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cascade analysis, 157
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parameters on one spreadsheet, 139
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contents, vii
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Appendix X, 359
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CTB, 133

data
clock, transfer of phase noise from, 256
effect of phase noise on, 258
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DC term, 93
from noise, 126
decibel, 303
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noise, 126
phase-power spectral, 246
power spectral, 125
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Example 8.9 LO Contaminant Equivalent
Sideband Leaking into IF, 235
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Example Z.1 Cascade Gain, Nonstandard
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expected value of noise figure, 58

feedback, 158
feedforward, 159
and bandwidth, 161
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intermods with, 160
files, getting from Wiley site, xix
filter
asymmetry, 286
filtering of phase noise by, 254
IF, 168
requirements, 200
image rejection, 66
requirements table, Example 7.9, 197
RF, 168
requirements, 197
shape factor, 184, 196
filtering
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by filters, 254
by PLLs, 253
flicker noise, 48
FM, transfer from LO, 226
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frequency third, 100
bands in spur plot, Appendix B, 279 with feedforward, 160
conversion, 165 heterodyning, 165
calculator, 170 homodyne, 195
design method, 170 HRC CATV system, 133
effect on IM addition, 111 hybrid
example of, 171 180°, 152
Appendix E, 293 90°, 150

higher values of m, 209

in feedback path, 217 i (direction of propagation), 9

in receivers, 167 IF

in synthesizers and exciters, 170 Filter Requirements, 200

operating regions, 203 Example 7.11, 201
frequency dividers mixer output, 165

§ffect on Cf)ntaminants, 240 range, conversion to, Example 7.6, 192
internal noise, 242 1P, 94

sampling in, 241

image
frequency multipliers, effect on contaminants, frgequency parameters differing at, 72
242 noise, 65, 67

frequency, functions of, 7 standard cascade. 74

rejection filter, 66

gain, 7 impedance
actual, 315 match, 8
available, 313 with hybrid, 151
ratio to transducer gain, 64 nonstandard, 8
average, 19 transformations in cables, 310
cable, 18 IMs
variance, 22 adding
cascade of nonstandard modules, 365 coherently, 106
controls, 84 randomly, 108
effective, 19 anomalous, 115
insertion, 315 formulas for, Appendix H, 317
maximum available, 313 in cascade, spreadsheet for, 111
nonstandard module, 366 in mixers, Appendix P, 345
mean cable, 20 measuring, 116
module, 15 relative phases at modules, Table 4.1, 108
nonstandard relative to tested, 363 second order, 93
round-trip, 18 that do not add, 109
simple, 8 third-order terms at input frequency,
summary of Ch. 2, 43 Appendix T, 353
tolerance, 8 two-signal in mixer, 176
transducer, 314 with feedforward, 160
ratio to available gain, 64 in (direction of propagation), 9
types of power, Appendix G, 313 insertion gain, 315
variance of a cascade, 25 instantaneous SFDR, 137
variation due to SWR, 21 integration of phase noise, 258
with parallel combining, 155 limits for, 252
getting files, xix intercept point
glossary, xxi effect of mismatch on, 110
second order, 93
hard limiting, 223 third-order, 99
harmonic interconnect
formulas for, Appendix H, 317 in nonstandard cascade, 367

second, 93 noise factor, 56, 334
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reflection at, 39

transmission line, 16
intermediate frequency, 165. See IF
intermods. See IMs
intermodulation of noise, 123
internal spur, 168
introduction, 1
IRC CATV system, 133
isolation, mixer, 167

jitter, 248, 269
Johnson noise, 48

leakage
LO-to-IF on spur plot, 184
LO-to-RF on spur plot, 184
level control, 86
limiting
distortion in, 225
hard, 223
soft, 223
limits of integration in computing phase
variance, 259
linearity, architectures that improve, 149
literature, use of technical, 5
LO
components, mixing between, 228
contamination, effect on noise figure, 236
filtering, 238
mixer input, 165
summary of troublesome frequency ranges
in, 236
transfer from, of
AM, 225
FM, 226
phase noise, 255
single sideband, 226
troublesome frequency ranges in, 228
load, power delivered to, 23
Appendix L, 325
local oscillator, 165. See LO
look-up tables, 146
lossy interconnections, 32

m, high values in frequency conversion, 209
matching impedance with hybrid, 151
matrix multiplication, Appendix M, 327
maximum available gain, 313

finding for a nonstandard module, 366
maximum SWR from multiple reflections, 306
mean cable gain, 20
measurement of

IMs, 116
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NPR, 131
S parameter, 10
T parameter, 13
minimum SWR, multiple reflections, 306
mismatch, effect
of, 16
Example 2.2, 22
on intercept points, 110
on interconnect noise factor, 335
mixer, 165
doubly balanced, 166
IF output, 165
IMs in, Appendix P, 345
LO input, 165
noise factor
due to LO contamination, 236
effective, 66
parameters, 166
RF input, 165
singly balanced, 166
terminations, 174
transfer from LO, 225
mixing between LO components, 228
modules
bilateral in cascade, 24
nonstandard, Appendix Z, 363
unilateral, 8
multiband downconverter, Example 7.15, 212

noise
additive, effect of loop on, 262
and nonlinearity, 123
summary of Ch. 5, 147
bandwidth, 48, 49, 246
density, 49, 126
effect of loop on additive, 262
factor, 47. See also noise figure
attenuator, 55
cascade, 50
module contribution, 50
effect from LO contamination, 236
effect of source impedance on, 341
equivalent for voltage amplifier, 79
impedance dependent, 59
representation, 59
implication re phase noise, 255
mixer, due to LO contamination, 236
of interconnect, 56, 334
of mixer, effective, 66
Op-Amp calculations, Appendix A, 273
parallel combining, 156
single-sideband, 66
standard, 54, 331
relation to theoretical, 62
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standard and theoretical, Appendix N, 329 normalized waves, 11

summary of Ch. 3, 88 notes, end, 5
summary of relationships, 53 NPR, 131
theoretical, 54, 329 Measurement, 131
relation to standard, 62
using, 64 o (direction of propagation), 9
summary, 65 odd-order terms, other, 101
two-element cascade, 51 OIP2, 93
voltage amplifier, 74 Op-Amp noise factor, Appendix A, 273
with unilateral modules, 79 operating regions, frequency conversion, 203
with extreme mismatch, 74 optimizing cascades, 139
figure, 47. See also noise factor organization of the book, 2
expected value, 58 oscillator
sensitivity, 79 noise sidebands, 238
sensitivity, Appendix V, 355 phase noise representations, 252
spot, 49 out (direction of propagation), 9
variance, 58
variance, Appendix V, 355 parallel combining, 149
flicker, 48 gain with, 155
image, 65, 67 noise factor, 156
intermodulation of, 123 nonideal performance in, 162
Johnson, 48 parameters
phase, 245 mixer characterized by, 166
power ratio, 131 range in composite modules, 39
products S, 9
DC term, 126 scattering, 9
second-order, 125 T, 12
third order, 130 two-port, 9
sidebands, oscillator, 238 passband in spur plot, 279
source, isolated, 59 performance, deviations from desired, 4
temperature, 47, 48 phase
cascade, 51 noise, 245
in operational environment, 52 adverse effects, 247
system, 51 effect of carrier recovery loop on, 260
with operational source, 52 effect on data, 258
thermal, 48 effect on data errors, 263
nonideal effects implication of noise figure, 255
in parallel combining, 162 integration of, 258
other, 121 low frequency, 268
nonlinear products measures of, 269
frequency dependence, 102 oscillator spectrum, 250
general cascade, 105 sources of, 250
in cascade, 102, 103 transfer from LO, 255
relationship between, 102 power spectral density, 246
two-module cascade, 104 shift of a cascade, 27
nonlinearity variance, limits of integration, 259
and noise, 123 variation, 24
in signal path, 91 PLLs, filtering of phase noise by, 253
summary of Ch. 4, 121 plotting filter requirements, Example 7.10, 200
representing, 91 power
nonstandard delivered to load, 23
impedances, 40 Appendix L, 325
interface impedance, 8 gain, 8

modules, Appendix Z, 363 ratio for two noise factors, 342
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spectral density, 125
PPSD, 246

predictable spur levels, power range for, 177

preface, xvii

processing phase noise in a cascade, 252

propagation direction subscript, 9
PSD, 125
push—pull, simple, 154

random-walk FM, 251

range of parameters in composite modules, 39
ratio of power gains, standard and theoretical

noise factors, 342

receiver

calculator, 289

crystal video, 129

desensitization, 249
references, 5, 371
reflection coefficient, 8, 304
reflections

at interconnects, 39

other, 82
relative sideband

amplitude, 245

density, 246
response, standard cascade, 25
return loss, 8
RF mixer input, 165
round-trip gain, 18

S parameters, 9
composite, Appendix S, 349
measurement, 10
nonstandard
cascade, 368
module, 367
relative to T parameters, 13
sampling in frequency dividers, 241
scattering parameters, 9
second harmonic, Example 4.1, 94
second-order
IMs in CATV, 134
products
mathematical representation, 95
of noise, 125
terms, 92
sensitivity
noise figure, 79
Appendix V, 355
using, 82
use of to find variations, 40
severe nonlinearities, 219
SFDR, instantaneous, 137
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shape factor
definitions, 197
filter, 184, 196
sideband
amplitude, relative, 245
density, relative, 246
signal with noise, effect of, 128
simple push—pull, 154
simulation, 3
single
frequency spur, 168
IF, conversion to, Example 7.5, 186
sideband
decomposition of, 220
density, 246
transfer from LO, 226
Smith Chart, 310
soft limiting, 223
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source impedance, effect on noise factor, 341

source resistance, effect on Op-Amp noise

factor, 274
specifications, creating and using, 1
spectrum, oscillator, 250
spot noise figure, 49
spreadsheet

enhancements, 146
getting from Wiley site, Xix
spur plot, 180
use of, 2, 3
spur(ious), 168
crossover, 170, 182
Appendix X, 359
free dynamic range, 137
internal, 168
level
chart, 168

in DBM from balance parameters, 217

in mixer, 168, 171

dependence on signal strength, 171

estimating, 173
m-by-n, 168
plot
IF reference, 186
LO reference, 180
normalized to LO, 184

representation of bands, Appendix B, 279

spreadsheet, 180

single-frequency, 168
standard

cascade, 16

overall response, 25
CATV system, 133
impedance, 8

changing, Appendix I, 321
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noise factor, 331
state variables, standard cascade, 18
sum-frequency term, 93
superheterodyne, 165
switched preselector
design aid for, Example 7.16, 212
Example 7.14, 211
SWR(s), 8, 304
combining, 306
maximum sum, 306
minimum sum, 306
variation in, 38
symbols, list of, xxi
synthesis calculator, 291
system design process, 1

T matrices, 14
multiplying, 14
T parameter(s), 12
measurement, 13
other definitions, 45
relative to S parameters, 13
restrictions on, 14
Table 3.1 Summary of Noise Relationships, 53
Table 4.1 Phases of Close (in frequency)

Signals and IMs Formed at Two Different

Locations, 108

Table 5.1 Effects of Redistributing Amplifiers,
146

Table 7.1 Ratio (r) of Largest IM to Mixer
Spur, 176

Table 7.2 Values for Fig. 7.38, 215

Table 8.1 Characteristics of Troublesome
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Table A.1 Op Amp Noise Factors for Various
Parameter Values, 277

Table P.1 Binomial Coefficients, 346

Table S.1 S Parameters for Composite of Two
Modules, 352

Table X.1 Crossover Spurs, 359

Taylor series, 91

technical literature, use of, 5

terminations, mixer, 174

terms, list of, xxi

test, 3
theoretical noise factor, 329
thermal noise, 48
third-order
IMs in CATV, 136
1P, 99
Example 4.2, 100
products
mathematical representation, 100
of noise, 130
terms, 97
time dependence, 92
tolerance, gain, 8
transducer gain, 314
transfer of phase noise from data clock, 256
transformation of impedance by cable, 310
transmission line interconnection, 16
triplexer, 67, 90
troublesome frequency ranges in the LO, 228
summary, 236
two-by-twos, 206
two-port parameters, 9
two-signal IMs in mixer, 176

unilateral modules, 8
bilateral modules
becoming effectively, 33
combined with, 28
simplification with, 15

variance

cable gain, 22

noise figure, 58

Appendix V, 355

variation

in SWRs, 38

phase, due to reflection, 24
waves, normalized, 11

Zy, imaginary component, 45
zero IF
conversion to, 195
Example 7.8, 195



