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PLA

Programmable Logic Array

A PLA (Programmable Logic Array) is a programmable circuit
containing a two layer circuit with

» n inputs and m outputs
» one AND area
» one OR area

The number of implicants is a measure of the size.

Mark the connections with a plopp (e)
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PLA Ex

Example: Detector (NBCD)

Assignment:

Karnaugh maps: Minimal functions:
X X X
g 01 G 0|1 uyp 01
oo o 00 0 0fo|o U= qiq2x
+ / / /
o1 0 oo o o1 oo g7 = 919, V q1G2Xx
0192 0192 a1q2
1mjo|o 11 0 1o q; = qiqéx' V q1q2x'
10 Fﬂ 0] 0 0]ofo \Vi qlqéx
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PLA Ex

Example: Detector (Gray)

Assignment:

Karnaugh maps: Minimal functions:
X X X
g 01 g 01 up 051 P
0]o|o o[ 1) o 0]o|o U= quax
+ /

1) o on] 1] o o1lo|o g7 = g2x V q1q2
0192 0192 a1q2 /

(1 1] mffo imfojo q;- =X

10|o]o w1 o 0o
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Multiplexer (Datavaljare)

A multiplexer, or switch, is a circuit where L bits choose one of
K = 2L inputs.

CL—1 co
Tro —~
Tl — <
~— —Y
TK—-1 —

The output is given by

Y = Xp(cL-1,.-,0)

Martin Hell, Digitalteknik L12:8, Ch 5.4+



Tri-state

Tri-state

A tri-state buffer is a buffer with a control signal . If ¢ =1 the
buffer is active, otherwise the output is high impedance
(disconnected).

©
ooy
x_¢ly
— 0 | High impedance
0 110
1 111
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Demultiplexer (Avkodare)

DeMUX

A demultiplexer, or decoder, is a circuit where L bits choose one of
K = 2L outputs.

CL—-1 Cco
— Yo
v J> — Y1
——‘ YkK-1

The output is given by

Yi — {X7 |f ¢(CL_1, oo .,Co) = [

0, o.w.
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Counter 74LS162A

Action

Parallel input

Parallel output; The state

Synchronous reset, active low
QR+ 0

Parallel enable (Load), active low
Q<+ P

Count enable

Count enable

Terminal count output,
TC=CETAQGAQAQAQ
Used for cascading counters

m Pins
p | P=P—-F
cer | Q= Q3 — Qo
— Tc 162A CET —| SR
cP —
r S IPE
(111
CEP
CET
TC
Cp

Clock
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Counter 74LS162A

Example: Cascade

Since TC = 1 when Q =9 and CET = 1, this can be used to
cascade several counters.

To build a modulo 100 counter cascade two modulo 10:

[ L[]
P P

PE [— 1 PE —1
CEP [— 1 CEP [—1
— 1 1c 1e2A CET TC 162A CET Count
CcP cP
Q 3SR |—1 Q 5|1
'!'elnls | Ur1|it|n!1r|nber
Clock
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Counter 74LS162A

Example: Modulo 6 counter (Alt 1)

Construct a modulo 6 counter.

When Q =5 and CET =1 = SR = 0 (Reset to zero).
The new TC: TChods = Q5 A @2 A Qi A Qo A CET

LLLI
P

TC

mod 6

—T1 TC 162A

Q

PE
CEP
CET

CP

SR

— 1

— 1

Count

— Clock

o
[ E
|
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Counter 74LS162A

Example: Modulo 6 counter (Alt 2)

If the value of Q not important.
Usethat Q =9 and CET =1 = TC =1,

Thenload @ «+~ 10 -6 =4

TC

CEP
162A CET

CP

Q@ &R

.

— 1

— Clock

— 1

Count
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CMOS

v

MOS: Metal Oxide Semiconductor (also MOSFET)
CMOS: Complementary Metal Oxide Semiconductor
CMOS was patented in 1963

One of several ways to build digital circuits
Attractive properties

» Noise resistant
» Very low static power consumption
» Can fit into small area

v

v

v

v
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CMOS, P-type and N-type

P-type

» Must have source connected to either Vpp or
another P-type MOSFET

» Low resistance (conducting) between source Voo
(S) and drain (D) when input is low (0) s
» High resistance between source and drain Vin C{
G

when input is high (1)
» Model as switch: Closed when gate (G) is
low, open when gate is high
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CMOS, P-type and N-type

N-type
» Must have source connected to either GND or
another N-type MOSFET
» High resistance between source (S) and drain
(D) when input is low (0)
» Low resistance (conducting) between source G
and drain when input is high (1)

» Model as switch: Closed when gate (G) is
high, open when gate is low
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CMOS, Complementary design

» For each N-type, complement with a P-type transistor

» Connect input to gate of both transistors

= Only one is open at a time = Very low power consumption

when state is not switching

VDD

“high”

— GND

l

=\
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CMOQOS, Gate

TVDD
b,
+

&

GND
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CMOS, Gate
T

A cﬁ B <ﬁ AB | OUT
. ouT 00 !

01 1

4 10| 1

11| 0

B «{ NAND gate

GND
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CMOQOS, Gate

bn

49

B# ouT
i

{_ GND
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CMOS, Gate

bn

44 AB | OUT
00
01
10
out 11

p
Aﬁ ' Bﬁ NOR gate

{_ GND

O O o
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CMOS, Design

Basic design rules (informal)

» For each input combination, there must be a path between
OUT and either Vpp or GND.

» For each input combination, there must not be a short circuit
between Vpp and GND.

If N-type are in series, then P-type must be in parallel. And vice
versa.

Martin Hell, Digitalteknik L12:21, Ch 5.4+




