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Boolean expression

The output of an AND gate is HIGH only
when all inputs are HIGH.
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The AND Gate
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AND Gate Applications
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HIGH activates
alarm.

Ignition on = HIGH for 30 s
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Boolean expression

Pulsed waveforms

The output of an OR gate is HIGH
whenever one or more inputs are HIGH

Copyright ©2006 by Pearson Education, Inc.
Upper Saddle River, New Jersey 07458

All rights reserved.
Slide 6



The OR Gate
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Intrusion Detection
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4-Input OR

Open door/window
SENSOrs

Gate

HIGH = Open
LOW = Closed
— HIGH acuvates
alarm.
[D . l Alarm
_L_/ circuit
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Distinctive shape symbol
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Pulsed waveforms

The output of a NAND gate is HIGH
whenever one or more inputs are LOW.
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The NAND Gate
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Pulsed waveforms

The output of a NOR gate is LOW
whenever one or more inputs are HIGH.
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The NOR Gate
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4-Input NOR Gate
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NAND & NOR Gates Applications
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Exclusive-OR Gate
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Pulsed waveforms

The output of an XOR gate is HIGH
whenever the two inputs are different.
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Pulsed waveforms

The output of an XNOR gate is HIGH
whenever the two inputs are identical.

Copyright ©2006 by Pearson Education, Inc.
Upper Saddle River, New Jersey 07458

All rights reserved.
Slide 14



Transmission Gates

 NMOS passes 0 well, but not 1; PMOS does the opposite.
« Transmission gates pass both 0 and 1 well

EN HV LV
_l_ Passes LV well ‘
X,— X, but not HV in X X = X, X e e X
transfer (ON) mode ! o i °
NMOS (ON) ON OFF
‘LIL Passes HV well
I e W but not LV in - e e
. PMOS X° transfer (ON) mode ' XO Xi X, Xo
ON OFF
HV LV
EN EN
_l_ Passes both LV | |
—F— +—» —%—‘ and HVwellin X, —_}—X=X  X— X,
T cMos L transfer (ON) mode | l
EN EN LV HV
ON OFF

upper Saaaie Kiver, New Jersey U/4b:8.
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Transmission Gates

g = 1 X f
X O o f=x 5
(c) Equivalent circuit (d) Graphical symbol
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Noninverting Buffer

. . . Vop
The buffer is a single-input ,
device which has a gain of 1, I
mirroring the input at the
output. It has value for —Ci —OI
impedance matching (high-
to-low) and for isolation of
the input and output. -I _I
Typically, it is used to deliver
higher power to drive a large _L
capacitive load. —

: | : (a) Implementation of a buffer
x —I >— f

*Brown’s fundamentals of digital logic (b) Graphical symbol
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Tri-state Buffer
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e Full-custom
e Semi-custom
® Cell Based
® Gate Arrays
e Programmable
® CPLD and
FPGA
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Programmable Logic Device (PLD)

* Programmable AND array
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Programmable link technology
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Device programming
« Design entry
— Text entry
— Graphic (schematic) entry
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Programmable Logic

* In-system programming (ISP)
— Joint Test Action Group (JTAG)
— Embedded processor

System PCB

JTAG-compliant PL.LD

JTAG hardware

PLD
design PROM
data
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Fixed-Function Logic

« CMOS

« TTL (Transistor-Transistor Logic)

DIP (Dual In Line)

0.740-0.770 in.—»’

0.250+ 0.010 in.

- "/
Pin no.1
identifiers

0.145-0.200 in.

0125 -0.150 in.] i

0.014 - 0.023 in. TYP*’“‘* \
0.100 +0.010in. TYP
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SOIC (Small Outline IC

«—0.335-0.334 in.
14 13 12 11 190 9 8

0.228 - 0.244 in.

Leadno.l /
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0.053 - 0.069 11'1.” 1 F 1 ' 1 F 1 F { i
T E
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IC Gates
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Chip Integration Level

® SSI = small-scale integration
( up to 10 gates)

* MSI = medium-scale integration
( up to 1000 gates)

* LSI = large-scale integration
(up to 10000 gates)

®* VLSI = very large-scale integration
(over 10000 gates)
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Design Abstraction Levels
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Design Abstraction Levels
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A mux at different levels of
abstraction

A A
0 - 1
. Z
Bl B_
S
S Swi fth Mod@(
Sumbol 74-9( for mu/ﬁ',a/&—\’bf'

multiplexer funchion

gate-level logic o&'agmm for mux

A

SN

B

ASN
) >
SB

Slide 29

J U

mu lh plexer fun chion
logic equation
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mu [FR'plexer
truth table
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A mux at different levels of
abstraction
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