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MSI Circuits

* Multiplexers (Mux)

— 2x1, 4x1, and 8x1 muxes

— 74x151, 74x153, 74x157 devices
 Demultiplexers (Demux), Decoders, and Encoders

— 74x138 and 74x139 decoders

— Encoder and priority encoder

— BCD to 7-segment decoder and the 7447 device

— Logic functions using muxes and decoders
 Adders and Comparators

— Half, full and ripple carry adders
— The 74x83 devices
— Comparator and the 74x85 devices

2/18/2012 A.A.H Ab-Rahman, Z.Md-Yusof




—ocwutmmy

Demultiplexers (Demux)

* Reverse of the multiplexing function

e Takes data from one line and distributes to a
given number of output lines

* Demux can be designed as 1x2, 1x4, 1x8, etc.
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Demux (cont.)

e 1x2 Demux

Function:
Dy=D,D;=0whenS=0
D,=D,D,=0whenS=1

2/18/2012

D,

D

s_%

D,=D-S
D,=D-S
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Demux (cont.)

e 1x4 Demux

—— D Do —— DO:D-S_l-S_0
Dyf—— D1:D-S_1-S_0

D2 D,=D-S,-S,

s s D3 —— D,=D-S,-S,

‘ ‘ Can you draw the logic circuit?

Data at D is distributed to D, to D; depending on select S; and S,
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Decoders

* Detect the presence of a specified
combination of bits (code) on its inputs and to
indicate the presence of that code by a
specified output level

e Standard decoders are designed as 1x2, 2x4,
3x8, 4x16, etc

* Other decoders include the BCD to 7-segment
LED decoder, gray code decoder, etc.
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Decoders

e 2x4 Decoder: only one output is active at one

time
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— Al 00—
— 1—— : .
A0 © Active high
02—
03—
Function:

0,0,0,0,=0001 when A;A,=00 —> O, =
0,0,0,0,= 0010 when A;A,=01 —> O, =
0,0,0,0,= 0100 when A,;A,=10 —> O, =
0,0,0,0,=1000 when A,A,=11 —> O, =
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Decoders (cont.)

* Decoders are typically designed as active low

—Al o0p—
— A0 Olp——
02—
Oo3p—

\

Bubble at output denotes active low output

Function:

0,0,0,0,=1110 when A,A,=00 —— Qo =A+hA
0,0,0,0,=1101 when A,A,=01 —> O =A+A
0,0,0,0,=1011when A;A;=10 — ~ O, =A+A
0,0,0,0,=0111when A;A,=11 — ~ O,=A +A
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Decoders (cont.)

e 3x8 Decoder

OO0

o1

02

O3

04

O5

06

o7

Function:

o—— 0,0.,0:0,0,0,0,0,=1111 1110 when A,A,A, = 000
0,0.,0.0,0,0,0,0,=1111 1101 when A,A,A, =001
0,0.,0.0,0,0,0,0,=1111 1011 when A,A,A, =010

~— 0,0.,0.0,0,0,0,0,=1111 0111 when A,A,A, =011

0,0,0.0,0,0,0,0, = 1110 1111 when A,A,A, = 100
>—  0,0,0.0,0,0,0,0,=1101 1111 when A,A,A, = 101
0,0,0.0,0,0,0,0, = 1011 1111 when A,A A, = 110

O—
0,0,0.0,0,0,0,0,=0111 1111 when A,AA, = 111
O—
o— How does the logic circuit looks like?
- Can we use K-Map?
@ M
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Decoders (cont.)

e Decoder IC’s
— 2x4 Decoder =» 74139
— 3x8 Decoder =» 74138
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BCD to 7 Segment Decoder
e 74247 BCD to 7 Segment Decoder

Converts 4-bit BCD (As, A,, A, Ay) to 7-segment LED (a,b,c,d,e,f,g)

Logic Symbol

Input: Az, Ay, A, Ag

Control Input: LT, RBI, RBO
Output: a, b, c,d, e, f, g

** note that output is active low

13 12 1110 9 15 14 4 I‘_i
DE0GE2-3 f g b
Ve = AN 16 L)
GND = Fin & El lc
LA v
d
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BCD to 7 Segment Decoder (cont.)

 What is the output of 74247 if input
(A;A,A A,)=01107

Logic Symbol

7 1 2 B 3 5§
f b
d
)
L 11 1é4 I I
A0 A1 AZ A3 LT REI e' lc
y
p
B,/ d
a8 b ¢ d4d & f g RBO
abcdefg
13 12 11 10 9 15 14 4 0100000O0
D008z -2
Viee = Pin 16
GHND = Fin &
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BCD to 7 Segment Decoder (cont.)

 What is the output of 74247 if input
(A;A,A A,)=00117

Logic Symbol

7 1 2 B 3 5§
f b
d
)
L 11 1é4 I I
A0 A1 AZ A3 LT REI e' lc
y
p
B,/ d
a8 b ¢ d4d & f g RBO
abcdefg
13 12 11 10 9 15 14 4 0000110
D008z -2
Viee = Pin 16
GHND = Fin &
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Encoders

* Performs reverse decoder function
* Only one input can be active at one time

Function:

A,A, =00 when D,D,D,D,= 1110
A,A, =01 when D,D,D,D, = 1101
—dD0 AO—— A,A, =10 when D,D,D,D, = 1011
A,A, =11 when D,D,D,D,=0111

4x2 Encoder

—aD1 Al——
— dp2 Which implies,
— dp3 A =D,D,D,D, +D,D,D,D,

A, = D3D251D0 +53D2D1Do

What happens if more than one input is ‘0’ (D, = 0 and D, = 0)?
- output is invalid, we need a priority encoder
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Encoders (cont.)

Priority Encoder: Output depends on the
largest active input

4x2 Priority Encoder Function:
A,A, = 00 when D,D,D,D, = 1110
— dpo AO—— A,A, = 01 when D,D,D,D, = 110x
A.A, =10 when D;D,D,D, = 10xx
— 9Pt Al A,A, = 11 when D,D,D, D, = Oxxx
—aD2
—aD3

Can you derive the truth table of the priority encoder?

What happens if more than 1 inputis ‘0’ (D, = 0 and D, = 0)?
- output A;A, =01
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Logic function using Mux

* Any logic function (AND, OR, decoder,
encoder, etc) can be realized using mux. All we
need is a truth table

e This is the concept widely being used today in
FPGA (Field Programmable Gate Array), where
any logic functions can be rapidly
implemented using Mux
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Logic function using Mux (cont.)

* 2-input AND gate using 4x1 Mux
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Y ——
AND gate
X Y L=X-Y
0 0 0
0 1 0
1 0 0
1 1 1
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4x1 Mux

b O O |O

DO

D1

D2

D3
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Logic function using Mux (cont.)

* Implement the following using Mux
F(A, B, C) = Zm(0,1,4,7) 8x1 Mux

=

DO

ABC
000
001
010
011
100
101
110
111

l

D1
D2

.O ‘O (o

D3

D4 FI—

l

D5

l

D6

, O o ¥

l

D7

PO | Ol |O|OC(F |, T
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Logic function using Decoder

* Similar to Mux, any logic function can be
realized using decoders

e 2-input AND gate using 2x4 decoder

X_
v _}Z = XY 2x4 Decoder

AO o1 O—J

020——

Oo3p——

R~ o|lo| X
— | O |o
— o |lo |o
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Logic function using Decoder (cont.)

* Implement the following using 74138

F(AB,C)=] [M(2356)

ABC

000

001

010

011

100

101

110

111

RO |O|(Rr|O|O|(FR | |T
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74138

MSB of 3x8 decoder

— A

— B

— C

G2A

G2B
G1

Connect ‘0’ on
Yoo—  Truth table to AND

vip— gate

yoo— ] =
Y3Ip—— ———— :

Y4 O—J
Y50——

Yoo———

Y70——

Condition to activate the 74138
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Logic function using Decoder(cont.)

* Logic function of decoders can also be
implemented using a NAND gate ., ect 1 on

F(ABC)=] [M(2356) 74138
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ABC

000

001

010

Truth table to NAND
gate

— A

— B

— C

011

100

101

110

111

R |lO|O|Rr|O|O|F |, [T

—dG2A
~ dG2B

—G1

YO

Y1l

Y2

Y3

Y4

Y5

Y6

Y7

v

uun b F
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