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Miller effect, 29, 30, 155, 156, 176, 192, 195, 196,
202, 204, 291, 392, 506, 577
mirror galvanometer, in Fleming valve, 10, 11
mirrors, in PMOS, 226-7. 236, 238
mixers, 308-43
conversion gain of, 310
diode-ring mixers, 337-40
double-balanced mixers, 322-9, 331-5
fundamentals of, 309-13
intercept point 3 of, 324
1solation and, 311-13
linear, nonlinear systems as, 314
linearity parameters of, 311-13
linearization techniques for, 325-9
multiplier-based mixers, 318-35
noise in, 272
potentiometric mixers, 329-31
problem set for, 340-3
RF transconductors for, 321
single-balanced mixers, 319-22
square-law mixer, 315-18
subsampling mixers, 335-7
three-port mixer, 314
two-port mixer, 314
mixing function, definition for, 333
maobility degradation, in MOS devices, 79
MOS capacitor, 39
MOS devices
breakdown phenomena in, 372-3, 374
desecribing functions for, 488-91
history of, 62-3
mobility degradation in, 79
noise model for, 266
operation in weak inversion, 72-3
physics of, 62-85
problem set for, 81-5
RF applications of. 76
substrale current in, 76
temperature variation in, 78
thermal runaway in, 375
threshold reduction in, 76
transit time effects in, 79-80
velocity saturation effects on, 75-6
MOSFETs
accumulation-mode type, 39
back-gate bias in, 77-8
bandwidth estimation for, 152
capacitances of, 67-70
cross-quad, 326, 340
describing functions for, 489, 490, 498
diode-connected, 227
drain current noise in, 542
flicker noise in, 254-5
gate structure of, 280
input impedance in, 280, 281
instability of, 372
long-channel type, 72, 316
mixing by, 330
operation in weak inversion, 72-3
parasitic capacitances of, 217
physics of, 64-72
principles of, 63
in short-channel regime, 73-7

shot noise in, 251
thermal noise in, 248-50
triode region in, 65, 66
two-port noise parameters of, 273-7
MOS transistor, use as a resistor, 35-6
“motorboating,” low-frequency oscillation as, 434,
435
Mth-order (intermodulation) distortion product,
552-3
multiplier-based mixers, 318-35
multipliers
commutating multipliers, 451-3
as phase detectors, 450
multi-tanh transconductor, 329, 343
mutual conductance. see transconductance

narrowband amplifiers, 179
National Semiconductor Corp., 227
National Television Standards Committee (NTSC),
440
n-channel junction FET, 63
n-channel MOSFET, 64, 65
negative feedback, for broadband amplifiers, 191
negative feedback systems
desensitivity of, 391-5
disconnected, 396
noise and, 393-4
negative impedance converter (NIC), 510
negative resistance oscillators, 509-14
network energy, of parallel RLC tank, 88
neutralization, of amplifiers, 203-6
neutrodyne amplifier, 16
New York Herald, 7
The New York Times, 389
NIC, see negative impedance converter
nichrome resistors, 36
Nielsen's equation, 267
NMOS devices
current mirrors of, 81
high-field effects of, 76
mirrors, 469
noise in, 255
transconductance in, 83
upward threshold shifts in, 77
NMOS transistors, device threshold of, 373
Nobel Prize winners, 5, 63, 248
Noe, 1. D, 214
noise, 243-71
bandwidth for, 246
calculations of, 260-3
cyclostationary sources of, 542
from DC devices, 564
definition of, 243
drain current noise, 248-9
evolution of, 541
flicker noise, 252-3
gate noise, 249-50
input into phase-locked loops, 447-50
Jitter noise, 448
limits of optimization of, 260
linear time-varying model for, 541
negative feedback and, 3934
noise performance, 264-5
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parameters for, 272
phase noise, see phase noise
popcorn noise, 255-256
power-constrained optimization of, 2848
problem set for, 266-71
processing cleanliness to avoid, 256
shot noise, 250-2, 542
thermal noise, 243-50, 532
two-port theory of, 256-60
unit for, 141
upconversion of, 540
noise factor, 261
derivation of, 256-60
noise figure (NF), 260, 261, 291
of cascaded systems, 267, 551-2
computation of, 267, 310, 323, 551
of Gilbert mixers, 323-4
single-sideband vs. double-sideband, 31011
noise models, 265-6
noise temperature, 260, 261
noise-to-phase -error transfer function, 447
noisy resistive network, 261, 262
noninverting amplifiers, 405
nonlineanization, describing functions for, 484,
485-500
nonlincar systems, as lincar mixers, 31418
normalized power output capability, as type of
efficiency, 348
Norris, Jerry, 580, 583
Norton equivalent model, noise in, 245-6
Norton form, 533
nuvistor, as apex of vacuum tube evolution, 33
Nyquist, H., 243
Nyquist noise, see thermal noise
Nyquist stability test, 396, 397, 404, 423, 565

Occam’s razor, “duck test™ version of, 116
octagonal spirals, 47
offset synthesizer, 521, 567, 569
Ohm's law, 244
on-chip inductors, 49-50, 57
op-amp circuit, in negative impedance converter,
510
op-amp follower, 408
op-amp loop filters, 468
OP-27 device (Analog Devices), noise performance
of, 264
open circuits, lerminating ports in, 139
open-circuit time constants (OC'rs) method
accuracy of, 149-50
advantages of, 167, 174, 178
for bandwidth estimation, 147-61, 163, 178
disadvantage of, 178
risetime addition and, 173
summary of, 160-1
superbuffer for, 177
open-loop system, with additive noise sources, 394
optical fiber systems, gain-delay tradeoff in, 213
optical phonons, scattering by, 73
optimum source admittance, 259, 260
oscillator(s), 484-529
Clapp oscillator, 505, 506, 512, 513, 526
Colpitts crystal oscillator, 507, 508, 524-5

Colpitts oscillator, 495-500, 504-6, 511, 524,
525-6, 546, 547
crystal oscillators, 507-9, 514, 524
dependence on nonlinearities, 485
describing function analysis of, 492-3
function generator, 491-5
Hartley oscillator, 505, 524
linear type, 484-5
negative resistance oscillator, 509-14, 527
noise from, 449
oscillation amplitude in, 484
oscillation frequency in, 530
oscillation startup in, 498-500
Pierce crystal oscillator, 508-9, 511, 525
problem set for, 525-9
quadrature oscillator, 509, 525
RLC oscillator, 531, 532
root locus for, 485
stability of, 567-8
superregencrative amplifier as, 19
TITO oscillator, 506-7
tuned type. 504-9
oscilloscopes
phase distortion in, 182
probe of, 184, 185
vacuum tube distributed amplifiers in, 215
output compression point, 312
output third-order intercept point (O1P3), 312
overlap capacitances, 68
oxides, trap formation in, 373

parallel plate capacitors, 37-47
parallel resonance, of parallel RLC tank, 87
parallel resonant tank circuit, problem on, 59
parallel RLC tank, 86-9

admittance of, 86-7
parallel RLC 1ank

bandwidth of., 90

characteristic impedance of, B8

network energy of, 88

quality factor of, 88-9
parameters, for SPICE level-3 models, 82
parametric converters (parametric amplifiers), 310,

338
parasitic capacitances and inductances, effect on
amplifier performance, 178

parasitic transistors, bias circuits made from, 223
Parseval's theorem, 541
passive mixers, 331-5
passive RLC networks, 86113

problem set for, 10613
path transfer function, derivation of, 435
patterned ground shield, in spiral inductors, 51-2
peaking problem, in phase-locked loops, 446-7
pentode, characteristics of, 31
Penzias, Amo, 247-8
Percival, W. S, 214
perveance, 26, 28
phase-alternating line (PAL) system, 441
phase detector

analog multiplier as, 4501

exclusive-OR gate as, 453-5, 479

frequency detector vs., 459
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phase detector (cont.) Poulsen Tikker, 14
Hogge's phase detector, 460-3 power
in phase-locked loop circuits, 441, 442 DC transmission of, 10
quadrature type, 451, 453 dissipation of, 530
sequential type, 455-63 handled by coaxial cable, 141
XOR phase detector, 455, 475-6, 478 published gain figures for, 316
phase detector constant, 453, 456 units for, 1401

phase detector gain, 450-1, 455
phase detectors, triwave detector, 462, 463, 464
phase distortion, errors caused by, 182
phase-locked loops (PLLs), 409, 438-83
architecture of, 441
history of, 43841
linearized, 441-7
loop filters in, 463-8
noise input into, 447
noisy, 481-2
problem set for, 478-83
quartz-controlled oscillator combined with, 514
as sampled-data systems, 448
second-order type, 435, 4447, 475-8
as synthesizers, 515, 516, 517, 518, 522, 524
use as FM demodulators, 472-3
uses of, 438, 439
VCO output in, 480
phase margin, computation of, 424
phase noise, 448, 484, 53049
equation for, 534
Hajimiri model for, 53644
of ideal oscillator, 532-6
Leeson model for, 535, 536, 541, 547
linear time-invariant analysis of, 537, 539
problem set for, 545-9
theory of, 532-6
phase shift, 182
phase transfer function, derivation of, 444, 446
Philips Electronics N.V., 268
Phillips, V., 22
phosphor, designation for, 33
photoelectric effect, of Einstein, 20
Pickard, Greenleaf Whittier, 4, 6
Pierce crystal oscillator, 508-9, 511, 525
m-match circuit, 95-8, 105, 107
with transformed right-hand L-section, 97
pinched-off channels, 67
pink noise, see flicker noise
Planck’s constant, 247
PLLs, see phase-locked loops
PMOS devices
high-field effects of, 76
noise in, 248-9, 255
threshold reductions in, 77
p-n-p parasitic substrate, in CMOS, 226, 227, 234
Poisson's equation, 26
pole-zero doublet, 186
poly resistors, 35
polysilicon resistor, problem on. 601
popcorn noise, 255-6
positive feedback amplifiers, 386, 390
positive feedback systems, root-locus rules for,
4034
potentiometric mixers, 329-3|
Poulsen, Valdemar, 7, 14

power amplifiers, 34484
breakdown phenomena in, 372-4
characteristics of, 364-5
Class A amplifiers, 346-9, 362-3, 364, 365-9, 381,
382,384, 578
Class AB amplifier, 354, 362-3, 369-70
Class B amplifiers, 349-51, 362-3, 364, 369-70
Class C amplifiers, 351-4, 362-3, 365, 369-70
Class D amplifiers, 355-7, 365
Class E amplifiers, 357-9, 362-3, 365, 370-1
Class F amplifiers, 359-63, 365
design examples for, 365-71
design summary for, 379-80
general model for, 345
instability of, 372
large-signal impedance matching in, 375-6
load-pull characterization of, 376
load-pull contour example of, 378-9
modulation of, 362-3
power-added efficiency of, 372
problem set for, 3804
pulsewidth modulation of, 364
push-pull amplifiers, 351, 356, 383
thermal runaway in, 374-5
power-constrained optimization of noise, 2848
power gain, at low frequencies, 93-104
power RF oscillators, invention of, 13
power transfer, 86
maximum, 93-4, 106
preselector, of single-conversion receiver, 554
problem sets
for architectures, 568-70
for bandwidth estimation, 174-7
for biasing and voltage references, 237-42
for distributed systems, 131-3
for feedback systems, 432-7
for high-frequency amplifier design, 217-22
for IC components, 58-61
for low-noise amplifiers, 304-7
for mixers, 340-3
for MOS devices, 81-5
for noise, 266-71
for oscillators, 525-9
for passive RLC networks, 106-13
for phase-locked loops, 478-83
for phase noise, 545-9
for power amplifiers, 3804
for Smith chart and S-parameters, 144
propagation constant (y), 119
relationship to line parameters, 1224
proportional to absolute temperature (PTAT), 228,
229,230
pulse impedance, 120
pulsewidth modulation (PWM), of power amplifiers,
364, 365
Pupin, Michael, 124
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Pupin coils, 124

push—pull amplifiers
crossover distortion in, 383
power capability of, 351, 356

Q, see quality factor
quadrature generators, for image-reject receivers,
559-61, 562
quadrature oscillators, 509, 525, 560
quadrature phase detector, 451, 479-80
quality factor (Q), 90, 95, 285
of parallel RLC tank, 889
nnging and, 90-1
of tapped capacitor resonator, 100
quantum effect, in carborundum LEDs, 20
guarter-wave resonators, 500-1
quartz crystals
fabrication of, 503
as resonators, 501
symbol and model for, 501
quench oscillator, in early superregenerative receiver,
575
Quinn, Pat, 327

radar, microwave diodes for, 337
radio, history of, 1-33
radioactivity, discovery of, 10
radio astronomy, sideband information in, 311
radio circuits, 15-18
Radio Corporation of America (RCA), 15, 19, 21, 31,
33,212,576

radio electronics, developments in, 15
radio-frequency (RF) carriers, sine-wave type, 7
radio-frequency (RF) signals, 8, 15
radiotelegraphy, 8, 22

transition to radiotelephony, 9
radiotelephony, 9, 29
radius of gyration, 169
random telegraph signals (RTS), see popcorn noise
RC low-pass filter, step response in, 171
reactance tube, 269
read-only-memory (ROM) lookup table, 523, 524, 568
recemver

with coherer, 3

direct-conversion type, 562-3

“universal,” 562
reflection coefficient, 126, 127, 134-5

admittance relation 10, 270
reflex circuits, 17-18
Regency TR-1 transistor radio, history of, 578-80

ive amplifier/detector/oscillator, invention
of, 13, 17, 18, 386, 573-4, 577

regenerative radios, de Forest's sale of, 17
regenerative receiver, 13, 18
resistances, of shunt-series amplifiers, 193-5
resistors, 34-7

flicker noise in, 253-4

layout of, 36-7

thermal noise of, 245-6, 265
resonance, branch currents at, 89
resonant circuits, amplifier function in, 107
resonant frequency, of parallel RLC tank, 87
resonant voltage, magnification of, 91

resonators, 500-4
quarter-wave resonators, 500-1
quanz-crystal resonators, 501
SAW devices, 503-4
RETMA, 33
RF circuits and systems
history of, 571-83
noise in, 251
superregenerators in, 21213
units in, 1401
RF rectifiers, 10
RF signals, 17
RF transconductors, for mixers, 321
ring oscillator
impulse sensitivity function for, 538, 539
uses of, 544
ripple components, in loop filters, 466
nisetime
bandwidth relations with, 171-3, 175, 213
of cascade systems, 169-71
risetime addition rule, 171, 173
RLC networks
as impedance transformers, 93-104, 180
lossy type, 110
passive components in, see passive RLC networks
resonators in, 501, 530
RLC oscillator, “perfectly efficient,” 531, 532
RLC tank circuits, 202, 496
admitance of, 203
not-quite-parallel type, 92
in series, 91
Rintgen, Wilhelm Konrad, 10
root-locus techniques
compensation and, 415-22, 432
for feedback systems, 398-403
for positive feedback systems, 4034
summary of, 422-3
Rosenstark, S., 167
Round, Henry 1., 9, 14, 20

Sakurai equation and method, 42, 43, 45, 46, 47
sample-and-hold action, of synthesizers, 515
sample-and-hold circuit, 270
Samoff, David, 15, 19, 22
satellite communications, phase-locked loops in, 441
saturating amplifier, describing function for, 487
saturation, definitions for MOS and bipolar devices,
346

saturation current, in short-channel MOSFETSs
SAW, see surface acoustic wave (SAW ) devices
sawtooth generators, use in television, 439
scallering paramelers, see S-parameters
Schmitt trigger, 487, 488, 492
Schottky, Walter, 243, 250, 252, 308
Schottky diode, 5
Searle, C. L., 166
second-order low-pass systems, formulas for, 413-14
second-order phase-locked loops, 444-7, 479

in design examples, 446-7, 475-8

Jitter peaking in, 446-7
seconds, number in year, 253
self-binsed circuits, start-up network in, 226, 227
self-resonant properties, of spiral inductors, 51
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self-restoring device, barretter as, 8
semiconductor, early types of, 6
semiconductor detector, first patent for, 5
sequential phase detectors, 455-63
with extended range, 457-8
Séquentiel Couleur avec Mémoire (SECAM), 440
series-peaked RLC network, 217
series resonance, of parallel RLC tank, 87
series RLC network, 91
set-reset (SR) Aip-flop
with cross-coupled NOR gates, 457
as phase detector, 456-7
Shockley, William, 62
short-channel MOSFETs, 73-7, 240, 362-3
linearity of, 317
noise in, 248, 250
problem based on, 73-7
transconductance in, 300
short circuits, terminating ports in, 139
short-circuit time constants (SCrs) method
accuracy of, 164
advantages of, 174
for bandwidth estimation, 161-6
restrictions of, 164-6
shot noise, 250-2
shunt admittance, 127
shunt capacitance, equation for, 50
shunt-peaked amplifiers, 179-91
shunt-peaked RLC network, 217
shunt peaking, design example for, 1834
shunt-series amplifiers, 191-7. 306
bandwith of, 195-7
detailed design of, 193-7
input-output impedances of, 195-7
input-output resistances of, 193-5
low-frequency gain of, 193-5
noise figure of, 278, 279
sichrome resistors, 36
sidebands
of mixers, 310
of noise figures, 311
sigma-dela technique, for noise distribution, 521
signal-to-noise ratio (SNR), in calculation of noise
figure, 310
signum function (sgn), 452
silicided polysilicon, resistors from, 35
silicon, lack of piezoelectric activity in, 504
silicon detectors, first patent on, 9
silicon transistors, development of, 580
single-balanced mixers, 319-22, 342
single-conversion receiver, architecture for, 554-5
single-diode mixers, 337
single-ended low-noise amplifier, 288-92, 304
single-sideband noise figure (SSB NF), 31011
skin effect, 49, 142-3
slope demodulation, of FM, 20
Smith chart, 127, 134-8, 259, 379
problem set for, 144-5
solenoid, single-layer type, 55
solid-state amplifiers, 201
source-coupled amplifiers, with single tuned load,
204

source—drain diffusions, resistors from, 35

source followers, capacitively loaded, 282
Soviet Union, 20
S-parameters, 134, 138-40
problem set for, 144-5
spark-gap detector, of Hertz, 3
spectrum analyzer, noise density determination by,
263
SPICE, 239
IP3 estimation using, 298
mixer simulation using, 324
use for bandwidth estimation, 149, 152, 155, 157,
158, 159, 160, 175
SPICE level-3 models, 80-1, 217, 380
parameters for, 82
SPICE MOSFET models, 80
spiral inductors, 47-52
spurious-free dynamic range (SFDR), 302-3
square-law mixers, 315-18
square waves, as approximations of loop inputs,
451-3, 454
squegging behavior, 500
stability, BIBO definition of, 395
standing wave ratio (SWR), 132
static moduli, synthesizers with, 517-19
stationarity, in noise characterization, 536
stereo FM radio, phase-locked loop circuits in,
441
“Subhistories of the Light-Emitting Diode™
{ Loebner), 22
subsampling, architectures for, 565
substrate current, from hot electrons, 76
superbuffer, for OCr calculation, 177
superheterodyne AM radio, with heptode, 32
superheterodyne receiver, 438, 439
block diagrams for, 309, 554
invention and use of, 15, 17, 21, 308, 574
single-conversion type, 554
superheterodyne transmitter, 550, 566
superregenerator, invention of, 18-20, 211
superregenerator amplifiers, 131, 211-13, 218
Armstrong's invention of, §74-5
interference from, 212
superregenerator detector, use in toy walkic-talkies,
20, 581, 583
suppressor grid, 31
surface acoustic wave (SAW) devices, as resonators,
503-4
swallow counter, in integer-N synthesizer, 518
sweep oscillators, use in television, 439
switches, CMOS technology, 319, 331, 335
synthesizers, 514-24
combination synthesizers, 521-2, 528
direct digital synthesizer, 521-2
with dithering moduli, 519-21
divider “delay" in, 515-16
integer-N synthesizer, 517-19
offset synthesizer, 521, 529
phase-locked loop use in, 478
with static moduli, 517-19
Svntony and Spark (Aitken), 22

tank circuit, 86
tank resistance, as noise source, 531, 532-3
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tantalum, in light bulbs, 23
tapped capacitor resonator, 105-6, 107
as impedance matching network, 99-101
tapped inductor match circuit, 102-3, 106
T-coil, bandwidth enhancement by, 189, 213, 214,
215,216
Teal, Gordon, 580
Tektronix, 198, 215
Telefunken, 579
telephone repeater amplifier. 12
telephone transmission lines, signal-dispersion
reduction in, 124
television
amplifier development for, 179
color television, 439-40
carly amplifiers for, 33
gain-bandwith amplifiers for, 213
mixers in UHF tuners for, 337
phase-locked loops in, 439
“snow™ as noise in, 243
sweep oscillators in, 439
Tellegen, B. D. H., 268
temperature, on-chip measurement of, 375
terminations, of transmission lines, 125-7
Tesla, Nikola, 7, 91
Tesla coil, 91
tetrode, characteristics of, 30
Texas Instruments (T1), 578, 580
Thackeray, D., 22
thermal noise, 243-50, 532
epi noise as, 291
in MOSFETs, 248-50
Thévenin resistance, 95, 245
Thomson. J. J., 9
thoriated ungsten, in filaments, 24
three-point method, for 1P3 estimation, 298-9, 300,
303
three-port mixers, 314
threshold reduction, in MOS devices, 76
threshold voltage, increases in, 84
tickler coil, 13, 18
time constants, 181
calculation of, 91, 147, 148, 149, 150
time-dependent dielectric breakdown (TDDB), in
MOS devices, 373
time-division multiple-aceess (TDMA) systems,
504
time-domain simulators, simulation of mixer [P3 with,
324-5
time invariance, assumption of, 308
time-varying theory, 497
TITO oscillator, 506, 524
T-match circuit(s), 98, 107, 108
token rings, peaking problem in, 447
toys
radio-controlled, coherer use in, 4, 8
superregenerator use in, 19-20
see also walkie-talkies
track-and-hold subsampling mixer, 336
transconductance
equations for. 29
of short-channel MOSFETSs, 300
temperature effects on, 83

transconductor
cross-quad type, 327-8
large-signal type, 488, 489
transcontinental telephone service, inauguration of,
387
transformers
in passive RLC networks, 86
quarter-wave type, 117
upward and downward types, 94
transient impedance, 120
transistor amplifiers, OCrs for, 151-2
transistor radio, history of, 578-80
transistors, 33
behavior of, 62-85
invention of, |
velocity saturation effect on, 75-6
transil time effects, in MOS devices, 79-80
transmission lines, 119-24
with arbitrary terminations, 125-7
artificial lines, 125-31
attenuation constant of, 142-3
as black holes for energy, 119
characteristic impedance of, 88, 89
cutoff frequency of, 128-9
equations for, 127
exponentially tapered, 117
half-sections for termination of, 129-30
ideal, as infinite ladder network, 118-19
lossless type, 132
lossy type, 119-22
lumped lines, 128-9
with matched terminations, 125
RC diffusion lines, 132
tramsmitter(s), 6, 7
architectures for, 366-7
of Hentz, 2
superregenerative receiver as, 19
triode, structure and characteristics of, 28, 571
triode vacuum tube, 9, 23, 27
HF limitations of, 29-30
incremental model for, 29
invention of, 11
tristate detectors, 460
triwave phase detector, 462, 463, 464
tuned amplifiers, 199-203, 218
tuned input-tuned output oscillator, see TITO
oscillator
wmed radio-frequency (TREF) receiver, 15-16
tungsten, in light bulbs, 24
two-diode mixers, 338
two-port bandwidth enhancement, of amplifiers,
187-91
two-port mixers, 314, 315-18
two-port noise theory, 256-60
two-port variable definitions, 138
two-tone third-order intercept, of mixer linearity, 312
Tyne, Gerald, 11

“ultraviolet catastrophe,” 247

unilateralization, of amplifiers, 203-6

U.S. Army Signal Corps, 14

“universal” equations, for impedance rransformation,
94, 95
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unsilicided poly. resistivity of, 35
upconversion

architecture for, 555-6

of noise, 540

vacuum tube computers, 580
vacuum tubes
in AM broadcast radios, 205, 575-8
as amplifiers, 387
basic information on, 22-33
de Forest's work on, 11
describing function transconductance for, 489, 490
development of, 9-13, 22, 243
distributed amplifier use with, 215
grid number in, 32
input impedance in, 280, 281
as oscillators, 385
V=1 characteristics of, 25-33
Van der Ziel, A., 249
varactors, 40, 41, 310
Junction capacitors as, 59-60
velocity saturation, effect on transistors, 75
very large-scale integration, see V1.S1 technologies
V! characteristics
of MOSFETSs, 83
of vacuum tubes, 25-33
video amplifiers, shunt peaking derivation from, 183
VLSI circuits, passive components of, 86
" VLSI technologies, source—drain diffusions in, 35
voltage, of diodes, 223-4
voltage controlled oscillators (VCOs), 468-9
based on relaxation oscillator topology, 449
in 4046 CMOS device, 471-2
control voltage for, 463, 465
design examples for, 470-8
frequency of, 459
noise in, 483
in phase-locked loop circuits, 441-2, 443
ring oscillators, 468-9
voltage references, 223-42
problem set for, 237-42
Volterra series, 295

walkie-talkies (toy)
development of, 580-3
receive mode of, 581-2

superregenerator use in, 20, 581
transmit mode of, 581-2

Watson, Thomas, Jr., 580

wiave equation (Maxwell), 115

Weaver architecture, 557, 558

Webster, Roger, 578

well resistors, 35

Westinghouse, 16

Wheeler, Harold, 16, 205, 578

Wheeler's formula, 56

“When Tubes Beat Crystals: Early Radio Detectors”
(Thackeray), 22

white noise, 523, 540

Whittier, John Greenleaf, §

Widlar. Bob, 227

Wilson, Robert, 247-8

wing electrode, 11, 25

wireless communication, Marconi’s invention of, 4

Wireless World, 9

wire loop, inductance of, 56

Wollaston wire, 8, 11

Wood’s metal, in detectors, §

Worcester Polytechnic Institute, 387

World Warl, 7, 14, 15, 21, 579

World War 11, 337

XOR phase detector, 455, 478
use in design example, 475-6

X-rays, discovery of, 10
X-ray tubes, 24

year, seconds in, 253
Yuan formula and method, 41-2, 43

zener diode, 227
zero damping, of feedback systems, 414
zero-order hold (ZOH), transfer function of, 515-16
zero-peaked amplifier, 219-20
zero-power receivers, 113
2er0s
as bandwidth enhancers, 178, 179-91
in root-locus techniques, 415, 416-17, 419-23, 429,
431
zigzag wire electrode, in triode, 11
zincite crystal diodes, 20
Z-plane maps, 135




