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(b)

,sZ~ 1.1 ~~FI&J~~~WN~T Oscilloscope (A) Voice signal (B) digital Siganl
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1.2 ~~IJ.J~&%IMM  (Digital Signals)

4.0 )

t

Va l id  inpu t  vo l tage Logic 1
3 . 0

(a) lTL  input  voltage ngions

v0ibge
(volts)

6.0

t

ICs  do  no‘  normal ly  have output
vol tages in  th is  region

5.0

4.0 --

5.ov

Val id  output  v&age Logic  I

3.0 --

Val id  output  v o l t a g e Logic  0 ’ 0.4v
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n Small Scale Integration (SSI)

n Medium Scale Integration (MSI)

n ‘Large Scale Integration (LSI)

n ,Very Large Scale Integration (VLSI)

n Ultra Large Scale Integration (ULSI)

WIYN 1.1 Integrated Circuit Classification

Classification Transiskvs Typical IC

SSI IO or less 54174 logic gates
MS1 10 to 100 Counters, adders
LSI 100 to 1000 Small memory ICs,  gate arrays
VLSI 1000 to 1 million Large memory 16,

microprocessors
ULSI 1 million and up Multifunction ICs

FIGURE l-l(a) A Semlconductor  Chlp (Courtesy IBM
Corporation)

6
@fi 1.4 Semiconductor chip LLWZ  Semiconductor Wafer
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(a) Plastic  Dual-In-Lint Package
DIP

-.---_.-  __-_  _ _

(c) Small Outline Package
SOIC

- - - -

(e) Flat Package Straighl.  P in
FP

(g)  Plastic Ladless  Chip  l?arricr
PLCC

! (b)  Ceramc Dual-in-Line Package
CERDIP

(d) Zigzag-In-Line Package
ZIP

(0 Flat Package J Lead

FP-J

(II)  Flat Package SO Lead
FP-SO
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1.7 %@p3dalUlaQn  (Analog Signals)

(a) Triangle waveform

(b)  Sinusoidal  wavefoml

I
Cc)  Damped sinusoidal wavsform

I
(d)  Exponential decay waveform

8 @i 1.6. Analog Signals CT 455



VOltage
(volts)  6V

1

Time (ms)

211;  1.7. Periodic Analog Sine waveform

tms14  1.2 Units of Time

Time Unit Symbol Equivalence

Second
Millisecond
Microsecond
Nanosecond
Picosecond
Femtosecond

s
m s
W
IIS

ES

1 second
1 x IO-’  seconds
1 x 10m6  seconds
1 x 10m9  seconds
1  x IO-‘*  seconds
I x 1O-‘5  seconds



WITN 1.3 Units of Frequency

Frequency Unit Svmbol Equivalence

Hertz.
Kilohertz
Megahertz
Gigahertz
Terahertz

HZ
KHz
MHz
GHZ
THz

1 Hertz
1 x 10’ Hertz
1 x lo6 Hertz
1 x lo9 Hertz
1 x 10” Hertz

6aiaaEk  1.3 nis6luam Period

What are the periods of the upper and lower FM frequencies?

Solution:

Lower frequency period:
1
- = 11.36ns
88 MHz

Upper frequency period:
1

108 MHz
= 9.26 ns

1.8 ~~J~JICU?I?FIE~W  (Digital Signals)
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Wl7li79  1.4 Positive Logic

Voltage
(volts)

+5
0

Binary Te rm

I H I G H
0 L O W

WITN 1.5 Negative Logic

Voltage
(volts) Binary Tern

+5 0 LOW
0 I H I G H
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Voltage
(volts)

5 V
f

L o g i c  I L o g i c  I
I 1 I ,

Time (ms)

(a)  Posillve  logic digital wavekxm

VOkZlgCa
(vol ts )

5 v-- L o g i c 0 L o g i c 0

.. I 1o v L o g i c L o g i c

5 0 IO0 150 2on

Time (ms)

(b)  Negat ive logic  digi ta l  waveform

l-m-r-Lru-
0 0 IO III IO 0 I I IO I

1101000011000,0

Cc)  Graphic reprcsenlntion  of  16.bits  of  dam

$E]  1.8 Digital waveform Posit ive and Negative Logic

0 - Positive logic

I - Negative logic

1.8.2 ~da&-4~~we!3 (Digital Waveforms)
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(a )  Aper iodic

(b)  Per iodic

Ll LJ u u LJ
(c)  Per iodic

(d)  Per iodic

I L
(e)  Aper iod ic

ZE]  1.9 Digital wave form

1.9 Clock Waveform timing

CT 455 13



f = l/-rp

VIP~?UYQ~A~IU~LSI~U~~I  hertz (Hz) ~~~B~XJ&FJIUIKN  Period &I  Seconds (s)

FWIN~~Z~I~~;,  cycles per second (CPS) I& Pulses per second (PPS)

f = l/Tp = 1/2Microseconds = .!?I MHz

Tp=l/f  = ‘%.I  7 MHz = 0.240 microsecond

14 CT 455



1
CP 0

,
s.. LSB MSB

0

1.11 n15sswPda'l~PlwajlPabbUUmPd7Pd  (Parallel Representation)



2” I (LSB)
0

2’ ’
0

2O ’
0

2’  ’
0

(MSB)

1.12 ~?mm a&b (Digital Logic)
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L - O - F
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+5 Vdc

r--  - - - - - - -
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$&I  1 .I 6 a) fl’in b) flag c) low relay

f5Vdc
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2I.d 1 .I7 a) Buffer amplifier model b) truth table c) Symbol
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+5 WC G
. .

“, G “0
L L Open

I-
H  ‘L  O p e n
LH L
HH H

Ia) fb)
@; 1 .I 8 Tri-state buffer a) Model b) truth

IC)

table c) Symbol

G

v,
-ci

VO

1.12.2 fidb&& 3 %Qlla:: (The Tri-State Buffer)

1.12.3 &.&a&k& (Inverter)
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+5 V d c

(aI (b) (cl (al

xE]d  1.18 Digital lnverter a) Model b) truth table c) Symbol cl) another

symbol

27-d  1 .I9 a) Inverting Tri state buffer b) Model c) Truth table

1.12.5 The AND Gate



pd 1.20 AND Gate

V,  = V,  AND V,

+5 Vdc

I - - - - - :
“0

- -

3

@d  1.21 a) Two Input AND Gate b) truth table c) Symbol

1.12.6 The OR Gate
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3l.d 1.22 OR Gate

+5  Vdc

(a) (b) fd

@d 1.21 a) Two Input OR Gate b)  truth table c) Symbol

1.13 Moving and Storing Digital Information

1.13.1 Memory elements

CT 455 21



+SVdc

t

xd$ 1.22 a) Flip Flop b) Truth table

S=SET R= RESET

@i+ 1.23 4 bit Register

IllpUtS

1 2 3 4 5 6 7 8

a b c d e f

Outputs

22
4I-k 1.24 Parallel Register CT 455



InpUt A B C D E F G H

ib)

1l.d 1.25 Serial Register

1.13.3 Transferring Digital Data

1 .I 4 Digital Operations

1.14.1 a-av&U  (Counters)

CT 455 23



Maximum count = 2” - 1

1/./------- -

1

Ia)

2 3 4

L - - 1 - - - - - i

I I
0000 0001

(Begin)

yLpy
0010 0011 0100

6

@I-

OiOl 0110 0110
IEnd)

1.14.2 Arithmetic Logic Unit
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0110
(6)

L

L

0111
(7)

H

1.14.3 INPUT/OUTPUT
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n

=ilE!l

I I ,’
:

ON
input
l ines I 1

output
l i n e

D e c i m a l

0lle
input
l i n e

& 1.31 %F+T  Multiplexer LLA:  Demultiplexer

Digital
‘0”tputs

y.$ 1.32 ?\1w  Decoder LK Encoder

Digital
i n p u t s

I:15 Digital Computers

1.15.1 Basic Configurations

2 6 CT 455



/ n f n

J._ , ,
Voice

\\

Q
\

3
Keyboard D i s k  d r i v e

or
Printer

-
Disk drive

tape drive or
tape drive

I
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TO
external
devices
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