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typical performance characteristics (K and T Packages)
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application hints

In operation, the LM117 develops a nominal 1.25V

reference voltage, VREF• ~tween the output and

adjustment terminal. The reference voltage is impressed

across program resistor R 1 and, since the voltage is con-

stant, a constant current I~ then flows through the

output set resistor R2, giving an output voltage of

R2~VOUT = VREF ~ + R~ + ~ADJR2

LM111

Although the LM117 is stable with no output capa-

citors, like any feedback circuit, certain values of

external capacitance can cause excessive ringing. This

occurs with values between 500 pF and 5000 pF.

A 1µF solid tantalum (or 25µF aluminum electrolytic)

on the output swamps this effect and insures stability.

Load Regulation

The LM117 is capable of providing extremely good load

regulation but a few precautions are needed to obtain

maximum performance. The current set resistor con-

nected between the adjustment terminal and the output

terminal (usually 24052) should be tied directly to the

output of the regulator rather than near the load. This

eliminates line drops from appearing effectvely in series

with the reference and degrading regulation. For exam-

ple, a 15V regulator with 0.0552 resistance between the

regulator and load will have a load regulation due to

line resistance of 0.0512 x I~. If the set resistor is con-

nected near the load the effective line resistance will be

0.0552 (1 + R2/R1) or in this case, 11.5 times worse.

FIGURE 1.

Since the 100NA current from the adjustment terminal

represents an error term, the LM117 was designed to

minimize Iqp~ and make it very constant with line

and load changes. To do this, all quiescent operating

current is returned to the output establishing a mini-

mum load current requirement. If there is insufficient

load on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A O.1NF

disc or 1uF solid tantalum on the input is suitable input
bypassing for almost all applications. The device is more

sensitive to the absence of input bypassing when adjust-

ment or output capacitors are used but the above values

will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on

the LM117 to improve ripple rejection. This bypass

capacitor prevents ripple from being amplified as the

output voltage is increased. With a 10µF bypass capa-

citor 80 d8 ripple rejection is obtainable at any output

level. Increases over IONF do not appreciably improve

the ripple rejection at frequencies above 120 Hz. If the

bypass capacitor is used, it is sometimes necessary to

include protection diodes to prevent the capacitor

from discharging through internal low current paths

and damaging the device.

Ir. general, the best type of capacitors to use are solid
tantalum. Solid tantalum capacitors have low impedance
even at high frequencies. Depending upon capacitor
construction, it takes about 25NF in aluminum electro-
lytic to equal 1pF solid tantalum at high frequencies.

Ceramic capacitors are also good at high frequencies;

but some types have a large decrease in capacitance at
frequencies around 0.5 MHz. For this reason, O.O1NF

disc may seem to work better than a O.1NF disc as

a bypass.

Figure 2 shows the effect of resistance between the regu-

lator and 24052 set resistor.

lMll7

p5

SIN ~~N BOUT BOUT
nog

fll
240

fl7

FIGURE 2. Regulator with Line Resistance
in Output Lead

With the TO-3 package, it is easy to minimize the resis-

tance from the case to the set resistor, by using two

separate leads to the case. However, with the TO-5

package, care should be taken to minimize the wire

length of the output lead. The grourxl of R2 can be

returned near the ground of the load to provide remote

ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator

it is sometimes necessary to add protection diodes to

prevent the capacitors from discharging through low

current points into the regulator. Most IONF capacitors

have low enough internal series resistance to deliver

20A spikes when shorted. Although the surge is short,

there is enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator

and the input is shorted, the output capacitor will

discharge into the output of the regulator. The discharge
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current depends on the value of the capacitor, the
output voltage of the regulator, and the rate of decrease
of VAN. In the LM117, this discharge path is through
a large junction that is able to sustain 15A surge with no
problem. This is not true of other types of positive
regulators. For output capacitors of 25uF or less, there
is no need to use diodes.

The bypass capacitor on the adjustment terminal can
discharge through a low current junction. Discharge

occurs when either the input or output is shorted.
Internal to the LM117 is a 5052 resistor which limits the
peak discharge current. No protection is needed for
output voltages of 25V or less and 10µF capacitance.
Figure 3 shows an LM117 with protection diodes
included for use with outputs greater than 25V and
high values of output capacitance.

of
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INC~01 zd~
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D2 protects against C2

FIGURE 3. Regulator with Protection Diodes

schematic diagram

Petitioner Intel Corp., Ex. 1037 
IPR2023-00783



DATA SHEETS
Appendix K 1091

typical applications (con't)
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typical applications (con't)

High Gain Amplifier
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typical applications (con't)
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ABEL, 530 grounding, 627 relative, 750
absolute address mode, 747ff. guidelines for choosing, 631ff. 68000, 748t.
absolute temperature sensor, half-flash, 622 admittance, 79

338ff., 982ff. high resolution, 630 AGC, 139
absolute-value circuit, 221f., integrating, 625ff., 634t aging, 303

888ff. microprocessor compatible, air cooling, 855
ac amplifier, 179, 186 690, 769, 794f., 810ff. aliasing, 283, 775f.
ac line filters, 326, 327t, 858 with multiplexer, 777ff. alkaline battery 921ff., 978

fuse mandatory, 860 used as panel switch, 799 ~phanumeric, 677
hot terminal, care with, 860 parallel encoder, 621f. alphanumeric character, 720

AC logic, 569ff., 601, 939ff. in pulse-height analyzer, 1034 ALS logic, 568
ac power source, 248f.
ac relay, solid state, 588, 761,

single-slope, 625f., 1035
subsystem, 634f. AM homodyne detection, 652,

768 successive approximation, 889, 896

accelerometer, 1004 622ff, amnesia, 675

access time, in serial port, 809 switched-capacitor, 628 amperage (seecunent)

calculation, 767 tracking, 624 amplifier (see also op-amp)

memory, 528, 766ff., 813ff. video, 630 ac, 179, 186

accumulator bin, 774f., 795f. Wilkinson, 1035 audio, 91ff., 948ff.

acoustic ranging, 965 adder, 478, 497f. autozeroing, 415ff.
acoustical coupler, 727 address building blocks, 91ff.
acousto-optic spectrometer access time calculation, 767 cascode, 79, 103, 868, 913,

(AOS), 1037 bus lines, 684 950
ACT logic, 569ff., 601, 939ff. comparator, 685 charge, 1039
active contiguous, 768 class A, AB, B, 92ff.

clamp (seeclamp) decoding, 685, 766, 787f. CMOS linear, 156f.
device, 61 direct, 680f. common-base, 103, 868
load, 87, 132ff. incomplete decoding, 766, common-emitter, 76f., 82ff.
rectifier, 187f., 221f., 469, 768 dc, 100, 179, 260, Ch. 7,

888ff. indirect, 675, 680f., 749, 752, 392ff.
resistor, 257 790 differential (see alsodifferen-

active filter (see also filter), 41, internal registers of chips, 768 tial amplifier), 98ff., 105,
263ff., 274t multiplexing, in DRAMs, 184, 421ff., 867, 989f.

bootstrap as, 184 814f. emitter follower, 868
example, 548 postincrement, 752 equalization, 175f.
inductor, 304 registers, 744 FET, 129ff.

adaptive equalizer, 729 relative, 675 GaAsFET, 873ff.
adaptive optics, 169 segment register, 681 GPD, 873ff.
A/D converter (see alsoADC),

612ff., 621 ff., 630ff.
setup time, 771

address bits, ignored, 766, 768 8rounded base, 103

ADC (A/D converter), 612ff., address latch enable (ALE), 802 grounded emitter, 83

621ff., 630ff., 632t, 634t address modes, 747ff., 748t, 749c headphone, 256

aperture interval, 622 absolute, 676, 750 high-frequency, 863ff.

charge-balancing, 625ff. autoincrement, 747 high frequency configurations,

CMOS IC design example, direct, 676 868
982 8086, 680f. high voltage, 168f., 213, 256

combined with DAC, 630 indirect, 790 369, 1041
delta-sigma, 628, 640f. indirect with offset, 749 input impedance (see impedance)
dual-slope, 626ff. paged, 676 instrumentation, 402, 419ff.,
experience with 16-bit, 810f. postincrement, 747ff. 429t
flash, 621f. preincrement, 747ff. inverting, 177f., 235
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amplifier (cont.)
isolation, 460, 462ff.
laboratory, 238f.
logarithmic, 176, 213f., 254,

392
low distortion, 255, 256
low drift, 469
low-noise, 873ff.
magnetic, 366
micropower, 948ff., 951ff
modular, 873ff.
with negative feedback, 236ff.
noise, 428ff.
noninverting, 178f., 234
nonlinear, 176
nulling, 415ff.
operational (see op-amp)
output impedance (see

impedance)
parametric, 903
pathologies in micropower,
953

photodiode, 253, 1039
photomultiplier, 911ff.
piezo, 168f., 1039
power, 214t, 248f.
precision, 392ff.
programmable-gain, 110, 152,
638

push-pull, 91 ff., 316
radiofrequency, 883
RIAA, 185f.
series-feedback pair, 238,

872f., 950f.
servo, 254
shunt-series pair, 238, 872f.,

950f
single-ended, 100
summing, 185
switchable gain, 152, 638
thermal stability in, 93
transconductance, 79
transimpedance, 79, 184, 235,

962, 1039
transresistance, 79, 184, 235,

962, 1039
tuned, 305, 869, 882ff.
variable gain, 139f., 255,

257
video, 449, 876, 915
voltage, 76f.
voltage-controlled, 139£, 255,

257
wideband, 869ff.

amplitude, 16
amplitude modulation, 885f.,

894ff.
detection, 889f.

analog display wristwatch, 968
analog modeling tools, 908f.
analog switch, 124, 140
analog-to-digital converter (see

ADC), 631t

analysis, state, 824
timing, 527, 766, 812ff., 824f.

analyzer, logic, 821, 824f.
AND gate, 155f., 479

wired, 490
AND-OR-INVERT (AOI) gate,

485
anodic stripping voltametry

(ASV), 1O15f.
antialiasing filter, 776
antistatic, 170f.
aperture interval, 622
APL, 715
Appletalk, 736
application-specific IC (ASIC),

851
arbitrary phase sinewave, 296
argument, immediate, 679
argument convention

Intel, 679
Motorola, 680

arithmetic logic unit (ALU), 498,
675

array initialize, 790
LED, 768f.

artwork, 844, 855
AS logic, 568, 587
ASCII, 474, 604, 714, 721t, 723,

803
communication interface,

803f.
8-bit binary, 720

ASICs (application-specific ICs),
851

assembler, 679, 714
native, 821

assembly language, 678ff., 684,
691, 745ff., 774

assertion-level logic, 482ff.
asynchronous, 515, 552

bus, 678, 707, 754
serial communication, 804ff.
transmission, 722

atomic beam, 1017f.
atomic standards, 303
attenuation, 71
attenuator, 19, 887
audio amplifier, 91ff., 948ff.
authorized distributors, 861
autocorrelation, 657ff.
autoformer, 58
autoincrement addressing mode,

747
automatic gain control (AGC),

139
autorouting, 844
autoscale, 775
autovector, 700, 756, 788

interrupt, 756
polling, 698f.

auto-zero, 627, 640
IC, 419

avalanche injection, 817

back annotation, 844
back diode, 49, 891, 904
back pressure, 857
backplane, 56, 801
backspace, 720
backup battery, 819, 929, 968
balanced mixer, 140, 886, 896,

1037f.
balanced quadrature detector,

900
balun, 881
bandgap, 948

reference, 325, 331ff.
temperature sensor, 338f.,

994f.
bandpass filter, 59, 277f.
bandwidth

of modulated carrier, 893f.
narrowing, 1026ff.
noise, 453f., 659

bare PC board testing, 848f.
barrel shifter, 499
barrier strip terminals, 837
base-emitter breakdown, 68, 578
base spreading resistance, 436,

445, 872, 905
baseband, 898
BASIC, 714f.
batch testing, 861
battery, 920ff., 922t, 923t, 930t

alkaline, 921, 978
backup, 929, 968
backup for RAM, 819
charger, 385
charging, 926ff.
dry cell, 921ff.
energy density, 925ff.
heavy-duty, 921ff.
lead-acid, 926ff.
LeClanche, 921 ff.
lithium, 771, 921ff.
low-voltage alarm, 963
mercury, 921ff.
nickel-cadmium (Nicad),

926ff.
operation from 9 volt, 969
passivation, 924
pathology, 927
photovoltaic, 932ff.
primary, 920ff., 922t
recommendations, 928ff.
replacement for, 820
secondary, 920ff.
self-discharge, 926ff.
silver oxide, 921ff.
split supply with, 945ff.
swifCt~over, 349
two-step ela~rge, 928
types, 920ff.

baud rate, 722, 805f., 900
frequency generator, 806

BCD, 476
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beat-frequency oscillator (BFO),
898

bed of nails, 849
Bell 103, 727ff.
Bell 212A, 727ff.
benchtop cabinet, 854
Bessel filter, 269ff., 306
beta, 62f.

network, 233
super, 959

bias, 70
CMOS linear amplifier, 157
self, in JFET, 127ff.

bias current, 136
cancellation, 111
FET and BJT compared,

136f.
biasing, 69

bad, 71, 110
common emitter amplifier, 84
current source, 73
grounded emitter amplifier, 83
voltage, 71

bidirectional
buffer, 560, 801
bus, 678, 684ff.

bifurcated contact, 838
Bin (for PC cards), 854
bin, signal averaging, 774f., 795f.
binary, 474
binary offset, 476
bingo card, 1068
biologically-significant time, 792
BIOS, 816
biquad filter, 276, 278f.
BITNET, 735
Black, Harold S., 175, 233
Blackman's impedance relation,

236
bleeder resistor, 330, 366, 370
block transfer, 711
blocking capacitor, 36
blower, 313, 855ff., 858t
BNC connector, SSf.
boards, evaluation, 821, 825
Bode plot, 243ff.
body, MOSFET, 163
bolometer, 891
Boltzmann's constant, 80, 431
boot, 764f.
bootstrap, 94, 96ff., 110, 135,

183f., 675
impedance, 96
peaking in, 183f.
power supply, 427f.

boxcar integrator, 1029
Bragg cell, 1037
breadboard, 544, 827ff.

cards, 712
solder, 829

break, 722
breakdown

base-emitter, 68, 578

collector-emitter, 74
second, 159, 321

breakout box, RS-232, 726
breakpoint hardware, 823

software, 823
brick-wall filter, 264, 453f.
bridge, 619

linearized, 1039
rectifier, 45ff.
Wheatstone, 1001f., 1025
Wien, 296

bridged differentiator, 280
broadside pinout, 800
brushless do fans, 857
buffer

bidirectional, 801
character, 691
latch (seelatch)
three-state, 560t, 801
unity gain, 179f., 186, 414f.,
418t

buried gate, 817
burn and crash, 821
bus, 487f., 602f., 677ff., 704t,

709t, 753t, 788
arbitration, 759
asynchronous, 678, 707, 754
bidirectional, 689
computer, 678, 709t, 753t
contention, 488
control, 675
default-wait, 754
driver, 602f., 910
8-bit claustrophobia, 788
EISA, 708
error, 765
Fastbus, 711
Futurebus, 711
GPIB, 712f., 720, 734
grant, 759
HPIB, 712f., 720, 734
IEEE-488, 712f., 720, 734
interface, sluggish, 810
I/O, 745
ISA, 708
master, 690, 702, 711, 757f.
Micro Channel, 708
Multibus, 708, 720
multiplexed DATA/ADR., 802,
981

NuBus, 711
PC/XT, 684ff., 704t
PS/2 bus, 708
Q-bus, 711, 720
request, 702, 757
SCSI, 720
signals, 684ff., 753ff.
synchronous, 678, 707
system, 801
termination, 602, 911
terminators, 678
time-out, 764
VAXBI, 711

VME, 711
Butterworth filter (see also filter),

269ff., 1064ff, 1064t
bypass capacitor (see capacitor)
byte, 474, 675, 744, 800
byte-wide pinout, 800

C, 678, 714f.
cabinet, 854
cable between instruments, 457ff.

coax, 603, 879ff.
coax driver, 610ff.
current-sinking driver, 606
differential drive, 604ff.
driving, 599ff., 603
ECL driver, 611
flat ribbon, 712, 837
mass termination, 712
ribbon, 603, 609, 712
trapezoidal drive, 605
twisted pair, 603, 605, 609
Twist 'n-flat, 712

cable diagrams, RS-232, 726
cache

disk, 718
memory, 675ff., 813

CAD (Computer-Aided Design),
833ff., 848

IC design (ASICs), 851
Multiwire, automatic, 849f.
PC board, 844
programs, hierarchical, 842
Wire-Wrap, automatic, 849

CAD/CAM, 842ff.
CAE, 908f.
cage, card, 854
calendar clock (see clock,

calendar), 760, 978ff.
CAMAC crate, 855
capacitance (see also capacitor)

causes dynamic current, 973
of coa~cial cable, 880
of diode junction, 865f.
effective, 970
elimination by tuned circuit,

882
feedback, 102ff., 864ff., 906,
910f., 950

of FET, 142, 146ff.
interelectrode, 864ff.
inter-winding, 918f.
junction, 102ff.
loading causes failure, 974
Miller, 102ff., 864ff.
MOSFET gate, 161ff.
multiplier, 305
power dissipation, 970
of shielded cable, 135
transistor, 864ff.

capacitive
coupling, 970
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capacitive (cont.)
loading, 221, 413f., 467, 768,
974

logic load, 555
capacitor (see also capacitance),

20ff.
in ADC, 627
blocking, 36
bypass, 42, 50, 310f., 366,

554, 555, 579, 600, 836,
962

chip, 902
compensation, 407
coupling, 70, 456
current in, 23
dielectric absorption, 220, 627
differential equation for, 23
discharge, 23f.
double-layer, 820, 934
energy in, 970
feedthrough, 883, 902
filter, 42, 329f.
flying, 153, 359, 377ff., 420,

804, 943, 983
in frequency domain, 24, 30ff.
hold, 393
in isolation amplifier, 464
leakage compensation, 394
load, 221, 413f., 467, 768,

974
low leakage, 396
memory effect, 220, 627
microphone, 1002ff.
neutralizing, 869
parallel, 21 f.
power in, 33
reactance (graph), 37
reactance of, 32
speedup, 64, 231, 579, 908
in time domain, 23
timing, 42
transducer, 1002ff.
types of, 21
variable, 58

capacitors (box), 22
card (see also circuit board, PC

board)
breadboard, 712
cage, 852, 855
connections between, 601 f.
edge connector, 56
ejector PC card, 852
PC board, density, 837
prototype, 828

carpet shock, 170
carriage return (CR), 720
carrier, 892f.
CAS, 813ff.
cascaded RC filter, 264f.
cascode, 79, 103, 868, 913, 950

in JFET current source, 128f.
in Wilson minor, 89

Cauer filter, 271

causality, 39
CCq 998ff.
CD ROM, 676
center-tapped rectifier, 47
centrifugal blower, 857
Centronics, 713f., 730t

parallel port, 730ff., 730t
Cerenkov detector, 1011
Cesium frequency standard, 303,

885, 1017
channel, 113ff.
channel plate, 999f.
character buffer, 691

control, 720
character generator, 816
character-serial interface, 736ff.
characters, lost, 690
charge

balancing ADC, 625ff.
coupled device (CCD), 998ff.
gate, 162f.
injection, 148, 396, 417, 638
integrating meter, 640
transfer, 396

chassis, 857
Chebyshev filter, 269ff.
checksum, 559
Chips, support, 744ff.
Chirp/Z transform, 1037
choke, 883
chopper amplifier, 415ff.

noise, 416f.
saturation in, 417

chopper stabilized op-amp, 400f.,
415ff.

circuitboard (see also card, PC
board)

prototype, 712, 828
circuit density, PC board, 837
circulator, 887
clamp, 49ff., 221, 258, 319f.,

548, 571f., 578, 1039
Baker, 908
chopper amplifier, 417
in CMOS logic, 157, 571f.
with voltage divider, 50

class A amplifier, 92
class A current, 156, 969

in low-power oscillator, 967
cleaning PC board, 840
clipping, 70, 157, 182
clock

feedthrough, 283, 416f.
frequency, minimum, 975
real-time, 690
refresh, 812ff.
skew, 552f., 555, 974

clock, calendar, 760, 771, 978ff.
interface, 771
micropower, 968f.
real-time, 690

clock frequency, CPU, 759f., 767

clocked latch (see latch, edge
triggered)

closed-loop gain, 233
CMOS, 484ff., 802

characteristics, 486f.
CPU, 764, 975ff., 976t
EPROM, 979
555 equivalent, 967
4000-series, 568f., 967
high-speed, 569ff.
latchup, 150
linear amplifier, 156f.
linear switch, 142ff.
microprocessor, 764, 975ff.,
976t

op-amp, 959
peripheral, 977
PLD, 538f.
power consumption faults,
973ff.

powered by photovoltaics, 933
powered via input, 556
poysilicon gate, 973
problems with, 554ff., 973ff.
protection network, 150, 171
quiescent current, 154ff.
relaxation oscillator, 967
replacements for NMOS, 974
switch, 142ff., 951
unused inputs, 580

CMOS logic
compatible with TTL, 970
families, 969f.
keeping low power, 970ff.

coax connector, SSf.
isolated, 459

code
ASCII (see ASCII)
converter, 497
function, 756
gray, 477f., 480
machine, 750
position-independent, 750
pulse, 900ff.

cold boot, 977
cold switching, 64, 494, 860
collector

bootstrapping load resistor, 97
to emitter breakdown voltage,

74
open, 487f.

color code, 1053
Colpitts oscillator, 297
column address strobe (CAS),

813ff.
combinational logic, 478ff., 490
common-base amplifier, 103, 868
common-emitter amplifier, 76f.,

82ff.
biasing, 84f.
input impedance, 85

common-mode, 98
interference cancellation, 460f.
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common-mode (cont.)
range, 190f., 867
rejection ratio (CMRR), 402,

421ff.
communication

ASCII interface, 803f.
methods, 892ff.
power-switched, 965
synchronous, 806

commutating auto-zero (CAZ),
419f.

Compact disc (CDs), 472, 901f.
comparator, 101, 229ff., 561t,

577ff., 580ff., 584t, 962,
966t

with active pullup, 965
address, 685
differential amplifier as, 102
FET input, 582
hysteresis with, 581 f.
input properties, 581f.
magnitude, 499, 561t
micropower, 581, 965, 966t
noise in, 581
output circuit, 580f.
power-switched, 965, 968
programmable, 965
single supply, 580f.
speed, 582
supply voltage, 580f.
window, 669

compensation
diode, 888
dominant-pole, 245f.
of feedback amplifiers, 176
frequency, 242ff., 946, 965
op-amp, 242ff., 946, 964
pole-zero, 247
thermocouple, 989ff.

compiler, 715
library, 715

complement, 509
nine's, 499

complex number, 1O50ff.
complex representation, 31 f.
compliance (see also current

source), 9, 73f., 75, 110
component

library, 842
pads, 835
placement, 842
unreliable, 858

component side, 833
computer

block diagram, 674
bus, 678, 709t
portable, 978

computer-aided design (see
a1soCAD), 833

computer-aided engineering
(CAE), 908f.

condenser (see capacitor)
conditional instruction, 683

conditional loop, 790f.
conductance, 7, 79
conductor widths, PC board, 841
connection

gas-tight, 838
soldered, 829
Wire-Wrapped, 829

connector
banana, 55
BNC, SSf.
card-edge, 56, 834, 838, 852f.
coax, SSf.
D, 56
dual readout, 828
F, 56
isolated, 459
LEMO, 56
mass termination, 712, 837
MHV, 56
multipin, 56
N, 56
PC board, various, 852
PC edge, 828
phono, 56
pin, 55
reliability of, 858
SMA, 56, 873
TNC, SSf.
Wire-Wrap pin, 852
XLR, 1005

contact, bifurcated, 838
contact pressure, 838
control

character, 720
shut-down, 978, 983

control panel, remote, 799
switch table, 797

control-C, 720
controller, 975, 976t
CMOS, 976t
dedicated, 774
DMA, 702f.
temperature, 105

control-Q handshake, 726
convective cooling, 856
converter errors, 614
Cooley-Tukey FFT, 1037f.
cooling, air, 855, 857

convective, 856
COPS, 968
core, 675
corner-pin power, 553
correlator, 498
counter, 496, 524ff., 563t

BCD, 524
binary, 522
cascading, 544f.
with display, 525
divide-by-n, 511
divide-by-2, 510
divide-by-3, 513f.
down, 548
event, 512

frequency, 512, 542, 556, 558,
1019ff.

hexadecimal, 524
instruction, 675
jam-load, 545
with latch, 525
modulo-n, 524, 544ff., 548,
641ff.

period, 1020ff.
program, 675
reciprocal, 1020f.
ripple, Sllf., 524
synchronous, 512, 524, 544f.
with three-state outputs, 525
timing, 545f.
timing with, 522
up/down, 514, 524

coupler
acoustic, 727
hybrid, 728

coupling, capacitive, 70, 456, 970
CPU (see also microprocessor),

675, 822t, 976t
clock frequency, 759£, 767
CMOS, 764
defined, 673
register, 679f.

crash, 823
crate, 854
CRC, 735
crest factor, 454
cross-assembler, microprocessor,

821
cross-coupled input stage, 408
cross regulation, 367
cross-triggering, 825
crossover distortion, 92ff., 411 f.
crosstalk, 148
crowbar

modular, 319
overvoltage, 311f., 317ff.,

366f., 389, 771, 931
crowbarring, 156, 599, 970
crystal

integral, 968
tuning fork, 968

crystal oscillator, 157. 300ff.
startup, 975, 977
temperature stability in, 968

CSMA/CD, 735f.
CUPL, 530ff.
current

bias, cancellation of, 111
in capacitor, 23
class A, 156, 967, 969
as complex number, 31 f.
defined, 2
dynamic, 156, 569f., 971
dynamic, due to capacitance,

973
gain, 107
gate, 135ff.
hogging, 122
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current (cont.)
impact ionization, 137
input ADCs, 629
inrush, 364, 367, 940f.
leakage, 136, 971
limit, 166f., 309, 316f., 940f.
loop, ASCII, 723
loop, industrial, 919, 934,
937f.

mirror (see alsocunent
mirror), 111, 953

noise, 436ff.
op-amp input, 964
through PC boards, 841
pin-selectable, 953, 955
quiescent, 154ff., 983
rail-to-rail, 156, 351f., 967
regulator (seecunent

regulator)
relay, 934, 937
sensing, 379ff., 388, 555
signal, 933ff.
sinking cable driver, 606
source (seecurrent mirror,

current source)
spikes, 554, 599
spy, 555
static drain, 569
telephone, 919, 934ff.
transfer ratio (CTR), 596
transients, 599ff.
valley, 968
to voltage converter, 184
zero with power down, 975,

977
current gain, small signal, 67
current limit, 166f., 309, 316f.,

940f.
current mirror, S8ff., 105, 111

active load, 101
current ratios in, 89ff.
Early effect in, 88f.
limitations of, 88ff.
Wilson minor, 89

current monitor, 242, 253, 388
current regulator, 129t, 379ff.

diode, 125ff., 129t, 288, 379
current-sensing resistor, 971, 974
current sink (see current source)
current source (see also current

mirror), 9, 252, 254f.,
257f., 261, 354, 379ff.,
386, 388

active load, 87
biasing of, 73
bipolarity, 182
compliance, 73, 75, 110, 182
deficiencies of, 74
in differential amplifier, 100
FET, 124ff.
Howland, 182
impedance of, 66, 128
improved with feedback, 176

op-amp, 180ff.
oscillation in, 298ff.
precision, 468
programmable, 72, 74, 88,

469
resistor as, 72
transistor, 72, 129
VgE-referenced, 76

current-spy resistor, 971, 974
current transients, DRAM, 815f.
cut-and-try, 650, 903
cutoff frequency, 267
cycle time, memory, 813ff.

D connector, 56
D/A converter (see DAC)
DAC (D/A), 612ff., 614ff., 620t,

687, 777, 779, 793f.
combined with ADC, 630
double buffered, 688
glitches, 294, 810
guidelines for choosing, 619ff.
with microprocessor, 769
microprocessor compatible,
688, 769, 810

multiplying, 619
output glitches minimized,
810

scaled current sources, 614
voltage output, 616f.

daisy-chain, 699f., 757f., 771
damaged input, causes leakage,

974
damping resistors, 815
Darlington, 94ff., 105, 380f.

complementary, 95
driving from NMOS, 588f.
leakage, 95
photo, 997
saturation voltage, 95
superbeta, 96
VBE drop, 95

data
bus, 487£, 602f., 677ff., 684,

864
registers, 744
2's complement code, 794

data-acquisition system (DAS),
636f.

data logger, 677, 690, 983
example design, 978

data port, serial, 802ff.
data sheets, 1072f.
LF411-12, 1078
LM317, 1086
op-amp, 1078
transistor, 1073
2N4400-01, 1073
voltage regulator, 1086

data transfer, programmed,
685ff., 753

date code, 1071
IC, 861

dB/octave (see also filter), 39
DB-25 connector, 723
do amplifier, 179, 260, 392ff.
do-dc converter, 360, 387
do offset of FET follower, 134
do restoration, 51
DCE, 723f.
debounce, 506, 576f.

switch, 789
debouncing software, 775
debugging, 848
microprocessor programs,
821ff.

decibels (dB), 16f.
DECNET, 735
decoder, 496f., 500, 561t

instruction, 675
decoding, 981

address, 685, 766
memory mapped for I/O, 768

decompensated op-amp (see
alsoop-amp), 247f.

dedicated application, 743ff.
dedicated controller, 774
microprocessor, 756

default-wait bus, 754
defluxing, 840
degreaser, 840
delay

digital, 521, 965
equalizer, 266
fall-through, 541
LSI access latency, 809
ripple-through, 541
sweep, 1049
time, 25, 907

delay line, shorted, 880
tapped, 815

delta-sigma ADC, 628, 640f.
DeMorgan's theorem, 490
demultiplexer, 143, 496f.
denormalized number, 739
depletion, 113ff.
desensitivity, 233
design rules, PC board, 836f.,

847
detector, 256, 888

AM, 889
balanced quadrature, 900
homodyne, 889, 896
ratio, 899
slope, 899
square-law, 890f.
synchronous, 889, 896,

1031ff.
development microprocessor

code, 821ff.
system, 751, 824

diagram, state, 514f.
circuit (seeschematic)

dibit (see also modem), 729
dielectric absorption, 220, 627
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dielectric constant, PC board,
840

differential amplifier, 98ff., 105,
110, 184, 421ff.

applications of, 98
base bias path, 100
CMRR, 98ff.
as comparator, 102
current source biasing, 100
FET, 132
gain of, 98
high frequency, 867, 989f.
high voltage, 423
long-tailed pair, 99
and Miller effect, 102
noise, 445ff.
phase splitter, 101
pseudo, 460
as single-ended amplifier,

100f.
V~ cancellation in, 100f.

differential drivers, 714
differential input voltage, 183
differentiator, 25f.

in frequency domain, 39
op-amp, 224

digital design, micropower, 969ff.
digital logic (see also logic), 560t,

570t, 574t
AC, AC'I; 569ff., 939, 943
buffered, 604f.
capacitive loads, 600ff.
CMOS, 920, 933
combinational, 478ff.
current transients, 599ff.
driving cables, 599ff., 604f.
driving external loads with,

582ff.
driving inputs of, 575ff.
dynamic current, 569f.
dynamic incompatibility, 574f.
edge-sensitive inputs, 574f.
families, 570t
family history, 565ff.
fanout, 570f.
gate, 478ff., 484t
ground noise, 599ff.
HC, HCT, 939, 943
high voltage, 605
input characteristics, 570ff.
input protection, 571f.
interconnecting, 574t
interfacing between, 573ff.
latchup, 572
micropower, 969ff.
multiple transitions, 574
NMOS, 588ff.
output characteristics, 570ff.
programmable, 499ff., 527ff.
pullup resistor with (see

also resistor, pullup), 572
recommendations, 570
sequential, 504ff.

speed vs. power, 569
tables, 560ff.
with 3.3V supply, 573
thresholds, 571f.
unused inputs, 579f.

digital pulse, with timer, 798
digital-to-analog converter (see

also DAC), 614ff., 620t
diode, 43t, 44ff., 331t, 334t

adjustable, 94, 913
back, 49, 891, 904
for base bias, 93
catch, 357
clamp (see also clamp), 49ff.,

571f., 578
in collector circuit, 64
compensated zener, 333f.
current regulator, 125ff., 129t,

288, 379
damper, 374
drop cancellation, 49, 52, 888
fast recovery, 365
gate, 49
Gunn, 904
hot carrier, 49, 331, 365, 886,

888f., 904, 908, 973
impatt, 904
input protection, 555, 960,
971

laser, 599
light-emitting, 963
low-leakage, 217
nonlinear circuits, 51 f.
photo, 596, 962, 996f., 1039
PIN, 904, 996
programmable zener, 338
reference, 334t
Schottky, 49, 331, 365, 886,

888f., 904, 908, 973
signal, 48f.
SNAP, 887, 904
snubber, 64
tunnel, 14f., 49, 886, 891,
904, 1060f.

varactor, 297ff., 865f., 883f.,
887, 899, 904

zener (see also zener diode),
1 3f., 331ff., 334t, 369

diode leakage, circuit cure for,
218

DIP
IC package, 836
plugs, 837
skinny, 801

DIP-switch, 687, 760, 768f.
direct address, 680f.
direct memory access (see

also DMA), 701
directional coupler, 887
disk

cache, 718
floppy, 676, 701f., 717
hard, 676, 717

RAM, 676
display, 57, 525

controller IC, 548
gas discharge, 594f.
LCD, 591, 594f.
LED, 591ff.
multiplexed, 300, 546ff., 592,

808
refresh, 778, 791f.
rollover, 792
screen, 793f.
7-segment, 588
smart, 593f.
split screen, 825
walking bit, 792, 808
X-Y, 688

disassembly, 824
distortion, caused by

changing input impedance, 65
crossover, 92ff., 411f.

dither, 1023
divide, test for zero, 791
divide-by-n, 511
divide-by-2, 510
divide-by-3, 513f.
divider, Kelvin-Varley, 1025
DMA, 701ff., 707, 712, 753, 757,

803
block transfer, 718
controller, 702f.
terminal count, 706

DMOS, 158
dominant-pole compensation,

245f.
don't care (X), 493
DOS, 816
double-layer capacitor, 820, 934
double sideband, 897f.
double-sided PC board, 833, 836
double transition, 555
doubler

flying capacitor, 804
frequency, 887
voltage, 47f.

drain
FET, 104, 114ff.
open, 489f., 587

DRAM (dynamic RAM), 812ff.
address multiplexing, 814f.
current transients, 815f.
noise-induced errors, 816
precharge time, 813
refresh cycle, 704, 813ff.
support chips, 815f.
undershoot and ringing, 815

drift, thermal, 122
drift chamber, 1012
drill tape, 844
driver

bus, 602f., 910
cable, 599f.
coax, 610ff.
differential, 604ff.
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driver (cont.)
differential current sinking,

606, 712
LED, with HC logic, 768
RS-232, 803f.
RS-232, CMOS replacement,

978
serial data (see a1soASCII),

721
droop, 133
dry film, 834
dry switching, 577
dry-transfer lettering, 855
DTE, 723f.
DTL, 568
dual-gate FET, 883, 886
dual-readout connector, 828, 852
dual-slope ADC, 626ff.
dual-tracking voltage regulator,

344, 351f.
duty-cycle, 977
dwell time, 776
dynamic current, 137f., 156,

569f., 971
registers, 975

dynamic gate current, 137f.
dynamic impedance, 69
dynamic memory refresh, 704
dynamic RAM (see also DRAM),

812ff.
dynamic range, 641

floating-point number, 740
vs. precision, 391f.

Early effect, 74ff., 81, 88f., 110
Ebers-Moll equation, 79ff., 90
model, 62, 1062

ECL, 484, 568f.
cable driver, 611
logic, 602
oscillator, 305

ECO (engineering change order),
849

edge
detector, 26
fast, undershoot and ringing

with, 815
leading, 753, 800
trailing, 687, 768, 800

edge connector, PC board, 834,
838, 852f.

edge-sensitive interrupt, 700
edge-triggered latch, 800
editor, 715f.
EEPOT (programmable trimpot),

819
EEPROM, 502, 818f.

flash, 819
shadow, 820
use in SRAM socket, 818

effective capacitance, 970
8th bit, 720 8086 microprocessor,

674ff., 678ff., 701ff., 802

addressing modes, 680ff.
instruction set, 679

8087 arithmetic coprocessor, 739
8088 microprocessor, 802, 975
80C31 controller, 975
80286 microprocessor, 708f.
80386 microprocessor, 675, 681
8250 serial port, 803
8255 parallel I/O chip, 801
8259 interrupt controller, 693f.,

700f.
8530 serial port IC, 722, 760f.,

769ff., 803ff., 804t, 806t
access recovery time, 809
block diagram, 770
initialization, 806t
interface to microprocessor,

771f., 803ff.
registers, 804t, 805f.

8536 port/timer, 769ff., 788, 798,
808f.

one's catching input, 798
pulsed handshake, 809
timer as one-shot, 798

EISA bus, 708
electrical leakage, 840
electrochemistry, 1015ff.
electroless plating, 834
electronic engineer's master

(EEM), 595
electronic trimpot (EEPOT), 819
electrostatic discharge (ESD),

163ff., 169ff., 554, 572
elliptic filter, 271
emitter

impedance, 81
intrinsic resistance, 81

emitter-ballasting resistor, 159
emitter follower, 65

ability to source/sink, 67f.
applications of, 67f.
base-emitter breakdown, 68
biasing, 69, 81
capacitively coupled, 70
design example, 70f.
gain of, 68, 82
impedance of, 66f.
isolation function of, 67
with op-amp, 186
output impedance, S 1
push-pull, 68
short circuit protection, 69
with split supply, 71
as voltage regulator, 68

emitter resistor as feedback, 84
bypassed, 84
for thermal stability, 93

emulator
EPROM for debugging code,
821ff.

in-circuit, 823f.
microprocessor, 821

enable, 488

enclosure
instrument, 929
modular, 852

encoder
priority, 497
rotary, 557, 799
7-segment-tahex, 531
simple, 497

endurance
in EEPROMs, 819
in EPROMs, 817
unlimited, 820

energy, in capacitor, 970
engineering change order (ECO),

849
enhancement, 113ff.
envelope, 894
epoxy-fiberglass laminate, 833,

840
EPROM, 502, 760, 765ff., 816ff.
CMOS, 979
emulators for debugging,

821ff.
endurance, 817
OTP (one-time program-

mable), 817
piggyback, 818
principle of, 816f.
slow, 767
smart programming

algorithms, 817
equalization amplifier, 175
error budget, 392
ESD, 163ff., 169ff., 554, 572
ESDI, 733
etching, 834
Ethernet, 677, 735f.
evaluation boards, 821, 825
event software, 824
event counter, 512
exception, 759

interrupt, 792
excess-3 (XS3), 501
excluded state, 514
exclusive-OR gate, 479f.
execution speed, software, 796
execution time, instruction, 781f.
expansion, 496f., 559

F connector, 56
F logic, 568f.
failure, pattern sensitive, 555
failure modes, CMOS, 973ff.
fall time, 907ff.
false, 472
fan (seeblower)
fanout, 487, 570f.
farad, 20
fast edges, increase coupling,

973f.
undershoot and ringing, 815

fast Fourier transform (FFT),
1037f.
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fast-recovery rectifier (see
also diode, Schottky), 330f.

Fastbus, 711
feedback, 86f., 94, 175ff.

at dc, 183
effect on input impedance, 87
effects on amplifier, 233ff.
emitter resistor as, 84
with finite loop gain, 232
gain equation, 232
negative, 175ff.
positive, 230ff.
in regulated supply, 105
series, 234
shunt, 157, 234

feedback amplifier, noise, 445ff.
stability in, 245ff.

ferrite bead, 457ff., 887
FET (field-effect transistor) (see

also transistor, MOSFET),
104, 113ff., 125t, 126t,
128t, 164t

active load for, 132f.
amplifier, 129ff:
analog switch, 124
applications of, 116ff.
basic circuits, 124ff.
buffer, 124
capacitance in, 142, 146ff.
charge injection, 638
CMOS linear switch, 142ff.
comparator, 582
current-regulator diode, 125ff.,

129t, 288, 379
current source, 124ff.
demultiplexer, 143
depletion, 114
differential amplifier, 132
drain, as effective source, 120
dual-gate, 883, 886
dynamic gate current in, 137f.
enhancement-mode, 114
follower, 133ff.
GaAs, 119, 873ff., 904
gate conduction in, 118
gate current of, 135ff.
high-impedance amplifier,

1013
I~s> 120
insulated gate (see MOSFET)
junction (see also JFET),

1 13ff., 125t, 128t
leakage cancellation, 223f.,

394
linear region, 121
linearization of resistance,

139f.
load line, 1060
logic switch, 124
manufacturing spread, 122f.
matched, 123, 128t, 139
matched pair as follower, 135
microphone preamp, 1003f.

Miller effect in, 133, 883
MOSFET (see MOSFET)
multiplexer, 143f.
noise, 441ff.
opto, 598
oscillator, 132, 297, 300, 653
output impedance, 134
peak detector, 133
pinch-off voltage, 120
polarities, 114
poorer performance of p-

channel, 117
power switch, 124, 158, 939f.,

964, 980
replacement for BJT, 125
as resistor, 138ff.
ROFF, 142
RpN, 140ff.
sample-and-hold, 133
"saturation" region, 121
self-biasing, 127
subthreshold region, 122
switch, 116ff., 140ff., 148,

151, 219, 222, 241, 393,
939

thermal runaway absent in,
122

threshold voltage, 114, 120
transconductance, 114, 130ff.
types, 117
universal characteristics, 119
variable resistor, 124
VI curves, 114

FFT, 1037f.
fiber optics, 612, 999f.
fiberglass, 833, 840
field-effect transistor (seeFET)
FIFO, 541
file, 717
filter, 273t, 274t

ac line, 326f., 327t, 456, 858
active, 41, 263ff., 548
all-pass, 266
anti-aliasing, 776
bandpass, 59, 277f.
Bessel, 269ff., 306
biquad, 276, 278f.
breakpoint, 36
brickwall, 264, 453f.
bridged differentiator, 280
Butterworth, 269ff., 548,

1064ff., 1064t
cascaded RC, 264f.
Cauer, 271
ceramic, 888
Chebyshev, 269ff.
circuits, 272ft:
comb, 666
commutating, 666ff.
component tolerance, 270
constant bandwidth, 278
constant-Q , 277f.
crystal, 888, 895

dc-accurate, 283f., 667
as differentiator, 39
digital, 660ff., 664
digital low pass, 665f., 776
elliptic, 271
finite impulse response (FIR),
665

Gaussian, 272
high pass, 35f., 40, 71, 1064ff.
high-Q, 275f.
inductorless, 266
infinite impulse response
(IIR), 665

integrating, 776
as integrator, 39
LC, 265f., 1064ff., 1064t
linear-phase, 268, 271f.
low-pass, 37ff., 40, 274t, 548,
665f., 776, 864, 1064ff.,
1064t

mechanical, 888
multistage, 41
noise bandwidth, 453f.
nonrecursive, 665
notch, 279ff., 666
parameters of, 267f.
phase shift in, 38, 40
phase-sequence, 295
piezoelectric, 888
pi-section, 365f.
power supply, 45f.
RC, 263ff.
recursive, 665
RF (radiofrequency), 858,
887f.

rumble, 59
Sallen and Key, 267
scratch, 59
sensitivity, 273
state-variable, 276ff.
surface acoustic wave (SAW),
888

switched-capacitor, 281 ff.,
666f.

Thomson, 271
time-domain comparison,
271f., 273t

trap, 42
tunable, 282
twin-T, 279f.
VCVS, 273ff., 274t, 548

filter capacitor, 42, 329f.
finite impulse response filter

(FIR), 498f.
firmware, 743ff.
first-in/first-out (FIFO), 541
first-order loop, 646f.
555 IC, 286ff., 289t
CMOS equivalent, 939, 967
CMOS higher frequency than,

967
flag, 675, 691, 714

with interrupt handler, 798
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flag(cont.)
power-on, 977
register, 694
software, 789, 798
status, 693f, 806f.
stop, 796

flash ADC (see also ADC), 621 f.
flash EEPROM, 819
flat ribbon cable, 837
flicker, 778
flicker noise, 432f.
flip-flop (FF), 478, 504ff.

boot, 765
clocked, 507
D-type, SOSf.
edge-triggered, 508f.
JK, 509f., 556
master-slave, SO8f.
multiple input, 507
one's catching, 509f.
SR (set/reset), 506

floating gate, 817f.
floating input, 556, 579f., 977
floating-point

format table, 740
number, 739f.
processor (FPU), 499, 822

floppy disk, 676, 701f., 717
flow chart, 780
fluctuation-dissipation theorem,

431
fluid level, 965
flux-gate magnetometer, 1007
flyback, 357f., 374
flying capacitor, 153, 359, 377ff.,

420, 943, 983
RS-232 supplies, 804

FM, demodulation, 651f.
PLL demodulation, 647

foldback current limiting, 316f.
folded architecture, 504
follower

active load for, 134
bootstrapped, 183f.
do offset of, 134
emitter (see also emitter

follower), 65ff.
FET, 133, 254
FET-BJT hybrid, 134
FET matched pair, 135
op-amp, 179
oscillation in, 298ff.
output impedance, 134

form feed, 720
format, number, 738ff.
FORTRAN language, 678, 714f.
4000 series CMOS logic, 969
FPU, 499
frame ground, 724
free-running oscillator, 968
frequency

agility, 897
angular, 16

compensation, 242ff., 946,
965

compression, 894
counter, 512, 542, 556, 558,

1019ff.
cutoff, 267
deviation, 898f.
domain, 23, 29ff., 1036
doubler, 887
image, 896, 1036
modulation (FM), 898ff.
multiplexing, 893
multiplier, 886f.
Nyquist, 901
resonant, 41
response, 16
shift keying (FSK), 727ff.,

896, 900
standards, 303, 885, 1016ff.
synthesizer, 19, 653
translation, 898
unity-gain, 104, 866
to voltage converter (F/V),
618

frequency, minimum clock, 975
frequency-shift keying, 727
FR-4 epoxy-fiberglass laminate,

833, 840
from-to list, 849
FSK, 727ff., 896, 900
fT, 104
full duplex modem, 729
full-wave rectifier, 45, 221f.,

888ff.
function code, 756
function generator, 20
fuse, 47, 326ff., 860

rating of, 327f.
slow-blow, 327, 860

fusible-link ROM, 817f.
Futurebus, 711
fuzz, 853

GaAs, 484
GaAsFET, 119, 885, 904
gain

closed-loop, 233
current, 65
of emitter follower, 82
with feedback, 233
open-loop, 233
power, 61, 65
of transconductance amplifier,

79
voltage, 65

gain control, 261
GAL, 538
gamma ray detector, 1008ff.
gas-tight connection, 838
gate, 478ff., 484t

AND, 155f., 479
AND-OR-INVERT (AOI), 485
buried, 817

charge coupling, 148ff.
circuits, 485
CMOS, 155ff., 484t
diode, 49
discrete, 107, 481
FET, 104
floating, 503, 817f.
interchangeability, 482
Mickey Mouse, 970
NAND, 155f., 479
NOR, 479
NOT, 479
OR, 478f.
polysilicon, 554, 969
select, 494
transmission, 494ff.
TTL, 484t
wired-AND, 490
wired-OR, 490
XOR, 479f., 491 f.

gate array, RAM-configurable,
539

gate charge, 148, 162f., 396, 417,
638

Gaussian distribution, 431
Gaussian filter (see also filter),

272
Gaussian noise, 454
Geiger counter, 1008
Ge(Li), 1010
general-purpose register, 680
generic array logic (GAL) (see

also programmable logic),
538

Gerber format, 844
ghost memory images, 766
glitch, 294, 515, 578, 963

in analog switch, 148ff.
detection, 825
dynamic, 541
minimized in D/A output,

810
in PAL, 540
static, 541

global positioning system (GPS),
1019

glue, 537, 766, 800, 825
GOES satellite, 1018
golden rules, 177

limitations of, 182
GPIB bus, 712f., 720, 734
GPS satellite, 1019
gray code, 477f., 480
ground, 455ff., 1049

blunders, 457
bounce, SSSf., 600f.
center-pin, 555
corner-pin, 555
frame, 724
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ground (cont.)
gridded, 771
mecca, 320, 457
noise, 599ff.
redundant, 853
reference, 945ff., 962
transient, 815
virtual, 178

ground loop noise, 853
ground mecca, 320, 457
ground-sensing inputs, 853
grounded-emitter amplifier, 76f.,

82ff.
feedback in, 83f.

grounding, 455ff.
groundplane, 816, 853

flexible, 712
with Multiwire, 851

guard, 135, 426, 465, 467
guard electrode, 1013, 1016
gyrator, 266f., 281

half-wave rectifier, 45
Hall effect, 1007

keyboard, 1007
switch, 54, 577

handler
interrupt, 693ff., 757, 778,

788ff., 792ff., 798
line, 691

handling precautions, MOSFET,
169ff.

handshake, 707, 720, 723f., 799
control-Q, 726
hardware, 731, 805f.
interlocked, 809
modem, 803f.
programming, 808ff.
pulsed, 809
signals, 724, 934
software, 804
timing diagram, 809

handshake signals, 724, 934
hard disk, 676, 717
hardware breakpoint, 823
Hartley oscillator, 297
Hayes modem, 729
HC, HCT logic, 569ff.
HDLC, 761, 802
headroom, 311
heat-shrink tubing, 328
heat sink, 312ff.
heterodyne, 1038
hexadecimal, 474
HF, 893
hibernation, 983
hierarchical CAD, 842
HIGH, 472, 475
high frequency Miller effect, 102
high-integration microprocessors,

821
high-level language, 678, 683f.,

714

high-pass filter (seefilter)
high-speed CMOS, 569ff.
high-voltage

op-amp, 213t, 256
piezo driver, 168f., 1041
power supply, 368ff.

hit rate, 676
hold time, 510
holes, plated through, 834
homodyne detection, 652, 889,

896
hook, 840
host adapter, 733
hot-carrier diode (see Schottky

diode)
hot terminal, 860
housing, instrument, 852
Howland current source, 182
HPIB bus, 712ff., 720, 734
hybrid, 887

coupler, 728
quadrature, 897

hydrogen maser, 303, 1017f.
hysteresis, 231f., 553, 571, 579

IBM PC (seePGXT)
IC (integrated circuit), 61

date code, 861, 1071
failure rate, 1071
package DIP, 836
prefix, 1069ff.

IC sockets, 838
idle mode, 975
IEC power connector, 326, 860
IEEE number format, 739ff.
IEEE-488 bus, 712ff., 720, 734
IGFET (see MOSFET)
image, 896, 1036
image dissector, 1000f.
immediate argument, 679
impedance (see also resistance),

29ff.
characteristic, 602, 879
of current source, 66
dynamic, 13f., 69
of emitter follower, 66f.
FET buffer, 133
incremental, 13f.
input, 66f., 77, 83, 87, 177,

234
internal, 13
loading effect of, 65
matched, 66, 879ff.
negative, 14f., 251, 886,

1060f.
output, 77
of parallel circuit, 32
of series circuit, 32
small signal, 13f.
source, 13
Thevenin, 13
of transistor amplifier, 77

incomplete address decoding,
766, 768

incomplete defluxing, 840
indicator LED, 590f.
indirect address, 675, 680f., 749,

752, 790
with offset, 749

inductance in digital logic, 601f.
inductive kick, 52f.
inductive load, 52f., 64
inductor, 28, 902

active, 304
vs. capacitor, 39
limitations of, 39
as load, 52
peaking, 869
reactance (graph), 37
reactance of, 32
in time domain, 28
variable, 58

input (see alsoinputs)
floating, 556, 579, 977
leakage, 974
one's catching, 761, 789
open, 556, 579f., 974, 977
power through protection

diodes, 974, 977
protection diodes, 555, 960,

971
shut-down, 978
unused, 516, 556

input impedance
of emitter follower, 66f.
in feedback amplifier, 234
of grounded emitter amplifier,

77, 83
of inverting amplifier, 177
of noninverting amplifier,

178f.
of RF amplifier, 873

input/output PAL pins, 538
inputs (see also input)

ground-sensing, 853
swing rail-to-rail, 971
unused, 555, 971

inrush current, 364, 367, 940f.
instruction

counter, 675
decoder, 675
examples, 681H'., 745ff.
execution time, 781f.
microprocessor, 679ff., 745ff.
pointer, 745

instruction set
8086, 679
68000, 746t

instrument
bus, 734
cabinet, 852
I/O, 689

instrumentation amplifier, 402,
419ff., 638

ICs, 426, 427, 429t
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insulating layer, gate, 817
insulating washer, 313f.
integer, 473ff., 477t, 614, 739f.
integrated circuit (see IC)
integrating filter, 776
integrator, 26f., 195, 240, 261,

906
boxcar, 1029
clamped, 468
FET reset, 163
in frequency domain, 39
op-amp, 195, 222ff.
precision, 468
switched-capacitor, 282

Intel argument convention, 679
intensifier, 998fT.
interface (see also current,

loop; digital logic; ESDI;
Ethernet; GPIB; IPI;
MICROWIRE; parallel
port; SASI; SCSI; SDLC)

ASCII communication, 803f.
character serial, 736ff.
8530 to microprocessor, 684ff.
keyboard, 694
RS-232 driver, 803f.
timing, 810

interfacing between digital logic,
573ff.

interference, 433, 455ff.
interferometer, 1004
interlocked handshake

(see handshake)
intermittent failure, due to

connector, 838
intermodulation, 1037
interpreter, 715
interrupt, 688, 693, 697ff., 711,

753
acknowledge, 699
autovector, 756ff., 764, 792
cycle, 756
daisy-chain, 699f., 757£, 771
dedicated line, 711
edge-sensitive, 700
exception, 792
handler, 693ff., 757, 778,

788ff., 798
interval, programmed, 968
level-sensitive, 700, 756
nonmaskable (NMI), 764
from phone ring detect, 983
priority, 698f., 757f.
request, by timer, 793, 796
service time, 797
shared lines, 698
68000, 756
slot dedicted lines, 757
software, 701
stored until powerup, 977
timekeeping, 968
timer, 979
vector, 694, 699, 757, 788

interrupter, optical, 598
intrinsic standoff ratio, 968
inverter, 479
CMOS, 154ff.
flying capacitor (see

also capacitor), 804
voltage, 153

inverting amplifier, input
impedance of, 177

I/O (input/output), 744
addresses, PC/XT, 687
bus, 745
cycle, 685
instrument, 689
library, 715
memory-mapped, 745, 764,
979

programmed, 685, 689, 753
real-time, 677

I/O decoding, memory mapped,
768

with 68000, 768
ion-specific electrodes, 1013f.
ionization chamber, 1008, 1012
IPI, 713, 733f.
ISA bus, 708
ISIT, 998ff.
isolation, 29, 917

amplifier, 460, 462ff.
isolator, 887

jam-load, 509, 525
JEDEC format, 532
JFET (see also FET; transistor),

1 13ff., 125t, 128t
oscillator, 297, 300, 653
switch, 141ff., 222, 241

jitter in low-power oscillator, 967
Johnson noise, 430f., 1025

as test source, 451
Josephson junction, 1025
journals, 1068
jump table, 765
jumpers, PC board, 836
junction

isolation, 555
temperature, 313ff.

justification, left vs. right, 810

k compared with K, defined, 675
Karnaugh map, 492f., 514
Kelvin-Varley divider, 1025
Kermit, 729
keyboard driver, 721
Dvorak, 722
Hall-effect, 1007
interface, 694
keys, 720

keypad mania, 776
kick start, 365
Kirchhoff's laws, 3

complex, 32f.
klystron, 904

knee, 265
kynar insulation, 829

label, symbolic, 684
laboratory power supply, 323ff.
ladder, 185, 614f.
lamp, as feedback, 296
lamp flasher, 386
LAN, 677, 719, 735f.
Lancaster, Don, 716
language

assembly, 678ff., 684, 745ff.,
774

high-level, 678, 683f., 714
machine, 678f., 684, 750

large-scale integration (seeLSI)
laser diode, 599
latch, 523£, 562t

addressable, 523
edge-triggered, 800
three-state, 801
transparent, 523, 753, 756,

800
latchup, 150
CMOS, 150
digital logic, 572
SCR, 138, 150, 555, 572,
636, 964, 969, 973f.

latency, 541, 756
time, 975

layout, prototype board, 828
LC, 41

circuit, 87f., 869, 883ff., 895
as collector load, 87f.
filter, 265f., 1064ff., 1064t
oscillator, 297ff., 300, 305,
653, 883f.

LCD display, 591, 594f.
lead bender, 840
leading edge, 753
leakage

analog switch, 151
current screening, 971
electrical, 840
gate, 136
input, 974

learning curve, 802
least significant bit (LSB), 512
LED, 57, 328, 582ff., 590f.,

963
array, 591, 599, 768f.
display, 591ff.
display driver IC, 594
drive with HC logic, 768
lock-in, detection of, 1034
resistors, 768
smart display, 593f.

left justification, 810
LEMO connector, 56
level-sensitive interrupt, 700
level shifter, 669f.
level translator, 573f.
leveling, 888
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library, compiler, 715
I/O, 715

LIFO, 681
light curve, 1030
limiter, 51, 899

precision, 256
LinCMOS, 400
line handler, 691
line-operated ac fans (see also ac

line filters), 857
linear FET, region of, 121
linear interpolation, 1022
linear-phase filter, 268, 271f.
linear switch, CMOS, 142
link, RF on coil, 883
linker, program, 717
listener, 714, 734
load, 12, 65

active, 87, 134
capacitance, 768, 971
current mirror as, 101
hot/cold, 451
inductive, 52f.
line, 1059ff.

LocalTalk, 736
lock-in amplifier, 889, 896,

1031ff.
lockup, 551
log on, 677
logarithmic

amplifier, 176, 213f., 254, 392
converter, 51, 254f.

logger, data, 978
logic

AC, ACT, 485f., 569ff., 601
analyzer, 821, 824f.
arbitrary, SOOf.
assertion-level, 482ff.
combinational, 478ff., 490
component tables, 560ff.
design, worst-case, 768
discrete, 537
families, 485, 969f.
family characteristics, 486f.,

570t
gate, 478ff., 484t
generic array (GAL), 538
glue, 537, 800
hazard, 540
HC, HCT, 569ff.
HC, LED drive with, 768
identities, 491t
inputs source current, 554
interfacing, 573ff., 574t
levels, 19
levels (box), 475
low threshold, 970
LS, 485f., 568ff.
majority, 499
metastable-hardened, 552
minimization, 492f.
PAL or PLD, 499
pathology, S S l ff.

programmable, 499, SOIf.
race, 515, 525, 552
random, 537
redundant, 540
sequential, 490, 504ff., 512ff.
sequential MSI, 523ff.
signals, cold switching, 64,

494, 860
state machine idiosyncrasies,
809f.

states, 472
with switches, 54
synchronous, 537
tables of devices, 560ff.
3.3-volt, 551
threshold, 475, 554f.
threshold scatter, 974

logo, 845
long-tailed pair (see

also differential ampli-
fier), 98

long word, 794
(32 bits), 744

lookup table, S 16
oscillator, 294

loop
conditional, 790f.
second-order, 646f.

Loran, 1018
LOW, 472, 475
low-distortion oscillator, 296
low-dropout voltage regulator,

343, 345ff.
low-leakage diode, 217
low-level analog signals, 853
low-noise (see also noise)

design, 438ff.
oscillator, 285f.
power supply, 374ff.

low-pass filter (see also filter),
37ff., 274t

in FET switch, 143
switchable, 151

low power (see also micropower)
achieving with CMOS, 970ff.
comparators, 966t
design, 917ff.
submicrowatt, 970

low-threshold
logic, 970
MOSFET, 160f.

LS logic, 485f., 568ff.
LSB, 512
LSI (large scale integration

ICs), 1
latency warning, 809
poor output drive, 801
state machine idiosyncrasies,

809f.
LVDT, 1001f.

machine
code, 750

language, 678f., 684, 750
state, 512, 533, 537
vending, 533

macrocell, 504, 538
magazines, 1068
magic-T, 887, 903
magnetic

amplifier, 366
coupling, 456
field, 1007
shielding, 456f.

magnetometer, 1007
magnetron, 904
magnitude comparator, 499, 561t
mail-order houses, 861
mainframe, 673
majority logic, 499
mantissa, 739
manufacturer prefixes, 1069ff.
mark, 723ff., 729
maser, 904
mask, 498
masked ROM, 817
mass termination cables, 712

connectors, 837
mathematics review, 1O50ff.
mecca, 320, 457
medium-scale integration (MSI),

493ff.
memory

access time, 527, 766f., 813ff.
address decoding, 766, 768
aliases, 766
backup, 929
byte-wide, 765
cache, 675ff., 813
cycle time, 813ff.
decoding, 766ff.
EEPROM, 502, 818f.
EPROM, 502, 816f.
expansion, 559
FIFO, 541
ghost, 766ff.
map, 71 S, 766
mask-programmed, 502, 817f.
noise induced errors, 816
nonvolatile, 502, 765, 812,

819f.
OTP, 502
phantom, 788
PROM, 502
RAM, 523, 675, 718, 765ff.,

812ff.
read-only (ROM), SOIf.
repeating, 766, 768
ROM (see also EEPROM;
EPROM), SOIf., 816ff.

shadow, 766
timing, 527, 766, 812ff.
types, 820
virtual, 718
wait state, 766

memory arrays, fabrication, 849
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memory effect
in batteries, 927
in capacitors, 220, 627

memory-mapped I/O, 718, 768,
979

memory write, spurious, 977
menu mania, 776
meshed gate, 442
"meta"shift key, 720
metal-gate CMOS logic, 969
metastable, 757

hardened logic, 552
state, 511, 552

meter, 57
methane laser, 1018
metronome, 959ff.
mho, 79, 808
MHV connector, 56
Mickey-Mouse logic, 970
Micro Channel bus, 708
microcomputer, defined, 673ff.
microcontroller, 542f., 744, 816,

975
defined, 673ff.

microelectrode, 1013
microphone, 1002ff., 1005f.
microphonics, 433
micropower

amplifier, 948ff.
applications, 917ff.
calendar clock, 968
CMOS logic, 156
comparator, 965, 9661
CPU design for, 979
linear design, 948
microprocessor, 975ff., 980
op-amp, 950ff., 956t, 958t
oscillator, 965
temperature sensor, 948
timer, 965, 965ff.
voltage reference, 943, 948ff.,
949t

voltage regulator, 349f., 376f.,
937, 941, 942t

micropower comparator, 965ff.,
965t

micropower design
circuit design, 917ff.
digital design, 969ff.
diminishing returns in, 985
tricks-of-the-trade, 970ff.

microprocessor (see also CPU),
542f., 743ff., 822t, 976t

categories, 975
code development, 821ff.
comparison, 822t
"cross-assembler," 821
dedicated, 756ff.
defined, 673ff.
emulator, 821
interfacing, 684ff.
incompatibility, 744
micropower, 975ff.

power-switched, 965, 978ff.
supervisory circuit, 764, 773
support chips, 800ff.
technology, 821
voltage regulator, 349

microprocessor-compatible A/D
and D/A, 688, 769, 810

microsequencer, 539
Microsoft, 716
MicroVAX, 711, 740
microvolts, 853
microwave, 892
MICROWIRE, 968
Miller effect, 101 ff., 133, 162,

245f., 445, 864ff., 883,
905ff., 950f.

in cascode connection, l03
in differential amplifier, 103

MIIrSTD-1750A, 741
minicomputer, defined (see

also CPU, micro-
computer), 673

mini-DIP, 176f.
EEPROMs, 819

minimization, 492f.
minterm, 501
misalignment, in PC boards, 848
mixer, 652, 885f.

balanced, 140, 886, 896,
1037f.

image-reject, 886, 896f.
quadrature detector, 900

mnemonics, 679, 714, 750
modem, 677, 719, 722

control handshaking, 803f.
defined, 726ff.
full duplex, 729
null, 723ff.
power-switched, 983

modular enclosures, 852
modular jack, 727
modulation, 892ff.

amplitude, 885f., 894ff.
double sideband, 897f.
frequency (FM), 898ff.
index, 894f., 897, 898f.
inter-, 1037
in lock-in detection, 1032f.
phase, 729
pulse code (PCM), 471f.,
900ff.

pulse-width (PWM), 360, 618,
901

single-sideband (SSB), 295,
897f.

modulator, 885f., 897
modulo-n counter, 524
modulo-2, 480
monitor program, 717, 823
monostable multivibrator, 304,

517ff., 562t
cautionary notes, 517ff.
circuit example, 517

replace with timer, 798
retriggerable, 517f.

MOSFET (see also FET), 113,
126t, 164t, 906

body, 163
breakdown in, 136, 163
cautions, 163ff.
charge transfer, 396
compared with BJT, 165
gate capacitance, 161 ff.
gate charge, 162
gate impedance, 161ff.
handling precautions, 169ff.
logic switch, 153ff.
low threshold, 160f.
offset drift, 397, 400
op-amp, 959
opto-, 598
parallel connected, 320f.
power switch, 153, 158, 164t,

166ff., 939f.
safe operating area (SOA),

321
series, 142ff., 172, 219, 222,

371f., 393
switch, 140ff., 939

Mossbauer effect, 1028f.
most significant bit (MSB), 512
motherboard, 56, 602, 853
motor, stepping, 542
motorboating, 250, 582, 955
Motorola argument convention,

680
mouse, 677
MSB, 512
MS-DOS, 717f.
MSI chips, 800ff.
Multibus, 708, 720, 733
multichannel

averager, 1029ff.
scaler (MCS), 774ff., 1026ff.

multilayer PC board, 771
multimeters (box), 9
multipin connector, 56, 838
multiple conversion, 896
multiplexed

bus, 981
display, 300, 592f., 808

multiplexer (MUX)
analog, 143f., 636
differential, 669
digital, 495f., 500
from PAL, 528

multiplexing, time, 472, 901
multiplier, 140, 493, 498, 502,

559
four-quadrant, 886
frequency, 886f.
IC, 886
photo, 368, 997£, 1009, 1030
rate, 541 E, 618f.
voltage, 47f.
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multiplier-accumulator (MAC),
498

multistage LC, 41
multitasking, 717f.
Multiwire, CAD based

fabrication, 849f.
muon, 1035
MUX (see multiplexer)
mylar, PC board, 833, 835, 839t

N connector, 56
NAN (not a number), 740f.
NAND gate, 155f., 479
NAVSTAR satellite, 1019
n-channel, 113ff.
negation, 509
negative, PC board, 834
negative-impedance converter

(NIC), 251, 266f.
negative-true, 472, 483
netlist, 849
network

local-area (LAN), 677, 719,
735f.

pi, 882f.
token-ring, 735

neutralization, 869, 883
nicad battery, 926ff.
NIM bin, 855
9-track tape, 676
NMOS, 572
CMOS replacements for, 974
logic, 569
LSI, 588

NMR, 1007, 1030, 1032f.
node, 3
node minimization, 970
noise, 18, 428ff., 950

in chopper amplifiers, 416f.
computer bus, 712
current, 436ff.
density, 433f.
design, for low-noise, 438ff.
differential amplifier, 445ff.
feedback amplifier, 445ff.
in FET, 443ff.
figure, 434ff.
flicker, 432f.
fuzz, 853
gain, 468
generator IC, 655, 656
ground, SSSf., 599ff.
ground loop, 853
at high frequency, 444
immunity, 473, 489, 554
integrated, 447f.
Johnson, 430f., 1025
laboratory source, 660ff.
measurement of, 449ff., 875
in memory circuits, 815f.
nonperiodic, 774
1/f, 432f., 1025
oscillator, 285f.

pink, 432, 452
popcorn, 447
potpourri, 454f.
prevent with cold switching,

860
pseudorandom, 452, 653ff.
reduction with ground plane,

816
resistance, 440f.
shot, 431f., 438
sideband, 1037
source, 449ff.
temperature, 435f.
transistor, 436ff.
voltage, 436ff.
voltage reference, 340
zener, 340

noise bandwidth, 453f., 659
noise current, 436ff.

voltage, 436ff.
noise immunity, 579
noninverting amplifier, input

impedance of, 178f.
nonlinearity

in FET switch, 147
in grounded emitter ampli-

fier, 83
nonvolatile memory (see

also EPROM; ROM), 502,
765, 812

EEPOT, 819
RAM, 819f.

NOP, as I/O delay solution, 809
NOR gate, 479
normal mode, 98
Norton equivalent circuit, 58
notch filter, 279ff.
NuBus, 711, 757
nuclear magnetic resonance

(NMR), 1007, 1030,
1032f.

null modem, 723ff.
number

codes, 473ff., 477t, 614, 739f.
denormalized, 739
floating-point, 739
formats, 738ff., 740t
IEEE format, 739ff.
offset-binary, 741
prime, 493
sign-magnitude, 741

number storage, in microcomput-
ers, 741

nybble, defined, 675
Nyquist

criterion, 775f.
frequency, 901
noise, 430f., 1025

object code, 679
octal, 474
octal driver, transient current,

815

offset binary, 476, 614, 741
offset trim, 468, 955
offset voltage, thermal, 417f.
Ohm's law, 4

generalized, 29, 32f.
on resistance, 941
100% testing, 861
one's catching input, 761, 789

in 8536, 798
one-shot (see also monostable

multivibrator), 517ff., 562t
1488 and 1489 (RS-232 drivers),

803f.
CMOS replacements, 978

op-amp (operational amplifier)
(see also amplifier;
instrumentation amplifier),
176ff., 196t, 208t, 213t,
214t, 401t, 404t, 412t,
956t, 958t

autozeroing, 415ff.
bandwidth, 409
bias, compensated, 397f.
bias current, 190, 194f., 397f.
bootstrapped follower, 183
bridge, 254
capacitive load, 221, 413f.,
467, 946

cautions, 182f.
chopper-stabilized, 400f.,
415ff.

clamp, 221
CMOS, 959
common-mode input range,

190f., 224ff.
compensation, 242ff., 407,
410, 964

crossover distortion, 411f.
current source, 180, 257
data sheet, 1078
decompensated, 247f.
detector, 256
differential amplifier, 184
differential input range, 191
differential input voltage of,

183
differentiator, 224
distortion, 193f.
driving logic from, 578f.
feedback at dc, 183
follower, 179f.
frequency compensation,

242ff.
gain error, 410
gain of, 191, 193
golden rules, 177
ground reference generation,
943

high-speed, 412t, 878t
high-voltage, 213t, 256, 1041
ideal, 189
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op-amp (cont.)
input current, 177, 190, 194f.,

964
input errors, 396ff.
input impedance, 190, 397
integrator, 195, 222ff.
inverting amplifier, 177f.
laser trimmed, 399
limitations of, 188ff.
limiter, 256
logarithmic amplifier, 213f.
low-distortion, 256
low-noise, 256, 448f.
low-power, 210ff., 956t
low-voltage, 212
micropower, 950ff., 956t
MOSFET, 959
noise voltage, 413
noninverting amplifier, 178f.
offset current, 190, 195, 397f.
offset drift, 192, 399, 403
offset trim, 192, 194, 399,

955
offset voltage, 192, 194, 399f.
optional inverter, 183
output current, 191, 194
output errors, 403ff.
output impedance, 191, 413
output swing, 191, 228f., 959
overcompensated, 248f.
paralleled, 256
peak detector, 217ff.
phase reversal in, 191
phase shift of, 191
photometer, 228
pin-programmable, 964
popular, 210
power, 214t, 253
power booster, 186
precision, 391ff., 401t, 404t,

1041
precision, compared, 401t
programmable, 210ff., 945,
953, 958t, 962, 964

recommended, 208t
rectifier, 221 f.
relaxation oscillator, 285
resistor values, 209f.
saturation, 182
self-heating, 399f.
settling time, 409
741 and friends, 211
single-supply, 191, 224ff., 953
slew rate, 192, 193f., 403ff.
supply voltage, 959
symbol, 176
temperature dependence,

192f.
trade-offs, 209f.
transimpedance, 617
ultra-low-noise, 470
uncompensated, 243, 246ff.
wideband, 876ff., 878t

op-amp selection tables, 196,
208, 213, 214, 401, 404,
412, 956, 958

opcode, 745
open circuit, 9
open collector, 230, 487f.
open drain, 587
open inputs, grounded, 971
open-loop gain, 233
operating controls, cold

switching, 860
operating system, 702, 716f., 816
operational amplifier (see op-

amp)
optional. inverter, 183
opto

coupler, 364, 366, 370, 587f.,
595ff.

FET, 598
interrupter, 598
isolator, 460, 462ff., 595ff.
SCR, 596ff.

optoelectronics, 590ff.
OR, wired, 490
OR gate, 478f.
organic solvent, 840
oscillation

with capacitive load, 946
parasitic, 298ff., 902

oscillator, 284ff., 289t, 293t
atomic, 303, 885, 1017f.
baud rate, 806
beat-frequency (BFO), 898
blocking, 374
calibration, IO18f.
CMOS, 547, 943
color-burst, 301
Colpitts, 297
crystal, 157, 300ff., 548, 759,

885, 1016f.
start-up time, 975, 977
tunable, 301f.

dielectrically stabilized, 885
digital, 667
distortion, 298
double transitions, 963
FET, 132
555-type, 286ff., 289t
free-running, 968
frequency stability, 967
Hartley, 297
high frequency, 305
ICs, 301
JFET, 297, 300, 653
jitter, 967
LC, 297ff., 300, 305, 653,

883f.
local (LO), 895ff.
lookup table, 294f.
low-distortion, 296
low-noise, 285f.
micropower, 965
modular, 301

ovenized, 303, 885, 1016f.
Pierce, 300
quadrature, 291 ff., 304
quartz crystal, 291, 300ff.
radiofrequency, 884f.
relaxation, 284ff., 289t, 293t,

304, 962
saturation in, 296f.
sawtooth, 288
sinewave, 296, 646
state-variable, 295
switched-capacitor, 291ff.
temperature-compensated, 302
temperature-stabilized, 303
tracking, 1036
triangle wave, 240, 258, 285,

288ff.
trigonometric function, 293f.
tunable, 297
tuning-fork, 298
variable frequency (VFO),

883f.
VCXO, 301f.
voltage-controlled (see

also VCO), 240, 257, 286,
291, 293t, 297, 305f.,
624f., 645f.

oscilloscope, 1045ff.
probe, 59

OS/2, 717
OTP (one-time programmable),

502
EPROM, 817

output impedance, 77
in feedback amplifier, 235f.
op-amp, 413

output swing, rail-to-rail, 967,
969f., 978

overcompensation, 248f.
overflow, test for, 792
overshoot, 268
overtone crystal, 301
overvoltage crowbar, 311 f.,

317ff., 366, 389, 771, 931

packed BCD format, 736, 741
pads, 835
PAL, 499, 756, 800, 815

glitch, 540
programming, 530ff.
registered, 515, 527ff.
sequential, 527ff.
speed of, 539

PALASM, 530
panel

accessibility, 855
cold switching, 64, 494, 860
control, 789
control switch, 776
controls, replacements for,

799
Wire-Wrap, 828ff.
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panel (coot.)
wiring, effects of fast edges,
973f.

paper tape, 844
parallel circuit, 3
parallel encoder, 621 f.
parallel port, 685ff., 754ff., 808f.
parallel port, Centronics, 730ff.,

730t
parallel port/timer IC (8536),

769ff.
parasitic coupling, 26
parasitic oscillation, 298ff.
parasitic SCR, 973
parity, 499, 805
parse, 776
particle detector, 1008ff.
PASCAL, 714f.
pass transistor, 311, 353f.
passband, 267
passive components, 53ff.
passive device, 61
pathology, SSSf., 973ff.
PC board (see also card; circuit

board)
card ejector, 852
cleaning, 840
desoldering, 841
double-sided, 833, 836
edge connector, 828, 834, 838
fabrication, 830ff.
four-layer, S 16
hook, 840
multilayer, 771, 849
plated-through holes, 828
production houses, 845, 848
prototypes, 848
standard size, 852
trace resistance, 954
Wire-Wrap, 830f.

PC board design, 833ff.
with CAD, 835ff.
conductor width guidelines,

841
graphic patterns, 838f., 839t
taping, 837, 838

PC motherboard, 853f.
PC/AT, 674, 708f.
PCM, 471f., 900ff.
PC/XT, 674, 700, 708f., 731,

803, 810f.
bus, 684f.
bus signals, 704f., 704t
cards, 716
I/O addresses, 687
number storage, 741

p-channel, 113ff.
peak detector, 133, 217ff., 253
peak-to-peak amplitude, 16
peaking inductor, 869
pencil layout PC board, 835
perfboard, 828

peripheral, 677f., 689, 707f., 719,
764

circuits, 768
CMOS, 977
driver, 490, 583ff.
internal registers, 768

PHA, 1034f.
phantom memory, 788
phase

detector, 641 ff., 669, 1031 f.
modulation, 729
reversal, 191
shift, 38, 268
shifter, 77f.
splitter, 77, 101

phase locked loop (PLL), 641ff.,
899f.

phase-sequence filter, 295
phase-shift keying, 727
phasor diagrams, 39f.
phone, ring detect, 983f.
phoneNET, 736
phono cartridge, 1006f.
phono connector, 56
phosphorus doping, 400
photoconduction in EPROM, 817
photodiode, 596, 962, 996f.

amplifier, 253, 1039
photometer, 228, 998
photomultiplier, 368, 997f., 1009,

1030
amplifier, 911 ff.

photon counting, 911ff.
photoplot, 833, 835, 844f.
photopositive, 833
photoresist, 834
phototransistor, 596, 996f.
photovoltaic cell, 184, 919, 932ff.
pi network, 882f.
pickup and differential ampli-

fiers, 98
Pierce oscillator, 300
piezo amplifier, 168f., 1039
piezo driver, 909
piezo beeper, 962f.
piggyback configuration, 983
piggyback EPROM, 818
pin, Wire-Wrap, 828
pin-and jack socket, 839
PIN diode, 904, 996
pinch-off voltage, 120
pink noise, 432, 452
pinout, broadside, 800

nonstandard, 553
PI0,809
pixel, 1001
PLA, 504
plated-through holes, 833f.
plating electroless, 834
PLD, 499ff.
PLL

applications of, 651ff.
capture, 650f.

clean signal regeneration,
652f.

design example, 647f.
lock, 650f.
loop gain, 647ff.
loop stability, 646f.
phase detector, 644f.
resolution multiplication,

1020
pod, 824
pointer, 788

stack, 675, 681, 765
pole, 40

off-axis, 265
splitting, 103, 872

pole-zero compensation, 247
polling autovector, 698f.
polysilicon gate, 554, 973
polysilicon-gate CMOS logic, 969
port, read/write, 755

serial, 379, 677, 760f., 981
position-independent code, 750
positive true, 472
postincrement addressing, 747ff.,

752, 790
potentiometer (see also trimmer),

8, 57, 819
power, 3f.

amplifier, 214t, 248f.
in capacitor, 33
combiner, 887
connector IEC, 860
consumption (see power

consumption)
cord, 326
factor, 34f.
fail monitor, 667
FET, 158ff., 164t
gain, 61
through input protection

diodes, 974, 977
measurement, 888ff.
module (see power entry
module)

MOSFET, 153, 158, 164t,
166ff., 939f.

op-amp, 214t
in reactive circuit, 33f.
splitter, 887
switch, 158
switching, 938ff., 962, 965,

982
transistor, 158ff., 312ff., 314t

power consumption
dynamic, 574
faults, CMOS, 973ff.
proportional to switching

frequency, 970, 974
power-dissipation capacitance,

970
power entry module, 326f., 327t,

328, 860
power fail, 349
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power-on reset, 764
power-on test, 777
power spectrum of pseudoran-

dom noise, 658ff.
power supplied

by relay current, 937
by signal currents, 933ff.

power supply
analysis of switcher, 361ff.
auxiliary, 365
bootstrap, 427£.
commercial, 382ff.
constant current, 379ff., 386ff.
crowbar (see crowbar)
decoupling, 457
dual polarity, 350ff.
filter, 45f.
flyback, 357£., 374
fully enclosed, 384
high voltage, 368ff.
laboratory, 323ff.
limited voltage, with CMOS,

959
location on diagrams, 1057
low drift, 374ff.
low noise, 374ff.
modular, 382ff.
open frame, 382£.
output sensing, 320, 376
precision, 374ff.
programmable, 321ff.
regulated (see also regulated

supply), 104, 187
ripple, 329£.
split, 47, 71, 350ff., 389,

945fF., 962
supervisory circuits, 319
switching, 355ff., 360, 372£.,

943ff.
transistor, 314t
uninterruptible (UPS), 920
unregulated, 325ff.
wall plug-in, 384, 931£.

power supply rejection ratio
(PSRR), 402

power switch, MOSFET and BJT
compared, 165

power-switched circuits
communication, 965
comparator, 965, 968
microprocessor, 965, 978ff.
programming issues, 983
sensor circuits, 982

power switching, 124, 819£., 962,
975, 977

timer for, 973
power transfer, 13
preamp, low-noise, 449, 469
precharge, 813
precision vs. dynamic range,

391 f.
predecrement address mode,

747ff.

prefix, 1069ff.
prefixes (box), 3
preregulator, 385
pressure transducer, 1004£.
price curve, 802
prime, 493
printed-circuit board (see PC

board)
printer, 730£.

signals, 730t
priority encoder, 497, 621£.,

757£.
probe, oscilloscope, 1048£.
problem behavior, SSSf., 973
processor, floating-point (FPU),

499
production houses PC board,

845, 848
program

boiled-egg timer, 773
boot, 764
counter, 675, 745
flow chart, 780
signal averager, 774ff.

program debugging, 764
programmable

comparator, 965
current source, 74, 88
logic (see also PAL), 499ff.,

527ff.
op-amps, 210ff., 945, 953,

958t, 962, 964
power supply, 321ff.
UJT, 968

programmable-array logic (PAL),
499, 756, 800, 815

programmable-gain amplifier,
1 10, 152, 638

programmable logic (PLD),
499ff., 527ff.

erasable (EPLD), 538
hints, 536ff.

programmed data transfer, 753
interrupt interval, 968
I/O, 685, 689

programmer, 504
EPROM, 817
PAL, 527

programming issues
power-switching, 983
"top-down," 777

programs, as files, 676
PROM, 502
proportional counter, 1008£.
protection
CMOS, 150, 555
Schottky diode, 973

protection, diode, fault hidden
with, 974, 977

protection network, 171, 555,
960, 971

prototype circuit, 830
circuit boards, 828, 830

prototypes, PC board, 848
prototyping methods, 827ff.
proximity switch, 157
pseudo-differential amplifier, 460
pseudo-op, 684
pseudo-random noise, 452,

653ff., 729
PSK, 727ff.
PS/2 bus, 708
PUJT, 968
pulldown, shows fault, 974
pullup, active, 487
pullup resistor, 75, 160, 230,

487ff., 497, 572, 575, 964
pulsar, 1030£.
pulse, 18

code modulation (PCM),
471 ff., 900ff.

with digital timer, 798
quadrature, 799
runt, 553
software, 731, 779, 798
wake-up, 968
width modulation (PWM),

360, 618, 901
pulse generator, 19f., 557
pulse-height analyzer (PHA),

1034£.
pulsed power output, 965
push-pull, 68, 168, 237, 316

amplifier, 91ff., 316
op-amp booster, 186

pyrometer, 995

Q, 41f., 276ff., 888
quadrature

conversion, 557
FM detection, 652
hybrid, 897
oscillator, 291ff., 304
pulse, 799
square wave, 296

quality factor (Q), 41f., 276ff.,
888

quartz oscillator, 300ff.
quartz window, 765
Q-bus, 711, 720
quiescent current, 70, 983

absent in CMOS logic, 154ff.
choice of in op amps, 210
power, 91 f.
screening, 971

quieting, 900

race, logic, 515, 525, 552
rack, 854
radiofrequency (see RF)
rail-to-rail output swing, 967,

969£., 978
RAM (see also memory), 523,

675, 718, 765ff., 812ff.
nonvolatile, 819£.
as shift register, 527
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ramdisk, 676, 718
ramp, 17
ramp generator, 27
random-access memory

(see RAM), 523
random walk, 661 ff.
RAS, 813ff.
rat race, 887
rate multiplier, 541f., 618f.
ratio detector, 899
ratiometric, 105, 619
RC discharge, 23f.
RC filter, noise bandwidth, 453f.
RC snubber, 53
reactance, 29ff.
read-only memory (see

a/so ROM), SOIf., 816ff.
read/write port, 755
real-time clock (RTC), 690
real-time I/O, 677
receiver powered during shut-

down, 983
rectification, 44ff.
rectifier, 330f., 331t

active, 187f., 221f., 469, 888f.
bridge, 45, 46f., 330
center-tapped, 47
fast recovery, 330f.
full-wave, 45
half-wave, 45
Schottky, 331
signal, 48f.
synchronous, 889, 896

reference (see also voltage
reference), 309, 331ff.

reference terminal, 426
reflow soldering, 834
refresh, 761

clock, 812ff.
display, 778, 791f.
dynamic memory, 704, 813ff.

register (see also latch), 512,
523f., 675

buried, 535
CPU, 679f.
flag, 694
general-purpose, 680
ICs (see also latch), 562t
shift, 525ff., 564t, 764
status, 691, 804f.

registers, in CPU
address, 744
data, 744
dynamic, 761, 975
segment, 745

regulated supply (see also power
supply)

discrete, 104, 187
emitter follower as output, 68
feedback in, 105
with regulator IC
(see regulator)

regulator (see also power supply),
48, 259, 342t, 346t, 942t

connection paths, 320
current limit, 309
data sheet, 1086
headroom, 311
high-current, 311
low-dropout, 343, 983
723 IC, 307ff.
three-terminal, 325, 341ff.,

3421, 346t
reject rate, 861
relabeler, 861
relative address, 675, 750
relaxation oscillator, 284ff., 304,

967
relay, 55, 937, 940

ac, solid state, 588, 595, 761,
768

current, 934
relay rack, 854
removal time, 554
repeating memory, 766, 768
request, interrupt, 693
reset, 509, 534f.

at power-on, 551, 764, 771
resist, 834
resistance (see also impedance;

resistor)
base spreading, 436, 445, 872,

905
dark, 996
dynamic, 13f.
of FET, 139f.
incremental, 13f.
internal, 13
load for FET switch, 142
negative (see also tunnel

diode), 14f., 367, 1060
noise, 440f.
ON, 145, 158
on, 941
small signal, 13f.
source, 13
standard, 1025
thermal, 313
thermometer, 993
Thevenin, 13

resistor (see also impedance;
resistance), Off.

active, 257
array, 593
bleeder, 330, 366, 370
built-in, 768
carbon, 1053
color code, 1053
composition, 1053
current-sensing, 971, 974
damping, 815
emitter-ballasting, 122, 159
FET as, 124, 138ff.
metal-film, 1054£.

characteristics, 395

parallel, 6
positive tempco types, 216
power in, 7
precision, 57f., 1054f.
programmable array, 638
pulldown, 548, 575
pullup, 75, 160, 230, 487ff.,
497, 572, 575, 964

series, 6
shortcuts, 6
specifications, 4f.
as temperature sensor, 995f.
"T-network," 223, 395, 424
types, 1O55t
variable, 8, 57
voltage coefficient, 372

resistors (box), 4
resonant circuit, 41
retriggerable monostable, 517f.
return difference, 233
RF (radiofrequency)

circuit elements, 884ff.
filters, 858
interference (RFI), 853
level measurement, 888ff.
quadrature, 296
tricks, 902f.
VCO, 297

RFI, 853
RIAA amplifier, 185
ribbon cable, 712, 837
right justification, 810
ring detect, 983f.
ringer equivalence number

(REN), 936
ringing, 268, 409

in DRAM circuits, 815
ripple, 46, 329f.

passband, 267ff.
rejection, 68

rise time, 268, 906ff.
slow, causes failure, 974

RLC filter noise bandwidth, 453f.
rms amplitude, 16, 327, 452, 454
roach wires, 849
ROFF ~ 142
rollover display, 792
ROM (see also memory), 501 f.,

674, 675, 718, 743ff., 765,
812, 816ff.

emulator, 823f.
fusible-link, 817f.
masked, 817

ROM-BIOS, 816
RpN compensation, 241

RoN, 140ff., 145, 158
rosin, 840
rotary encoder, 799
row address strobe (RAS), 813ff.
RS-232, 379, 603f., 713f., 720,

723ff., 724t, 803, 934, 938,
943
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RS-232 (cont.)
breakout box, 726
cable diagrams, 726
detecting input connection,

981
driver, 771, 803f., 978
genius, 726
handshaking, 724ff.
interface chips, 803f.
micropower design example,
981

signals, 724t
supplies, flying capacitor,

804f.
timing waveform, 723
unlike, 730

RS-422, 605ff., 712, 726, 736
RS-423, 726
RS-485, 726
RTC (see also clock, calendar),

690
RTL, 565
R-2R ladder, 614f.
rubber mirror, 169
rubidium frequency standard,

303, 885, 1017
rule, unspecified, 553
runaway, thermal, 159
runt pulse (see also glitch), 553
RVDT, 1001

S logic, 568
safe operating area (SOA), 74,

159f., 321, 368
Sallen and Key filter, 267
sample-and-hold (S/H), 133,

152f., 220f., 637f.
SASI, 713
saturation, 63, 1062f.
FET, 121
op-amp, 182
in oscillators, 296f.

sawtooth oscillator (see
also triangle wave), 288

scaler, multichannel, 774ff.
schematic

capture (CAD), 835, 842, 848
diagram, 1056ff.

Schmitt trigger, 229ff., 231, 240,
259, 285, 576f., 579, 596,
764, 1019

CMOS, 971
precision, 669

Schottky diode, 49, 365, 886,
888f., 904, 908, 973f.

protection with, 973
rectifier, 331

Schottky logic families, 568f.
Schottky output, 815
scintillation chamber, 1012
scintillator, 1009f.
SCR, 312, 318, 365

latchup, 138, 150, 555, 572,
636, 964, 969, 973f.

opto-, 596ff.
screen display, 793f.
scroll, 825
SCSI, 712ff., 733f.

bus, 720
SDLC, 761, 802

format, 735f.
seat-belt circuit, 107
second breakdown, 159, 321
second-order loop, 646f.
Seebeck effect, 417f.
segment registers, 745

address, 681
select, 494
sense terminal, 320, 376, 426
sensitivity, 273
sensor (see also transducer)

power, same as reference
voltage, 982

temperature (see temperature
sensor)

velocity, 965
sequential logic, 490, 504ff.
serial communication, 804ff.
serial data port (see also ASCII),

379, 677, 760f.
8530 block diagram, 770
8530 IC, 769ff.
interface, 802ff.
standards, 726, 727t
timing waveform, 723

series circuit, 3
series damping resistors, 815
series-feedback pair, 238, 872f.,

950f.
set, 509
SETI, 1038
settling time, 151, 268, 409, 467

op-amp, 409
RC low-pass, 409
relation to bandwidth, 409

setup time, 510, 552, 753, 755
723 IC, 307ff.
S/H, 133, 152f., 220f., 637f.
shadow memory, 766
EEPROM, 820

Shannon theorem, 901
shielding, 455ff.
magnetic, 456f.

shift register, 525ff., 564t, 764
bidirectional, 526
maximal-length, 656ff.
noise generator, 655ff.
RAM as, 527
variable length, 664

shock hazard, 328
short circuit, 9

protection, 69
from SCR latchup, 973

shot noise, 431f., 438
shunt feedback, 157

shunt-series pair, 238, 872f.,
950f.

shutdown, 820, 940, 978
sidereal synthesizer, 548
sign extend, 794
sign magnitude, 476

number, 741
signal

amplitude, 16
averaging, 760, 774ff., 1026ff.
common-mode, 98
coupling from fast edges,

973f.
diode, 48f.
generator, 19
handshake, 707, 720, 723f.,

799, 934
normal-mode, 98
regeneration, 652f.

signal-to-noise ratio (SNR),
434ff., 1027

signals, 15
low-level analog, 853
RF, 853

signed number (see also number),
476

integer, 739
Si(Li), 1010
silicon controlled rectifier (SCR),

312, 318
silicon-gate CMOS logic, 554,

969
silkscreen, 844, 855
SIMM, 814
sinewave, 15f.

arbitrary phase, 296
digital generation of, 667
oscillator, 296, 646
quadrature, 291ff.

single-chip microprocessors, 821
single sideband (SSB), 295, 897f.
single-slope ADC, 625f., 1035
single-supply

comparator, S80f.
op-amp, 191, 224ff., 953

68000, 673£, 700, 744ff., 746t,
748t, 788t

addressing modes, 748t, 749t
instruction set, 746t
interrupt, 756
interrupt handler, 792ff.
number storage, 741
vectors, 788t

68008, 674, 744ff., 753
bus signals, 753t
clock, 759, 761
dedicated, 756ff.
read/write timing, 754

68020, 675
skew, 552f.

clock, 974
skinny-DIP, 801
skirt, 263
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slew rate, 192, 403ff.
and active rectifier, 188
box on, 407

slope detector, 899
slow-blow fuse, 327, 860
SMA connector, 56
small signal, 66
SmartFan, 857
SMD (Surface Mount Devices),

733, 850
snubber, 53, 328
SOA, 74, 159E, 321, 368
sockets, IC, 829f., 838
sodium ion migration, 400
soft start, 367
software

breakpoint, 823
circuit as, 537
control structures, 715
debouncing, 775
driver, 719
flag, 789, 798
handshake, 720, 804
interrupt, 701, 792ff.
loop, 789
modules, 760
pulse, 731, 779, 798
system, 714
timing performance, 796£.
DART, 983

solar cell, 919, 932ff.
solder

breadboard, 829
bridge, 834
mask, 844
reflow, 834
side, 833
wave, 834

solenoid driver, 669
solid-state particle detector,

IOIOff.
solid-state relay, 588, 595, 761,

768
solvent, 840
source, FET, 104, 114£.
source code, 684
source follower, 133ff.
source impedance (see

also impedance), 12
space, ASCII, 723ff., 729
spectrum analyzer, 1024, 1035ff.
speech synthesis, 542
speed/power tradeoff, 965
"speedup" capacitor, 64, 231,

579, 908
SPICE, 908£.
spike, 19

suppressor, 860
spikes

current, 554, 599
in digital logic, 599ff.
in DRAM drivers, 815£.

s-plane, 40

split power supply, 47, 71, 350ff.,
389, 945ff., 962

spooling, 717
spurious memory write, 977
square-law detector, 890f.
square-law nonlinearity, 886
square wave, 18

quadrature, 296
symmetrical, 548

SQUID, 443, 1007
SRAM (see also memory), 812f.

nonvolatile, 819f.
use of EEPROM in socket,

818
stability, 245
stack, 681£.

pointer, 675, 681, 745, 765
standard

atomic, 303, 885, 1016ff.
frequency, 303, 885, IOlbff.
resistance, 1025
voltage, 1025

standard size PC board, 852
standoff ratio, intrinsic, 968
start bit, 722
start-up vector, 777
start-up time, oscillator, 975, 977
state anaylsis, 824

diagram, 514£.
excluded, 514

state machine, 512, 533£., 537,
764

idiosyncrasies, 809£.
state-variable

filter, 276ff.
oscillator, 295

static electricity, 554, 572
static RAM (see also memory),

812£.
status bit, generalized, 692
status flag, 693£., 806£.

register, 691, 804£.
step function, 19
stepper motor, micropower, 968
ST-506, 733
stop bit, 722
STOP mode, 979
stopband, 267
stopwatch, 556, 558
storage (see memory)
storage time, 907£.
strain gauge, 421, 425, 1001£.
strain relief, 326
streaming tape, 676
stripline, 879, 902
strobe, 684ff., 753ff., 813ff.
stub, 881
stuck-node tracer, 953ff.
submicrowatt (low) power, 970
subroutine, 691, 777ff.
substrate, 117£.
subthreshold region, 122

successive approximation ADC,
622ff.

SUHL, 565
summing amplifier, 185
summing junction, 235, 614
superbeta transistor, 95f., 397,

959
superheterodyne, 895
supply (see power supply)
support chips, 744ff.
DRAM, 815f.
microprocessor, 800ff.

suppressor, 860
surface-barrier detector, 1010£.
surface mount devices (SMD),

850
surge suppressor, 860
susceptance, 79
swage terminals, 837
sweep, 774ff., 793ff.

generator, 19
trigger, 796

switch, 53ff.
alternative to, 799
analog, 140
bilateral, 495
bounce, 506, 576£.
break-before-make, 147
charge transfer, 148, 396, 417,
638

CMOS, 116ff., 140ff., 148,
151, 219, 222, 241, 393,
939, 951

cold, 64, 494, 860
contact material, 577
crosstalk, 148
debounce, 789
debouncer, 506, 551, 558
diode bridge, 172
DIP, 760, 768£.
driven by op-amp, 187
FET, 116ff., 140ff., 148, 151,
219, 222, 241, 393, 939

form A, 577
glitch, 148ff.
Hall-effect, 54, 577
inverted inputs, 789
JFET, 241
limitations of FET, 143
logic, 153ff.
MOSFET, 116ff., 140ff., 148,

151, 219, 222, 241, 393,
939

MOSFET and BJT compared,
165

nonlinearity in, 147
omitting, 962
panel control, 776, 799
power, 153, 158, 166ff.
proximity, 157
reliability of, 858
Rpnr compensation, 241
self-wiping, 577
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switch (cont.)
series-shunt, 147
table, 797
thumbwheel, 522, 544, 548
transistor, 63, 104, 116ff.,

140ff., 148, 151, 219, 222,
241, 393, 939

3-way, 54f.
video, 143, 148, 172

switch logic, 54
switched-capacitor

ADC, 628
filter, 281ff.
integrator, 282
oscillator, 291 ff.

switched power, 938ff., 962, 965,
982

switching
cold, 64
dry, 577
high-speed, 904ff.
MOSFET power, 166ff.
speed in MOSFETs, 138

switching power supply, 355ff.,
360, 372f., 943ff.

switching waveforms, digital, 853
symbolic

label, 684
names, 679

synchronizer, 506f., 515
synchronous, 552

bus, 678, 707
communication, 806
counter, 512
detection, 889, 896
load, 525
system, 512ff.

syntax, 745
synthesizer, 19

frequency, 653
music, 542
sidereal, 548
speech, 542

system, development, 751, 824
Sziklai connection, 95

T network, 179, 223, 395, 403,
424

tab, 720
table

jump, 765
lookup, 816
sinewave generator, 294f.

talker, 714, 734
tank circuit, RF, 883
tape

electrical, 328
9-track, 676
for PCB artwork, 838
streaming, 676

tapped delay line, 815
TAXIchip, 610
TCXO, 302, 885, 1016f.

telephone
audio bandwidth, 727
current, 934ff.
holding current, 919
permissible loading, 935ff.
states of, 935ff.

telescope drive, 275, 548
teletype, 805
tempco

of bandgap reference, 338f.,
994f.

of base current, 136
of FET, 159
FET drain current, 122
of gate leakage, 136
of MOSFET drain current,

159
of offset voltage, 192, 399ff.

temperature-compensated
oscillator, 302

temperature-compensation
transistor, 74

temperature control, 105, 619,
992

temperature sensor (see
alsothermistor), 338f.,
988ff.

design example, 982
IC sensors, 338f., 994f.
micropower, 948
quartz thermometer, 995
thermocouple, 988ff., 990t,

1008
temperature-stabilized oscillator,

303
terminal, barrier strip, 837
terminal, computer, 677
terminal count, DMA, 706
termination

ac, 602
bus, 678

test
built-in, 777
power-on, 777

testing
bare PC board, 848f.
batch, 861

"I~{, 716, 719
text formatter, 716
thermal

offset, 417f.
resistance, 313
stability, 93ff.

thermal runaway, 93ff., 159
absent in FET, 122

thermal shutdown, 343
thermistor, 105, 364, 992f.

linearizing, 992
thermocouple, 988ff., 990t, 1008
Thevenin's theorem, l lf., 58f.

generalized, 44
Thomson filter, 271
three-state, 487, 691

buffer, 801
three-terminal regulator, 325,

342t, 346t
adjustable, 344f., 346t

three-way switch, 54f.
threshold

logic, 473, 475
scatter in logic, 974
skew, 556
spread in 555

threshold voltage, Schmitt trigger,
232

time (see also timer, timing)
acquisition, 638
to amplitude converter, 1035
delay, 25, 907
domain, 23
fall, 907ff.
fall-through, 541
hold, 510
latency, 541, 809, 975
removal, 554
ripple-through, 541
rise, 906ff.
settling, 151, 268, 409, 467
setup, 510, 552, 753, 755
storage, 907f.

time clock, micropower (see
also clock, calendar), 968

time-interval measurement,
1022f.

time-out, bus, 764
time-out power switching, 973
time-to-amplitude converter

(TAC), 1035
timed wake-up, 965
timekeeping interrupt, 968
timer (see also time; timing), 556,

943
boiled-egg, 773
CPU, used in UART, 983
digital, 522
digital pulse, 798
ICs, 286ff., 963
interrupt request by, 793, 796
micropower, 965ff.

timing (see also time, timer), 510
anaylsis, 824f.
interface, different from

conversion speed, 810
memory, 527, 766ff., 812ff.
68008 read/write, 754
software performance, 796f.

timing constraints, memory,
766ff., 812ff.

relaxed, 768
timing diagram handshake, 809
tin roof, rain on, 432
tip and ring, 935ff.
title block, 1057
TMOS, 158
TNC connector, SSf.
toggle, 510
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token-ring network, 735
tools, 841
"top-down" programming, 777
totem-pole, 689, 691
trailing edge, 687

latch, 768, 800
tranparent latch, 523, 753, 656,

800
transceiver, 560t, 603, 801
transconductance, 114ff., 130ff.,

444
amplifier, 79
defined, 78
FET and BJT compared, 130
as function of IC, 130f.
as function of ID, 130f.
as function of Vim, 130
model, 79ff.
of transistor, 78

transducer (see also sensor), 987ff.
displacement, 1001ff.
light-level, 996ff.
magnetic field, 1007
particle, 1008ff.
pressure, 1004f.
radiation, 1008ff.
strain, 1001 ff.
temperature (see also

thermistor), 338f., 988ff.
transfer function, 7f.
transform, Fourier, 1037f.
transformer, 28f., 328f., 460,

462, 610
balun, 881
flyback, 357f., 374
heating in, 47, 329
leakage current, 917f.
for minimum noise, 443
rating of, 329
toroidal, 457
transmission line, 443, 461,

882
variable, 58

transient capture, 651
transient current in DRAMs,

815f.
transient suppressors, 326t, 860
transimpedance amplifier, 79,

184, 235, 962, 1039
transistor (see a1soFET;

MOSFET), 109t, 314t,
877t

active region, 70
amplifier, 76
bad biasing of, 71
base-emitter breakdown, 68,

578
base spreading resistance, 872
beta, 62f.
bias, 70
bipolar, 61ff.
bootstrapping, 96ff.
capacitances, 102ff.

cascode connection, 75, 79,
89, 103, 128f., 868, 913,
950

clipping in, 70
collector as current source, 64
collector-emitter breakdown

voltage, 74
common-emitter amplifier,

76f.
as current amplifier, 62
current source, 72ff., 129
cutoff, 70
Darlington connection (see

also Darlington), 94
data sheet, 1073ff.
diode biasing of, 93
dissipation, 312ff.
Early effect, 74ff., 81, 88f.,

110
Ebers-Moll model, 62, 79ff.
emitter follower, 65
emitter impedance of, 81
FET (see alsoFET), 113ff.,

125t, 126t, 164t
FET as BJT replacement, 125
field effect (see also FET),

1 13ff.
follower (see also emitter,

follower, op-amp), 65,
133ff.

fT, 866
grounded base, 103
high electron mobility
(HEMT), 904

high-frequency model, 863ff.,
905ff.

h-parameter model, 61f.
inductive loads with, 64
intrinsic emitter resistance, 81
JFET, 113ff., 125t
LC collector load, 87f., 883ff.
low-capacitance, 950
low-noise, 438ff., 445
matched biasing, 86
matched pair, 96, 123, 128t,
216

Miller effect in, 101ff.
MOSFET (see also MOSFET),

1 13ff., 126t, 164
MOSFET and BJT compared,

165
noise, 436ff.
noise comparison, 441f.
npn, 62
operating current, 864
outboard pass, 353f.
in parallel, 320f.
pass, 311
photo, 596, 996f.
pnp, 62
power, 158ff., 312ff., 314t
push-pull, 316
quiescent point, 70

RF (radiofrequency), 877t,
950

rules of thumb, 81
safe operating area (SOA), 74,

159f., 321, 368
saturation, 63, 70, 165f.,

1062f.
series, 371f.
small-signal, 109t
sound, 413
stored charge in, 104
superbeta, 95f.
switch, 63, 116ff.
tables, 109t, 314t, 877t
temperature compensation, 74
temperature dependence

in, 81
transconductance of, 78ff.,

130
unijunction, 285, 377, 968

transitions, slow, 971
transmission gate, 494ff.
transmission line, 602, 879ff.

in frequency domain, 880
mismatched, 880, 915
quarter-wave section, 881
transformer, 882

transparent latch, 523, 753, 756,
800

transresistance amplifier, 79, 184,
235, 962, 1039

trap filter, 42
trapezoidal driver, 605
traveling-wave tube (TWT), 904
triangle wave, 17

oscillator, 240, 258, 285,
288ff.

trickle charge, 927
trigger, 1045ff.

sweep, 796
triggering, cross, 825
trigonometric-function generator,

293f.
trimmer, 57

op-amp offset, 192
problems with, 422
programmable, 819

TRI-STATE, 487f.
true, 472
true rms, 327, 452, 454
truth table, 478ff.

generalized, 500
TTL, 484ff., 568

characteristics, 486f.
noise immunity, 579
problems with, 554ff.

tuned circuit (see also LC circuit),
41, 87f., 869

Q of, 88
as transistor load, 138

tuned circuit (see also LC circuit),
87f., 883ff.

tuning fork crystal, 968
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tuning fork crystal (cont.)
oscillator, 298

tunnel diode, 14f., 49, 886, 891,
904, 1060f.

twisted pair, 456, 460
Twist 'n-flat cable, 712
two-part connector, 852
2's complement, 476, 739f., 794
typical, 475

UART (see also USART), 610,
722, 802ff.

CMOS, 977, 979ff.
receive sampling, 805
software, 983

UHF, 892, 902
UJT, 968
UL, 931
uncompensated op-amp, 243,

246ff.
undersampling, 775f.
undershoot, in DRAM circuits,

815
unijunction transistor, 285, 377,

968
unity-gain frequency, 104
UNIX, 717ff.
unregulated supply, 325ff.
unreliable components, 858
unsigned integer, 739
unused inputs, 555, 579£, 971,

977
up/down counter, 514, 524
USART, 764, 802ff.

8530 registers, 804t
programming, 804ff.

vacuum gauge, 1007
valley current, 968
vapor-phase degreaser, 840
varactor diode, 297ff., 865f.,

883f., 887, 899, 904
variable

capacitor, 58
gain amplifier, 139f., 255, 257
inductor, 58
resistor, 57, 138ff.
transformer, 58

Variac, 58
varistor, 53, 326t
VAX, 711, 735, 740
VAXBI bus, 711
VCO (voltage controlled

oscillator), 240, 257, 286,
291, 293t, 297, 305f.,
624f., 645f.

linearity of, 646
radiofrequency, 646
sine wave, 646

VCVS filter, 273ff., 274t, 548
VCXO, 301f.
vector, 855

interrupt, 694, 699, 756, 788

68000, 788t
start-up, 777

vellum, 836
velocity sensor, 965
vending machine, 533
ventilation, 856
venturi blower, 313, 856, 858t
vernier interpolation, 1023f.
vertical MOS, 158
very large-scale integration

(VLSI), i
V/F converter (see also VCO),

291, 305f.
VHF, 892, 902
VHS, 718
via, 844
video
ADC, 630
amplifier, 449, 876, 915
isolator, 598
pixel clock, 647ff.
switches, 143, 148

vidicon, 998ff.
virtual ground, 178
virtual memory, 718
VLF, 892
VME, 711, 720, 733, 852
VMOS (see also MOSFET), 158
VMS, 717
volatile, 675
voltage, defined, 2

amplifier, 76f.
biasing, 71
as complex number, 31f.
differential input, 183
divider, Sf., i 1, 35, 50, 70
electrostatic, 170t
multiplier, 47f.
noise, 436ff.
offset drift, 964
pinch-off, 120
reference (see voltage

reference)
regulator (see voltage

regulator)
source, 9
standard, 1025
thermal offset, 417f.
threshold, 120

voltage controlled
amplifier, 139f., 255, 257
capacitance, 865f.
oscillator (seeVCO)

voltage divider, 8
in clamp circuit, 50
generalized, 35
Thevenin equivalent of, 11

voltage doubler, 47f.
flying capacitor, 804

voltage inverter, 377ff.
flying capacitor, 153, 804

voltage reference, 331ff., 336t,
338, 949t, 963

as temperature sensor, 994f.
bandgap, 325
micropower, 943, 948ff.
noise, 340
output from ICs, 946f.
temperature stabilized, 339f.
use of micropower, 982

voltage regulator, 46, 307ff., 342t,
346t, 352t, 942t

adjustable, 346t
current mode, 360
data sheet, 1086
dual tracking, 344, 351f., 352t
emitter follower as, 68
fixed, 342t
floating, 371
flyback, 357f.
high voltage, 368ff.
low-dropout, 345ff.
low-power, 942t
micropower, 349f., 376f., 937,
941, 942t

outboard pass transistor, 353f.
processor-oriented, 344, 349
PWM, 360
shutdown, 940
switching, 355ff., 360, 941
3-terminal adjustable, 344f.
3-terminal, as current source,

379f.
4-terminal, 345
zener, 68

voltage source, 9
voltage-to-frequency converter

(V/F)(see alsoVCO), 624f.
voltmeter, digital, 542, 638ff.
VOM, 9, 10

WAIT mode, in CMOS
microprocessor, 979

wake-up, 938, 965
pulse, 968
start-up time, 975, 977

"walking bit" display, 792, 808
wall plug-in power supply, 384
water velocity sensor, 965
wave soldering, 834
Weston cell, 1025
wet mask, 834
Wheatstone bridge, 105, 1001f.,

1025
whiskers, 834
wideband amplifier, 863ff.

op-amp, 876, 878t
Widlar, R., 211, 307, 371
Wien bridge, 296
Wilkinson converter, 1035
Wilson mirror (see also current

minor), 89
Winchester disk, 676, 717
window, quartz, 765
window discriminator 669
wire, Kynar, 829
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Wire-Wrap, 711f., 828
backplane, 853
CAD-based, automatic, 849
panel, 828ff.
PC board, 830f.
pin connector, 852
poor for memories, 816
socket, 829f.

wired-AND, 490
wired-OR, 490, 764
word, 744

long (32 bits), 744, 794
recognizer, 824f.
size in microprocessors, 820

word, defined, 675
Words and Phrases, 484
workstation, 677
WORM, 676, 718
worst-case, 475

design, 68, 161, 768
spec, ignoring, 983

wristwatch, analog display, 968
write, spurious, 977
WWVB, 1018
WYSIWYG, 716

Xacto knife, 838
XMODEM, 729
XOR gate, 479f., 491f.
x-ray detector, 1008ff.
X-Y display, 688

coordinates, 793

Y factor, 451
yttrium-iron-garnet (YIG),

884

Z-axis, 779, 792

zener diode, 13f., 68, 331ff.,
334t, 860, 948

compensated, 333f.
dissipation in, 69
with follower, 69
IC, 333ff.
noise, 340
power, 68
programmable, 338
reference, 309
ripple reduction with, 69
tempco, 309
3-terminal, 366

zero, test before divide, 791
zero-crossing detector, 242, 256,

260
zero current, 975, 977
zero-voltage switching, 588
ZIP, 814
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1 From the Reviews of the First Edition.'

t "The best self-teaching book and reference book in electronics . , ,The beauty and fun of electronics
shows through.' Radio Communication
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Paul Horowitz is Professor of Physics at Harvard Univer-
sity, where he teaches physics and electronics. He
originated Harvard's Laboratory Electronics course,
now in its fiffeenth year. His research interests include
observational astrophysics, x-ray and particle micros-
copy, optical interferometry, and the search for extra-
terrestrial intelligence. He is the author of some sixty
scientific articles and reports, has consulted widely for
industry and government, and is the designer of'nu-
merous electronic and photographic instruments.

Winfield Hill is Research Scientist and Director of Elec-
tronic Engineering at the Rowland Institute for Science
(founded by Edwin Land), where he studies the physi-
ology and phenomenology of human color vision. He
was formerly at Harvard University, where he designed
over one hundred electronic and scientific instru-
ments; he then founded Sea Data Corporation, where
as chief engineer he designed some fifty oceano-
graphic instruments. He has collaborated in numerous
deep ocean experiments, and has authored a dozen
scientific and technical articles,

Jacket design
Dennis M. Arnold

Printed in the United States of America

"I've hunted high and low for good electronics textbooks. This one is the best, bar none. No extraneous
math, lots of insider's information ... and a huge range of topics covered clearly and thoroughly. So
well written that I've had difficulty putting it down:' CoEvolution 6?uarterly `b

"Full of clever circuits and sharp insights, but with a surprising minimum of mathematics ...This scheme
of making maximum use of the insights of simple approximations described in words, and introducing
more formal design only after understanding has gained real headway, is the pedagogical core ofthis original treatment .,.The depth is genuine, as is the richness of examples, data and apt tricks:'

Scientific American

"Far and away the finest book on the subject of electronics , .. in the last decade. I cannot recommendthis book highly enough to anyone whose research or experiments require some electronics;'
Optical Engineering

"This is a delightful book , , . an excellent teaching text as well as a lab reference . , . I recently observed

-

a graduate student in physics unfamiliar with op amps start to build a haywired mess of a circuit. Hethen took home The Art of Electronics for one night, and the next day the mess was taken apart, tobe replaced by a correctly designed working circuit" Review of Scientific Instruments

~'~ "This book is filled with a tremendous diversity of valuable information. More importantly, this book is ajoy to read ,,, ii's not at all like studying — iYs too much fun.' EDN (News Edition)

Changes in the new edition.

• Totally rewritten chapters on microcomputers and microprocessors (using the IBM PC and the
68008).

• Substantially revised chapters on digital electronics (including PLDs, and the new HC and AC logicfamilies), op-amps and precision design (reflecting the availability of excellent FET-input op-amps),construction techniques (including CAD/CAM).
• Every table has been revised and many new ones added. .
• A rewritten chapter on FETs and an all-new chapter on micropower design.
• New sections on active filter designs, switched-capacitor filters, quadrature oscillators, low-dropoutregulators, switching supplies, crowbars, isolation amplifiers, SCR.latchup, "ground bounce;' dynamicpower dissipation, optoelectronlcs, RS-232 interfacing, modems, memory chips, schematic capture,AM detection, battery characfieristics, sensor linearization.
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