Lecture 9 Multiplexer,
Decoder, and PLD

SSI (small-scale integration)

— NAND, NOR, NOT, flip flop etc
e Gate count < 10.

MSI (medium-scale integration)

— Adders, multiplexers, decoders,
registers, counters

o Gate count < 100
LSI

VLSI (very large-scale
Integration
— Memory chips, microprocessors

Chap 9 C-H1



Multiplexers

« Multiplexers are selectors.
Z=A’B’l,+ A’BI, + AB’L, + ABI,. (4-

to-1 MUX)
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Logic Diagram for MUX

e 8-to-1 MUX
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Application of MUX

e Select data.

/4 12
A (MUX Control)
2-t0-] J 2-to-1 J 2-to-1 4—[ 2-to-1 4—[7

Xy N o)
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Application of MUX

Crossbar switch

« Ass=0, x1to
y1, X2 to y2.

e Ass=1,x1to
y2, X2 to y1.

X ——

Xy —

(0)]

— Y,

(a) A 2x2 crossbar switch
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Y1

1

-0

Yo
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(b) Implementation using multiplexers
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Using Mux for logic
function, XOR

« f=w, xorw,

o +» B+ O
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Better

« Modify the truth table.

 Whenw, =0, f=w,. Otherwise,

w w f
1 2 W f

= O O
O = O
o + B+ O
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W
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Using Mux to Implement
a barrel shifter

G LT ST I

0 0 hﬁ hb HW Hh

0 1 Wy Wy W,y W,
I 0 | w Wy W3 W,
1 1 Wy W Wy Wy

(a) Truth table

(b) Circuit
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Buffers/Tri-state Buffer

» Driving capability
« High impedance

oo A
[ |
D
=73 <3;“
t»[>_( — %D ‘/'-~<i
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Tri-state Buffer
Application

 Data transfer between registers

Register A = Register | | 4 | E
Flip-Flops A}, A, A FE
et 7Y 1 A ‘&
l{gglsltl( = B— | D = @,
Flip-Flops C,, C, FF ’
. b BE
Register
. : ; — C 0
Register Q = Register 1l r LB
Flip-Flops Q,, 0, C FF - ) <>
o> FF
1 G &* CK (Clock)
FF
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Tri-state Buffer
Application .

e Source selection

4
[ e——

4-bit 4
-lddt‘l

4
—
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EnA EnB En( En | > C..
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[nput-Output Pin
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Decoder

e 3-t0-8 line decoder

— An n-to-2" decoder generates all 2"
minterms of the n input variables.

—» yy=a'b'c’
—» Yy, =a'b'c ab e Yo Y1 V2 V3 Va)s Ve Vi
b 0001 10000000

—» V5, =4 0C
g | ) 001 | 01000000
M08 pyzghe 010 | 00100000
b—s  Line e 01100010000
oyl Decoder FRREE 90 1 00001000
>y o=abe 101 00000100
I 110 | 00000010
A {11 1 00000001

— y; = abc
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More Decoder

e 2-t0-4 decoder: minterm

generator
Bl B0
s
F0 = B1-B0
[
e
F1=B1-B0
? Decoder _
(0 D— FO
— — —= _
o 3?— F2=B1'B0 B0 — 0 | b— F1
B F B
Bl — | ) D— F2
. I
- B1-B _
¢ DO_ P =73

Figure 3.5.3  Decoder: (a) gate-level circuit diagram, (b) logic symbol.



Decoder (on)

e 4-t0-10 line decoder

Inputs
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(a) Logic diagram
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(c) Truth table



ROM

Read-only memory: stored data can
not be changed under normal
operating conditions.

ABC | F F FF
3 Input i =¥ RQM 000 1010
g B—»| 8 Words 001 1010 il
o C—p X 4 Bits 010 0111 typlca'ata
011 010 1 stored in ROM
i i l "TEREE 0>(23wordsof
4 bits each)
Fy F| F, Fy 101 0001
- [ 10 1 {1 11
4 Output Lines 111 0101
(a) block diagram (b) truth table for ROM
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ROM (cont.)

e ROM size = 2" X m bits.

n Input m Output
Variables Variables
. 00+ 00 100+ 110
R
n [.npm _:_’ 211 \i’)(i\l/ldﬂ 00---01 gi0==+111
IS | e 00---10 | 101---101 | typical data
o 00--- 11 110---010 | array stored
L t____i : : > in ROM
11---00 | 001---011| (2" words of
e ()utpyul ¥ s 11---01 110--- 110 | m bits each)
{1---10 | O011---000
1111 111--- 101 |
N — ot
o ROM
{—*’ Decoter| 4 | Momory Amay
i :

i

m Output Lines
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ROM Basic Structure

« 8-word x 4 bit ROM

— Fg=mg+my+m, +mq

my= A'B'C Eé
m =A'B'C “ 9
m::A'BC' : 9

A—> my =A'BC

941
#4
}j%’

B_’. ol ' A
‘ Decoder | my=ABC

(—»
mg= AB'C

m():ABC’

\%\'
my = ABC \/%\

SwitchingL‘/
Element

Fo

4 444

1 4——%
(3]

2
AP
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ROM J

Inputs

Multiple-Output

Network Using ROM

BCD to Excess-3 code

a —»

b —»

4-line to
16-line
Decoder

I"()

a —m
b —»
C —>

I

—

Hl]

m,

Ny

my

m 5

’”()

"17

/719

m 10

i §

mi,

m3

miy

\j
.\Y

-
-«

N

ROM Outputs

Chap 9
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abcd WXy z
0000 0011
0001 0100
0010 0101
0011 0110
0100 0111
0101 1000
0110 1001
0111 1010
1000 1011
1001 1100
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Types of ROM

» Mask-programmable ROM

— Contents are stored during
fabrication.
 Fleld-programmable ROM

— PROM: programmable ROM
* Fusible link (PROM programmer)

— EPROM: erasable PROM
 Use ultraviolet light for erasure.

— EEPROM: electrically erasable
PROM.

 Flash memory
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Programmable Logic
Devices

* PLA (programmable logic array)
— Realize m functions of n variables.

n Input
Lines

PLA

AND
Array

EREa——
RO

|

L B B B =

>
>

OR
Array

/

k Word
Lines

Chap 9
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Implementation
procedure for PLA

Prepare the truth table based on your
system

Write the Boolean expression in SOP (sum
of product) form.

Obtain the minimum SOP form to reduce
the number of product terms to a minimum.

Decide the input connection of the AND
matrix for generating the required product
term.

Then decide the input connections of OR
matrix to generate the sum terms.

Decide the connections of invert matrix.
Program the PLA.
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Programmable Symbology

No Intact Intact Blown Blown
fuse fuse fuse fuse fuse
—— —%— = —— =
Fixed connection ~ Programmable Simplified Connection broken — Simplified
at factory connection representation  (after programming)  representation

D =T>

Multiple input ~ Pull-up resistors

AND gate not shown
Input terms
AABB..
—\ AABB=0
_
All fusesintact ~ An Xplaced inside
an AND gate also
represents all fuses intact
Input terms
AABB..
I (Dug to pull-up
3— resistors
All fuses blown

D-=D

Multiple input - Pull-down resistors
OR gate not shown

Product terms
PPy D3Py -

‘ H ‘ D PyrtDyt Pyt Py

All fuses intact ~ An Xplaced inside
an OR gate also
represents all fuses intact

Product terms
PrPyDs Dy -
0 (Due to pull-down
resistors
All fuses blown

Figure 3.6.2  Programmable symbology summary for the different types of PLDs.



PLA

* PLA 3 inputs, 5 product terms, 4
outputs.

Inputs
o

A B C

+V - -

& & e[
VoM~ /@/ /@/B\%\

+V

VoM

RS
+Vo-’\/\/\,/@/ /@/ \%\

Fy F\ F,

Ny
X

()ul}aul.x

Product Inputs Outputs

Term A B C Fo F, Fa Fj F0=A'B'+AC'
ax [eos 1948 mmacss
B — i = 01 0 1 byl i
BC’ -1 @ 0010 i o S G
AC 1 — 1 0O 0 0 1
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PLA
 PLA circuit

Ippul.s Inputs
(three in this case) (three in this case)
A B C A B C
OR array connections OR array connections
Al —programmable —programmable
= D—)k ¥ X P 3—*—*4% Py
—
*
=¥
3 D—%k ¥ X 2 H—H—H—D—x—x—x— P
-*
i
*
- \
% ¥—rk—TF— s
=/ P3
¥ =
¥ —
= Pk X ¥— o4 -H—H—H—D—X—X—X— D4
L
** *_x l, pi TT_T_T_T_T_ p,
AND array
AND array \/ \H connections
connections programmable

—programmable F1 1) F3 IR B
Outputs Outputs
(three in this case) (three in this case)
(a) (b)

Figure 3.64  PLA circuit: (a) circuit representation using gates, (b) simplified circuit
representation using gates.



P LA (cont.)

« PLA 3 inputs, 5 product terms, 4
outputs. AND-OR array.
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PLA Application

f,=a’bd +abd + ab’c’ + b’c
f,=c+a’dbd
f;=bc +ab’c’ +abd

e |fabcd = 0111, 1st, 5th, 6th rows are
selected. f, =1 +0+0, f, = 1+1+0, etc.

a b c d fi S5
01 -1 1 1 0
11— 1 1 0 1
1 00 — 1 0 1
—01 — 1 0 O
- =1 — O1 0
- 11 — 0O 0 1

(a) PLA table

Inputs

a'bd
I I abd
ab'c’
j I L 3 n - b d Word
k b'c 2
- Lines
< -
? 1 bc T

Outputs

(b) PLA structure

Chap 9 C-H 26



Programmable Array
Logic (PAL)

« AND array Is programmable. OR
array 1s fixed.

 Use input buffer to drive many
AND:s.

I ]
ﬁtc?‘ N
N—
]
Fy Output
Input buffer N b o
=
1)—1\/.—-
(a) Unprogrammed
I,

(b) Programmed
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Programmable Array
Logic (PAL)

 Full Adder using a PAL

|
N M
Lk 4 T{
K—XK

X
X
X
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Why prefers PLA rather
than ROM

« A combinational circuit may occasionally
have don't-care conditions. When
Implemented with a ROM, a don't care
condition becomes an address input that
will never occur.

« The words at the don't care address need
not be programmed and may be left in their
original state(all O's or all 1's ).

» The has the result that all the bit patterns
available in ROM are used, but for the
don’t care addresses you really can do
without them.
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What Programmable
Means

"programmable" does not indicate that all
PLAs are field-programmable.

Many are mask-programmed during
manufacture in the same manner as a mask
ROM.

— This is particularly true of PLAS that are
embedded in more complex and numerous
Integrated circuits such as microprocessors.

PLAs that can be programmed after
manufacture are called FPGA (Field-

programmable gate array)
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Complex Programming

Logic Devices

« Xilinx XCR3064XL CPLD
— Function block (16 macrocells)= PLA
— Macrocell = a flip flop + multiplexers
— 1A routes signals

Input of function block

|
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Function Block and MC

» Signal from PLA -> marcocell ->
1/0 pin

» Use CAD tool to fit the design into
the PLD.

\"[:4;“1 t‘ ‘1v:l.“‘.

\|/6 \|/6 I8 AND Gates

pe D Q_ﬂ l[:? /() P
: —(E — |

—pCK
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Field Programmable
Gate Arrays (FPGA)

 Logic cell: configurable logic blocks
(CLBs)

* [nput/Output blocks (1/0O blocks)

| I | | | 1 | |

D I | { | | | | | | | | | | | | |
T 1T T 1T TIT 1T T T

[T

[1]
l
[1]
[
[11
I
[1]
[

[T1

[T]

|
1]
|
111
|
111
|
1]
I

[T

[

|
[1]
[
[1]
I
[1]
l
[1]
I

(1]
I
l
I
I




Configurable Logic
Block

Inside a CLB: function generators (LUT),
FFs, and MUXSs

LUT: lookup table (truth table) is a
reprogrammable ROM (16 1-bit words)

by

LT

EvACVACYAEY,
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A Lookup Table (LUT)

If we want F =abc (one minterm)

— 1110 (and F=1) + 1111 (and F=1)
Orifwewant F=a’b’c’d’ +a’b’cd’ + ...abcd.
(15 minterms)

Require a single function generator. Program
the LUT table to get what we want.

Tobe implemented  ThiS 1S a 4-variable function
/ generator.

abcd|F /Bit stored in the LUT.
00000 =

00011 Qi) :>__

001011 f

.. Hy
11111 ; :}—ij:::>F
[} }




Shannon’s Expansion
Theorem

« What If # of variables > 4 variables

f (X, X5,... X))
— Xi, f (Xl’ X21--Xi_]_1 01 Xi+19 te Xn) t
XI f (Xl’ XZ,--Xi_]_1 11 Xi+19 s Xn)

f(a,b,c,d,e) =a’f(0,b,c,d,e)+af(l,b,c,d,e)

Gy )0

— ‘
—— FG
= G
- // e
7 FG 5| FG (;';\l |
e 8] f — b
F | G
b l Gy ‘
. 7| Gin
= FG _ FG ;
s F, 2 |
e ! da /_ a
C — }/
7] —
‘ FG
21 MUXF=a’l, +al, - " |7
Y AN

b

[ 1]

(a) 5-variable function (b) 6-variable function
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