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Figure 1-1 Graph of an analog quantity (temperature versus time)
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- UXE ok (Digital Quantity) 3
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Figure 1-2 Sampled—value representation (quantization) of the an
alog quantity in Figure 1—1. Each value represented by a dot can
be digitized by representing it as a digital code that

* Time of day
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\\ sound waves
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Audio signal I \
“ Speaker

] ~ Amplified audio signal
Figure 1-3 A basic audio public address system.
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CD drive

=2 %
OIO0TITON } Digital-to-analog » Linear amplifier
Digital data converter Analog
reproduction
Speaker

of music audio

signal 2
Sound
Figure 1-4 Basic principle of a CD player. Only one channel is
shown.
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2& C| XI E(Binary Digit)
28 CI Xl E(Binary Digit) ; Bit
0

A =2l (positive logic)
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£ =2l (negative logic)
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Unacceptable
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©

Figure 1-5 Logic level
ranges of voltage for a

digital circuit.
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HIGH -- HIGH = e
Rising or / Falling or Falling or / Rising or
leading edge trailing edge leading edge trailing edge
LOW et e LOW —-
fo h fo f
(a) Positive—going pulse (b) Negative—going pulse

Figure 1-6 Ideal pulses.
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Figure 1-7 Nonideal pulse characteristics.
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Frequency = —,'—
(a) Periodic (square wave) (b) Nonperiodic

Figure 1-8 Examples of digital waveforms.
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Figure 1-10 Example of a clock waveform synchronized
with a waveform representation of a sequence of bits.

(Tising edge case)
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Figure 1-11 Example of a timing diagram
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HIOlEf &=(Data Transfer)@

Xled -
=
Al l
Computer P 0 Printer
. |
B4 24 - - i
o= - :
I
10
»
| |
1 0
T | - .
J LA ¢ s 1140
: 3 I
o Iy I I3 Iy 5 Ig I 3 -
Computer > Modem . 6!
I |
L) .
fo 1
(a) Serial transfer of 8 bits of binary data from computer to modem. Interval (b) Parallel transfer of 8 bits of binary data from computer to
foto 1, is first. printer. The beginning time is .

Figure 1-12 lllustration of serial and parallel transfer of b
Inary data. Only the data lines are shown.
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=c| A2 JI=x

= [H==(Boolean algebra)

« George Boole0| 18544 =2|Als C}&D] fotd &0+t ]

&= = Hohl &=

— -

D =

NOT AND OR

Figure 1-15 The basic logic operations and symbols.
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HIGH (1) —Do— LOW (0)

LOW (0) —Do— HIGH (1)
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NOT, AND, OR

I

>.

:

AND &

HIGH (1) LOW (()) =—
)— HIGH (1) LOW (0)
HIGH (1) HIGH (1) —

HIGH (1)
LOW (0)

LOW (0) —
LOW (0) LOW (0)
LOW (0) —

\IJ
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NOT, AND, OR

HIGH (1) LOW (0)

HIGH (1) HIGH (1)
HIGH (1) HIGH (1)
lll(;llil':D_ l.()\\'(()>}

HIGH (1) LOW (0)
LOW (0) LOW (0)
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Two

binary

numbers
|

==(The Comparison

Comparator

A>B|+—

A = B |+— Outputs

A<B|+—

(a) Basic magnitude comparator

Binary

code for 2

Binary

code for 5

—un

C.)

Comparator
A>B

A<B

— LOW

— LOW

— HIGH

(b) Example: A is less than B (2 < 5) as indicated by
the HIGH output (A < B)
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AM=8t2=(The Arithmetic Func.)

©

Adder Adder
A Binary 4
T )3 Sum code for 3 Y Binary
1 et code for 2
nndry
numbers : ‘ : /
Cou [T Carry out Binary Cout | Binary |
B (%] : : ; B Ou
code for 9
Carry in —> C, Binary 0 —{ G,
Binary
code for 12
(a) Basic adder (b) Example: Aplus B (3+9=12)
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Conversion Func.) O
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&&t=(The Encoding Func.)

©

:
al
(0

HIGH

= 9  Encoder
—ES
e | £/ ;
—iG Binary code
— for 9 used for
- storage and/or
- 3 computation
A | N R —1
wls])le) —
I [N R
Lo J=4)

Calculator keypad
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Cl2 2 gr==(The Decoding Func.)
Decoder
Binary input "-"
7-segment display
=ol ook 9 =gl B4(3, 4) *0



Ol & & &5
Select

St

N

A
(o R
F

T

unc.

3

I
/)Ar3

Switching
sequence
control input

Multiplexer Demultiplexer
Binary data from | Binary data from | Binary data from | Binary data from
computer A to | computer B to computer C 1o computer A o
computer D computer E computer £ computer D
At, Al
At Al Aty At
. B . )
L . o ~
A At,

Arf\

Switching
sequence
control input

i
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==(3, 4)
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X &&t2=(The Data Storage Func.)
Q)

=Z2-ZZ (Flip—flops)

dl K| A B (Registers)

St X Ol 22l (Semiconductor Memories)
ROM(Read Only Memory), RAM(Random Access Memory)

X2 Ol 22l (Magnetic Memories)
Z27 A3 slE AT S
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cll Al A E
Serial bits @
on input line

Initially, the register contains only invalid

O 1 0 l —— 0 O O [ O data or all zeros as shown here.

First bit (1) is shifted serially into the
O l O — 1 O O O register.
Second bit (0) is shifted serially into
() | —s O ] O O register and first bit is shifted right.
4

Third bit (1) is shifted into register and
O — O - l O the first and second bits are shifted right.

Fourth bit (0) is shifted into register and
— () 140 | the first, second, and third bits are shifted

right. The register now stores all four bits
and is full.

Figure 1-24 Example of the operation of a 4-bit serial shif
t register. Each block represents one storage “cell” or flip
—flop.

3] OlAF QU =2 BHA(, 4) 7!



cll Kl A B

P B 4 B 9

on input lines

Initially, the register is empty.

O O O O containing only nondata zeros.

All bits are shifted in and
() l () 1 stored simultaneously.

of a 4-Dbit parallel shift register.

Figure 1-25 Example of the operation
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H == &2(The Counting :unc@g

Counter

{01 2 A O 5
1 2 3 4 S

Input pulses

Figure 1-26 lllustration of basic counter operation.

Parallel

outputlines | Binary | Binary | Binary | Binary | Binary
code code code code code
for | for 2 for 3 for 4 for 5

Sequence of binary codes that represent
the number of input pulses counted.
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A' A&l

—
(]
KX
()
N [

2 0[0

Encoder On-site display

SHAMO JERQ =254
-;

4 Number of
Keypad for entering Repister tablets per bottle
number of tablets
per bottle 2 Binary code for preset number

Code
converter
A

of tablets per bottle
/

HIGH closes valve
and advances

\ conveyor. Binary code for
© LOW keeps actual number of
valve open. tablets in bottle

On-site display of
total tablets bottled

Valve <—l _l _' '_l ]
Sensor Counter
o One pulse v .
. . ' from sensor Code Pecodes
for each converter| B
Conveyor 2 tablet advances HIGH causes new B
control counter by I. sum to be stored. | Register
& B
Pulse resets counter to zero [_l MUX DEMUX
when next bottle is in place.
S
Current total sum /

// Remote
Figure 1-27 Block diagram of a tablet— T / location
A binary code for the total number of tablets is

COUﬂting aﬂd bottling Contr0| System, transferred in serial form along this line for

remote display and computer inventory control.
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DA-J|s & &S| 2 (Fixed—
func. Integrated Circuit) S

Plastic

Figure 1-28 Cutaway view of one type
of fixed—function |IC package showing
the chip mounted inside, with
connections to input and output pins.

oIr
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ICIHI| XI(IC Packages) -

 Through—hole mounted e Surface mounted

(a) Dual in-line package (DIP) (b) Small-outline IC (SOIC)
Figure 1-29 Examples of through—hole and surface—mounted devices.

The DIP is larger than the SOIC with the same number of leads. This
particular DIP is approximately 0.785 in. long, and the SOIC is
approximately 0.385 in. long.
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T AIX THI| K| (Surface-—
Mount Pakages) 3

SMT IHIX[2] &F ;
SOIC, PLCC, LCCC, Flat pack

- P o

ey am o =

End view End view End view End view
(a) SOIC with (b) PLCC with (¢) LCCC with no leads (d) Flat pack (FP) with
P
“eull-wing” leads J-type leads (contacts are straight leads

part of case)

Figure 1-30 Examples of SMT package configurations
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C &l B 0[J] &

Pin |

identifier

Pin |

identifier
6
5
4
3
2
|
0
(a) DIP or SOIC (b) PLCC or LCCC

Figure 1-31 Pin numbering for two standard types of IC packages. Top
views are shown.,
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NE-Jls ICe =8 &5

Small—-scale integration(SSI)
5t +9| "é!Oﬂ 123H9I SOIHOIEN K A

Medium-scale integration(MSI)
SHLESl &0l 12 ~ 999HS S HOIE DK JHA
oI, CI2H, II2H, AIKIAE, MUX, AS3|2, &2 H22] S

o
e
0

Large—scale integration(LSI)
SHLESI &0l 100 ~ 9,9997H2] SIJIAHIOIENK I+E

Very large—scale integration(VLSI)
5HLECl &0l 100,000 ~ 99,9997H2] St HIOIENX| IHE

Ultra large—scale integration(ULSI)
SHLESl = 0l 1000.000 JH Ol &S] EJIHO[EZ JHE
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KA 2 J|=(IC Technologie@s})

- HIO| =2 8 & EASHXIAH
(BJT; Bipolar Junction Transistor)

TTL(Transistor—transistor logic)
ECL(Emitter—coupled logic)

« MOSFET (Metal-oxide Semiconductor
Field—effect Transistor)

CMOS(Complementary MOS)
NMOS(N-channel MOS)

5| 2(5) 40
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T JeiH=S =2
(Programmable Logic) S

PLD(Programmable Logic Device) :

PLOS & &

T2)HE =219 J|=(B) “



PLD2 S EN

SPLD(Simple Programmable Logic Devices)

« (] JHS SSI £= MSI EXIE UME = US
« PAL, GAL, PLA, PROM

CPLD(Complex Programmable Logic Devices)

« 2~B4JH2 SPLDO A5
e 44 ~ 160 Il

FPGA(Field—programmable Gate Arrays)

« 64 ~ =&I2 =2l e =S 5L = <4
- 22 =2 EF= IS

T2)HE =219 J|=(B)
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DE-J|s =2l I o

Interconnection xed-function ICs Printed circuit board

11 ¢ 111 1111" ||1111
m YTTT 100880001

1 ..... II ................
iiii““ I—I
|I:| 111 nmm 1l

$4dd 1111 b lll

Figure 1-34 A simplified representation o1 a fixed—tunction logiC Implemen
tation of the system in Figure 1-27. A few interconnections are arbitrarily s
hown for illustration only.
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D220 E =2 Hau

( Software CD J

Computer running PLD
development software

-

©

Complete
system is
implemented

in PLD.

Programming
cable

Simplified system
circuit board

T2)HE =219 J|=(B)
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