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Symbols

& (wmpersand), 73
"tapostrophe ) symbol, 48
() multiplication dot, 45
{1 overbar, 48

= symbol, 38

“inlde), 81

I \vertical linz), &1

= symbol, 249 277

A
ABEL sofiware, 116
Absolute encoders, using Gray code. 200
AC. 1 a core purt number, 63
Access time, 370, 193
AC-CMOS, 148
Accumulating, 484
Accumulator, 452, 485
Accuruwy. of ui A/D converter, 817
Acil fluxes. $31-532
ACT, ina core part pumrber, 65
Astian put, of an mstruction, 451
Activators, 531
Active HIGH inpur, 74
Active HIGH input switch, 153
Active LOW inputs, 204
Active LOW outputs, 204
Active LOW switches, |53
Activesmutrix LCDs (AMLCDs). 216-217
AJD converter tunnlog-to-digital convertery, S, o,
AR3, 499
example of o digstizer, $21
1C, 517-519
other, 512-515
specifications, 516-517
transiating analog soltage W input, 506
Truth ble for, 506, 507
using as 8 digital volteter, $11-512
ADCOSOL B-bit A/D converter IC, 517, 519, 520
Add steps. in binary multiplication, 346, 47
Add-and-shift method, 343, 346
Addtnd-shitr multiplication, 346, 347
Adders, 330
used for subtmction, 349-350
Address
oty switch positions us, 372
of & wond, 366
Address bus, 362, 448
Address decoder, 54, 435, 456
Address inputs, of the 7489 RAM, 167
Alurm, LCD timer with, 426429, 430432
Algorithm, 487
“Allor nothing gate” 43
Allegra Microsystem. 3132 Hall-cffect switch. 180
Alphanumeric code, 202
ALS, in 2 core part number, 65
Alternate NOT symbol, 48
Alizmative NAND symbal, 6]
ALL (urithmetic-logie unity, 330, 334, 340, 446
Amencan Standard Code for Information Interchunie
LASCII), 27, 202, 203
AMLCDy (active-marrix L.CDy), 216-217
Nmmetse. as output indicator, S
Amperand (&)
Saide the TEEE standund AND gute symbo), 72
& e NAND funcoon in PBASIC, 81
Asslog circuits, 2

oy dovaces, 2 W

Analog electronic systems, £, §
Analog in nature, natunl phenomens as, 4-5, 409
Analog input to digital information. See A/D converter
Ganakog-to-digital convernter)
Analog imputs, to digital systems, 499
Analog measurng device, 2
Analog meser, 3
Analog-to-digital (A/D) conventer. See A/D converter
(amulog-to-digial comverter)
AND circuit, using switches, 44
AND dol, eliminating, 96
AND function, 44, 45
AND gate, 4345, 73-74, 410
And logic function, substituting NAND entes, 36
AND truth mble, 44
AND.OR logic cireuit, 107
AND-OR pattern, of logic gutes, 109
Angulur velogity, 201
Anede, 221
Antifuse FPGAS, 116
“Any or all gue " 46
Apostrophe symbol. as alternative NOT symbaol, 48
Anthmetic cireults. 330-136
Arithmetic unit, of & computer, 445446
Arithmetic-Jogle unit (AL 1, 330, 334, M0, 446
AS, in u core purt number, 65
ASCI { American Stndard Code for Tnformation
Interchunge), 27, 202, 203
Astuble mulivibastor, 10
Astable MV, 237
ASTTL (advanced Schuuky TTL), 148, 160
Asynchronous counter, 264
Asynchronoos inputs, overriding synchronous inputs,
2
Audio amplifier sections. of the digital roulete game,
iy
Audio purts, 464
Automatic ¢lear circuit, 316-320
Automohile
alurm system, 75-77
driving expericnce enhanced by electronics, &
fuel Indicators, &

8
B421 BCD code, 196-198
Back-and-forth (reciprocating ) motion, 488, 489
Backlighting, added (0 an uctive-mutrix LCD sercen.
27
Hase 2 syswem, 27, 34
Buse § numbers, 36
Base 10 system, 27, 33
Base 16 systern, 34, 38
Basic gate, convening 1o any other gate, 62
BASIC Suunp | wodule (181}, 477
BASIC Stamp 2 (852) Microcontroller Module by
Parallax, 77, 126, 128, 186- 188, 404
RASIC Stamp 2 module (BS2), 126, 477478
circuil, 488490
steps i wirng and programming, 186
using with un ultrasonic distance sensor 10 messine
distances, 434
BASIC Stamp modules. 475, 477482
BASIC Stamp program. 445450, 40]
BASIC Stamp programming. 479-482
Batizry buckup, for 2 CMOS SRAM, 38
Battery buckup SRAM, 381
Battery-operated pormable devices, CMOS 10y
wdeal for, |50

Baticry-powered soldering itons, using. 150
Huud rve, 461
Buudot, 202
Buyer filter, 456, 487
BBSRAM. 38|
BCD (hinary coded decimal), 27
BCD code, 197
BCD decoderfdriver cirenir, wiring disgram of, 224
BCD-to-seven-segmient decoder, 214, 215, 21, 219
BCD-to-sevensegment decoder/drivers, 208, 200-212
BEL (bell), 202
"Bent under™ pin, 296
Bichirectionul shift register, 312
Bilweral switches, 151
BIMOS S804 stepper motor trumslatocdriver, 176-177
Binury (BCD)-to-decimal decoder cireuir, 42
Hinury 0,43
Blmuey |, 44
Binary addition, 330-33)
Hinary and octa) representutions, for decimal
numbers | through 17, 36
Binary calculator, 331
Rinary code, converting to decimal numbets, 30
Binaey coded decimal (BCD), See BCD (binury coded
decimal)
Binary cougt, 263
Binary digit. 37
Binary cquivalents, tw decimal numbers, 35
Binary multplicarion, 343-344, 346
Binury multiplicrs, 345-48
Binary number system
counting in, 27-28
place value in, 2829
Binary numbers
sunverting from, 229
canverting to decimul. 30
converting 1o hexadecimal, 3§
converting o octul, 36
Rinary outputs, digital light meter using, $21
Binary point, 29, 30
Binary subtruction, 336-337
Binary term, 38
Binary-coded decimal numbers, 375
Binary-1o-Ciruy code cunverter, 370-37]
Bipolar stepper motors, 172
Bipolar technology, families munufaciured using. 62
Bipolar TTL logic family {nverter, 141142
Biquinary counter, 7493 1C a5, 272
Bistable multiviboator, 10, 237
Bit. 37
Blanking, leading seros, 211-212
Blanking input (B1), 209, 210
Blinking LED | program, listing of, 481
Block diagrams
debounced logic switch, 9
digital clock, 213, 419
digitnl electronic timer system, 427, 428
digital frequency counter, 419, 420, 421
digital potentiomerer. 394, 396
digital moulette wheel, 318
of 2 full adder, 333

of o half subtracior, 336, 337
MMSE3 14 MOS LS clock IC. 416,417
repeated addition-type multiplicr system. 34%
2732 EPROM chip, 378

Blood tests, requiring less blood, 277

Bourd of Education (BOE), 478479




Boole, George, 99, 125
Boalean algehen, 45, 99100, 125
Boolean expressions, 45

forms of, 91

for four-inpat OR pate, 58

for the OR function, 31

keyboard versions of. 95. 124

for NAND, 50

for the output of the XNOR gate. 55

stmphifying. 99100, 10}

1o truth table, 92

for the XNOR gawe, 54
Borax paste, 532
Borrow aut eutput, 429
Boupce-free switch, 180, 183
Boundary scan or JTAG, 438
Boundary-sean architocture, 438, 440
Boundury-scun cells (BSCs), 438, 430
Rraun ThermaScan ear thermometer, 04
Rreadbourd wiring, of 4 free-running clock, 11, 12
BS (backspuce), 2012
BS2 microcantuller module, 406
Buller memory, printer's. 460
Bufler register, 308
Bulfers. Sew Three-state buffers
Bulk storge devices, 362
Bus, 362
Bus systems, buffet/driver used witly, 49
Buzzers, interfacing with, 164
Byte, 38

C

C.in a core part mumber, 65
Cache memory, i microprocessors, 364
“adindum sulfide photocet], 520
Caleulator
hinary, 331
vommercial, 37
compared (o 1 computer. 446
keys on. |82
pocket. 31
sclentific, 37
shift register n, 305
Caleulator chips, 206
Carry input, 333
Cuarry out, 332
Cascaded decade counters, 250
Cuscuding adders, M0, 342
Cascading comparators, 288, 290
Cascading counter, 283
Cathode (K), 221
Cathode lewd, of uy LED, 206, 267
Cathexte/heater, 221
Cathode-ray tube (CRT) technology, 215
CCDy ichurged couple devices), 446
CD reader deive, 363
CDH08 1 BE CMOS guud swo-mpin AND gate IC, 66
CD4OB 1 BE pant numiber, 66
CDDA (CD digital audion, 363
CD-Es, 392
CL-R (compuct disc recondable), 363, 390, 301-392
CD-ROM (compact dise read-only memory ), 363,
390, 391
CD-RW (CD rewritable), 363, 392
CDs (compact dises), 363, 390
CdS photocell, 320
CdS pholoresistise cell 488, 490

Central processing unit (CPU), 5. 330, 362, 206. 446,

44K, 40

Centromics standurd, 461

Charged coupled device (CCD), 486

Cheetah hard disk drive, by Seagate, 388

Chip select control input. 370

Circunt board, 434

Clrcult resistunce, 6

Circuit simulation sottware, 92, 94-0%

Circults, consteucting from Boolesn expressions,
91-92

Circumiles accent (%), in the XNOR function of
PRASIC. %I
CISC (eomplex instraction set computing ), 475
Clump diode, 165
Cleuning, required 1o remove certain types of fluxes, $34
Clear mode, 74194 shift register. 311, 312
CLK inputs, 239, 266, 203
Clock, digial circuity in, 10
Clock chips, large-scale integrated, £14
Clock circuit, 26
Clock module, 415, 416
Clocked R-S flip flop, 239.240
CLR input, of 4 counter, 74
CMOS (complementary metab-oxide semiconductory. 62
advantuges of, 144
buffers, 156, 162, 163
cireuit, troubleshooting, 71
counter, 276-280). 288-289, 250
counter ICs, 279
devices, 162-163
digital circuits, 16
digital ICs, 65, 66
driving an LCD display, 218-219
Image sensors, 486
inverters, 142, 143
logic gutes, 65-69
noise margin better for, 145
power dissipation of, 149
quadruple two-input AND gate IC. 66
RAMs, 381
shifl registers, 315
SRAM. 35|
TMS47CS12TOM, 374
XOR ies, 214, 21§
CMOS ICx, 62, 150-151
udvantages of, 150
CAUtION pEUInAt static charges, 68
damaged by static charges, 64
disadvantages of, 130
fumilies of compatible, 66
handling. 150
Interfacing with TTL, 160-)63
storing, 150
subfumilies, 67-68
with a “T* designaror, |42
CMOS-to-LED interfacing, 156
Conle conversions, with software, 33
Code converter, 370
Codes, converting from several. 229

Coefiicicnts, 483
Colleztoe of electrons, in the triode tube, 221
Color LCDs, 215-217

Combinational logic, %0

Combinational logic circuits, 90, 208, 236, 335. 355
NAND gates used in wiring. 106
using logie gates, 376

Combinational logie designs, PLDs implemsenting. |21

Combinational logic problems. solving, 90-91, 126

Comercial calculutors, converting betwesn number
systems, 37

Commetcial frequency counters, 425

Commercial grade, 63

Commercinl LCDs, 214215, 216

Commercinl monochrome LCDs, 215, 216

Commierciul ROMs, in DIF form, 372, 374 /

Commencial vacom fluorescont display, 223, 223

Common cathode form, 207

Commun-anode seven-segment LED display, 207

Communications, in orbit. 70

Compact dats stoeage, 139

Compact low-voltuge 1Cs. 68

Comparator, 507-50%

Caomplement, of actual memory contents, 367
Complementary metul-oxide semiconductor (CMOS
See CMOS (complementary metil-ixide

sericomdicton
Complementary autputs, 13, 236

Complementary symmetry metal-oxide semicondoctor

(CMOS) devices, 150

Complementury symmetry metal-oxide semicondicior
(CMOS)ICs, 160

Complementing, 4-hit binary number, 32
Computer bulk storge davices, 387294
Computer connections. 1o networks, 448449
Computer mouse. 211
Computer simulations, logic converter. 10811
Computer systenis, 44539

datn traosmission in, 46468

flow of program instructions aed data in. 446447
Computen. 445446

anachip, 451,473

memory devices in, 362-363

photographic history of, 4
Condustive foam, 130
Contact bounce. in o mechaniea! swirch, 9
Contents section, of the program memory, 450
Continuous rotation. of a siepper mowr, 174
Control and anthmetic units, 447
Control block. in o UART, 460
Control bus, 362
Control devices, microcontrollers as, 474
Control functions

of digital systents, 403, 404

performing by microcomputers, 473
Caontrol input, exti, 49
Control register, 466, 467
Control section

of hostndiary -scan urchilectire, 438

ol a computer, 446
Control sequences

for sample hipolar stepper mators. 172, 174

used by the MC3479 IC, 176
Conversion options, for o logic cottverter, 108100
Conversion tme, of ut AZD convensr, $17
Core part numbey, intermal letiors i, 65
Carrosion, on metal surfaces, 530
Count accumulator section, of « clock. 412
Count or sampling time, 425
Count pulse. 420, 421
Coumt/displuy waveform, 423
Count-tisploy-reser procedure, repeating, 421
Counter stop line, 429
Connter sabsysem. 414
Counter systen, using optical encoding, 286
Counterclockwise (CCW) rotation, 172, 174
Countersramp A/D converter. SOK
Counters

described, 262

formed by flip-Nops, 236

5 frequency dividers, 270-271

s heart of o digital system, 412

1K flip-flop im, 246

uonbleshooting, 295207
Counting, real-world events, 284287
Count-up pulse, 204
CPLD {complex progrummable fogic device), 116
CPU (central processing unit), 3, 330, 362 406, 446,

448, 449

CR (carmiage returm), 202
CRC-S system, 463
CRC-16 system, 463
CRC-32 system. 463
CUPL software, 116
Current sinking, 156-157, 158
Current sourcing, 156-157. 138
CW rotation; 172, 174
Cycles, displaying, 21
Cyelic redundancy check (CRCL 462463
Cylinders, number of, 389

O

D flip-flops, 241243 308
deliying dita, 242 -
serial-Joad shift register using, 307
use of eight with parallel duta outputs. 3135
used 1o Jutch data. 248
wiring, 242




D Laach symbol, 239, 250
VA converter (digital-to-analog converncr),
483, 399, S00-501
circult, SO
parms of, 501
sections of 302-500
truth table fog, 300, 54
truth tables, 506
Dragk bymediareay, reflocting less light, 392
DAT (digital uudiotape), 393
D

ability 10 store, 361

#i be acted on by a computer, 446

sent over i single wire i serial form, 457
D bus, 362, 445
Data flip-flops, 242
Dati fnputs, 112 367
Data links. 460
Dt memory, 448, <74, 385
Data selectors, 112, 113114, 458
Data transfer rute, of 4 CD-ROM drive, 390
Data transmission, 457461

in A computer systent, 464208

examples of, 460, 465468
Daw transmissions, detecting ermes in, 461-463
Dau-znabled mode, for 7475 laich 1C. 248
Duta-lutched muxde, for 7475 latch 1C, 248
DY connector, 478,479
DB-1000 displuy board, 14
D motor, noncontact operation of, 436
D¢ voltage. across nerutic fuid destrovigg LCDs, 214
Pe Morgan, Augustus, 126
De Morgan's theorems, 61, 124-12%
Debounced logic swirch, hlock diagrum of, Y
Pebounced switches. 11412153
Debouncing cireuit

adding, 11

eliminating switeh bounce, 12

luck of, 153

usenl. 9
Pecade counter, 264, 270, 271
Decade down counter, 74192 1C wired as, 275
Decimal multiphicution, compured (o binary

multiplication, 243-344

Decimal number system. 27. 28, 20
Decimul numbers

converting from, 229

converting o BCD numbers, 175

comvernog to binary, 30-3)

converting 10 bexadecimal. 35

converting 1o ogtal, 36

having 2¢ complements sume as binary, 330
Decirmal-output A/D converters, S16, 17
Pecimalto-binury conversion, 196147
Decimalto-hinary encoder circuir, 41
Decode (vetrb), defined. 32
Decoder/driver, 429
Decoders, 31,3233, 196, 208200, 434 499
Decoding. 196,412
Decoding circuit, troubleshooting, 227-228
DEL (delete), 202
Delay (lip-flop, 241, 242, 308
_ Delay period, sdjusting, 12. 155
Denmultiplexers (DEMUXs), 457
Dependency notation, 72
Development software, for PLDs, 116
Dice simulution, more realistic. 407, 4004 |
Digrtal audiompe (DAT), 393
Digital comerns

compressing digial imuges, 487

DSP in, 4863K7

solid-state drives, 363-364

using flash memory cards, 363
Dhgital circuitry, 1, 3
Drigitul circliits, 2. 4-K
Dligitl clock, 412415

block diagram of. 413,419

<hips, 318

switches o, 152

Digital computers
a backbone of the Intemet, 7
functional scctions, 445446
Digital device, opernting with a digital signal, 2
Digitul dice game, simple. 407, 408
Digital electronie equipment, codes used in, 19
Digitul electronic timer system, 427, 428
Digital electronics, applications of, §
Digital frequency counter
hlock diagram of, 419, 420
eaperimental, 422
mwore detailed block disgram of, 421
Digital games, 407311
Digital ICs
CMOS rechnology wsed in, 151
dutus martuals from manulturees, 65
low-cost relble, 7
specifications of, 146
Digital light peter, $20-521
Digital lightineter circuit, $22
Inigital logic pulser, 295
Digital measuring device, 2-3
Digital multimeter (DMM), 2-3
Digital potentiometer. 394397
Digital roulerte, using shift registers, 318-323
Digitul roulette wheel, 318, 3122
Digital roulene wheel cireint, 321
Digital signul processing (DSP), 482485, 486487
Digital signal processor (DSP), 483
Digital signals, 2-3
displuyed on scope, 2
engine control module sending, 6
generating, 2, 9-14
testing foe 1518
waveform, 2
Digital subscriber line 1DSL), 449
Digital systems
clements of, 403204, 405
on ICs, 406
inpurs and oulputs from, 284
weanuring amount of Hyeid in o water tunh,, £
requirerments for, §
using encoders, 204-2035
Digital timepieces, frequency dividers w, 270
Digital trainer, used during lab sesslons, 14
Digital yersatile disc (DVD), 363
Digitul voltmeter, 510512
Digitul waveform, providing. 9
Digital-to-analog (D/A ) converter. See D/A converter
(digital-to-analog converer)
Digunl-to-analog conversion block. 487
Digitizing, 523
tempermture, 323-524
Digitizing precess, faster for suecessive-approximation
A/D conventer: 515
DIMM (dual in<line memory moduler, 385, 286
Diode ROM matrix. panern of diodes in, 372, 373
Diode ROMs, dismdvintages of, 372
DIP (duul in-line package ), 62-63, 205, 384, 385, 472
Discrete points, i time, 483
Discrere-fime signals, 453
Disk drive, electromuagnetic device, 387
Display, seven segments of, 205
Display blanking, during the count time, 425
Display clock. 424
Display driver, 207
Dhsplay multiplexer crrcuit, 280
Display multiplexer scotion. of the 4533 [C, 291, 204
Display technologies, 206
Display time, 425
Displuy Part digital display interface, 464
Displays, multipiexing, 294, 416
Distance sensing. simple, 432437
Distance sensor
noncontsct operarion with, 435337
Testing. 434
uslng for noncontact operition of 4 slepper
motor, 433
Distributor, 455

Divide-by-6 counter, 423

Divide-by- 10 counter, 270, 423

Divide-by-60 counter cireuin, 270, 271, 413, 414

Divide-by-60 frequency divider, 413, 214

Divide-by-256-counter block, 427

DM7408N part number, 63

DMM (digital multimeter), using o mwioders LD,
213,214

Double inverting. eflect of. 48

Double-wornd. 38

Down counters, 267-2068. 269, 427. 429

Down positian, switch in, 63

Druin supply, in MOSFET. 151

DRAM (dynamic rundom-access memory s, 364 S5

Drive capabilities, of diginal [Cs, 146-148

Drive current. supplying grewter at its outpur, 25

DS1620, in conjunction with a microcontrolies, $24

DS US04 NV rrirmmer potentiometer [C. 304395 S

DSL (digital subscriber line), 449

Dsp

wrchitecture of, 484, 485
i a4 digital camera, 486187

DT-1000 digital traimer bourd, 14

D-type latches, 243

Dual circuitry, advanmges and limunations, 7

Duul im-line packuge (DIP), 62-63, 205, 384,
IBS, 474

DVD (digital versatile dise), 363

DVD=RW (digiral versatile dise rewninble ), 390

DVD.audio, 363

DVD-R (digital versanile dise recondabler, 390

DVD-RAM, 363, 392

DVD-ROM (digital versatile disc read-only mesmony
363, 390-39]

DVD-ROM drives, dita transfer rate, 39|

DVD-RW (digitml versatile dise rewritable).
390, 392

DVD-video (digitul video disc), 363

DVIE (gl visual interfuce ) port, 464

DVEA, 464

DVED, 464

Dynamic RAM IC, 368

E
EBCDIC rextended, binary-coded decimul interchungs
code), 202
ECL (eminter-coupled logicy, 149
EDEI200 unipolar stepper motor 1C, 176
Edge-mggered flip-flops. 249
EEPROM (electrically erasable programmable read-
only memory), 364, 377-378, 477
memory cells, 392
progoam memory, 77, §0
Egyptions. soldering developed by, $30
BIA RS-232C standand, 461
$-bit 25 complement
addition problens. 351, 352
ol a number, 350
subtraction problems. 351, 352
8-bit binary adder, 340
S-bit CMOS shift register, 315-317
R-bit parallel-loud shift-right register, 314-315
R-hit register, 237, 308
B-bit XOR gate, 462
E-bit-magnitude comparator, 429
K.pin DIP DS 1620 digitl thermonseter und thermostut
IC, 824
5235 PPI (programmoble peripheral interface), 460
421 BOD eude, 197,220
3421 code, most widely used RCD code, 198
Electromechanical relays, 167
Electronic circuit simulators. running on a PC
(personul camputer), 108
Electronie devices, transfating from dectoml 10 binary
rumbers and from binary 10 decimul, 31
Electronic dice simulation game. expluming Jogic and
cutput sections of, 409, 41|
Electronic distance sensors, categorized, 432
Electronic encoder-docoder system. 247




Electronic engine control, 8
Electronic games
classifying. 407
CMOS courttor In, 288-289. 290
constructing, 417
Electronic lock, designing, 97
Electronic ronlette wheel, summary of, 319
Electronic thermometers, 94
Electromic translators, 3133
encoders und decoders, 196
Electronics technicians and engineers, in greal
demand, §
Electronics Workbench (EWB), 95
Flements, of & digital system, 403304, 305
ELPD (eleéctrcally programmable devices), |16
Emitier-1o-collector resistance. of the power
transistor, 167
Fncode (verh), defined, 32
Encoder, 31, 32-13, 196, 409
Encoder-decoder system, 32-33
Encoders and decoders, in digial systems, 204-208
Encryption. 32, 196
Engelbust, Douglus, 211
Engine control module (ECM), 6
Enhancement-mode MOSFETs, 150
Fniac. 4
EPROM (elecirically programmable resd-only
memory ), 364, 380
EPROM (enmsable progranmusble read-only memory). 377
FPROM family. 378
EPROM window. protecting. 380
EPROM/ROM-baseid 8-hit CMOS microcontroller
scries, 474
Epson 44 or S0-pin (nterface, 387
Erisable PLD units, 121
Ermsable-CDs, 302
Erssing, memory, 371
Error detector cireuit, sounding an alirm, 462
Error-correcting codes, 463
Errors, detecting in data tranammission, 361463
Ethernet port, 465
Exhernet protocul, 450
Fuctectic solders, 530
Futectic alloys, S30
Eutectic solder, as preferred choice, 531
Even or odd parity bit, tmnsmitted or received, 461
Fxcess-3 eode, 1981499, 226
Exclusive NOR gate. 54-55
Exclusive OR gate, 53-54
Experimental frequency counser, 423425
Experimental LCD timer cirenit. wiring diagram for,
427, 430.431
Experimental tachometer, 291-294
Experiments Manuul for Digiial Electronics, 8
Fxternal hard disk drives, 163
External pulse width, 170
External storage, IR7-388
Extest (external test) instruction, for
ITAG-complinnt 1C, 4389

F
F. in o core part mimber, 63
FACT (Fairchild Advanced CMOS Techmology)
TACOD series, 66
FACT (Fuirchild Advanced CMOS Technology)
CMOS 1T
designed to outperform existng CMOS und most
bipolar logic families. 151
nterfacing with other families, 162
logic series, 67, 151
more tolerunt of static discharge, 150
vutput drive capabilities, 161, 162
outstanding output drive capabilities of, 147
rivaling the hest TTL ICs in low propagation delays.
140
Families, of digital 1Cs, 62
Fan<in, of a family of 1Cs, 147
Fan-out. of a digital IC, 146
Fast set, 416

FAST TTL logic senies, 147
Fust-forward set, 413
FCT, in a core part number, 63
Feedbock resistor. 502
Fermelectric capacitor, with a MOS transistor, 383
Fermoelectric RAM (FeRAM or FRAM), 382-384
Feteh-decode-execute sequence, 433, 467
Ficld-effect 1.CD, 213, 214
Field-programmuible logie srays (FPLAsL 116, 121
Field-progrummuble ROMs (PROMs), 377
SI/S0 solder, $30
Filament, 22
Fillet shape. of solder, 34
Filter, purpose of. 456
FireWire, 405
Firmware. 374
858 tmer IC
n e clock, 320
switch debouncing circuit using, 155
mggenng. 436
wired as 1 VCO. 319, 321
Five-vanable Kurnuugh map, 103
Five-variable unsimplified Boolean expression. 105
Fixed angle. 172, 173
Flugped error, 468
Flags, in the stotus register, 468
Flash drives. 361
Flash EEPROMs, 378, 381, 382
Flush memories, 363
Flash memory, 361, 364, 381, 382, 387
Flip-flops, 9, 13, 236
constructing latches using. 308
memory churmctenstios, 240, 306, 315
uperating synchronously, 239
in semiconductor memories. 361
rraditional and IEEE symbals for, 283
triggering, 249-250
uses of, 248
Flooting inputs
catsed by i bent-under piy, 297
on CMOS 1Cs, 71
good design practice for, 211
on TTL, 152
Flouting output, from o digitel circoit, 18
Floppy disk drives, 363, 390
Floppy disk form, 388
Floppy disks. 389, 390
Flux
removal of, 534
role of, 531-532
FOR-NEXT loops, 188
Four full sdders, use of, 353
4-bit adders, fitioning the same as the
TS5 1C, 340

ohit binary counter, loghe diagram for & TAHCI93 1C

wired as, 279
4-bit counter. 264
4-hit electronic counter, counting sequence for, 263
4-hit microprocessor-hased system, 435
4-bit MPU-based sysiem, 454, 435
4:bit purallel subtractor, 338339
4-bit parallel-load recirculutng shily remsier, 309
4-hit ripple counter, 7493 1C 0s, 272
4-hil shaft regaster, 307
4-diglt BCD counter. 291
Fourinput AND gate. wiring. 58
Four-lnput NAND circuit, schematic dmumm of. 185
Four-mput NAND gaore. wining, SY
Four-input NOR gate, 423
Foar-mput OR gate, winng tsing twoanpat
OR gates, $8-59
AN2S optossolator, 167
Four-phase stepper moswors, 176
|4-pin DIP IC, 62
4000 series, 151
4000 series CMOS devicss, interfucing with siniple
LED indicator Jamps. |56, 157
4000 series CMOS 1C%, 66, 142, 143, 155
fan-out fue low-povser, 146

propagation defays of, 144
voltages for, 66
voltages ap 1o 18V, 224
4029 presettable binury/decide up/down counter, 409
030 noninverting buffer, 161
A081R CMOS IC, 66
4511 BCD-ti-seven-segment decoder 1C, digits
generuted by, 225, 226
4511 BCD-to-seven-segment |atchvdecoder/dniver
CMOS 1C, 224-226
4511 BCD-1o-seven-segment lnch/decoder/driver IC,
pin diagram, 225
A553 (MO 14553 CMOS thres-digh BOD counter,
280-283
4553 three-digit BCD counter, CLK input of, 293
40106 CMOS 1C. special invener, 155
Four-vanable Karmaugh map, 103
Four-wire bipolar stepper motor, test circut for hand
checking, 174-178§
FPGA (fiekd-programmable gate arrays), |16
FPL (fuse-progrimmable logic), |16
FPLAS (field-progrummable logie armays ), 6, 121
FRAM (ferrockectric RAM). 364, 381
Framing-error (FI) flng, 468
Free-tunning A/D converter, 519
Free-rimming ¢lock cieeols, 11
Free-running multivibror, 10
Free-running MV, 10
Frequency
of input soluge, 21
selecting, 19
Frequency counter, 419422
Frequency counter circuit, 74
Frequency divider section, of o chock, 412 413
Freg y dividers, »as, 270271
Frcqucm._\ diviston, 270-271
Fuel gauge system. trudinonul snalog, 0
Full adder cireui, 332
Full adders, 333-334, 355-350
Full subtractors, 336, 338
Full-duples devices, 465
Full-step mode, 176
Fimetion diagram, 276, 277
of the T4HC 193 IC, 277. 278
Funetion genertor, 19
Fuse maps, 120
Fusible-link PROM. 377

G
GAL (generic armay logic), L6, 122
Galllwm arsenide (GaAs), LEDs fabricated
from, 207
Callinm arsenide (GaAs) infrared-emitting
diode, 167
Cas-discharge tube, 206
Gate cireaits, troubleshooting, 69-71
Gates
with more thurt two inpats, 37-59
using inverters o convert. 59-n2
Cateways, 450
GB 1 gignbytes), 38, 363
Geartooth sensing 1Cs, 182183
Crenerator, proxducing o square wivefom, 2
Geostatiooury canth orbit (GEOL 70
Gigabytes (GB), 358, 363
GND connection. 151
Graph form, analog and digital signtils
representing, 2
Gray, Frank, |99
Gray code, 27
mrm:niug from, 229
numbers from O to 15, 370
progrimiming into the 7489 RAM. 370
used for input and votput devices in dumal
systems, 100
Gray code-to-hinary decoder, 200
Giteen. human sye more sensitive to, 457
Cind (G), 221
Cluess the number computer guime, 288




H

H. in a core part nuniber, 65

H2IA T oprocoupled interrupter module (slon types,
285

Hall adders, 332. 334
Half subtraciors, 336
Halt-sdder citeui, 332
Half-byte, 3
Hall-step 176
Hall E F, 179
Hill effeet, 170
Hall woltage, proportional w (he strength of the
mugnetic feld, 178
Halk-effect sensors, 175~ 184
basic, 178-179
with & de amplifier and voltage regulator, 179
Input pulses from, 291
Hall-effect switch (3141 [C), 293
Hallseffect switch IC, 182
Hall-cffect switches, 179182, 184
Hamming code. 463
Handshaking line, 460
Hard disk drives (HDDs ), 363, 448
Hard disks. 388389, 193
Hard drives, 363
Hand logic, using traditional 1y, Y0-91
Hurdware
encoding and decosding performed by, 31
needed to progrum the BASIC Stuump
Microcontroller Module, 77, 78
Hayes, Dennis € 447
Hiyes Microcomputer Products, Inc.. 447
Hayes Smartmodem, 447
HC. in & core part number, 63
HCT, in a core part number, 65
Heart cycle, controlling, $32
Hew rate recognition, 533
Hew reservoir, replenished by (e heating
clement, $32-533
Heater, 221
Heqavy=duty computer system, designed for mochine
control, 469
Hexadecimal equivalenis, 1o decimal numbers, 33
Hexadecimal notution, reprosenting u binary
number, 34
Hexadecimal number sy stem, 27, 34
Hexudecimal numbers, 34-35
HIGH input, 66-67. 142
HICGH input input, 141
HIGH Jogic level, for a CMOS fnverter. 142, 143
HIGH output. 53, 142
HIGH wvoltage, 2, 16,37, 34
High-capecity DVD sersions, of the CD-RW, 392
High-impedunce state, buffer vutputs in, 454
High-linpedunce state (high-Z stute), 44
High-reliability soldering. 530
High-speed CMOS (HC), 67
Hobby servo mator. See Servo motor
Hold condition, for the fip-flop, 237
Hold mpur, 416
Hold mode, 239, 243 244, 207
Hollerith, Herman, 358
Hollerith card code, 202, 388
HomeWork boanl, 479
Horizontul sweep time knob, on a scope, 20
Hybnd electronic sysiem, 512
Hybeid hard disk drive (H-HDD), 388, 393
Hybeid RAM disks, 38%
Hybeid system, 499
Hysteresls, 251, 523

|

I adders, 340342

1C forms, of MV circuits, 1]

IC latches. 247-248

IC programmer, burning open selected fuses, |18
ICLT 106 #=digit A/D converters, 512

ICLTI0T Ma-dizit AD conveners, $12

s Sev Imegrated circuits ([Cs)

Idle modde. in clocked R-5 fip-flaps. 2349
IEEE logic symbols, 72-73, 252353
IEEE-4588 standanl, 461
IEEF-1149,1 standird, 438
IFL (integrated fuse logic), 116
IGFETs (insulated-gate field-effect trunsistors), 62
Image capture section. of 4 digital cameta, 486
Incandescent display, 206
Incundescent lamp, Inerfucing. 159
Inclusive OR function, 46
Information, put into & computer, 446
Informanon revolution, 361
Infrured Hyht, optocoupled interrupier module
using, 287
Infrured-emitting diode, 169, 287
Infrared-light distance sensor, 432, 433
Inhibit mode, 74194 shift register, 311,312
Initial wiper ppsition. stored in nonvolatile
EEPROM, 195
Inpus :
of u digital sysiem, 403, 404
inventing, $9-60
provided by u simple SPDT switch, 15
Input and feedback resistors, 302
Tnput controls, 426, 427
Input devices
o compuiters, 445
conpected o microcomputess, 448
for PLCs, 469
Input loading characteristios, of several familics
of digital ICs, 147
Input resistor, 5012
Inpant shaft. speed of romnon or, 204
Input signals, 15,21
Input swirch
of BS2 module. 481
with o deboumcing crrcwir, 11
Input unit, 447
Input voltage mnge, 517
Input waveform, 237, 238
l:mulfumwt petipheral device, 444
Inpul-store-output procedure, 450451
lnstallution, of u typical DIMM, 385, 186
Institute for Electrical and Electronic Engineers
(IEEE), See LEE specifivc entries
Instroction register, 438, 452
Instruction set, fuor 2 specific PLC. 470
Instrments
shmple, 19221
used in the lab, 5
Insulted-gate ficld-¢flect transistors (IGFETs), 62
Integruted circuirs (1Cs)
containing entire digital systems, 406
digtial electronic signals generated and processed
hy, 2
mterfucing between TTL and CMOS devices, 142
manufucturers producing encoders and decoders, 32
packaging, 62-63, 66
part numbers. 63. 65
from the same logic Lomily interfacing properiy, 141
troubleshooting. 71
used 10 construct digitnl circaits, 43
wiring, 63, 64, 66-67
Integruted fuse logic (TFL1, 116
Inte] 4004 4-bit microprocessor, 37
Interconnections (nets), checking. 440
Interface devices, 499
Interfucing
analog devices to digital systens, 499
with buzsers, 164
defined, 141
with servo and siepper motors, [70-177
TTL and CMOS 1Cs, 160-163
TTL und CMOS with LEDs, | 56-159
TTL and CMOS with switches, 152-155
using reluvs, 165, 166
Inremal short cireuit, of a chip, 2258
Internet, 7, 449
Internet servers, 363

Interpolaninn, 487
Invalid BCD inputs, genceating unigue outpess
THTA decoder, 211
Invert bubbles, S0, 51
added 1o the inputs of the OR gute. 61
at the input of the AND gate, 61
o the Jeft side of the inverer symbal 25 &5
ut the R and S inputs, 237
replaced with o right triangle on IEEE +
Trverted AND function. 50
Inverted binary form, 254
Inverter Tngio function, substituting NAND gstes.
Inverters, 48
adding 1o a logic symbol, 61
addinge 1o the output of the AND gute, 61
urtached 1o the tnputs of the OR symbal, 611
complementing or inverting the inpus, 28
truth table Tor, 4%
using at the inputs wid outputs, 62
using w convert gates, $9-62
Inventing
4-bit binary mumber, 32
CMOS baffer, 156
vutputs of the AND gate, 50
Inverting input. to un op amp. 501
IR detzctor ( phototransistor), 432
IR LED, emitting pulses of infrared light. 432

Jd
JoK fip-flops, 243-247
shift register using four, 209
i toggle mode or hold mode, 267
J-K muaster/slave Nip-tlop, 250
Joint, controlling beat at, $32-533
Joint Test Action Gropp (JTAG), 438
JPEG (Joint Photographic Experts Group), 487
JTAG-complumnt [Cs, 238440

K
Kumaugh, Muurice, 100
Kamaugh map (K map)
considering s a vertical cylinder, 104
filled an. 100
five-variable. 105106
forming four comers mio a ball, 105
with four varlables, 103
more sample, 104-105
simplifying u Boolenn expression from, 101
with three vamables, 101-102
Keyboand, entering information. 152
Keybourd port, 464
Keybourd versions, of Boolean expressions. 95, 124
Kilobytes, of siomge, 38

L

I, 1 8 core part numiber. 65

Lubel in PRASIC, 79, 128

Luudder logic diagram, graphic programming linguags,
70

Ladder-type VA conveners, SIM-303
LANS (local area notworks), 449450
Laptop computers, 4
Large-scale integrution digital voluneter chups, 512
Large-scule integrution (LSI), 406
Laser narrow light beam, for distance sensing, 432
Lutehidecoderidriver, 426, 427
Latched encoder-decoder system, 234-256
Latch-enable circuitry. 254
Latch-enable pulse, 254
Latches, 154, 236, 237, 247, 308
avatlable in all lngic families, 245
Nip-lops. 9
groups of. 237
i 1C form, 248
transparent, 283
LCD decoder/Adriver system, 218, 219
LCD displays, CMOS driviesg. 218-21Y
LCD timer, with ularm, 426-429, 430-432



LCDy, driving, 214, 215
Lead (Pb), melting pount of pure, 530
Lead muss. variations in, 532
Lead-free solder joints, inherently dall and grainy, 531
Laad-free solders, mandited for many manufucturing
and repair procedures, S30
Leading zeros, blanking, 211-212
Least significant bit (LSB), 197, 262
Least sigmificant digit (LSD), 35, 262
LED (light-emitting diode), 15, 156, 206-207
compared to LCD, 213
Mushing sn and off, 479
imterfncing TTL and CMOS with, 156-159
Imertucing using o tansistor dnver circule, 158
as number markers, 318
s outpat indicator, 44
with a series-limiting reststor, 16
LED | progmm, 481, 482
LED output indicators, 16, 159
LF (tine feed), 202
Light-dependent resistor (LDR), 520
Limit switches (LS), connocted in parallel and i
senes, 471-472
Lineur thermal sensors. 524
Liguid-crystal displays (LCDs), 206, 213-217
Load mode, 74194 shift register. 311, 312
Logie ¢ircuits
Urawing from o masterm Boolean expression,
92-935
graups of, 236
for the parity hit generator, 462
troubleshooting simple, 185150
Logic converter, 95, 108
Logic converter instrument, 95, 9798
Logic converter software, U8
Logic diagrams
of the 74194 shift register, 311, 312
for a full ndder. 333, 334
Logic families, avitilability of, [4)
Logic functions, 43, 45
progrumming, $0-81
using software, 77-81
Logic gates, 43, 44,45 216
applications, 73-77
combining, 90-130
summary of basic, 82
symbols, 72
Logic levels
CMOS logic families. 142-143
m graphic form, 16
low-voltage CMOS, 143144
TTL dogle tamily, 141142
Logic probe, 17, 19-20, 185186
Logic problems, solving using dat selectors, 113114
Logie switches, using in the luboratory, 10
Logic symbol
for a clocked R-S Mip-flop, 239
for commercial D fip-Aop, 242
caommeon alternative, (1
fur the D (ip-flop, 241
for 4 D Mhip-flop using negative-cdged wiggenng.
249, 250
10r & D 1lip-flop with posinive-edge miggering, 2449,
250

for the OR gue, 46

for the mverter INOT carcult), 48

for 1K flip-flop, 243, 244

for the NOR gue, 51, 52

whowing the AND gate, 43, 44

far three-stute buffer. 49

for the XNOR gate, 54
Logic symbol dingrany for o hall adder. 332
Logical ANDing. wirys 10 expross, 45
Logical NANDing, expressing, 50
Logical NORing. ways o express. 52
Logical ORing of two variabies, 46
Logseal XNORing. of three vanshles, 85
Long overbar, 61
Looping, on & Karmaugh map, 100

Looping cylinder. 106

LOW, HIGH, LOW, HIGH waveform, 4. 10

LOW input, 66, 141, 142

LOW logic level, for a typical CMOS invener.
142, 143

LOW woltage, 2, 16, 37, 44

Low-cost PALs, with fusible links. 122

Low-garth orhit (LEO), satellites im, 70

Lower-voltage 3-V chips (1Cs). 68

Lower-yoltuge 1Cs, 66-69

Low-power Schottky (1.S), 63

Low-solinge CMOS I1C, 143, 144

Lowsvoltage digitul 1Cs, subfamilies, 69

LS, Ina core part number, 65

LSB (rightmost digit), 330

LSI chips, examples of, 406

LS digial clock. 415415

LS-TTL, dnving any CMOS gawe, 160

LS-TTL gues, fan-our of, 148

M
Machine language, decoding 10 decimal numbers,
205-206
Machine<ontrol language, for P1LCs, 470
Magnetic bulk storage devices, 188
Magnetic devices, 388
Magnetic disks, 388
Magmetic domains, in metal-oxde surface. 363
Magnetic drum memory units, 385
Magnetic field, charactenstics of, 180
Magmetic random-sccess memory IMRAM 1 364, 384
Magnetic storage. 363
Maguetic tupe, IS8
Magnetic tunnel juscton (MTT) structire, 184
Magnetically activated sensors or switches, |78
Magnetoresistive RAM (MRAM), 364, 384
Magnitude compurntor, 288, 426, 427
Mainframe computer, 4
Mask-progrummed ROM, 372, 377
Master reset input
10 the 74HC164 1C. 315,316
to the T4HC 162 regisier, 320
Master reser mode, of operation, 283
Muster/slave triggering, obsolete, 250
Muster/slave type, of flip-flop inggering, 230
Muximum frequency, increasing, 421
Muximum power dissspation, 517
Maxterm Boolean expression, drawing a cireuit from,
9293
Muxterm expressions. 93. 125
Misterm form, 92
Muxterm-to-minterm Booléan expression. converting.
124
Mixwell 36- or 38-pin interfuce, 387
MC3479 stepper motor deiver 1C. 175176
Mechanical bulk stotuge devices, 388
Mechanical devices, 388
Mechanical awitches, debouncing. 9
Medical field, desices in, 277
Medium-carth orbit (MEO), sutellites in, 70
Medium-scale inegration (MST), 406
Megabytes, of storage, 38
Memory
crasing, 371
orgunizution of, 365 /
overview of, 362-364
reading from, 362
writing in. 362
Memaory cards, 363, 186
Memory charscterisne. of the clocked R-S
flip-flop, 240
Memory devices
in computers, 362-363
formezd by flip-flops, 236
needed to hold BCD code. 247
Memory enuble input, 267
Memory map, of an MPU-based sysiem, 455456
Memury packuging. evolution of, 384387
Memory section, of & computer. 445

Memory units, 447
Mutnl-oxide semiconductor circuits, 150
Metal-oxide semiconducton fleld-elfect transistor
(MOSFET), 150
Metal-oxide semiconductor (MOS) 1echnplogy,
62, 150
Microchip Technology, fumily of microcontrollers, 474
Microcomputer, <47450
address, decoding, 454357
keybourd on, 152
opermtions. 450454
ROM, 348
Microcomtrollen. 330, 406, 451473475
dighal inputs. 516
fumily of, 474-475
responding o & vanety of inputs, 451
Mictoprocessor-hased systems, hesadeciimil potation
widely used in. 34
Microprocessons, 330, 406, 447, See alvo MPU
microcontollers compared o, 473474
multiplication and, 348
Milltary, advanced electronics training programs, 8
Millions of instructions per second (MTPS), 484
Minterm Boolean expression
comructing & wuth wable from, 4
formung for the electronie lock cireult, 97
Minterm expressions, creming ANDWOR logic
circuits, 93
Minterm form, 9142
Mintest-to-mxterm form, converting, 124
MMS3 14 digiial clock IC, functional deseniprion of,
416,418
MMS3 14 MOS LSI elock 1€, block dingram of,
416,417
Maod-6 counter, 270
TAHC 193 CMOS IC s, 279
Mod-% asynchronouy diwn counter, logic dingram of,
267-268
Mod- 10 ripple counters, 264-165
Mod-16 counter, 262-263
Mod- 16 ripple coamer, 272
Mod-B counter, 7493 1C wired s, 275
Maxde vontrol inputs, 313
Modem (modulator/demodulator), 449
Modulo- [0 (mod-16) counter, 262
Modulus, of a counter, 262
Molecules, magnetizing single, 330
Monochrome LCD, 213-214
Monostuble multivibrator, 10, 1214
Moncstable MV, 237
MOS ICs, 150
MOS LS! chip. 415
MOS LSI clock IC puckuged in u 24-pin DIP. 415 416
Moat significant bit (MSB), 262
Mot significant digit (MSD, 37, 262
Mouse port, 464
MPU, 452, 453, See also Microprocessors
MPU IC, 447448
MPU-hased systems, 453, 454
MRAM (magnetoresistive RAM or mngnetic
RAM), 364, 384
MSB (lefimost digit), 330
MSBs. of positive 25 complement numbers, 145, 3449
pi-type A/D canverters, S16
Multidigit LED display, 206
Multiple bit erron, checking dunng transmission, 462
Multiplex divider/decoder, 416
Multiplex. oscillutoe, 416, 41K
Multiplexer section, inside the 4353 1C 253
Multiplesers (MUXs), |14 457
Multiphcand, 343

Multiplication
with binary numbers, 344
process of, 343
Mualtiplication dot (-}, symbalizing the AND
function, 45 -

Multiplication problem, sample, 344
Multiplicr, 343, 485
Multiplying and scumulating, process of, 484

Index 555
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Multisim, 100
Muliisim Jogic converter, U3
Multizibrators (MVa)
carcuits, 10411
Lypes of, 237
MUN. working like o singhe-pole. many-posinion
rotary switch. 438

N . -
NAND Booleun expression. methods of writing. 51
NAND function, S0, 51
NAND gates. 50-51
lormuing an R-S flip-flop, 237
restting a counter, 264
steps involving, 107
truth table. S0
twoednput, 272,273
unique outpat from, §1
as niversal gates, 36, 106
widely availuble. 56
wized s an R-S latch, 320
Winng 1o create any of the other hasic
logie functions, 56
NAND logic, using. 106-107
NAND logic function, S, 6]
NAND-NAND logic cireuir, 107, 109, 11]
Nunotuhe RAM (NRAM), 384
National Semiconductor (NS), 63
Nutural phenomena, snalog in noture, 3-8
Negated input, 48
Negative decimal number, 348-3490, 351
Negative GND (hlack lead), 17
Negative emperature coeflicient. of thermistoes, 523
Negutive-cdge triggenng, T4LS112 flip-flop using, 244
Negatve-edge-triggered (lip-flop. wegling. 249
Nematle Auid, 213
Nibble, W
NMOS (N-churmel MOS), 150
NMOS devices, imterfucing with CMOS, 161
Noimversion, flowing through i gate with, 353
Noise, 7, 145
Noise immunity, 144, 15/
Noise margin, 144145
NOMAD Personal Display System, 317
Nonnwerting buffer/driver, 48, 49
Noninverting CMOS buffer, 156
Nonumerting mput, to an op amp, 501
Nonlinear temperature-va -resistince charscieristic,
of a thermistor, 524
Nonveliutile memories. 372
Noovolatile RAM (NVRAM,), 362
Nonvolatile read/write memaories. 381
Nonvolatile static RAM (NVSRAM ), 38]
Nonvelatile storage devices, 366
NOR Booleun expression, sltermative methods of writing, 52
NOR gate, 51-52
NOR logic function, 36
NOR truth table, 52
Nomul circuit, truh tables delining response of,
Noemyl output, 13,236
Noreth pole, of a magnel, 182
NOT AND, 50
NOT circuir, 48
NOT OR gate. 51-82
NOT symbaol, altemative, 45
Notution systen. used with PLDs, 119
NOVRAM (nomvolatile RAM), 381
NEN phototransistor, 285
NEN tamsistor, deiving an LED, 16
Nutmbers. adding in binary, 330-331
NVRAM (noavolatile RAM ), 381
NVSRAM (nonvolutile stutic RAMYL 381-382

3]

Dczal sinber system, 27, 36
Oz mambers, 36-37

O bt oot even gute” 53

Ohm's liw, &

Ohm’s faw formula, §

On-hounl diagnostics system (OBD | or OBD 1), 174

On-chip clock generator, 519

leof8 dat selector, 112

10f-10 decoder (T2 TTL IC), 372

10f-16 datw sebector, 114

|second timer system, 270

100 disploy, 294

| 12-bit memory, 370

1 12-blt ROM, 375, 376

184-pin DDR SDRAM (double duta rate synchronous
DRAM,, 385

184-pin RORAM Rambus DRAM), 385-386

One-puckuge solution. to & complicated logic
problem, 112

One-shot multivibrator circuit, push button
connected jo, 1)

One-shot multivibraor (MV), wiring, 1214

10005 display,

One-time programming (OTP), ol a chip, 397

Open-cellector NAND TTL IC, 155

Open-collector outputs, of 7489 RAM, 367

Opezand, 451

Operation, 451

Operational amplifier (op amp), 501-302, 508

Opricnl disc drve, 448

Oprical discs, 389-392, 303

Opticul encodericounter sysiem, incrementing the
count, 287

Opoeal encoding

for knput, 284-285
of a shaft's angular povinon, |99-200

Optical rend/write CDs, 363

Optical sensors, 285, 287

Opticdl storage, 363

Optocoupled mtermupter module, 285

Optocoupler, 167
Optoistoators, 167-169
OR (XOR) logic function, §1
OR function
in PBASIC, 80
sy of, 46, 47
OR gate. 4647
invertng to 4 NAND function, )
teuth tahle, 46
OR logic function, substituting NAND gates, 56
OR symbol
s another symbol for & NAND gate, 107
with i small invers bubble, 51
Organization; of b very tiny microcamputer system,
44T e
Oscilloscope, 2, 20-21
Qut-of-phase signals, 215
Outpul
of A/D canverters, S16
of o digial systenm. 403, 404
from a PLC driving motors and solenoids, 469
Output devices, 19, 164
Output drive charseterstion. of several families of
digital ICs, 147
Outpul drive currents, for the standand TTL. 160
Ontput indicator, 15, 16
Output logle levels, £17
Output periphen] devices, 448
Output section, of a computer, 446
Outpul unit, 447
Output voltages
culcuinting Tor op mmps, 563
for CMOS ICs, 142, 142
sclocting, 19
Output wavefors, 237, 138
Outputs
of digital cirouits, 15
nvernag, 59, 60
Overhar (+) symbol, above the vutput. 48
Overflow (OF) flag, 468
Oxidation, on metal surfaces, S30
Oxide films, overcomng, 531

=]
P rogister, 485
PAL (programmuble areay logic), 116
PALIOHE, 121-122
PALIZHIOIC, 117
PALIGAL IC part identification guidelines, 122
Panasome 33-pin interface, 387
Puper tupe, perforuted, 388
Parnllel adder, 335, 338
Parnllel doti. changing into serinl daty, 457
Parallel in-paraliel our regaster, 306, 310
Parallel in-parallel out socage device, 310
Parallel in-serial out shift register. 306
Parallel in-serial ool starge device, 310
Parallel interfaces, 460, 461
Parallel looding, of four bits ut once. 308
Parallel port, 464
Paralle] subtractors, 338-339
Parllel wires, sending bits in each word af
one time, 457
Parallel-load shift registers, 308-310
Puralled-load shift-right/left register, 313-114
Parity bit, 401, 462
Panity bil generator circuit, 461162
Panity emmor bit, of the status register, 468
Parity ermr (PEJ flag, 468
Partial products, 142
Passive-matrix LCDs, 216
Pust solders. 330
PBASIC (Purallax BASIC) editor program, 475
PBASIC | Imterpreter, |n firmware. 477
PRASIC blink program. 479
PBASIC editoe, In MS Windows, 279
PHASIC high-level lunguage, 77
PBASIC interpreter software, 475, 477
PBASIC T
2-input AND lunction, 78, 79-80
downloading, 128, 477, 480
ServoTest |, 187188
PRASIC rext editor program, loading, 78, 128
PC boands, loss of t2st point access on, 438
P-chunmel MOSFET, 150
PCMCIA 88-pin interfuce, 387
PCMCIA card, 386-387
PCMCIA device, cantaimiag flash memory, 387
PEEL (programmable electrically erasable logic), 116
Pencil-type solder iron und tips, 533
Penpheral devices, 446, 448, 440
Peripheral intertace adapter (PIA), 460
Permanent magnelt rotoe, 172, 173
Personal Computer Memory Card Intermational
Assaciation (PCMCIA), 386
Personal computers, 4
Petruzelly. Frank, 470
Phase-change alloy, 392
Phuse-change 1echnology, 392
Photocell, 488, 4490
Photodiodex. 486
Photoresistive cell, 320
Photoreststor. 520
Phototransistor, activating, 167, 287
Photouunsistor detector, 167
PICI6CSS microcontroller, 475, 476
PICI6CS6 microcontroller chip, 477
PICI6CST microcontroller, 404, 4035
PICI6CST microcontroller chip, PBASIC 2 interpreter
o firmware, 77,477
PICIOHCSX family of microcontrollers, specifications
for, 474475, 476
Piezo buzzer, 164
Pilot lamp (PL), cantrolling, 471
Pin configuration, of the 74194 shift register.
311,312
Pin descnptions, TRHCLO4 shift register, 316, 317
Pin diagrams, 63
TAHT 164 shift register, 316, 317
TAHC393 1C, 277
TIHCSS comparator, 285, 289
4RO IC. 367, 368



CDY08IBE CMOS guad two-mput AND
gate 1C, 66

4511 BCD-to-seven-segment luch/decoder/driver

1C. 225
MMS5314 MOS LS clock 1C. 416,417
TAHCT6 1C. 295, 290
7308 digil IC, 63
TMS4T764 ROM, 374
2732A 32K (4K X 8) ultraviolet-erasable
PROM. 378, 380
Pan lobels and functions, for ADCOSOS A/D
converter IC. 518
Pin-out information, for the standard A und
B plugs, 465
Pixels, 217, 4806
PLA (programmablc Jogic armys), |16
Place value, 28-29
Plustic range, using sulders with. 531
Plase (73, 221
Pluted tip, preparing for o soldering iron, 534
Planters, 389
PLC programming. 470
PLDs, Ser Progrommuble logic devices (PLDy)
Plus (4) sign. Boolean symbol for OR. 46
PMOS (Pchannel MOSy, 150
PN-junction diode, 207
Pocket caleulator, encoders und decoders, 31
Pocket hurd drive, 389
Polarity
LED sensitive to, 207
of a magnetic field, 180
Pololn carricr with sharp GP2YODS 1 0ZOT digitul
distance sensor 10 em, 434
Pololn Corporation sensor 1134, 434
Pololy distance sensor module, 434
Porable compurers, memory modules, 386
Portuble hund drive, 389
Tons, 128, 464
Positive logic. 44
Positve-edge-tnggered flip-flop, toggling, 249
Potentiometer
an unalog device, 394, 395
sensing angular position of the output. 170
wsed for calibration. 324
Power consumption, exceptionally low. 150
Power dissipation. of digital ICs, 149
Power supply voltages, 517
Power transistor, amaching wo outpus, 167
Power-up initinlizing circuitry, 319
Prescale counter, programming, 416
Pretinning, 333
Primary storage, 387
Primitive diode ROM circuit, 572, 373
Pritnitive frequency counter, schentic
diugrm, 423,424
Printed circuit (PC) board, 70
Priority encoder. 74148 IC ax, 256
Priority feature, of 74147 encoder, 204
Procedure, programming into a compurer, 336, 148
Processing, of & digital system, 403, 404
Processing unit. of the PLC. 469
Product, 343
Prodoct of sums (POS), 9192
Program, for o computer, 448
Progriam Grstructions). 446
Progriun metnory
instructions in, 450451
placing the operund on the data hux. 453
sections of, 485
separate provided, 477
Program memory size, 474
Progrummahle AND und OR arrays, 121
Progrumumable controller (PCyL 469
FProgrammable Logic Consrollery Sth edition
(Petruzellay, 470472
Programmable logic controllens (PLCx), 405472
Programumable logic devices (PLDs), 91, 116-122
advantages of, 116
hurner, |18

described, 117-121

labricating specialized encoders and docoders, 208

imegrated cireuit, 117

practical; 12§-122

programming. 116117

specific devices referred to, 116

typical equipment for programming. |17
Programmable resd-only memoriess (PROMs). 372,

377-380

hasic ides of, 378

mumoers, 377, 380

generating final seven-segment vutput code. 414

pernument nuture of burming, 78
Programming

a compuler, 348

an EVROM, 30
Progrumming mode, 378
Prohibited state, for a Mip-flop, 237
Propagation delay, of digitl 1Cs, 148-149
Propagution delays. for the FACT series, 151
Prolein-based memory, 372
Pull-down resistor, 75, 153
Pull-up resistor, 74, 152, 160, 182
Muilse duration, 170
Pulse generutor, 170
Pulse triggenng. IEEE symbols for, 253
Putlse width, 14, 170
Pulsen, counting the nunber of. 285-287
Pulse-shaper circult, 280, 281
Pulse-width modulistion (PWM). 170, 186
Punched cand, 358
Pure rosins, 532
Push-hutton switch, 152

activating clear (CLR) inpat of an §-bit binary

counter IC, 74, 78

open, 10

using o make & digital signal. 9
PWM (pulse-width modulation), 170, 156

8]

Quad biluteral switch, 411
Quadrature encoder, 200-201
Quadruple two-input AND gute, 63
Quantizing errors, 316
Quine-McCluskey method, 100

R

R rogister, 485

R-2R ladder network, S04

Radar (radio detection wnd ranging ), 432

Radiunon-wlerant FACT ICs, 15]

Rump A/D comverter, 512, 513, 314

Ramp generntor, 12,513

Ramtron Internotionnl. 384

‘ | b o & i !! u“ J‘n

Random-access memory (RAM), 362, 365360

Range of voltages, defined HIGH and LOW, 9

RC circuits (resistive/capucitive circuits), 516

Read light-rotate serva program, listing of, 491

Read mode, on the 7489 RAM. 367

Read operation. 366

Reading, what is in memory, 367

Reading from, memory, 362

Reading out, informution from RAM, 3635

Read-only memaory (ROM ), 362, 372-374
AN programys (i a microcomputer, 473
used 1o store permunent dita and progriums, 374
uses of for encoders, 376

Read/write memary, 365

Real-world events. counting: 284-257

Real-world informution. as analog, 4, 400

Recull pperation, in NVSRAM. 381

Recelve duty register, 466

Receive-buffer-full (RF) flag, 465

Receiver, in o UART, 460

Reseptacles, 464, 465

Reciprocating slide, activated by motion of i serso

maotor wrm, 459

Recirculnting down ¢ounter, 2649
Recirculuting feamure, 308, 310
Recirculuting fine (feedback), 319
Recording Layer vsalver-indinm-antimony
ellurum alloy), 392
Redundant ciremiry, 324
Reflective-type sensar, 257
Registerad PLDs, 121
Registers, 237, 305, 4352, 406
Relixation mscillator, 415
Reluy lodder dhagram, 470
Remurk statements, 79, 12K, 187, 479, 489
Repeated addition, 343
Repened uddition-type mltiplier system, 345
Repeated divide-by-2 method. 197
Repeated divide-by-2 process, U3
Repeated divide-by-8 process, 36-37
Repeated divide-hy-16 process, 3§
Reset condition. for the flip-flop, 237
Reset input. 236
Reset mnde
for 7476 1K fip-tlop, 243
in clocked R-S flip-flops, 239
Reset pulse, peneruied, 425
Reset/count functipn mble, 272, 273
Reset-count-display sequence, 419, 42(), 425
Resistance, decreasing causing an increase in
current, $
Resistive ladder network, $01
Resistor network, 500, 502, S04
Resolution, of un A/D converrer, 516
Restriction of hazardous substances (RoHS)
standards, 334
RGB (red. green. blue) output. cumeras storing, 487
Righd disk form, 358
Rigid mugnetic disk, 3588
RIMAL 385
Ring counter, 319, 320
Ripple counters, 262-204
Ripple-blanking input (RBI), 209, 210, 212
Ripple-blanking output (RBO), 209, 210
RISC treduced mstruction set computing), 475
Rise and fall times, L, 251
RI-11 jack, 463
RIS juck, 465
Roll dice switch, closing, 409
ROM (read-only memory ), 364, 375-377
Rosiny, combined with mild activators. 332
Rotary encodar, determining direction of rotation
of. 201
Rotury switches. 112-113. 458
Roulette wheel, 318§
Router, 450
Rpm (revolutions per minute), 291
R-S flip-Mlups. 236-23§
RS flip-flops, |53
R-S latcly, 236

g

S. 1 & core pant number, 63

Sample/preload nstruction, 439

Sampling, 483

Sampling tine, 425

Satellites, m geostationary earth ochit (GEQ), 70

Schermatic symbal. for optocoupled Intertupter
modale, 285

Schimitt triggers. 251-252

Schimittstrigger inverter, 155, 251, 523

Schumitt-trigger inverter IC. 414, 415

Schmitt-trigger theeshald derector, 180

Schottky diodes, use of, 177

Schottky TTL (LS-TTL), furs-cut for liw-poswer, |46

Scientific calenlators, muking aumber system
conversions, 37

Scope. Sev Oncilloscope

Scratch-pad memory, 365 -

Scagate Technology, 388

Secomdury storage, I87-3I88

Seconds timer. 270



Sectons, 389
Self-stopping counters, 269
Self-stopping down couiers, 426, 427

for LCD timer carcmit, 427, 429
Semicondoctor flash memory devices. 361
Semiconductor memory, 361, 364
Semiconductor RAM 1Cs, static and dynamic

1ypes, 368

Semicondudtor storage, 363-364
Sense operation, 366
Semsing. whit is in memory, 367
Sensons

nformution from, 6

messuring analog phenomens, &

PLC interfacing with, 469
Seyuential logic circuits, Y0, 236
Sequential logre devices, D flip-flops ay, 242
Serial daty

changing parullel dara into, 457
out from TDO (test-dats outpuat), 439
sent out on the TxD (transmit dita) line of
the UART, 464
it the TMS mput pin. 438
Serial daty trunsmission, 458
Serl form, 457, 460
Serial in-parallel out reginter, 306, 308
Serial in-serial out register, 306, 308
Serial interface
standards, 461
transmitting data | bit ata time, 460
Serial load, 308
Serial output, observed ut test dats outpat
(TDO), 439
Sertal port, 464
Sertal test datie, shifted in through test data inpant
(TDIy, 439
Seral-load shift reglster, 308
Sertal-lowd shift registers. 307- 308
Serial-boud shift-left reglstes, 313
Senal-load shift-right regiser, 313, 323, 324
Servo motor
connected o the BASIC Stamp 2 module. |86
controlling using u control pulse, 170, 171
mterfacing BASIC Stamp 2 Module wath,
186- 188
mterfacmg with, 170-172
rotational chamcteristics, 172
valve activated uxing. 488
Set condition, for the flip-Mop. 237
Sel input, 136
Sel mode
for 7476 J-K fip-flop, 244
in clocked R-S flip-Nops, 239
Seven-input XOR gare, generating comreet even
parity hit. 462
Seven-segment decoder/drivers, 207
Seven-segment LED, 32
Seven-segment LED displays, 205-207
T2-pin SIMM (single in-line memory module), 385
TAACOO series, 142, 150
FAACQOO senes, 142
TFACTON series, of TMOS 1Cs, 66, 142, 143
TAACTOO) series, of CMOS I1Cs, 142, 143
FAALVC (udvanced low-voltage CMOS), 69
TAALVCO0 senes, 143, 150, 151
TAAVC (advanced very low voltage CMOS), 69
74000 seriey, 142, 145
Oof CMOS ICy. 66
exjuivalent of 7400 series of TTL ICs, 151
TAFCTON series, of CMOS ICs, 66, 142, 143
TAECTANO series, of CMOS ICs, 142, |43
T4HODO series, 66, 67, 142, |51
FIHOTM sverter, positive pulse emifted by, 204
TEHC164 S-hit serial in-paraflel out il register,
H47.319
TAHCIO3 10, wired 15 b mod-0 counter, 279-280
TEHCI9E presettable synchronous 4-hit binary
epidown counter 1C, 277-279
FECSS Gl 2t binary ripple counter, 276-277

TAHCA543 BOD-10-seven-sogment loteh/decodes/
driver CMOS IC 218, 219, 220
TAHCAS43 1C, functhons of, 429, 432
TAHCT6 IC, pin dingram for, 295, 296
T4HCES 4-bit magnitude comparator, 288
TAHCTOO senies, of CMOS 1Cs, 142 161
TAHCT34 nonimverting 1C. 16]
TALSIM inverter, 147148
TALSTI2 TTL-LS J-K flip-flop, 244-246
TALS 4 IC, 523
7415279 Quad §-R Lawch IC, 238
TALVC dow-yoltage CMOS), 64
TALNXO0, 145- 144
T400 sertes logic cireuits, propagation Jdelays, |80
7400 series of TTL ICx. 63
T4 invernter, complementing ihe output, 460
T4 mverter IC, 32
7406 TTL ICs, 162
7408 digital JC, pin diogram for, 63
7414 Schmir-tnigger invener, 423
7414 Schmitt-tngger inverter TTL IC, 251, 252
T416 TTL ICs, 162
7447 BCDsto-seven-segmient decoder chip: 407, 408
T447 binary-to-seven-segment LED decoder/dsiver
Ic. 32
T44TAIC, 520-521
T4 TTL D flip-flop, 241, 242
7475 TTL 4-bit transparent latch, 248
TATSTALSTS/TAHOTS 4-hit lafch, 235
T476 TTL J-K flip-flop, 243-244, 245
7483 4-bit adder, counterpirts to, 340
7489 read/write RAM, programming. 370
7439 read/write TTL RAM, 3467
7439 TTL RAM, access time of. 370
7493 Abit nipple counter, packaged i i 14<pin
DIP, 272,273
7493 1C counter, used us a miod-8 counter, 273, 275
7493 TTL 4-bit binary counter, 272, 273
T4121 one-shot multivibrtor 1C, 13
74125 quod three-state bufler TTL IC. 456, 457
T4147 10-lige-to-ddine priotity cocoder, 204, 205
74147 decimal-to-binary encoder IC, 32
TH50 MUX. 439, 400
74154 DEMUX, 460
74154 DEMUX IC, 459
T4189 6d-bit RAM, 367
74192 decude counter, 413
74192 up/down decade comnter IC, 272-275
74194 4-bit bidiroctional universal shift register. 311
T4I941C dabit Bidirectional nniversal shift register, 315
TH194 1C register, 311
T4194 1C shift register, 3132313
Shaft encoder, 199-200
Shafl or wheel, locating ungular position of, 200
Shupe, of u waveform, 19
Shift regisiers, 308
categories of, 306
characteristics of, 306
constructing, 306
converting serial dida (o parallel dath o pasallel
data 10 verinl datn, 315
formed by ip-fops, 236
forming, 242
in 1C form, 306
memory and shifting chamcienstics, 305-306
operuting, 307
troubleshooting, 323-324
used as temporary momories, 118
using, 315, 318-323
Shift-and-add method. 345, 346
Shift-left mode, 74194 shift register, 311, 312
Shifl-right mode, 74194 shifl register. 311,312
Shart circult, dropping power supply voltage, 228
Short-form addition table, foe binary. 331
Sign bin, of a number, 248
Signal, defined, 2
Stgml condithoning. 251
Signed decimal numbers, converting to 25 complement
form, W9

Signed numbers, odding or subtructing. 349
Silicon dioxsde layers, inside o CMOS chip, 150
Silver brazing, 532
SIMM memaory modules. 385
Simple self-contained digitul electronic gumes. 407
Simplified 16-hif (4 X 4) PROM, 378
Sme wuve, sanpling, 483
Single shory, positive pulse. output from (he one-shol
cireuit, 10
Single-package microcontroller, 473
Single-pole, double-throw (SPDT) switches, 9, 174
Single-pulse clock, 10
Sinking current, 157, 15§
SIP (single indine pachage), 383
O0A0 solder, 530
60-He signal, input into u digital clock, 412
-1z sine wave, converted 10 4 square wave, 219420
64 MB of {lash memuory, 392
64-bit memory, organization of, 363
6d-bit serutch-pad memory. 366
68-pin PCMCIA memaory card, 387
Six-wire unipolar stepper motor. 176177
Slut-1ype module, 287
Slow rise time, for a sine wive. 414
Slow ser, 410
Small-outline IC (SOIC), 65. 384, 404474
Small-scalo integration (SST), 406
SMT (surface-mount technology | pachages, 63
SNTALNVCOS, 68-69
Snap action, changing to ¢ither HIGH or LOW, |55
Snap-action bounce-free output. 180
Snap-action pushbutton switch, 14
Smupshiol or sample. of dats flowing o or ot of the
intornal chip logie, 339
Social networking, 7-%
Software, 32, 374
duing multiplication, 348
SOIC (smail-ontline IC), 68, 384, 404474
Solder, nature of, S50-531
Solder connection, making, S34
Solder heat bridge, 533
Soldering
sdvantages of, 330
defined. 530
high-reliability, $30
as very complex coatrol problem, 333
Soldering irons, 532, 533-534
Solderless hremdboand, 11, 12, 14
Solenvid. 165, 166
Solid-state computer, 387
Solid-state disk. 387
Solidestate potentiometer, 394
Solid-stute relay, 167, 169
Somaz (sound navigation and ranging, 432
Source supply, in n MOSFET, |51
Sourcing current, 157
South pole. of o mugnet. 182
SP (spaces, 202
Speed versus power graph, compuring saverul of the
TTL and CMOS Lamilies, 149
Spindle speed, of hanf drives, 389
SPST switeh, electronically opesied, 211
SPTD swihieh dehouncing circuin, 238
Sypuatre wives, wneful In digital electronics, 21
SRAM Osunic rundom-access memary), 364, 366,
370-371
SRAM FPGA (stane RAM field-progrmmable gate
armay), 116
SSOP ishrink small-outline package), 474
Stundard logic symbol, for the NAND gate, S0
Standard TTL gate, capabilities, 147
Sumndard TTL inverter, typheal propagation deluy for.
145
Suurt inpul control. netvating, 427
Startistop control, 414, 415, 219
Static discharges, protecting from, 150
Statle elecirieity, resistance to, |31
Stutic RAM. 368
Static RAM ICs, 367-370



Stutus register, 466, 467
Step angles, for commen stepper moton, 172
Siepper moloms

control sequence, 172, 174

Imterfucing. 174177

noncontsct and tmed operation of, 435

rotsting 4 fixed ungle, 172,173
Storage capucity, graphed in MB, 393
Storage function, of & digitul system. 403, 40
Storage registers, forming. 242
Store operation, in NVSRAM, 351
Stored program, in a computer. 446
Stored-progrum digital computer, 447
Strength, of o magnetic feld, 180
Subseripts, indicating the base of o number, 34
Subsystems, assemblies af, 403
Subtraction peoblem, semple binary, 337
Subtractors, 330
Successive-approsimanon A/D convener, 314315, 319
Successive-approximation logic unit, 514
Summing amplifier, 50X, 501, 502, 504
Sum-of-products (SOF) form, 91
Sume-of-products caleulanon, 453, 484
Surface condition, of aren to he soldered. 533
Surface axides, removing, 531
Switch bounce, caused by o mechanical switch. 12
Switch debouncing circuit, 153, 154155
Switchcheek, IF-THEN statement in, 481
Switches, intesfacing TTL and CMOS, 152-155
Switching threshold

af the 744 IC, 251, 252

voltage increasing, 145
Switch-to-CMOS interface cireuits, 152, 153
Switch-10-TTL interfuces, 152
Synchronous counters, 265267, 272
Synchronous fip-flops. 249
Synchronous operation. 240

of u D Nlip-flop, 242
Synchronows paradlel londing. of 5 St register, 312

T

T flip-flop. 246, 276-277

“T7 series CMOS ICs, 143

Tabular method of simplification. 100

Tachometer, 6

TAP controller, 438

TB (terabyte), 362

TCK (test clock), 435

TN (rest catin input), 438

TDO (1est duti output), 43§

Temperature, digitizing, S23.524

Temperaturesensitive resision, 323

Temporary metmmry, in 4 shift eegister; 305

Temporary storage, of data, 366

1 fine-to-4-line prionity encoder, 202,208

10s display, 294

Test access points, loss of, 430

Test access port (TAP), 338

Test duta rogister, 438

Test reset (TRST) input, 438

Test vectores, louding into outpet bousdsry-scan cellx,
439

Testing, as an importunt part of smy Complen, system.
240

Texas Instruments. “SN* designating. 63

Texas Instruments digital 1C, nuckings on, 53

Thermal Linkage, 533

Thermal mass, 332

Thermistor, 323, 524

Thin-film medinmn, 389

Thin-film transkstor (TFT) technologs. 217

Thin-film transistors, 216-217

Mpin SIMM, 385

3.5-In. Ooppy disks, 389, 500

3<bit (mad-8) connter, logic diagram for, 265 257

3-hit adders, 338

A-hit counter, with self-stopping feature. 264

3-ligit up counter cireuit, 282

Jin-3out logic problem, 12§, 129, 130

Three-digit BCD counters, 280-283, 201292
Three-dimensional Kumaugh map, 105
Three-input AND gate. 57
Three-state huffers, 370, 453
commercial version of. 456, 457
truth toble for, 49
Threeterminal LM34 und LM33 lemperntute
sensors, 524
3132 bipolur Hall-effect switch, 179182
3132 Hall-effect switch, 181, 182
3144 unipolar Hall-effect swilch, 182
Three-vartuble Karmaugh map, (01102
Tilde =) symbol, 81
Time, graphing versus inpul vollage, 20
Time displays, 412
Time durstion, for s cyele, 21
Time-base clock. 426, 427
Time-set control, 412, 413
Timing dugrams, given for sequentiil logse
Ereuits, 237
Tin. mekting point of pure, 330
Tin-siiver-copper alloy, S30
Tip styles and sizes. for soldenng wons, 532
TMS (test mode select), 438
TMS4664 ROM, sccess time of, 374
TMSA7GIROM, §192-wond by 8-bit ROM_ 574
Toggle mode. 244, 267
Togpling. 9, 243
Tracks, number of, 259
Traditional method of dstance sensing. <34
Transducer, 500, S20)
Transistor driver cireoil. 159
Trunsistor-transistor Jogic (TTLL Soe TTL ttransistor-
trunsistor logic)
Transmisston function, of a digital system, 403, 304
Trunsmission gites, 151,411
Transmission system, using MUX-DEMUX
arrangement, 458460
Transmil dutis register, 464
Transminer, in s UART. 460
Transpurent latch, 245, 256
Trunsparent mode, of 7473 1C, 256
Trunsponder ECM, ¥
Trisngulation method, 432, 433, 434
Trigget pulse, 293204
Trigger voltage, 13
Triggening, flip-fops, 249-250
Triode vacunm mbe, 221,222
Tristute output, 367
Troubleshooting
1 CMOS circuit, 71
countars, 295-297
lecoding circuit, 227-228
o full sdder, 355-356
1Cs, 71
ko led gz of clroult nperation key 1o effective, 15
ost important tools, 297
shift registers, 323324
vimple gate circuits, 6971
sirmple bogic cirmuits, [X5-186
six hints for successful, 356
Truth tables
A/D converter, 306, 307
AND.
Boolean expressions, 93 J
clocked R-S [lip-flop. 240
constructing from Boolean expressions, 94
D fip-fop, 241
IVA converter, 500, 504, 506
described, 93
4511 BCD-to-sevenssegment latch/decoder/driver
CMOS IC. 225-226
4553 threedigit BCD counter 1C, 280, 281, 283
four-inpat OR gate. £8
el adder, 333,355
Full subeeactor; 336, 337
Ralf addeny, 332
meter, 3§

L Mg Top, 233 243

NAND gute, S0
NAND logie function, 61
NOR function, 2
NOR gate. 51
OR circuit, 46
as ongin of most logic circuits, 93
parity bit generator, 462
R-S flip-flops, 237
TAHC 164 shift register, 316, 317
T4HC193 counter, 277-278
T4HCA543 BCDue-seven-segment latehidecoder!
driver CMOS 1C, 220
TALSTI2 1K flip-flop. 244, 246
THTA decoderidriver 1€, 200, 210
7474 D fip-flop, 242
TA2S1C. 456, 457
73194 shift register. 311,312
three-nput AND gute. 87
three-state huffer, 49
XOR und XNOR gates, 55
OR and XOR gates. 53
TTL (ransistor-translsior lpgic)
cireuits, 16
digital clretdy, tesung, 17-18
digial 1Cs, comtructing. 62
family of ICs, 9
IC counters. 273-275
input logic levels showing nolse musgin, 145
wputs Oouting ut u HIGH logic level, 152
Inverter, expected outputs from, 142
logic family, 141
logic gates, 62-65
voltabe profike. 142
voltage levels. 9
XOR gates, not used, 214
TTL 7414 Schpin-trigger invener IC. 414, 415
TTL 7437A BOD-ti-seven-segment decoder/driver,
209-212
TTL 7483 4-hit binary full adder, 340, 341
TTE uod CMOS noise margins, comparing, 144
TTL digital 1C, op of a typicul. 63
TTL families. families, yoltage characieristics of all,
145
TTL ICs
Inderfucing with CMOS 1Cs, 160-163
typieal fusout value for, 146
TTL-10-CMOS interfacing, 161
TTL-t0-LED interfacing, 156, 157
TTL-type digital circult, testing. 1Y
T type CMOS gates, having input voltage profile of
a TTLIC. 161
12-h displuy format, 416
20-mA current loop (eletype stundard. 461
2-pin DIFIC. 121
24LC 16 EEPROM. for program storage, 405
Jd-pin DIPIC. 77
24-pin EPROM DIP IC, 377, 378
25.pin DB (dats hus ) connector 462
2TIXNXN series EPROM, 378
JEFS12 512K (04K X 5) OMOS Mash memory,
352, 383
Twisted-nematic field-effeet LCD, 213-214
Twisted-nematic field-efiect techaology, 215
2-bit quadrature, 200-20]
2-bit ripple counter iroublesbootmg a faulty,
245-297
Two-digit seven-segment LCD, 213, 216
240-pit DDR2 SDRAM. 386
Twosinput AND function PRASIC program,
TR, 79-80)
Two-phise stepper maotor, 172
25 complement 4-bit adder/subtractor syatem
353354
25 complement B-hit. 3150352
2s complement adifition, 349, 350
s complement cotversions chart, 535 o
25 complement foem, comverting 10 binary, 349
2y complement number camversion chart. 351
2s complement numbers, 27




2¢ complement representitions
determining sign and magnitde of 4 number, 345
of o negative number converting 1 decitmal
equivalent, 351
of negative numbers, 348
of positive numbers, 348
s complement subtraction, 349-350
Two-terminal ADS92 precision 1C remperamne
. ‘Bansducer, 524
2113 saatic RAM, 368-370
2732 EPROM chiip, block disgram of. 378
2732 EPROM IC. 375, 380
I732A 12K (4K X 8) ultrmvioler-erasable PROM. pin
dlagram, 375, 180
Twosway path, transferning data into and out of the
MPL, 448
TaD (iransmit data) line of the UART, 468
Type A plug, connecting upstreamn 1o the USH
ports, 464
Tvpe B plugs, connecting downstream to the
USB ports, 4621465

u
UARTS (umversal asynchronons receiver-transmitters ),
460, 465360

Ultea- large-scale integration | ULST), 406
Ultrasonic distunce sensor, 432234
Ultensomic receiver, 433
Ultraviolet (UV) light, enssing EPROM. 377
Undefined region. 16

between HIGH und LOW. 9

pin floating in, 295

voltage at, 9
Unipolar Hull-effect switches, |82
Unipolar or four-phase stepper motors. 176
Unipolar stepper motors, 172
Unique output, AND truth whie, 45
Universal flip-flop, 246
Umiversul gate, NAND gutes as, 56
Universal serial bus (USB) port, 464163
Universal shift register. 311, 312
Linknown frequency, medsured by a digitsl frequency

counter, 414

Unused input leads, connecting, |50
Unused outputs, leaving unconnected, 130
Unwanted voltages, 145
Up position, switch in, 63
USB 1.0 low-speed rute, 465
USB 1.1 fullspeed rate, 465
USB 210

high-speed rate, 465

parts, 392

recepliacle, 464
USB 3.0

ports, 193, 464

superspeed rale, 465
USB flash drives. 361, 363, 448
USB flash memory, 364, 392-303
USB foppy disk drives, 389
USH ports, 392, 393, 464465
USB standusd type A plug, 392

USB transmisshon rses, clussified. 463
UV emsable PROMs, 377

Vv

Vacuum fuorescent (VF) display, 206, 221-223, 224

Valve, controlling flow of Higuid. air flow, or light
niensity, 48K, 480

Vuriable, declaring, 187188

Variable output, on the funcrion generator, 19

Variahle reluctance stepper motors, 172

Variable-frequency signal, from vehicle speed seasor, 6

Variable-voltage signal. 6

Vehicle speed sensor, engine control module (ECM), 0

Veitch diagrams. 100

Venm diagrams, 100

Vertical deflection knob, on a seope, 20

Verical line (1) symbol, m the NOR fanction in
RBASIC, 81

Very Mrge-seule integration (VLS 206

Very smull capacity unit, 374

VF display, deiving, 222226

VGA (video graphics adupter), 464

Video port, 464

Vision enhencement, 317

VLSIICs, 406

Volatile memory, RAM as, 366

Voltuge, output by an analog circult, 2

Voliage charscteristics, of both TTL and
CMOS ICs, 14

Voluge comparators, 306, 308-500

Voltage divider circuit, 488, 490

Voltage gain, 503

of un amplificr, 502
of the op amp, S10

Voltuge incomputibility, from TTL (NMOS)
o CMOS, 16)

Voltuge levels, for digitul signals, 9

Voltoge profile, of a typical TTL inverter (7404 1),
251,252

Voltuge mils, of the power supply, 142

Volluge regulutor, on BOE. 479

Voltage versus time format, for signals, 2

Voltage-conrolled oscillutor (VCO). 319

Volt-chm-millimeter (VOM), 2

W
WAN (wide arcs netwaork ), 450
Warning hom (H), 472
Wasste from electrical and electomic equipment
(WEEE) suandards, 534
Waveform diugriam
4192 counter IC, 272, 273
74194 shift register, 311, 312
Tor a clocked R-S flip-flop, 239
grapiing amslog outpur. 2
for an unknown frequency, 419, 4240
Waveforms
digiml, 9
with fust rise and full times, 251
given for sequennial logic cireunts, 237, 238
Input. 237, 238

LOW, HIGH. LOW. HIGH. 9, 10
mmp-tvpe A/D comvener, 513
showing propagition delays tor a standard TTL
inverter, 148
Wiveshuping. by 4 7414 Schinlie-trigger inverter, 423
Wiveshuping circuit, 414, 415, 416
Wearout condition, for DSTRL IC, 397
Wetting action, 531
Winchester drive, 158
Wiper position, in DS 1504- 100 digital potentiometer,
196
Winng diagrams
BOD decodes/driver circuit, 224
clocked R-S flip flop, 240
digitul dice gume, 407, 308
digitul light meter careuit, 322
divide-by-6l) counter circuit. 413,414
clementary digital volimeter, S10, 511
experimental LCD timer clreuit, 427, 430431
4-hit parallel-load recirculanng shift register, 309
lutched encoder-decoder circuit. 254256
Words, 38
in 64-bit memory, 365
in computer jnrgon, 27
Work surfaces. meiting the solder, 534
World Wide Web (WWW), 7
Worst-case conditions, 147
Wit input, of the data memory, 452
Write mode, RAM in, 367
Write operation, 366
Write-once read-many (WORM) storage deyices.
191-392
Write-protect notch, 359, 39%)
Writeprotected disk, 389, 3590
Writing
In memory, 362
10 RAM, 365

X
XNOR exclusive NOR) funcuon, 54, 35, 56
XOR function. Boolean expression for, §3
XOR gates
Inverting datu at. 353
logic symbol tor, 53
output for. 53
for purity bit generation and error detection, 462
truth tables, 53
umigque chisueteristic of, 53
unigue output of, 54
In o variety of urithmetic circuits, &4
XOR logic function, substituting NAND gates, 56
XORing, ways of expressing, 54
X-Y position indicator, for u display system, 211

Z

Zener diode, in a comparntor, S09
Zero-blanking circuit, 418

ZIF (zero msertion foroe) IC socket. 117
Zinc-oxide flporescent muerial, 221
ZIP (zhg-2ng In-line package). 385



