Unit 9.

Multiplexers, Decoders, and
Programmable Logic Devices
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Quad Multiplexer to Select Data




4-to-1 MUX to realize 3-variable function

Ex: I 5 — F
0 =L 4401
F(A,B,C) = A'B'+AC 1 MUX
- A'B+AC (B+B") 2
1 1 1 C ﬁ 13
=A'B-1+ AB'C+ABC




8-to-1 MUX to realize 4-variable function I
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§ Three -state buffers

Buffers: to increase the driving capability of a gate output
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Tri-state Buffers: permits gate outputs to be connected together
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Circuits with two three state buffers
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Application of three-state buffer

4
[ ; 4
4-bit
4 adder Sum
EM% Engé EnCﬁé Eni){
_)"Cnul
4 4 4 4
A B C D
2. Chip 1/O
EN
Output
Integrated
Logic T
Circuit | Input o
Bi-Directional

Input-Output Pin



§ Decoders

Generate all of the minterms of inputs
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Inputs
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Realization of a multiple output circuit using a decoder
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B— 4-to-10 3
Line 4

C—— Decoder?
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f'I'] 4-t0-10 Decoder ¥ realize
By DeMorgan’s law
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§ Encoders | B
prlor\lty

yO yl y2 y3 y4 y5 y6 y7la b ¢ d
) —>
5 O 0 0 00O 0O 0OJ0 O 0 O
e
S —3 | O 0 0 00O 0J0 0 0 1
—> 3-t0-3 X 1 0 0000 0o 0o 1 1
| Priority [—>
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X X X X X1 0 OoJ1 0 1 1
X X X X X x 1 0J1 1 0 1
X X X X X X X 11911 1 1 1

15



8 Read Only Memory

e output Boolean function(s)

\

Stored
In ROM

(23 words of
4 bits each)

J

An LSI circuit to realize multip
A B C|Fo F1 F2 Fs
0 00/1 0 1 O

Inputs
0 0 1/1 0 1 O
A—1 ROM 01 0/0 1 0 O
B—— 8words 01 1/0 1 1 O
c—  x4bits 1 0 0/0 1 1 O
1 0 1|1 1 S
| 111 11 0lo ou
1 1 1|1 12 i
FoFiFzFe k02 o mes mo
Outputs F1=m2+Ms+Ms+Ms+ My

Fo=MmMo+ M1+ M3+ M4+ M5+ M6+ M7
16

F3=me+ M7



General Form

N inputs M outputs

Eor-. ... .. Fo_q
ROM 0 0 0 1 0
2" words 0 0 1 .\
l ...... l : | : >2“words
m : . . ]
1 --- 1

outputs




N - |decoder
inputs -

2”:

words

Basic ROM structure

Memory array
2" words x m bits

outputs
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ROM as logic devices (use decoder and diod
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Fo=>m(0,1,46) Fi=Ym(23,4,6,7)
Fo=>m(0,1,2,6) Fs=Ym(2,3,5,6,7)

Expressed with dots

mU :
A m
ms
N—@
m'O
M@
m/
F

B—
3-t0-8
C— decoder

i
#

0 Fl I:2 F3

(1) Use "mask" to program ROM
(2 EPROM electrically program UV light erase
(3)EEPROM
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8§Programmale Logic Devices

Various kinds : PLA , PAL , EPLD, PEEL , GAL

% PLASs:nxm realizes IM functions with N inputs.

n<

AND
Array

(plane)

2-level SOP implementation

ROM directly implement truth table

not 2"

OR
Array

(plane)

\

_______________________________

. — AND plane -
| V+

. A__L1*Z=AC

________________________________

If any of A, C not activiated,

A=C=GND

.e.A=0or C=0 21



A B C|Fo F1 F2 Fs (T ey
. —OR plane -
BERRING - (1 0 1 o : P W@
AC|1 - 0|1 1 O O
B |- 1 -0 1 0 1 F=X+Y X—DH
BRI 0 (0 0 1 0 Y —PH
ACl1 - 110 0 0 1 B
Input
A B ¢ SRR
V+ O~ A B’ C’ AR
V+ O—na- ./M. ./M. A?&' .\QK‘
2 NI
V+ O~ =g - Y| ]
V+ O— -
af £ =
Frb, B F R
) Output
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- OR Array

_______________________________________________________________________________________________

AND array




Example | Fi=>m(2,35,7,8,9,10,11,13,15)

= =>m(2,3,5,6,7,10,11,14,15)
-1=Ym(6,7,8,9,13,14,15)

Minimized multiple output expressions (using K - map)
Fi=a'bd +abd+ab'c+b'c
Fo=c+a'bd
Fs =bc+ab'c'+abd

a b ¢ d|F: F2 Fs
O 1 - 1|1 1 0
1 1 - 1|1 0 1
PLAtable * ¢ 0 -1 0 1
- 0 1 —-|/1 O O
- -1 —-10 1 0
— 1 -0 O 1




Input
— PLA structure
a b ¢ d|F: F2 Fs :---? .................. A, SR
1 1 0| ’
B 1 0 1 | \ﬁi\/ ¥ :V """"" FELirEt \
IR — (1 0 1 53 % 1
BN 0 0 | 1 puvord
- - 1 -0 1 o0 ‘ I ‘ )
o D e e F1F2F3
Outyputs

abcd=0111 1,56rowsselected,= Fi1=1(1strow)+0(5th)+0(6th)=1

Fo=1+1+0=1

Fs=0+0+1=1

=0001 norows areselected,=> FiF2Fs = 000
=1001 3rdrowsselected,=> FiF2Fs=101
© Maskprogrammable PLA
© Fieldprogrammable PLA 22



% PALSs:nxm realizes m functions with n inputs.

AND array programmble
A special case of PLA,[ Yy prog j

OR array NOT programmble

ABC

%E} - 1{0—}

I indlg
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Some typical available PALs

Type No.of No.of Gate No. of Inputs

No.* Inputs Outputs Configuration per OR GATE

10H8 10 8 AND-OR 2

12H6 12 6 AND-OR 4,2,2,2,2,4

14H4 14 4 AND-OR 4

16H2 16 2 AND-OR 8 H active H

16C1 16 1 AND -OR/NOR 16 _

20C1 20 1 AND-OR/NOR 16 L active L

10L8 10 8 AND-NOR 2 C bothactiveHand L
12L6 12 6 AND - NOR 4,2,2,2,2,4

14L4 14 4 AND - NOR 4

16L.2 16 2 AND - NOR 8

12L10 12 10 AND - NOR 2

14L8 14 8 AND - NOR 4,22,22,2,4

16L6 16 6 AND-NOR 4,422,724

18L4 18 4 AND-NOR 4

20L2 20 2 AND - NOR 8

16L8 16 8 AND - NOR 8

20L8 20 8 AND - NOR 8

20L10 20 10 AND - NOR 4 21
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Example [ Hexadecimal Digit : Binary to ASC I Converter
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Use K - map method :

= As=W+XY' As=WXY' Ao =W'X+XZ+ XY
Ar=WX+WY A=W +X+Y Ar=X+WY'Z
Ai=WXY'Z+YZ+W'Y Ac=W2Z+XY'Z+WXZ+WYZ
Ar=WY+Y'Z+ X'Y+WYZ A'=W_Z+WYZ+WX'Z+X'Y'Z

1x4inputsANDto OR
" 2x3inputs AND o OR
EMA2=W'X+(XZ+XY)=W'X+B
B connected back to one input
- 12H6AHN [ F

CAD programs are available.

}12H6 not available
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PLA

PAL
ROM

Not
Programmable

PLD Summary

AND Array

OR Array

Programmable

Programmable

Programmable

Fixed

Fixed

Programmable

Fixed

Fixed
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§ Complex Programmable Logic Devices (CPLD)

Integrate and interconnect many PALs and PLAS on a single chip

*PLA to form combinational logic  «1/O Cell
eMacro Cell *Three State Buffer for Bidirectional 1/C

*Register for Sequential Logic . Input Latch to synchronize inputs
«Pass Through for Combinational Logic ® Floating Gate Programmable

Xilinx XCR3054XL CPLD

) PLA
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Function block an macrocell

36 Inputs From IA

£ ]

;2; ;/_f; 48 AND Gates

s v . Programmable
One of 16 OR Gates Select \ To IA To IA
2
: . EE Q /O Pin
. Programmable
_)— —pCK \ Enable
Flip-Flop

Part of PLA Simplified Macrocell Output Cell



8§ Field Programmable Gate Array (FPGA)

An IC that contains an array of identical logic cells with
programmable interconnections
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B: configurable logic block
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of switching functions

’S expansion theorem
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on of 5- and 6-variables functions with
lon generators
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(a) 5S-variable function (b) 6-variable function



Homework of Chap.9




