4-Bit Loo!aHeaa Carry Generator Symgo‘

Ci+3‘_ Ci+24 Ci—|—l‘_
8+3Pir3|&i+2Pi2 |G+ 1Piv1 | & Pi

4-bit lookahead carry generator [(e——

vy

Eli.i+3] Pyii+3)
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o NEE—————
16-bit 2-level Carry Lookahead Adder

Cys Cia Cy3 €11 €10 G C; Cs Cs C; G ¢

i HHH "o i Wi f JM i

C]_’} CS

CLA GEN | CLA GEN 1 CLA GEN T CLA GEN T

g | | Pa 21031 | | Proa

CLA GEN —

gn21s)| | Prizasy 8rs.113| | Prs.ig

£l0.15]

‘ Pro.15]
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o NEEE————
Operation of 16-bit 2-level Carry Lookahead Adder

Signals Formulas Delay
computed
gir pi gi = Xiyi
o 1s 0 =% Dy 1 gate delay
8i..i+3) Pyi..i+3] 2 gate delays
i=0, 4, 8, 12

8i.i+3] = 8i+3 1 842 Pis3 T 8is1 Pix2 Pivz T 8i Pis1 Piv2 Pis3
Pri.i+3] = Pi Pis1 Pi+2 Pis3
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16-Bit 2-‘eve‘ Carry LooEaHeaa Aaaer

Signals Formulas Delay
computed
C4 Cgy Cq 2 gate delays

£10..15]° Ppo..15]
€1~ 80.31 " CoPo.3] Cs = 2.7 " r0.31P..71 T €0 Pro.31Ppa. 7
Cio= 5111 T €amPrs.111 T €ro.31Ppa. Prs. 111 T CoPro.31Ppa. 1Prs. 117

€015~ nz.1s) T s Prizaasy T € Prs.aiPriz.s)
T Zi0.31P.. 7P 5. 111 P[12..15]

Pro..151 = Po.31P4..71P[s..111 Pr12..15]
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16-Bit 2-‘eve‘ Carry LooEaHeaa Aaaer

Signals Formulas Delay
computed
Ci.1s Ciipr Cir3 2 gate delays
i=4,8,12

I.€., Cs5, Cr €75 Coy C10r C11s €13, C14s Cy5
Ci+3 = 8is2 T 8i+1 Piv2 T 8i Pi+1Pis2 T CiPiPi+1P+2

Cir2 = Biv1 1 8iPis1 T CPiPj41
Cir1 =8 TGP
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16-Bit 2-‘eve‘ Carry LooEaHeaa Aaaer

Signals Formulas Delay
computed
Si+15 Si+2s Si+3 1 gate delay
i=4,8,12

I.€., S5, S, 57, 89, S10> S11> 513> 514> 515

$;=p; D¢

Total: 8 gate levels in the CLA adder vs.
32 gate levels in the ripple carry adder
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64-Eit 3-‘eve‘ Carry Loo!a!ea! A!!er

C3‘T €29 CZTT 625 T T €y C ClTCU
c c..| "y Juczg Wity Ju Cop Wi 20 iH]uu Ciae :
{8 32 CLA GEN CLA GEN CLAGEN [*|[CLAGEN |*T] 0
8128,31] 8124,27] 8120,2] [ 816,19 :
v p[7231] v vp[24,277 \ A 4 p[20,23 v vp[16,19] i
CLA GEN <
B[48,63] 8[32,47] 816,31 8[0,15]
Pas 63] P32,47] Pr16,31] Pio,15]
VY \ 4 A\ A 4 VY
CLA GEN <«
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g!-glt !-‘GVE‘ !arry Eoo!a”eaa gg!er

Level Signals computed Delay
PRE | £ Di i=0..63 1 gate delay

1 8i.i+3p Pli.i+3]  i=0, 4, 8,12, ..., 56, 60 2 gate delays

2 li..i+15] Pli.i+15] i=0, 16, 32, 48 2 gate delays
3 g10..63)> Pro..63] C160 €325 Cuso 2 gate delays
2 €200 €245 €285 €360 C40> €44 €525 C565 Co0 2 gate delays
1 €515 €275 €335 €155 €265 Co75 =5 Cg1s Ceas Co3 | 2 gate delays

POST | S215 8225 8235 S255 S26> S275 -+ S61> S620 S63 | 1 gate delay
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VS
Delay of a k-bit Carry-Lookahead Adder

Tlookahead-adder =4 ‘|0g4 k ‘

k Tlookahead-adder Tripple-carry-adder
4 4 8

16 8 32

32 12 64

64 12 128

128 16 256

256 16 512
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O VE———
Decimal Adders

8421 weighted coding scheme or BCD Code
BCD

0 0000
0001
0010

0011 Forbidden codes: 1010,
0100 1011, 1100, 1101, 1110,

0101 1111
0110

0111
1000
1001

O 00 N o U B W N -
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S
Decimal Adder

* Inputs: A3A4,A1Ay, B3B,B1Bg, C;;, from
previous decade.

* Output: C,,; (carry to next decade),
YAVAVAVAY

* |dea: Perform regular binary addition and

then apply a corrective procedure.

o £ “t. NPTEL ONLINE
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0-9
10
11
12
13
14
15
16
17

Comparing Binary and BCD Sums

0
0
1
1
1
1
0
0




S
Decimal Adder

e No correction needed when the decimal sum is
between 0-9.

 Must apply a correction when the sum is
between 10-19.

* Casel:

— 16-19: Kissetto 1. Add binary quantity 0110 to
PP, P, P,.

— 10-15: KP;P,P,P, are setto 01010, 01011, ..,

S e 1. NPTEL ONLINE
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S
Rules of BCD adder

e When the binary sum is greater than 1001, we obtain a non-valid BCD
representation.

* The addition of binary 6(0110) to the binary sum converts it to the correct BCD
representation and also produces an output carry as required.

 To distinguish them from binary 1000 and 1001, which also have a 1 in
position Zg, we specify further that either Z, or Z, must have a 1.

C=K+2gZ,+ 747,
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o NEEE——_——
Implementation of BCD adder

* A decimal parallel adder Corcy - l.l- e Carry
that adds n decimal digits W RS Y Co
needs n BCD adder stages. /_J @_

Fatrat

* The output carry from one o — (14
stage must be connected N
to the input carry of the ’ ERRE N
next higher-order stage. i pmany e

Vi

Block Diagram of a BCD Adder
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Binary Multiplier
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.
Two bit Multiplication

a 51 ab a b |ax<b
O O o) @) (@) @)
o 1 o @) 1 @)
1 o) o) 1 (@) @)
1 1 1 1 1 1
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o VEEE—————
Three bit Multiplication

e Partial products are: 101 x1, 101 x 1, and 101

X

0

* Note that the partial product L U
summation for n digit, base 2 x 0 1 1
numbers requires adding up 1 0 1
to n digits (with carries) in 1 0 1
a column. 0 0 0

* Note also n x m digit 0 o 1myltiply 1
generates up to an m + n digit result (same as
decimal).
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Mu|tip|ier Boo|ean Equations

* We can also make an n x m “block” multiplier and use that to form partial products.

* Example: 2 x 2 —The logic equations for each partial-product binary digit are shown
below:

* We need to "add" the columns to get
the product bits PO, P1, P2, and P3.

* Note that some columns may generate carries.

(ay-by) (ay-by)
+ (a; b)) (a;-by)
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o NEE————
A 2x2 binary multiplier

A0

* The AND gates produce the partial B1 BO
products. J—‘
* For a 2-bit by 2-bit multiplier, we . E/;
can just use two half adders to sum Al AOB1 AOBO
the partial products. In general, B1 BO
though, we’ll need full adders. AL‘
* Here C;-C, are the product, not
. AlBA A1BO
carries! B, Bo
X Al Ao Y X Yy X
AoB1  AoBo HA HA
+ AiB:  AiBo ‘:|3 ? C ?
Cs Co C Co c3 c2 C1 co
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...
Multiplication: a special case

* Indecimal, an easy way to multiply by 10 is to shift all the digits to the left, and tack a O to
the right end.

128 x 10 = 1280
* We can do the same thing in binary. Shifting left is equivalent to multiplying by 2:
11x10=110 (in decimal, 3 x2=16)
* Shifting left twice is equivalent to multiplying by 4:
11 x 100 = 1100 (in decimal, 3 x4 =12)
* Asan aside, shifting to the right is equivalent to dividing by 2.
110 +10=11 (in decimal, 6 + 2 = 3)
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.
4x3 Binary Multiplier
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Magnitude Comparator
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Two-Bit Comparator

A B C D LT EQ GT
o 0O 0O 0 o 1 o
o 1 1 0 o
A 1 O 1 0 o
N1 LT AB=CD 1 1 1 0 0
B Eq AB=CD o 1 8 ? g FIJ g]
N2 g GT] AB=CD 1 0O 1 0 0
1 1 1 8] o
1 o O 0 0 0 1
o 1 o o 1
1 o o 1 o
1 1 1 0] o
block diagram 1 1 0 O 0 0 1
and 0 1 O 0 1
1 o 0 0 1
truth table 1 ¥ 0 1 0

we'll need a 4-variable Karnaugh map
for each of the 3 output functions
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S
Two-Bit Comparator (cont’d)

A A A
olo|lolo (1] oo o [ 1 [\{(1)] 1)
_jODD_D oocD oo (l1| 1),
BRIK G o | o 1] o ol o|o]o
C i C C
@_J 0| o 0| 0] o0 0| o m 0
K-map for LT K-map for EQ K-map for GT

LT = ABD+AC+BCD
EQ = AB'CD' + ABC'D + ABCD + AB'CD’ = (Axnor C) « (B xnor D)
GT = BC'D' + AC' + ABD'
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' IIT KHARAGPUR

Equality Comparator

XNOR v vl 7
7 O 0] 1

O 1] O

1 0] O

= X XNOR Y 1 1 1
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.
4-bit Equality Detector

A[3.0] =] Equality |
B[3..0] — | Detector A_EQ_B
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.
4-Bit Equality Comparator

B1 L A EQ B
AZA_):D: ——D__

.+ NPTEL ONLINE
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.
4-bit Magnitude Comparator

A[3..0] Magnitude Q_II;I)TBB
B[3.0] — Detector | A_GT_B

'~ NPTEL ONLINE
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.
Magnitude Comparator

AEKQB
B

iy

(@

58 X &

§

How can we find A_GT_B?

How many rows would a truth table have?
28 = 256!
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.
Magnitude Comparator

20 550 >

A >-F L D_A_EQ_B Find A_GT_B

/62 —

P @DOJQ_ Because A3 > B3

BB:E (@2 i.,e.A3.B3' =1
If A=1001 and Therefore, one term in the
B=0111 logic equation for A_GT_Bis

is A>B? A3 . B3’
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.
Magnitude Comparator

A0 @
A > A_GT B =A3.B3’
B’]A—):DO_L:D_A\_BQ_B A
- T~ L Q&
A3 4_):);& < Because A3 = B3 and
=3 < A2 > B2
If A = 1101 and "e'AC23 =B;,a_”‘i'
N Therefore, th .tt . th
p) ererore, e next term in e
> B logic equation for A GT BisC3.A2.B2’
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.
Magnitude Comparator

Oz > A_GT_B=A3.B3
A e > +C3.A2.B2
Bl L A EQB
D - ¥
e = = Because A3 = B3 and
BA G A2 = B2 and
Al > B1
If A=1010 and i.e.C3=1and C2=1and
B =1001 Al.B1' =1
is A>B? Therefore, the next term in the

logic equation for A GT BisC3.C2.Al1.BY
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T ——
Magnitude Comparator

A_GT B=A3.B3

yA' Q) (@9
B +C3.A2.BY

+C3.C2.A1.BY

L AEK2B
o Sed : o
== &

Because A3 = B3 and

A2
o A e
B3 3 A2 =B2 and

Al =B1 and
If A=1011 and NS
B=1010 i.e.C3=1and C2=1and
is A>B? Cl=1andA0.B0 =1
Why? Therefor-e, the last term in the’logic equation for
A_GT_BisC3.C2.C1.A0.BO
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ao
bo

a1l
b1

az
b2

a3
b3

Magnitude Comparator

D’ A_GT B=A3.B3’

e +C3.A2.B2

+C3.C2.A1.BY
— +C3.C2.C1.A0.BO

@/
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.
Magnitude Comparator

3
&
8

Find A LT B

2
%

AEQB
-

Ci
(@
(@3]

:

A LT B=A3".B3
+C3.A2 .B2
+C3.C2.A1 .B1
+C3.C2.C1.A0 .BO
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Code Converters
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CODE CONVERTERS

* A code converter is a logic circuit that changes data
presented in one type of binary code to another type of
binary code, such as BCD to binary, BCD to 7—segment,
binary to BCD, BCD to XS3, binary to Gray code, and Gray
code to binary.

 We know that, two digit decimal values ranging from 00
to 99 can be represented in BCD by two 4—bit code
groups.
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O VEE——
BCD-to-Binary Conversion

One method of BCD-to-Binary code conversion uses adder
CIrcuits :

1. The value, or weight, of each bit in the BCD number is
represented by a binary number

2. All of the binary representations of the weights of bits that
are 1s in the BCD number are added

3. The result of this addition is the binary equivalent of the
BCD number
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Conta...

For example, 46, is represented as

4 6 —  » Decinal

0100 0110 BECT

 The MSB has a weight of 10, and the LSB has a weight of 1.

* So the most significant 4—bit group represents 40, and the least
significant 4—bit group represents 6 as in Table.
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I eeccc—

Eit position
Dec;in'ﬂl 1[]1 —10 1[]“ . 1
welght
Sty 7o F | 2| P F | 2|
welght
Fx 2 x 2z Mz 1
BT hit 10 0 0 n Fal | =t | 2Pel | Pl
W eight
e sl 40 200 10 3 4 . 1
Bit
designation b = £ = d = b a
A l 1 i 0 0 1 ] 0
4U 4 2
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.-
The binary equivalent of each BCD bit is a binary number
representing the BCD bit weight

B CD hit posttion B CD hit weight B inary representation
a ! !
h 4 10
" 4 100
i} b 1000
= 10 1010
f 2 10100
g 4] 1010010
h Al 1010000
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The result from the addition of the binary representation for
the weights of all the 1s in the BCD number is the binary

number that corresponds to the BCD number.

4 &
D100 0110

‘l QoOOO00010 i
QoOoo0olon0 o
+ 001010010 4 0
O0101110 4 &

= NPTEL ONLINE
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Example :
Convert the BCD equivalent of 26 to binary.

i > 5
Solution 0010 01 1d

‘L———— Qoooono1o 2
Qoaoooloo =
+ 00010100 20

oo0llolo 26
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FOUR BIT BINARY TO GRAY CODE CONVERTER —DESIGN (1)...

Binary code
Gray code

N
]+
1

-

MSB
\
0

OUTPUTS (GRAY CODE)

G3

GO

Gl

G2

INPUT ( BINARY)

BO

B1

B2

B3

ul
L
n
o
o
(W]
=
o
5
[
=
o
L
(W]
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.
FOUR BIT BINARY TO GRAY CODE CONVERTER —DESIGN (2)...

Simplification using K-maps:

_Sr = =

BB N\l E’aoa o e < 3382—%3009 P ) P
oo o o ’ = = J oo/g)__l‘o!\o / = /
F=2 ] L [ [ =4 r [ =4 ’ hdd C] I / 7 ,] D 1
s m 7 ] ﬁ Is) [ o / = — — ’
/o LL[ 7 / 4 /o /@—_" d £ 7

(767\3 = B l Gy = Ea B2 > E= ==
[_C:;z: B00 > Z
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FOUR BIT BINARY TO GRAY CODE CONVERTER —-DESIGN (3)

Logic Diagram:

Binary Gray
Bo G, (LSB)
B G,
B ® Gy (MSB)
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FOUR BIT GRAY CODE TO BINARY CONVERTER ~DESIGN (1)...

INPUT ( GRAY CODE) OUTPUTS (BINARY )
G3 G2 Gl GO B3 B2 B1 BO MSB 4 n T + Gray code
R I T I T I I
Binary code
1 1 0 0 0

— ===~~~

el B B B = =1 = BNl I T BN B el B el B el I es)
el B =N =N B N I el Bl BN B BN el el BECC NN B B el B s
—~lol=|lol=lol~=lol =l =lel~lel—)| e
== B e el il Bl B B K= = = el el el el B
ol<oclocolol~rl=l=]l=]=]=]~~]~—=]lC]lCo]lo]| o
el B =N =N e Il BT I Bl Bl BN B BN B el )
Sl=l~=]lol =]l ~l~lelel~lel~l—]<e
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FOUR BIT GRAY CODE TO BINARY CONVERTER —DESIGN (2)...

Bz -
GO
Gz G=> < oo or 3 ) o G332 oo o’ L) o
Oo[ o o ') o oo O o r o [ o I
o) o o o o Y rCTJ_T ) / 'bj
) ) ’ [ ﬁ /’[ o o o o
o \ / ) ’ Y, /o[ ] ’ ’ /
‘_153_—_- S= | B, = Gz Grar + G= G
/3_2_;—_ G= FOoD=|
By
G,_g,(-‘a:.c’" co L= r) ro . _ _
oo [ O @ By = Gz G2 G, 63@26’)—’-:322 G2y
> &= = ?
or [a | D] e [ = -
= &) CSG=2S=F— Gz3>5=2D —F
rt « © @ —GD_' Ca—ﬁ Gr 2 7 G)a-grz__)
/o U D o L= =G, € Grz D Gr=zD = &y COHSD 22D
= &, =60 G2
l B, = o, P B=|\
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.
FOUR BIT GRAY CODE TO BINARY CONVERTER —-DESIGN (3)...

yoo
Gy =Cr=2 o o = 7 r 7z o
L= o] g 7 o 7
o7 J o 7 [
r7s l L ’ Ll 7

fol J o ) J )

Bo = GCrs Gz ) Go F Gz G S, Gre - Gm oz Gy, oo 7 Sz Gz G o
- Gz G o, Gors —F oz G Cr, o Srmg Gre Gy Corp I~ Cazm <oz G,
= Gom Sz (5 Gre P G Go) + g o= ( Sop o F Gy, S )
F =Gz Sy o G S Gz G Gy Gre P T e D
= Tom o C G, P ) S Bz G G, & o D
F Grm Tz O Gr, POHhe) S Co=m Gz O Gy D e O
= (G, P CTm Gzt Gz 2D+ (P 1D (Gasz+ = o= D
—= CGr1,TP DD o Comd Go=D F (S, o> C =D G="D
= Gres B Gy, 5O Grox D &K =,

130_ G;D@B,‘

; St NPTEL ONLINE
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FOUR BIT GRAY CODE TO BINARY CONVERTER —DESIGN (4)

Logic Diagram:

Gray Binary

G

. B, (LSB)
G

B

G

? ) B,

G; l B; (MSB)
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Exercise
1. Convert the binary number 0101 to Gray code with XOR

gates
2. Convert the gray code 1011 to binary with XOR gates

Gray Binary

Solution: . >
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Output ( XS3 Code)

Input ( Std BCD code)

o|l=|=]le|leo|~|~=|o|s|~=|~]|=|— -
L
Tl
cc
=
O
cleo|leo|—=|~|~|~|o|s|ls=]| ~|— ]
=
o
=
ele|le|ee|le|eo =~ —=|—~|—]— m
T
=
o
L
U

BCD to XS 3 code
converter- Design (1)...

NPTEL ONLINE

' IIT KHARAGPUR




B!D to X! ! co!e converter- Design l!!

‘e s’ < la) s =
P 00 o1 11 10 P O 0 01 11 10
00 1 1 00 1 [ 1
01 1 1 01 1 1
11 X o~ x X 11 ~x X X X
~A A
10 1 7 X 10 1 X X
D D
= — I> — CID> +— CTID
lay ) < Py &) fe
Az OO0 o1 11 10 A [OX o) o1 11 10
00 1 1 1 00
01 1 01 ‘ 1 ‘ 1 ‘ 1
11 X X X X 11 X ‘ X ‘ X ‘ X
A -~
10 1 ‘ X X—‘ 10 1 1 X X
V&) o
X = B C + B>+ BC I W= A + BC + B>

"t NPTEL ONLINE
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BCD to XS 3 code converter- Design (3)...

e After the manipulation of the Boolean expressions for
using common gates for two or more outputs, logic
expressions can be given by

z=D’

y=CD+C’'D’ = (C+D)’

x=B’C+ B’D + BC’D’ = B’(C+D) + BC’'D’
w=A+BC+BD=A+B(C+D)
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BCD to XS 3 code converter- Design (4)

[>—" <
D R CcD Y S
C J/ —L/ >

) >ty
C +D

B

{>c
) D—|—% »
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Decoders, Multiplexers, PLAs

Santanu Chattopadhyay

Electronics and Electrical Communication Engineering
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Decoders
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DECODER

eA decoder is a logic circuit that accepts a set of inputs that
represents a binary number and activates only the output
that corresponds to the input number.

e[n other words, a decoder circuit looks at its inputs,
determines which binary number is present there, and
activates the one output that corresponds to that number ;
all other outputs remain inactive
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In its general form, a decoder has N input lines to handle N
bits and form one to 2N output lines to indicate the presence

of one or more N-bit combinations.

The basic binary function
e An AND gate can be used as the basic decoding element
because it produces a HIGH output only when all inputs are

HIGH
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Decoding logic for the binary code 1001 with an active-HIGH output.

(LSB)

1 Ag
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General decoder diagram

~ AO ~\
.A_ —® O,
1
*o—— —® O
N J Ao 9 M
inputs o——— Decoder —® O, outputs
i ._A —® O
N—1
2N Only one output
input is high for each
codes input code

# There are 2" possible input combinations, from A,to A, ;.
For each of these input combinations only one of the M outputs will be active HIGH (1),
all the other outputs are LOW (0).
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o If an active-LOW output (74138, one of the output will low and
the rest will be high) is required for each decoded number, the
entire decoder can be implemented with

1. NAND gates
2. Inverters

. If an active-HIGH output (74139, one of the output will high and
the rest will be low) is required for each decoded number, the entire
decoder can be implemented with

e AND gates
e |nverters
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2-to-4-Line Decoder
(with Enable input)-Active LOW output (1)...

By
} E A B | Dy Dy Dy Dj
Dy . XX 1 1 1 1
A 0 0O O 0 1 1 1
>0 0 0 1 1 0 1 1
B ——>o 0 1 1 1 1 1 0
E Do
(a) Logic diagram (b) Truth table
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O VE——
2-to-4-Line Decoder

(with Enable input)-Active LOW output (2)

* The circuit operates with complemented outputs and a complement enable
input. The decoder is enabled when E is equal to O.

 Only one output can be equal to 0 at any given time, all other outputs are
equal to 1.

* The output whose value is equal to O represents the minterm selected by
inputs A and B

* The circuit is disabled when E is equal to 1.
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eThis decoder can be referred to in several ways. It can be
called a 3-line-to- 8-line decoder, because it has three input
lines and eight output lines.

e|t could also be called a binary-octal decoder or converters
because it takes a three bit binary input code and activates
the one of the eight outputs corresponding to that code. It is
also referred to as a 1-of-8 decoder, because only 1 of the 8
outputs is activated at one time.
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CHRASED

Logic diagram of 74138 (Example of a 3—Bit Decoder)
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e =2 B Drisabled — =l IS oy SRl S
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= = L] Crisaibleod — = HIS H
g I 1T 111111
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74138 (Example of a 3— 8 Bit Decoder)

* There is an enable function on this device, a LOW level on
each input £’;, and E’,, and a HIGH level on input Ej, is
required in order to make the enable gate output HIGH.

 The enable is connected to an input of each NAND gate in the
decoder, so it must be HIGH for the NAND gate to be enabled.

* |f the enable gate is not activated then all eight decoder
outputs will be HIGH regardless of the states of the three
input variables A, A, and A, .
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Example of a 5 to 32 Bit Decoder

5

ApAiA,

AgAqAs

74ALS138

<z

AogAAL

' IIT KHARAGPUR
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4-line-to-16 line Decoder constructed with two 3-line-to-8 line
decoders (1)...

3 X 8
decoder

19

—— D to D~

3 X 8
decoder

E

— Dg to D]S
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4-line-to-16 line Decoder constructed with two 3-line-to-8 line
decoders (2)
* When w=0, the top decoder is enabled and the other is
disabled. The bottom decoder outputs are all 0’s , and

the top eight outputs generate min-terms 0000 to
0111.

* When w=1, the enable conditions are reversed. The
bottom decoder outputs generate min-terms 1000 to
1111, while the outputs of the top decoder are all 0’s.

- NPTEL ONLINE

. IIT KHARAGPUR CERTIFICATION COURSES



o NEEE————
Combinational logic implementation

Sx.v.z) = L(1.2.4,T) . 1 ———
Clx.y.z) = 2(3,.5.6.7) R i
—|m : L>_E
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Encoders
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Encoder

eAn encoder is a combinational logic circuit that essentially performs a
“reverse” of decoder functions.

eAn encoder accepts an active level on one of its inputs, representing digit,
such as a decimal or octal digits, and converts it to a coded output such as BCD

or binary.

eEncoders can also be devised to encode various symbols and alphabetic
characters.

eThe process of converting from familiar symbols or numbers to a coded
format is called encoding.
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eMost decoders accept an input code and produce a HIGH (
or a LOW) at one and only one output line.

In otherworlds , a decoder identifies, recognizes, or detects
a particular code. The opposite of this decoding process is
caIIec(JIjencodmg and is performed by a logic circuit called an
encoder.

e An encoder has a number of input lines, only one of which
input is activated at a given time and produces an N-bit
output code,depending on which input is activated.
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!enera‘ encoaer alagram

Agp B -® O,
A..I s & 01
P : = Encoder : - e
I I
I I
I I
I I
AmM -1 i ® Oy -
M inputs N-bit
only one HIGH output code

at a time
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Logic circuit for octal-to binary encoder [8-line- 3-line ]

! [
. - ] I g %
iNmnputs A t
— 1 MS B
As — | !
~ 1
1 | .

— AN o . e . e e et e e e o —

Ny one
LOWY imput
at & time
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Truth table for octal-to binary encoder [8-line- 3-line ]

Inputs Cutputs
Ag Aq Ao Ao Ay As Ag A O Oy Oy
X 1 1 1 1 1 1 1 O 0 o]
X 0 1 1 1 1 1 1 O 0 1
X 1 0 1 1 1 1 1 O 1 o]
X 1 1 O 1 1 1 1 O 1 1
X 1 1 1 (0] 1 1 1 1 0 O
X 1 1 1 1 o 1 1 1 9] 1
X 1 1 1 1 1 O 1 1 1 o
X 1 1 1 1 1 1 0 1 1 1

A low at any single input will produce the output binary code corresponding to
that input. For instance , a low at A;” will produce O, =0, O,=1 and O, =1, which is
binary code for 3. A’ is not connected to the logic gates because the encoder
outputs always be normally at 000 when none of the inputs is LOW
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Design of 4-input Priority Encoder
( 4-line-to 2 line priority encoder) (1)...
* A priority encoder is an encoder that includes the priority function

e |f two or more inputs are equal to 1 at the same time, the input having the
highest priority will take precedence.

Truth Table of a 4-input Priority Encoder:

Inputs Outputs
D, D, D, D, X y \"
0 0 0 0 X X 0
1 0 0 0 0 0 1
X 1 0 0 0 1 1
X X 1 0 1 0 1
X X X 1 1 1 1
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Design of 4-input Priority Encoder
( 4-line-to 2 line priority encoder) (2)...

* In addition to two outputs x, and y, the truth table has a third output
designated by V, which is a valid bit indicator that is set 1 when one or more
inputs are equal to 1. If all inputs are O, there is no valid input and V is equal
to O.

 X’s in the output column indicate don’t care conditions, the X’s in the input
columns are useful for representing a truth table in condensed form.

* The higher the subscript number, the higher the priority of the input. Input D3
has the highest priority, so regardless of the values of the other inputs, when
this input is 1, the output for xy is 11 (binary 3)
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Design of 4-input Priority Encoder
( 4-line-to 2 line priority encoder) (3)...

D D>
00 01 11 10 00 01 11 10
00 X 1 1 1 00 X 1 1
01 1 1 1 01 1 1 1
Dy D,
11 1 1 1 11 1 1 1
Dy Dg
10 1 1 1 10 1 1
Dj; D3
x =Dy + Dj y=D3+ DD’

V=D,+D,+D,+D,
K-Maps for 4-input Priority Encoder
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Design of 4-input Priority Encoder
( 4-line-to 2 line priority encoder) (4)

D3
D2 L S DC | y
Dl 4 I

L_\ x
Do v

Logic Diagram for 4-input priority encoder
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Multiplexers
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o VE———
MULTIPLEXERS (Data Selectors)

A multiplexers (MUX) is a device that allows digital information from
several sources to be routed onto a single line for transmission over
that line to a common destination.

The basic multiplexers has several data input lines and a single
output line. It also has data- select inputs, which permit digital data
on any one of the inputs to be switched to the output line.
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MUX-continued...

A modern stereo system may have a switch that selects music from
one of four sources: a cassette tape, CD, a radio tuner , or an
auxiliary input such as audio from a VCR or DVD. The switch
selects one of the electronic signals from one of these four sources
and sends it to the power amplifier and speakers.

In simple terms, this is what a multiplexer (MUX) does; it selects
one of several input signals and passes it on to the output.
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Functlona‘ Hlagram o! MUX

I—— i :>Outzput

______ _. ’

[VEY - MUX SELECT input code
.DATA determines which input
INputs is transmitted to output Z.

SELEG
inputs
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WO-Input muitipiexer

I, ®

DATA
inputs

Z=1p*S+1;+S

, I
I
. I
._<%>_ I S Output
I
I
I
I

o ®

NN

|
|
[
[
|
|
|
[
|
[
[
o
|
[
|
|
|
|
|
|
|
Il

SEWERT input
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!our-mpu! mulglplexer

0 Z=IG
o 1 0 Z=1
_—— — . . R A — e e e e e e e o E— — J
L L
S, S,
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Logic symbol for a 1-of-4 data selector!multiplexer.

MUX

Data [ So — 0

select S ——1
'/Do 0 Y Data

output

Data 1 D, 1

inputS DZ o)

\. D3 3
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Logic symbol for a 1-of-4 data selector/multiplexer.

FUNCTION TABLE

INPUTS
SELECT DATA STROBE | OUTPUT
B A Co C1 C2 C3 M
_ _ L X X X L L
L L H X X X L H
L - X L X X L L
L H X - X X L H
- L X X L X L L
H L X X H X L H
H H X X X L L L
- - X X X - L -

Select inputs A and B are common to both sections.
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Output Waveforms in relation with the Data-Input and Data-Select

waveforms - 4-input MUX

.| 1 LJ L L.

Y | -

D :_f_ : | | :

-1 e L The binary state of the data-select

Dy | ! ! ! | l inputs during each interval

8 : o[ 1] o o i determines which data input

5 s | w | ——d is selected. Here the data-select
—— 11 1 inputs go through a repetitive
S I . W binary sequence 00,01,10,11,00,
i T A W and so on. The resulting output

T : o waveform is shown.
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o NEEE————
MSI Quad Two-input Multiplexer

e The 74LS157 contain of quad two—input multiplexers, Iy, /o, l5. 1oy @nd
Ilallb Ilclld'

* The logic symbol and truth table is shown in Figure.

* Notice that each of the four multiplexer shares a common data select
line and a common Enable.

* Each multiplexer has only one data select input because there are
only two groups of inputs to be selected.

NPTEL ONLINE

! IIT KHARAGPUR " CERTIFICATION COURSES



T4L5157

— &

m ?* v Inputs Cutputs

dm E | 5 | B | K| K|
j}w hor H| ¥ | L | LJ|L]|]L
—1+le

— i, ¥ L L Ion o Toe Jog
—1I

_IE T - L H L‘a L‘E' JTE.*: JTM
K

Logic symbol aml trush tnbie for T4L8157 mudiiplexer.
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o NEEE————
MSI Quad Two-input Multiplexer

° 7 |nput is LOW — allows the selected input data to pass through to
the output.

- T Input is HIGH — will disable the multiplexers, all of the outputs will
be LOW.

« When & =0and S =1, the Y outputs will follow the set of [, inputs,
thatisY,=1,,,Y,=1, Y. =1, and Y, =1,

a 1la 7
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LOGIC FUNCTION GENERATION USING MUX

Exercise 1:
Implement the logic circuit function specified in the table given below by using 74LS151 8-input
data selector/multiplexer. Input Output
A2 Al A0 Y
0 0 0 0 0
0 0 1 1 |
0 1 0 0 2
0 1 1 1 3
1 0 0 0 4
1 0 1 1 5
1 1 0 1 6
1 1 1 0 7

NPTEL ONLINE

! IIT KHARAGPUR " CERTIFICATION COURSES



Solution :
MUX
LY EN
Input A
variables )
Ay 2
0]
HIGH 1 e = = oo
2 — Y — AQA]A() + A2A|A[) + A2A]A() + AZAIA()
3
®*—14
5
6
o— 7
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.
LOGIC FUNCTION GENERATION USING MUX-Method

* An efficient method for implementing a Boolean
function of n variables with a MUX that has n-1
selection inputs and 2 ™! data inputs is given below:

— List the Boolean function in a truth table

— Apply the first n-1 variables in the table to the selection inputs of
the MUX.

— For each combination of the selection variables, evaluate the
output as a function of the last variable. This function can be 0,1,
the variable, or the complement of the variable. Apply these
values to the data inputs in the proper order.
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.
LOGIC FUNCTION GENERATION USING MUX-Example 2

Implement the Boolean function F=xy’z +x’yz’ + xyz’ + xyz
using a suitable MUX

4 x 1 MUX
y — 8
—1's,
X y z F
0 0 0| 0
oo 1|1 F=z 0 :—o F
O 1 0 | 1 L ,
o1 1|0 =2 z ]
Lo oo 0o — 1>
1 0 1|0 2
1 1 01 3 1 3
o1 o1 |1
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.
LOGIC FUNCTION GENERATION USING MUX-Example 2

 The two variables x and y are applied to the
selection lines in that order; x is connected to the S,
input and y to the S, input.

* The values for the data input lines are determined
from the truth table of the function

— For ex., when xy=00, output F is equal to z because F=0 when z=0
and F=1 when z=1. This requires that variable z is applied to the
data input O
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.
LOGIC FUNCTION GENERATION USING MUX-Example 3

Implement the Boolean function F=A’B’C’'D+A’B’CD+A’BC’'D’
+AB’CD+ABC’D’+ABC’D+ABCD’+ABCD using a suitable MUX

8 x 1 MUX
A B C D| F

000 0 0 _ o o

o 0o 0 1|1 F=P B St

o0 1 0 0 . . A S,

o 0o 1 1, 1 =P 1

01 0 0 1 . n . o

01 0 1|0 F=P = | |

01 1 0|0 - —
o 1 1 1|0 F=0 2 {>° 2

1 00 0 0 , 0 . 3

i 00 1,0 F70 4 L4

1 ot o]lo

1 0o 1 1|1 F=P 5 s

1 1 0 o1 1 6

i 1 0 1,1 FT1 6 L?

1 1 1 0] 1

o1 1 1)1 L7
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