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A
abstol, 23, 24, 25, 36, 37,
178, 200, 205, 207,
225, 335
AC analyses, 51-128
applications, 67-119
noise analysis, 57
practice, 54-67
SP analysis, 56
theory, 53-54
XF analysis, 55
AC analysis, 54
differential amplifiers, 113
feedback, 67
noise, 57
non-quiescent operating
point, 113
versus bias, 106, 108
ADC
oversampled, 160, 303
admittance
large signal, 312
aliasing, 263, 266, 271
SPICE, 280
allbrkpts, 190
allglobal, see relref
alllocal, see relref
almost-periodic Fourier
transform, 264
amplifier

differential, 113
distributed, 203
feedback, 67
breaking loop, 73, 76
configurations, 69
ideal circuits, 68, 73
non-ideal circuits, 84
open-loop gain, 79
parameters, 73
series series, 71, 93
series shunt, 69, 97
shunt series, 72, 102
shunt shunt, 70, 87
low-distortion, 299
narrow-band, 316
slew-rate limiting, 113
transconductance, 106
traveling wave, 203
analog-digital converter
oversampled, 160, 303
APFT, 264
approx, 276, 343
artificial damping, 147, 219
autonomous, 189n
circuits, 268, 289
distortion, 310
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B

backward Euler, 38, 132, 133,
166, 196, 208
damping, 147
delay, 156
SPICE, 208
s — z domain map, 140
backward-difference formula,
see Gear’s method
balun, 113
BDF, see Gear’s method
bifurcation
homotopy, 32
BJT noise, 60
break point, 133, 155, 156,
189, 189, 218, 222,
288-290
transmission line, 191
bypass
device, 194, 276, 281, 288
Fourier analysis, 276, 281,
288

C

capacitor
current, 150, 152
junction, 108
negative, 231
cavity oscillator, 310
charge
as state variable, 182, 287
conservation, 167-176,
178, 182, 200, 225
convergence criteria,
167
charge-storage circuits, 160,
167, 224

check, 347
check statement, 47
chgtol, 179, 182, 339
clock distribution networks,
234
clocked analog circuits, 238
distortion, 313
closed-loop gain, 69
cmin, 202, 350
common-mode gain, 117
feedback parameter
measurement, 75
component
models, 359
compression point, 253
conservative, see errpreset
continuation method, see
homotopy
convergence
bypass, 195
criteria, 22, 19-23, 41,
184, 186
charge conservation,
167
Fourier analysis, 276
truncation error, 178,
182
false, 21
floating nodes, 25
force, 28
gmin, 26
guaranteed, 18
homotopy, 30
initial conditions, 198
large circuits, 45
large floating capacitors,
205
loops of shorts, 25
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macromodels, 227
nodeset, 28
remedies
DC analysis, 35
transient analysis, 206
small floating resistors, 24
topology checker, 26
transient analysis, 201
cmin, 202
troubled netlist, 24
using transient analysis,

38, 207
crystal oscillator, 310
current
errpreset, 237
step, 237

capacitor, 152
Fourier analysis, 278
Gear overshoot, 155
loop gain, 77
measurements, 235
noise source, 64

D

damped pseudo-transient, 30
damping
artificial, 147
distribution networks,
234
unstable circuits, 217, 219
DC analysis, 15-50
applications, 42—49
convergence, 23-35
using transient analysis,
207
practice, 35-42
theory, 1623
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delay
backward Euler, 156
AY. modulator, 160
noise and distortion, 303
demodulation
AM, 241
FM, 242
sampling, 321
strobing, 241
synchronous detection,
317
detection, see demodulation
device bypass, 194, 276, 281,
288
DFT, see discrete Fourier
transform
diagnose, 36, 343
differential amplifiers, 113
differential-mode gain, 117
diode
model, 12
noise, 60
discrete Fourier transform,
265, 266
aliasing, 266, 271
external, 289
FFT, 267, 272, 289
windows, 290
amplitude resolution,
298
frequency resolution,
298
distortion
analysis, 251
clocked analog circuits,
313
compression point, 253
harmonic, 252, 316
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intercept point, 254
intermodulation, 252,
316, 329
demodulation, 317, 321
mixer, 328, 329
narrow-band circuits, 252,
316
oscillator, 310
pulse-width modulator,
308
> A modulator, 303
wide-band circuits, 251
distributed amplifier, 203
distributed components, 111,
191
distribution networks, 234
dptran, 30
dskip, 276

E

end, 361
ends, 361
equilibrium point, 15, 16, 166,
209, 347
multiple, 17
unstable, 17, 209, 219
errpreset, 187, 200, 227, 351
current measurements,
237

extremes, see info statement

F

1/f noise, 59

false convergence, 21

fast Fourier transform, see
discrete Fourier

transform
feedback, 67-106
breaking loop, 73, 76
configurations, 69
factor, 69
ideal circuits, 68, 73
series series, 71
series shunt, 69
shunt series, 72
shunt shunt, 70
non-ideal circuits, 84
series series, 93
series shunt, 97
shunt series, 102
shunt shunt, 87
open-loop gain, 79
parameters, 73
FFT, see discrete Fourier
transform
filter
band-pass
distortion, 316
low loss, 147
FIR filters, 264
first character, 360
flicker noise, 59
folds
homotopy, 32
force, 28, 29, 347
versus nodesets, 29
force, 347
forward Euler, 132
s — z domain map, 144
unstable, 135
Fourier analysis, 251-334
amplitude resolution, 298
applications, 299-332
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clocked analog circuits,
313
current, 278
error mechanisms, 267
aliasing, 266, 271, 280
bypass, 194, 276, 281,
288
inaccurate period, 267,
311
interpolation, 272, 279,
281, 286, 287
nulls, 331
simulator noise, 276
SPICE, 279
transients, 268, 310
external, 289
frequency resolution, 298
intermodulation
distortion, 252
demodulation, 317, 321
large-signal transfer
functions, 312
low-distortion amplifier,
299
mixer, 328
narrow-band circuit, 316
oscillators, 268, 289, 310,
312
practice, 267-299
pulse-width modulator,
308
> A modulator, 303
Spectre, 282
SPICE, 278
switched-filter, 313
THD, 252, 299
theory, 257-267
windows, 290
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Fourier integral, 258, 283
aliasing, 272, 282
pulse-width modulator,

309

Fourier series, 258

frequency
fundamental, 263, 265,

317
response, 53
translation, 66

G
G-parameters, 99, 102
gain
large signal, 312
open, closed, and loop,
67, 69
Gear’s method, 132
damping, 147, 246
overshoot, 155
s — z domain map, 141
unstable, 150
global, 363
global truncation error, 160
gmin, 24, 26, 37, 39, 226, 336,
343
automatic installation, 28
gmin stepping, 32, 33
gmin stepping, 30

H

H-parameters, 97, 105
harmonic distortion, 252, 316
clocked analog circuits,
313
compression point, 253
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intercept point, 254
low distortion amplifier,
299
mixer, 328
oscillator, 310
hierarchical circuit
description, 361
homotopy, 343, 348
homotopy method, 29

|
iabstol, 23, 24, 25, 36, 37,
207, 344
ic, 351
IMD, see intermodulation
distortion
immittance, 67n, 312n
impedance
large signal, 312
inductor
negative, 231
voltage, 150, 152
info statement, 45, 209
initial condition, 11, 195, 347
Spectre, 199
SPICE, 196
starting oscillators, 210
uic, 196
versus nodesets, 199
input, see info statement
input impedance
differential- and
common-mode, 117
input-referred noise, 62
integration methods, 131-157
artificial damping, 147
characteristics, 133

delay, 156
overshoot, 155
ringing, 150, 155
stiff circuits, 134
s — z domain map, 139
integrator
truncation error, 161
intercept point, 254
intermodulation distortion,
252, 316
compression point, 253
demodulation, 317, 321
intercept point, 254
mixer, 328
narrow-band circuit, 316
interpolation error
Fourier analysis, 272, 279,
281, 286, 287
iteration-count time-step
control, 179
itl1, 36, 338
itl2, 36, 338
it13, 339
it14, 206, 339
it15, 340
itlé, 36, 339

J

Jacobian
singular, 25, 205
JFET noise, 60
Johnson noise, 59
junction
capacitance, 108
model, 12
noise, 60
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K

Kirchhoff’s laws, 9

L
lang, 358
language
first character, 360
model statements, 359
subcircuit call, 361
subcircuit definition, 361
large circuits, 45, 234
large-signal transfer functions,
312
liberal, see errpreset
limit, 344
limpts, 336
local truncation error, 160,
166, 180
threshold criterion, 177,
180
loop gain, 69
current, 77
voltage, 77
low-loss resonators, 147
LTE, see local truncation
error
lteratio, 181, 187, 207, 225,
351
lvltim, 177, 179, 340

M

macromodels, 227
macromodels, 344
matrix

singular, 25, 205
maxiters, 206, 348, 352
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maxord, 340
maxstep, 178, 187, 200, 201,
276, 280282, 289,
298, 332, 352
maxsteps, 348
method, 187, 188, 341, 352
Middlebrook, 77
mixer, 329
noise, 66
model, 360
model statements, 359
moderate, see errpreset
modified nodal analysis, 11
modulator
pulse-width, 308
A, 160, 303
MOSFET noise, 61
mu, 208

N

negative capacitors, inductors,
resistors, 231
Newton’s method, 18
nodal analysis, 11
node force, 29
nodeset, 28
nodesets
versus force, 29
versus initial conditions,
199
noise
BJT, 60
differential- and
common-mode, 119
diode, 60
1/f, 59
flicker, 59
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input referred, 62, 119
JFET, 60
Johnson, 59
junction, 60
mixer, 66
MOSFET, 61
Nyquist, 59
oscillator, 66
phase, 67
pink, 59
red, 59
resistor, 59
shot, 59
> A modulator, 303
simulator
bypass, 194, 276, 281,
288
Fourier analysis error
mechanism, 276
source, 64
spot, 59
switched-filter, 66
thermal, 57
total, 61
white, 59
noise analysis, 57
limitations, 66
noise density, 59
noise factor and figure, 62
nonconvergence, see
convergence
nonperiodicity, 268
Nyquist
frequency, 272
noise, 59
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0)

opamps, 79
open-loop gain, 79
operating point, 15, 51, 55
oppoint, see info statement
opptcheck, 345
oscillation, see ringing
oscillator, 160, 209-218
cavity, crystal, 310
DC solution, 17, 35, 38,
39, 166, 208
distortion, 310
emitter-coupled pair, 211
Fourier analysis, 268, 289,
312
high-Q, 147
in large circuit, 235
noise, 66
relaxation, 182, 189, 202,
218
ring, 39, 210
starting, 200, 210
truncation error, 161
unexpected, 235
output, see info statement
output impedance, 55
differential- and
common-mode, 117
oversampled ADC, 160, 303
overshoot
current, 155
Gear’s method, 155

P

parameters
subcircuit, 363
parameters, 361
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periodic, 258
phase noise, 67
phasors, 53
pink noise, 59
pivabs, 345
pivotdc, 346
pivrel, 336, 346
pivtol, 337
pointlocal, see relref
power distribution networks,
234
power measurements, 238
power supply rejection, 55
differential- and
common-mode, 117
pseudo-transient analysis, 30
pulse-width modulator
distortion, 308

Q

Q or quality factor
high-Q resonators, 147
quasi-fundamental frequency,
265, 317
quasiperiodic, 263
demodulation, 317

R

readforce, 348
readic, 353

readns, 349, 353

red noise, 59

relaxation oscillator, see

oscillator, relaxation
relref, 187, 354
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reltol, 22, 41, 166, 177, 181,
187, 200, 207, 225,
337, 346
affect on Fourier analysis,
276
resistor
negative, 231
noise, 59
noiseless, 64
resonators, 147
restart, 37, 349, 355
rforce, 27, 346
right-hand plane zero, 79, 233
ringing
artificial damping
distribution networks,
234
trapezoidal, 150, 155
rmin, 25

S

S-parameters, see scattering
parameters
sampling
aliasing, 266, 271
demodulation, 321
strobing, 238
scattering parameters
analysis, 56
large signal, 312
Schmitt trigger, 202
series-series feedback, 71, 93
series-shunt feedback, 69, 97
shot noise, 59
shunt-series feedback, 72, 102
shunt-shunt feedback, 70, 87
sigglobal, see relref
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> A modulator, 160
noise and distortion, 303
simulator statement, 358
singular matrix or Jacobian,
25, 205
gmin, 40
sinusoidal circuits, 226
skipdc, 208, 355
slew-rate limiting, 113
source stepping, 30, 32, 33,
339
SP analysis, 56
spectral leakage, 263, 268
spectral noise density, 59
Spectre
Fourier analysis, 282
initial condition, 199
language
first character, 360
model statements, 359
subcircuit call, 361
subcircuit definition,
361
options, 342
time-step control, 180
SPICE
Fourier analysis, 278
initial condition, 196
language
first character, 360
options, 335
time-step control, 177
iteration count, 179
spot noise, 59
stability, 51, 219
Gear methods, 134
preservation versus
integration method,
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147
time-step constraint, 135
trapezoidal rule, 141
state file, 348-350, 353, 356
statements
global, 363
models, 359
parameters, 361
subckt, 361
step, 355
current measurements,
237
stiff circuits, 134
strobing, 238
demodulation, 241
subcircuit
definition nesting, 363
instance nesting, 363
subcircuit parameters, 363
subcircuits
call, 361
definition, 361
parameter expressions,
363
parameterized, 363
subckt, 361
switched-filter, 118, 160, 167,
224, 238
distortion, 313
noise, 66
symmetry
continuation methods, 32
synchronous detection, 317

T
TDR analysis, 56
THD, see harmonic distortion
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thermal noise, 57
time-domain reflectometry, 56
Tinax, 341
Thhax, See maxstep
total harmonic distortion, see
harmonic distortion
total noise, 61
transfer function, 53, 55
large-signal, 312
transient analysis, 129-249
applications, 207-246
computing DC operating
point, 207
convergence, 201
oscillator, 209
practice, 177-207
sensitivity of circuit to
error, 160
theory, 130-157
transmission line
break point, 191
Thnax, 341
trapezoidal rule, 132
ringing, 150, 152, 155
stiff circuits, 134
s — z domain map, 141
traveling-wave amplifier, 203
trtol, 166, 178, 181, 207,
225, 342
truncation error, 160
sensitivity of circuit to
error, 160
Titep, 341
Fourier analysis, 280
2 ports, 84
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U
uic, 196, 342
undersampling, 226
unstable
circuits, 219
equilibrium point, 219
Gear methods, 134

\

vabstol, 22, 37, 181, 182, 347
vector detection, 317, 321
vntol, 22, 37, 200, 338
voltage
as state variable, 182, 287
inductor, 152, see
current, capacitor
loop gain, 77
noise source, 64

w

white noise, 59

window functions, 290
amplitude resolution, 298
frequency resolution, 298

write, 350, 356

writefinal, 350, 356

X

XF analysis, 55

Y

Y -parameters, 87, 96
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Y4

Z-parameters, 90, 94
z-transform
backward Euler, 140
forward Fuler, 144
Gear’s method, 141
trapezoidal rule, 141
ZEro
right-hand plane, 233
zero, right-hand plane, 79
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