N

rom the above K-map, g=A+CD +BC + BC=A~+~CD + (B&C)
Fig. 4.23 K-map simplification for BCD-to-7 segment decoder
ow, using the above simplification expressions for seven-segment outputs, we

implement the following logic gates shown in Fi g.4.24.

Fig. 4.24 : Logic diagram of BCD-to-7-segment decod
12 er
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the common-anode and ““mmon-camo;f“ Dfdecoder-drive;s_co”esponding to

; . Ty o indicators. Each decoder-dri

input pins [the BCD input] and 7 output pins [the a through :ewder driver has 4
Fig. 4.25 shows a 7444 & segments].

driving a common anode

indicator. Logic writs inside Vee — 7-Segment indicator

the 7446 convert the BCD

input to the required output. AHHF R

For instance, ifthe BCD input 2% 515: 2% F,f

is 0111, the internal logic [not

shown] of the 7446 will force

[LED a, b, and ¢ to conduct.

As aresult, digit 7 will applar

on the seven-segment 13 121110 9 15 Jis

indicator. [ - I

g 7446 Decoder/driver

MNotice the current-

limiting resistors between the \1’ ——, :

seven-segment [ndlcatorand » ? | 14 4

the 7446 of Fig. 4.25 you — oo oo O

have to connect these A BC D

external resistors to limit the Sy

current in each sigment to a BCD input

safe value between 1 and
50mA, depending on how
bright you want the deeply to
be.
1C-7448/7449-BCD to seven segment Decoder : '

Fig. (bI) is the alternative decoding 31’?“’““-_“"'“ a 7448 dnvez ‘; WT;:;r
cathode indicator. Again logic converts the BCD input to the required output.

i i i LEDsb,c,F,
i s used, the intemal logic forces
example, when a BCD input of 0100 dicator then deeplays a unlike the 7446 that

and g to conduct. The seven segment in ) i
l'equ?reos ::ctema] current-limiting resistors, the 7448 lTash!ts “;:I;'L v;urrent ]:(n:nI ::i-
resistors on the chip. A switch 7448 in Fi? (4.26) S switching actual
courage accomplished using bipolar junction transistors.

Figure 4.25 : 7446 decoder driver
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ABCD  GND

7448
Decoder
driver

ol

~
o g
R R

"

Fig.. 4.26 : 7448 decoder driver

7. 1C-74147 Decimal to BCD priority encoder :

The decimal to B oz _
4.27. 0 BCD priority encoder, pinout diagram IC 74147 shown in fig
When all the i

which is the in\-'emnitf'tgﬂ%l I;:(é::a[;e H;GH. all the outputs are HIGH [ie. 1111]

is 0110, which is the invers code for 0, When X_i

ABCD Olrlp:_::[ i;sﬂ?lel lnver—w of 1001, the BCD code f;’:ﬂ‘i$',Io1:]'~:w::.h theAB‘CD output

of 74147 will normall ﬁ:&mem of 1000, the BCD code 1%:-1- 3 Hin Xg ;15 lﬂ“t'» flz
' be HIGH when none of the inputs is activa:'_;d T:f: : 0;;';:;

to the decimal 0 in :
3 put condition, §j :
d : - Since the g
ecimal 0 input state when all {he inputs a:_?;;'gxu input the encoder assumes the
H.

The 74147 is called a pri
E a priority en
order input, ty encoder be r
input. For example at a particular i use it gives priority to the highest

activated, then the hi e stant, if :
which is the inverielc‘:gi}‘lgﬂjlimnw Of these two in;:l?;'l lhl;:ll'lputs W ar;
! i.e. X;] is encoded as 101
5 [

18

7947

(b) Logic symbol

(a) Pinout diagram
Fig. 427 : IC 74147

8. Parity generators and checkers :

n-bit input has an even number of 1s. For instance, 110011
Is. Odd parity means an-n-bit input has an
has odd parity because it contains 1s.

Even parity means an-
has even parity because it contains four
odd number of 1s. For example, 110001

Here are two more examples :

1111 0000 11110011

1111 0000 11110111

The first binary number has ¢ven parity because it contains ten 1s : the second
binary number has odd parity because it contains eleven 1s. In identally, longer
binary numbers are much casier to read if they are split into nibbly, or groups of four,

as done here.

9. Parity checker
-or checking the parity of a binary number because

Exclusive-OR gates are ideal
they produce on | when the japut has an odd number of ls-‘;mmo?dm‘ on ir,n_t
parity input to an exclusive-OR gate produces a low output, while an odd parity inpu
producy a high output. :

i Tusive-

For instance, Fig. 7.28 shows a 16-input €X¢ Hig
drives the input. The exclusive-OR gate produces on Ulglpllt 1 I:Ecaus«? I ‘::]te_ b
odd parity [an odd number of 1s] 1f the 16-bit mpu:ld. angofsw nummmherm .
output become 0 for even-parity pumbers and 1 for pan.

even parity
odd parity

OR gate. A 16 big number
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Fig. 4.28 : : EX-OR gate with 16 input )

In a computer. a binary number may represent an instraction that tells the
computer to add subtract, and so on ; the binary number may rcprc..sent data to be
produssed like 0 number letter ete. In either case, you sometimes will see an extra
bit added to the original binary number to produce a new binary number with even or
odd parity.

For instance. Fig. 4.28 shows this 8-bit binary number X; X X X, X; X, X f
X,

’ Suppose they number equals 0100 0001. Then, the number has even parity,
which means the exclusive-OR gate produces an output of 0 because of the inverter.
X =1
and the final 9-bit output is 1 0100 0001. Notice that this has odd parity.
Suppose we change the 8-bit input 1o 0110 0001 Now, it has odd parity. In this
case the exclusive-OR gate produces an output 1. But the inverter produces a 0, So
that the final 9-bit output is 0 0110 0001, Again the final output has odd parity.
The circuit given in Fig, 7.28 is called an odd-parity generator because it always
produces a-9-bit output number with odd party. If the 8-bit input has even parity, a |
comes out of the inverter to produces a final output with odd parity. On the other

hond. if the 8-bit input has odd parity a 0 comes out of the inverter, and the final 9-bit
output again has odd parity.

10. The 74180-parity ganarmnr-checker :

Fig.4.29 shows the pinout diagram fora 7418 i .
5 v, which tor-
checker. The input data bits are X, 10 X, ; these ichisa TTL parity genera

even input [Rin 3] and the odd input *[Rin 4] ¢ :
shown in Table. The symbol £ stands for sum
Table. £ of H's [high]refers to the parity of the j
how you set up the value of the even and odd inpus :

19
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% odd output is low, When the input date has odd parity. The £ even output is low
and the £ odd output is high,

If you change the control inputs, you change the operation. Assume that the
even inputis low and the odd input is high. When the input data has even parity, the
X even output is low and the X odd output is high. When the input data has odd
parity, the Z even output is high and the I odd output is low.

The can be used to detect even or odd parily. It can also be set up to generate

even or odd parily.

%] T

%[2] i

iven Input [3 13%,
Evenlnput [3] 74180

0dd Input [4] [11]x;

EEmeu!Pu‘E E,‘(-,

30dd Output [€] B

GND[7] [6]%;

Fig. 4.29 : Pinout diagram of 74180
Table - 74180 Truth Table

Input

T of H's at
X7 to Xo

Q'”ﬂﬂl..

ireuits.

Very Short Answer Type
1. Define combinational ©
2. What s a multiplexer ‘;
3. What is the function 0t &
4,

multiplexer select inputs ?
i iplexers.
What are the application’ of multiplé



260 Elementary Physics
5. What is a demulti plexer 7 Write its uses. [Raj. 2009]
6. Whatis the different multiplexer and demultiplexer ? )

7. What is meant by a decoder 7 [Raj. 2008]
8. Draw the block diagram of decoder.

9

. What is seven segment display 7
10. What is encoder 7
11. How does an encoder differ from a decoder ?
12. What is the function of a decoder's enable input (s) ?
13. Can more than one decoder output be activated at one time ?
14. What is priority encoder 7
15. Define parity.
16. How does a priority encoder differ from an ordinary encoder ?
17. What is parity checker ?
18. What is meant by a magnitude comparator ?

Long Answer Type Questions

1. (a) Explain the construction and working ofa I : 16 demultiplexer make a truth
table and draw a logic diagram for a 74154 IC demultiplexer.
(b) Hlustrate the concept of chip expression to get a | : 32 decoder using two
T41541C’s [Raj. 2007]
2. (a) Explainthe working of IC-7485, magnitude comparater.
(b) Draw the truth table for IC-74180 parity generator and show how to connect
a 74180 to generate a 9-bit output with odd parity. [Raj. 2007].
3. (a) Explain the construction and working of'a 16 : 1 multiplexer.
(b) Draw the truth table for IC74180 parity generator.
4. Draw pinout and logic diagram of 74147 encoder.

_ [Raj. 2010]
5. (a) Explainthe workingof Schmitt-trigger,
(b) Explain the working of 1C 7485, magnitude comparater,
. Raj. 2005
6. Describe the decimal to BCD encoder. :Rﬁi 2035:
7. Sketch the segments of a seven-segment indicator and expla; i
seven-segment decoder drive, Tl tg ll’:ac;m;o(;gl;

8. Design a excess-3 to BCD code converter using 4-bit adder.
9. A combination circuit is defined by the followingfuﬂmic,ns_
Fy=xy'+xpz' Fp=x"+y
F3 =y +x%’ _
Design the circuit with a decoder and external gales,

combinational Circuits
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10. Writeashort note on 'Combinational

Circuit Binary Multiplier',

D, =Dy =D, =0
D;=Dg=1
D;=Dy=D
Dg=D

12. What is the function of a multiplexer's select inputs ?

13. Designa 32-to-1 multiplexer using 8-to-1 multiplexer IC's.
14. Explain BCD to seven segment decoder 7

15. Define a code converter logic circuit.

16. What is meant by a magnitude comparator. ‘
17. Show how a 16-input MUX such as IC 74150 is used to generate the function.
Y=ABCD+BCD+AB C+ABCD. B
18. How many IC 74154 4 to 16 decoders are necessary to decode a six-bit binary

I ' ircuit wil UB control line
19. Design a 4-bit ADDER/SUBTRACTOR circuit with ADD/SUB con ik
20. Design a BCD-to-Gray code. Converter using
(a) 8: | multiplexers
(b) dual 4 : 1 multiplexers and some gates
(c) NAND gate only.
(d) quad 2 : 1 multiplexers and some gates.
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