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Multiplexers

MUX
\
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MUX

T

Multiplexers, decoders & PLDs



Multiplexers (1/3)

A multiplexer (data selector, MUX)

Uses the control inputs to select one of the data inputs and
connects it to the output terminal

One combination of control inputs corresponds to one data input

Symbol Switch
| T~
0T 7 IO —\—
Data g 4-to-1 Iy N -
inputs | 1, ——{ MUX > Z L, — 1
~ |3 > |3 —e
Truth table
A B Z T T
A B 0 0 I, A B
01| 1,
Control 1 0 I,
inputs 11| 1,
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Multiplexers (2/3)

Logic equation of 4-to-1 MUX

Z=AB'l, + ABl;, + AB'l, + ABlI,
= Mgly + Myly + myl, + mylg
A ® ®
—>o ® ®
B | ®

ESiipiipiipii

AND-OR network
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Multiplexers (3/3)

The general equation for n control inputs
Z=Mglg+mMyly + .+ M+ o4 Manglong = 2,200 Ml

-~ \
—>
2" data<
lines 2h-to-1 Z
MUX
_ —>

T

H_J

n control
iInputs
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Application: Quad Multiplexer

Select one of two 4-bit data words

N N N

A(MUX control)
2-to-1 / 2-to-1 / 2-to-1 / 2-to-1

(N N

Xo Yo X1 Y1 X5 Yo X3
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Application: Realizing Combinational Logic

e.g., realize a 3-variable function by a 4-to-1 MUX
F(A, B, C)=AB'+ AC

=A'B'+ AC(B + B))

= 1eA'B' + 0eA'B + CeAB' + CeAB

1 lo A B F
0 — | — F=AB'+AC 00| 1
Tk Lo | e
cC —1I, 11| ¢
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- Three-State Buffers

Tri-state buffers
B

e
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Buffers

Buffers: increase the driving capability of a gate output

Symbol
4 ) 4 )
X —[>—x = | X —[><>—I>o—x
—
\ _ Buffergate \_ Inverter pair )

T
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Three-State Buffers

Three-state (tri-state) buffers: permits gate outputs to be

connected together
Symbol

4 B(enable)\
—
—
A C
N J
4 variants
B B
C A
B | C B | C
O I/ 0| Z
1 1A 1 |4
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Application (1/2)

Data selection

A A —0
2-to-1
B » D E MUX
. - . . B
Circuit with 2 tri-state buffers
B outputs of buffers
A SH \) S
X
D 4 F X | x
v
0 X
C S1 1 | X
Sz 7 | X
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Application (2/2)

4
——Z3 Sum
Cout
Bi-directional I/O pin Key:
EN {EnA, EnB, EnC, EnD} must be exclusive
Output (Only 1 active at a time)

Integrated Ek\
Logic Input

Circuit Bi-directional input-output pin:

The same pin can be used as an input
pin and as an output pin, but not both at
the same time
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Decoders and Encoders
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Decoders

Decoder: generates all of the minterms of input variables
Exactly one output line corresponds to one input combination

Symbol Truth table

- sy,=ab'c’ a b c| yyy YV, V3V Vs Vs ¥y

__ .y.=ab’c m, |0 00| 10000000
aﬁBSHyzza'bC' m |001| 01000000
b— ”tr?e | Ly.=abc m,|010| 00100000
e | decoder |—Vemabe m,|011] 00010000
 ,y.=abc m,|1 00| 00001000

| .y.=abc’ m:|1 01| 00000100

| y=ahc m,|1 10| 00000010

m, |1 11| 00000001

General n-to-2"decoder
Noninverted outputs: y,=m,, i=0to 2" -1
Inverted outputs: y,=m,'=M,, i =0to2"-1
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Example: 4-to-10 Line Decoder

Block diagram l l J l Truth table BCD Decimal
A B C D input output

7442 ABCD | 0123456789

0000 | 0111111111

T T T T T T T T T T 0001 | 1011111111

o L 0010 | 1101111111

Logic diagram ' ° © 7M's M5 M M3 Mz M3 Mo 0011 | 1110111111

Inputs 0100 | 1111011111

C D 0101 | 1111101111

0110 | 1111110111

0111 | 1111111011

S YO N I A 1000 | 1111111101

’ ¢ S R 1001 | 1111111110

? YT s * 1010 | 1111111111

| ! ! ! 1011 | 1111111111

1100 | 1111111111

1101 | 1111111111

9 8 7 6 5 4 3 2 1 0 1110 | 1111111111
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Application: Realizing n-Variable Functions

Exactly one output line corresponds to one minterm

= Realize n-variable functions by ORing selected minterm
outputs from a decoder

egd.,f,=2m(1, 2,4),f,=Xm(4,7,9)

3

o 0
0 m':L / \
10 1
a—> 22
m'y
"= 41010 22 m, )o—fl
C—> Line 5" m's T
d ——s| Decoder > P m's
60——=
my
70 1
Mg
80— )O—f
e 9 \
P %
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Encoders

Encoder: performs the inverse function of a decoder
If y; = 1, abc outputs represent a binary number equal to |
If more than one input can be 1 at a time, use a priority scheme

Yo—

Yi—> ——>a

Yo —> —— s Db

y3 Y 8't0'3 C
Priority

Ya | Encoder

Y5 —> - sd

Yo —

Y7 —>
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Yo V1 Y2 V3 Ys ¥Vs Ye Y7

Q

No signal

(@)
(@)
(@)

0

()
(@)
()
(@)

XXX X X X X
XXX X X X = O
XXX X X P O o
XXX X P O O o
XX X PO O o o
XX PO O O o o
X R O O O O O O
e NoNoNolNoNolNe

PR PP P OO0 o O

R O OOk PP OO Ol

R O OF OF O OO

e T = e = N = T =S i S
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Read-Only Memories

ROM
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Read-Only Memories (1/3)

A read-only memory (ROM): stores an array of binary data
Stored data cannot be changed
e.g., 8-word x 4-bit ROM: each word is 4-bit, total 8 words
Input: ABC: 3-bit lines can index 23 values (0~7 address)
Output: F F,F,F;: each output pattern is called a word

) ABC|F,F F, Fy
—>
3 input A ROM 000l 1010
; - B —> 8Words 001l 1010
lines x4 Bits
_C—>| 010 0111
llll 0O 1 1 O 1 0 1
| | 100 1100
Size = 4 x 8 bits Fo F1 F, F5 1 0 1 000 1
\ J
V_ 1 10| 1111
4 output lines 1111 o101

typical data stored in ROM
(23 words of 4 bits each)
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ROM (2/3)

Generalized form: 2" Words x m Bits ROM (n-inputs m-outputs)

. [—> ROM n-bit m-bit
NINPpUt | __sf on\words x input address output data
lines _>| m Bits

\ v ;

typical data stored in ROM
Size = m x 2" bits m output lines (2" words of m bits each)

Basic ROM structure

ROM
A decoder + memory array
_ | > > Memory Array
: Input _ —> Decoder [— 2" Words x
lines g : . m Bits

L]

2" entries ! y ’
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ROM (3/3)

SEELE

my=A'B'C'
(The contents of a ) 2 -\%\‘ \%\'
ROM are usually m,=AB'C
specified by a \%\ \
\_{ruth table ) m,=ABC % | N
— RSV
_ A lines
001|101 0 AT’ 3to8 ‘\%\ Q%\
010/0 1 1 1 B —> Decoder | m;=AB'C’
011|010 1 » — ‘\%\“\%\
1001 1 0 0 m=AB'C
10110 0 01 %\
11011 1 11 me=ABC' :
mo m7:ABCf ] »
m, =
Mg 0 i ) / Y
Switching
element Fo FWB
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Application: Multi-Output Combinational Ckts

e.g., hex to ASCIl code converter

AgAs A Az A A A

H o g QW™ owoJdoy U b WN P o

011 0000
011 0001
011 0010
011 0011
011 0100
011 0101
011 0110
011 0111
011 1000
011 1001
100 0001
100 0010
100 0011
100 0100
100 0101
100 0110

A = A,

As =AY
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W%
X —>
Y —>

7 —>

ROM

W ——
X —>
Y ——>

7 —>

(@)

ol

I

N

4-10-16
Decoder

=

>>>>>> >

Mg
ml X

X X
m,

X X
M3
- S K—XK
4

X X
M5
- X X X
6
- X K—XK
7
- S K—XK—XK
8

X—XK
Mg
- K—XK X
10
- X
1
- S
12 NG
My3
m
m14 & &
15 N



Three Common Types of ROMSs

Mask-programmable ROMs
Use mask to program
Include/omit switching elements
Programmable ROMs (PROMS)
Program once
Electrically erasable programmable ROMs (EEPROMS)
Can reprogram 100—1000 times
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Programmable Logic Devices

PLD
PLA / PAL
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Programmable Logic Arrays (1/3)

Programmable logic arrays (PLAS): 2-level SOP implementation
AND plane generates product terms
OR plane sums the product terms

A B C
ines nxmPLA e 4\'{ OR Array
>
. Y.
—>{  AND OR __
1 : Array |: Array 1 ,_D ACT |
B
L —> :)) I _> . .
/ . —— BC' _
K word lines | 1 T \AC
K =2 m OutpLYJt lines : —
AND Array
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PLA (2/3) ‘W | ‘W |

+vo'WV

A

B C Inputs

z

Z

+\/O'VVV {@/ \%\
" Z Ny
BC'
F,= AB'+ AC' TV {@/ G
F=AC'+B  LyoWvV
F,=AB'+ BC' \%7
F,.=B+AC
@ Outputs Fo F, F, Fj
Product|Inputs| Outputs / AND plane \ / OR plane \
term |A B C|F, F, F, F,
A'B' 00 -[1010 X .
AC' 1 -0|1100 +V°:Z Z A
B -1 -l0101 Y
BC' - 100010 A B
AC - 1]1000 1 \_ VAN X+Y )
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PLA (3/3)

e.g.,

f,(a,b,c,d)=2m(2,3,5,7,8,9, 10, 11, 13, 15)
f,(a,b,c,d)=2m(2, 3,5,6, 7,10, 11, 14, 15)
fy(a, b, c,d)=Xm(6, 7, 8, 9, 13, 14, 15)

Minimize using K-map
f, =abd + a'bd + b'c + ab'c’

f,=c+ a'bd

f; =bc + ab'c' + abd

a b c d| f; £, £,
01 -1 1120
11 -1 101
1 00 -1 101
- 01-f 100
--1-( 010
-11-( 001
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Programmable Array Logic (1/2)

Programmable array logic (PAL): A special case of PLA
AND array: programmable
OR array: fixed
Symbol

-1 = _ X Non-inverted output
4[>O* Inverted output
—\ ABC
B — = %@N@\ej— ABC
C ——/
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PAL (2/2) '/ﬁ O

Fixed OR array O—

O
Q
O

=il el

Outputs

0O
\/

Unprogrammey

=

I I
1, 1% +11,

L J
l, ‘[} Programmed
Multiplexers, decoders & PLD *




Application: Full Adder X Y Ciy | Coue Sum
000 0 0
00 1 0 1
X—> 1! 010 0 1
4 | 01 1 1 0
L | 100 ]| o 1
N 10 1 1 0
Ci”_/ r g 110 1 0
K KK 111 1 1

%X N

Sum

X

I

Cout = XY + XC;, + YC,,
N Sum = X'Y'C,, + X'YC,,' + XY'C,,’ + XYC,,
ZN
COUt
7 ZN

&
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Complex Programmable Logic Devices

CPLD
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Complex Programmable Logic Devices (1/2)

Complex programmable logic device (CPLD): integrate and
Interconnect many PALs and PLAs on a single chip

| Tools will program for you
o pIns 1 g g., Xilinx XCR3064XL

i/_. MC1

- MC1
— MC2 |FUNCTION | 43| FUNCTION | MC2 /0
: BLOCK BLOCK
«—> MC16 16 16 MC16
| L f '
i 1’é Interconnect i/6
Array
. e (1A) MC1
I MC2 |FUNCTION [36 36,] FUNCTION | MC2 lle
: BLOCK [~ 7 BLOCK
| MC16 16 16 MC16
| / ’ '
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CPLD (2/2)

CPLD function block and macrocell

A simplified version of XCR3064XL
36 Inputs from IA

[ |

J\7 J\7 48 AND gates
) 000 )

One of 16 OR gates Programmable

select TolA TolA
(
(
(
) 2
_/ [ J D Q .
° ° . /O pin
° CE Programmable
bl } —>CK S Enable
Flip-flop
| Y J\ Y J \ :
Part of PLA Simplified macrocell ~ Output cell
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Field Programmable Gate Arrays

FPGA
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Field Programmable Gate Arrays

Field programmable gate arrays (FPGA): an array of identical

logic cells + programrlnablle interclonnelctions |

1] U 7
Configurable logic block 1/O block

| N |

Interconnect area
| |
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Simplified Configurable Logic Block (CLB)

Lookup table

SR

L YQ

SR

L XQ

G, —{ LUT E b
Gs — —|CK
G, — G— ] __lcEe
6 — j o —
H

H, —

D
F, —| LUT ﬁ
. F | _ EE
F2 ] ® ® >K —_—
F, — /
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Implementation of a Lookup Table (LUT)

O Ol QL
@)

o olan

~ ol Q
o

-
=
—

-
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Realization with Function Generators

Realize a 5-variable function with 4-variable FGs:
F(a, b,c,d,e)=aF0, Db, c,d,e)+aF(1,b,c,d,e)=aF,+ aF;
2 4-variable FGs + 2-to-1 MUX (controlled by a)
C _

Q: 6-variable function?
FG
e PR
b f — G
- FG i 3 _
d— T FG
e — € — Gy,
0 f— b
C JE—
S p— Gy
b 1 o FG A
c— Ff__
d—] FG /‘ c —
Fy a q G,
e — _
G
€ — G
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Decomposition of Switching Functions

Shannon’s expansion theorem: reduces input variables
[f(xl, Xoy «oey Xigy Xiy Xiggy -0y Xp) = Xifg+ xifl]
= X T(Xyy Xoy oevs Xigy Oy Xiyqy oees X)) + X f(Xq, Xo, ooy Xigy 1, Xiyqgy oy Xp)

ab ab a=0 | a=1
cd\_ 00 01 11 10 cd\_ 00 01 {11 10
011 | 1 [(1 q 0lCx | )2 | 1)
01 01 (@)
1 | 1 [1]] 2
\ Expand F /
) at a A~
Wlfa){Cs | 1) (]| V| W
10 10
L L
= \ Y ]\ Y J
FO Fl
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