
JWDD062-Ind JWDD062-Egan September 10, 2007 20:23 Char Count= 0

INDEX

Italic page numbers lead to topics that are available only online.

1minHgen, 121

Acq2, 167

Acqpz, 167

Acquisition of lock, 137

aids, 171

frequency discriminator, 177

logic, 179

parameter modification, 176

phase-frequency detector, 179

sweeping. See Sweep, sweeping

analysis, 149, 153

bias, example, 152

changing loop parameters during,

174

experiments using MATLAB, 167

false lock, 156

first-order loop, 141, 144

noise, in the presence of, 377

range, 155, 157

defined, 138

sine PD, 146

second-order loop

example, 148

formulas, 146

summary table, 167

sine PD, 146

spreadsheets, 167

time, 147, 158, 160

by phase plane, 164

using MATLAB, 167

various PDs, formulas, 168

waveforms during, 140

Added pole, effect

on modulation response, 134

on step response, 108

Additional studies, 415

ADPLL, 204, 229
by pulse addition and removal, 212,

228
ripple control, 228
stability, 228

choice of values, example, 209

example of first-order, 209

higher order loops, 210

hold-in range, 214

sampling, effects on stability, 206

second-order, 228
simulation, 229
SN74LS297, 212

AGC, 319

coherent, 174

effect on optimized loop, 331

loop output variance with, 406

suppression factor, 325

example, 331

with square law detection, 323
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All digital PLL. See ADPLL

alpha (loop parameter), xxiii, 88

initial conditions specified

linear response unaffected, 107, 109
nonlinear response affected, 167

AM sidebands, 273

Amplitude detector, 322

Analog to the PLL, electrical, 23

equivalent circuit

first-order loop, 18

second-order loop, 102

Analysis

classical, 16

Laplace, 21

state space, 103

Z-transform, 208

Answers to problems, xx

Applications, xix, xxiii, 189

Assumption re nature of the noise, 337

Autocorrelation, 279

Automatic gain control, 319. See also
AGC

Automatic sweep circuit, 186

. . . See also Sweep, sweeping

Band-limited noise, 395

Bandwidth

noise, 287

unity gain with high ζ , 67

Bd2ordT1, 86
Bessel functions, modified, 333

Bit synchronizer, 197

Blanchard, Alain, xxi

Block diagram, mathematical, 21, 24

Bn , 288

Bode plot(s), 24, 72

determining noise response from, 252

drawing, 24, 81

example, 83

in MATLAB, 86
tangential approximation, errors in,

85

Broadband noise, 280

CAE, xxii

Capacitor in loop filter, 56

reducing the size of, 54

Carrier recovery, 195

BPSK, 195

loop, 314

noise in, 314

M-phase signals, 196

QPSK, 196

Carrier, tracking. See Tracking carrier

Carson’s rule, 304, 307

Changing loop parameters to lock,

174

ChsPlot, 86
Click noise, 310, 395

with a PLL, 313, 395

Clock recovery, symbol, 227
Clock synchronization, 202

Clock timing control, 200

Closed-loop

equations, 22, 60

first-order loop, 22

second-order loop, 60

third-order loop, 217

sweeping. See Sweep, sweeping

Coherent

AGC, 174

detector, 171, 323

output in noise, 385

Complementary error function, 317

Component noise, example, 260

Correlation between noise samples,

279

Costas loop, 195, 315

bi-phase, 195

N phases, 196, 227
Cycle skipping, 335, 347

due to noise, 335

eccentric signal in noise, 410

effect of α, 353

first-order loop, 347

frequency, band-limited noise, 395

limiter, effect on, 404

mean frequency, 350

mean time, 347

narrow-band noise, 407

observing using NLPhN, 167
probability for a given time, 350

second-order loop

0 < α < 1, 350

α = 0, 348

α = 1, 348

with mistuning, 353

experimental results, 356
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Data synchronization, 197, 203

Data timing control, 200

dB, 25, 251

dBc/Hz, 243

DC gain in loop filter, 49, 52

DDS, 211

Decibels, 25, 251

Decision filter, 181

Decomposition of single sideband, 286

Delay, representing in stability analyses,

80

Delay-and-multiply synchronizer, 200

Delay-locked loop, 202

Demodulator, loop as, 113, 128, 297

. . . See also Frequency demodulator

. . . See also Phase, demodulation

Densities, integrating, 249

Desensitization, 256

example, 256

Detector(s)

amplitude, 322

coherent, 171, 323, 385

linear, 322

phase-frequency, 179

square law, 322

types of, 322

with sweep

full wave, 182

half wave, 182

quadrature, 183

Dielectric absorption in filter capacitors, 57

Diffusion of error probability, 338

Digital PLL (ADPLL), 204

Direct digital synthesizer, 211

Distortion of demodulated FM signal, 299

Division, frequency, 247

DLL, 200

Early-late gate bit synchronizer, 197

Eccentric signal in noise, 407

effect on phase error, 411

simulating, 409

Electrical analog to the PLL, 23, 102

Equivalent circuit

first-order loop, 23

second-order loop, 102

erfc, 317

Error probability, diffusion of, 338

Error response(s), 121

higher-order loops, approximate, 118

modulation, 118

Error, 2π , xxiii

ErTrn..., 109
ErTrn1a, 109
Ev2ordT1, 86
Evans (root locus) plot, 72, 76

in MATLAB, 86
Examples

1.1 Preservation of Units, 7

1.2 Combined Gain, 10

1.3 Hold-In Range, 13

2.1 Transient Response, 19

2.2 Modulation Response, 20

2.3 Modulation Response, 24

3.1 Effect of Current Source Z , 50

5.1 Bode plot(s), 83

6.1 Step Response, 91

6.2 Envelope of Step Response, 94

6.3 Ramp Response, 96

6.4 Response to a Parabolic Input, 100

7.1 Modulation in a Simple Loop, 116

7.2 Use of Table 7.1, 119

7.3 Modulation Response Curves, 126

7.4 Use of Related Modulation

Response Curves, 127

7.5 Frequency Demodulator, 129

8.1 Acquisition formulas, 148

8.2 Pull-In Bias, 152

9.1 Sweeping to Acquire, 184

10.1 First-order ADPLL . . . , 209

10.A.1 Synthesizer Frequency Error,

Third-Order Loop, 222

10.A.2 Synthesizer Phase Error,

Third-Order Loop, 224

11.1 Integrating Noise Density, 239

11.2 Spectral Display of Noise SBs, 244

11.3 Spectral Display of Phase Noise,

245

12.1 Loop Response to Reference Phase

Noise, Standard Plots, 252

12.2 Loop Response to Reference Phase

Noise, Bode Plot, 253

12.3 Loop Response to VCO Phase

Noise, 255

12.4 Desensitization, 256

12.5 Optimum Loop Bandwidth, 258

12.6 Component Noise, 260

12.7 Calibration ... Sine Character, 264
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Examples (Continued )

12.8 Calibration Using Modulation, 265

12.9 Measurement With a PD, 268

13.1 PPSD from . . . Noise PSD, 274

13.2 u1 Due to Additive Noise, 280

13.3 PD Characteristic � by Noise, 285

14.1 Loop Response... Add. Noise, 289

15.1 S/N in a Freq. Discriminator, 308

16.1 AGC Suppression Factor, 331

17.1 Phase Error with Large Noise,

Exact Solution, 340

17.2 Phase Error in Second-Order Loop,

Large Noise, 346

18.1 Effective gain with noise, 361

18.2 Effect of Modulation on Phase

Offset, 365

18.3 Use of Suppression Factors, 368

18.4 Effect of Modulation on Phase

Noise, 372

19.1 Sweep Acquisition in Noise, 387

19.2 False Stop, 389

19.3 False stop and restart, 392

20.1 Frequency Discriminator S/N , 402

Excel, 5, 167

spreadsheets, 167

1minHgen, 121

Acq2, 167

Acqpz, 167

IntFNs, 250

IntPDens, 249

IntPhNs, 249

Extending modulation frequency range, 131

Extensions of theory, 189

ExtrPole, 109

False alarm, probability, 388

False lock, 156, 229
False restart, probability, 389

False stop and restart, example, 392

False stop versus false restart, 390

False stop, probability, example, 389

Files, getting from internet site, 421

Filter, loop

active, 51

capacitors in, 54, 56

DC gain in, 49, 52

driven by current source, xix, 45

equations, form of, 56

higher order, 57

impractical, 55

integrator, 47

integrator-and-lead, 48, 66

lag, 48, 65

lag-lead, 49, 62

low-pass, 48, 65

modification during acquisition, 175

op-amps in, 57

passive, 45

reference voltage, 55

stability, 52

transimpedance, DC, 49

unintended poles, 53

Filtering effect of PLL, 3

Final value, 87

acquisition by sweeping, 383

approaching, 139

special 3rd-order loop, 219

floor, oscillator noise, 274

FM

improvement factor, 304, 306

power spectrum of signal, 242

sidebands, 273

threshold, 314

Fokker-Plank

equation

first-order loop, 337

second-order loop, 339

method, 336

Fractional-N , xix, 228

FreqRsp, 135

Frequency

demodulator, discriminator, 4, 128

acquisition aid, 177

bandwidth set by a filter, 301

example, 129

first-order loop, 305

loop linearity, 307

phase error, 307

S/N

example, 308

narrow-band noise, example, 402

summary table, 308

second-order loop, 306

output at u1, 306

standard, 299

with noise, 310

traditional, 299

division, 190, 247
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mixing, 192

modulation, 4, 111, 130

multiplication, 247

power spectral density, 235

ramp input

optimized loop, 294

response. See Modulation response

step input

optimized loop, 294

synthesis, xix, 4, 190

fractional-N , 228

references, 416

sigma-delta, 228

variance, 237

Frequency Synthesis by Phase Lock, xxi

FRspDorI, 136

gain

combined, 10

example, 10

effect of noise on, example, 361

generalized VCO, 190

loop filter, 10

margin, 73

open-loop, computing, 81

phase detector, 8

suppression, 361

variation

effect on output spectrum, 361

effects on second-order loop, 329

VCO, 10

Generalized VCO, 189

Glossary, xxv

Hangup, 166

Heterodyning, 192. See also Mixer, mixing

Hgeneric, 121

Higher-order loops, 189

approximate response

error, 118

output, 117

estimating response, 60

in ADPLL, 228
MATLAB, responses using, 228
modulation response, 252

stability analysis, 77

High-frequency poles, 152

Hold-in range, 11

ADPLL, 214

defined, 138

example, 13

first-order loop, 146

second-order loop, 168

sine PD, 146

IF filter, 156

Improvement factor, FM, 304

Infinite variances, 240

Initial value of X from C−1, 107

Injection points for signals, various, 117

Integrating noise density

example, 239

formulas, 238

Integrator, 47

Integrator-and-lead filter, 48, 66

Internet site, getting files from, 421

IntFNs, 250

IntPDens, 249

IntPhNs, 249

L , 243

L, 247

Limiter, limiting, 320, 325

by high signal level, 321

effect on cycle skipping, 404

effect on optimized loop, 331

loop output variance with, 406

Limits on the noise spectrum, 240

Linear detector, 322

Lock indicator, 171

Lock-in range. See also seize range

defined, 137

Locking in noise, 280

Log of error, step response

in 2nd-order loop, 92

in special 3rd-order loop, 222

Logic

acquisition aiding, 179

gates as limiters, 321

Long loop, 193

Long-term (steady-state) response, 102

Loop stability, 71

Loop filter, 44. See Filter, loop

Loop(s)

combined PLL and DLL, 204

delay-locked, 200, 202

higher order, xxiii, 4, 189

. . . See also Higher order loops

long, 193
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Loop(s) (Continued )

nonlinear operation in locked, 358

order, 59

parameters

changing to lock, 174

measuring, 134

response, 59, 217

equations, summary, 67

first-order loop, 113

second-order loop, 116

special third-order, 215, 217

to additive noise, 287

example, 289

to reference phase noise

example, 252, 253

to VCO phase noise, example, 255

stability, 71

third-order, special case, 189

type, 59

Magnitude of transfer functions, 120, 226

Margin, gain and phase, 73

Mathematical block diagram, 21, 24

MATLAB R© , xxii, 4, 86, 109, 134, 228,

357, 393, 413

Bode plots, 86
Evans (root locus) plots, 86
function: residue, 103

higher-order responses using, 228
modultaion response using, 134

nonlinear simulation, 167

using scripts, 109, 167

with noise, 357

scripts (programs)

Bd2ordT1, 86
ChsPlot, 86
erdis, 357
ErTrn..., 109
ErTrn1a, 109
Ev2ordT1, 86, 109
ExtrPole, 109
FreqRsp, 135

FRspDorI, 136

LMatPhPn, 109
LMPhPnHz, 109
NB1, 403

NB1bw, 375, 397, 399, 400, 401, 406

NB1bwi, 397, 399, 400, 401, 404,

405

NB1chi, 397, 399, 400, 401

NB2bw, 375

NB2bwi, 375

NLPhN, 357
NLPhP, 167
NLPhx, 167
NLSaw, 167
NqLagLd, 86
NStat1, 343

NStat2, 344, 345, 346, 351, 352

Nyquist, 86
Open2c4, 228
Open2c4x, 228
Open2cls, 228
Ord3spcl, 228
OutTrn. . . , 109
root locus. See Evans above
Sig1i, 370

SigOff2i, 351, 352, 354, 355, 370,

371, 374

Skip1, 347, 348

Skip2(i), 349, 351, 352, 354

SSaddedP, 109
SSstep, 109
step, 109
swpi, 393

Transnts, 109
simulation, xix

of ADPLL, 228
of nonlinear PLL, 167

in noise, 357

Maximum sweep rate

. . . See Sweep, sweeping, speed

Mean frequency of cycle skip, 350

Mean square value, 233

Mean time to skip cycle, 347

Mean value of the cosine, 365

Measurement

of loop parameters, 134

of phase noise, 261

. . . See also Phase, noise, measuring

Minimization under constraint, 296
Mistuning, 138

effect on cycle skipping, 353

Mixer, mixing, 33

analog multiplier, 39

doubly balanced, 38

frequency in generalized VCO, 193

IC, 40
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reciprocal, 256

simple, 34

singly balanced, 35

Modified Bessel functions, 333

Modulation

discrete, table of, 417

in a first-order loop, 115

index, 112

noise. See Noise modulation

phase. See Phase, modulation(s)

processing by PLL, 236

response, 111

higher-order loops, 252

in a first-order loop, 19, 113

example, 20, 24, 116

in a second-order loop, 116

in a special 3rd-order loop, 224

plots, α = 0, 1
� H (�), ζ≤1, 124
� H (�), ζ≥1, 126

|1 − H (�)|, ζ≤1, 123

|1 − H (�)|, ζ≥1, 125

|1 − H (�)|/�, ζ≤1, 128

|H (�)|, ζ≤1, 123

|H (�)|, ζ≥1, 125

|H (�)|�, ζ≤1, 127

plots, various α
� H (�) & � 1 − H (�), ζ=1, 122

|H (�)| & |1 − H (�)|, ζ=1, 122

using curves, example, 126, 127

using MATLAB, 134

small, 245

Modulations and spectrums, 416

Modulator, loop as, 113

Modulator, phase or frequency

extended modulation frequency range,

131

loop as, 128

MPSK, 369

Multiple loops, 260

Multiple noise bands, 412

Multiplication, frequency, 247

Multiplicative modulation, 275

Multiplier, analog, in phase detection, 39

Multiply and divide, 196

Natural frequency, 61

on Bode plot, 63

NCO, 211

NLPhN, 357
NLPhP, 167
NLPhx, 167
NLSaw, 167
Noise, 280

additive, 271

decomposition of, 271

experimental results, 335, 341, 345,

351, 356

large, 335

summary of effects, 356

loop response to, example, 346

no lock to, 280

PPSD from, 274

example, 274

representation

as AM, 275

as multiplicative modulation, 275

as PM, 273

on quadrature carriers, 275

restrictions on, 277

simulation, 342

tracking signals in, 282

assumptions regarding, 337

at the phase detector output, 276

band(s), 407

general shape, 412

signal centered, 395

multiple, 412

signal not centered, 407

band-limited, 395

bandwidth, 287

carrier recovery loop, 314

first-order loop, 288

net, 398

RF input, 398

second-order loop, 290

video equivalent, 396

broadband, 280

component, example, 260

correlation between samples, 279

eccentric

simulating, 409

formulas for integrating curves, 238

frequency synthesizer response, 192

in standard discriminator, 310

injected at various points, 260

large amounts, xix

models, restrictions on, 277
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Noise (Continued )

modulation

processing by the PLL, 236

table of, 420

narrowband, xx

narrowband symmetrical, summary, 407

nonlinear loop operation due to, 358

parameter variation due to, 319

phase modulation by, 233

power from

frequency demodulator, 303

first-order loop, 305

second-order loop, 307

phase demodulator, 299

power spectral density, 235, 272

resistor, 260

simulation, 342

source, single or dual, 280

u1 due to, example, 280

Nonlinear operation in a locked loop, 358

Nonlinear simulation, 166

with noise, 342

NqLagLd, 86
Numerically controlled oscillator, 211

Nyquist

diagram, 72, 74

plots in MATLAB, 86

OA, 211

Observing the open-loop response, 71

Offset

component, effect on pull-in, 164

phase, effect of modulation, example, 365

Op-amp, 51

considerations, 52

current feedback, 57

differential response, 57
in loop filters, 57

non-inverting input, 57
voltage feedback, 57

Open2c4, 228
Open2c4x, 228
Open2cls, 228
Open-loop

equations, 62

in terms of closed-loop param., 103

gain, computing, 81

phase, computing, 81

responce, observing, 71

transfer function

integrator-and-lead filter, 66

lag filter, 65

lag-lead filter, 62

Operating range, 11

Optimization in the Presence of Noise, 291

simplified formula, 296
Optimized loop

effects of AGC or limiter on, 331

frequency ramp, 294

frequency step, 294

phase step, 293

Optimum loop bandwidth, 258

example, 258

with input and VCO noise, 257

Order of loop, 59

Oscillator, 41

ring, 44

spectrums, typical, 238

Other responses, 100

Out of lock, 3

Output

accumulator, 205, 211

responses, 117, 121

spectrum, effect of gain change

due to noise, 361

OutTrn. . . , 109

Parabolic input, response to

first-order loop, 27

plots. See Transient, response, plots

second-order loop, 98

example, 100

Parameter(s)

in graphs labels, 365

modifications, 176

nominal design, 365

variation due to noise, 319

Phase

definitions, 6

demodulation, 4, 130, 297

distortion, 299

with linear PD characteristic, 300

with sinusoidal PD charactistic, 299

detector, 8, 29

characteristic change by noise, 283

example, 285

charge pump, 31

exclusive-OR, 30
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flip-flop, 29

noise response of various types,

281

output u1, 360

phase-frequency, 179

sinusoidal, 33

mixer. See Mixer

detector, 29

error, peak, in frequency demod., 307

-frequency detector, 179

-locked loop

basic, 15

higher order, 189

second-order, 59

special third-order, 189

with noise, 231, 413

without noise, 3, 229

margin, 73

versus damping factor, 86

modulation, 4, 111, 131

by noise, 233

effect on carrier tracking, 368

nonlinearity due to, 363, 368

offset, effect on, example, 365

sidebands, 273

symbols for, 358

with VCO noise, 369

noise

effect of modulation, example, 372

gain, effect on, example, 361

harmful in radio receivers, 255

in multiple loops, 260

measuring, 261

calibration, 263

modulation, 265

example, 265

with a sinusoidal characteristic,

264

example, 264

using freq. discriminator, 269

using phase detector, 263, 268

example, 268

using receiver, 270

using spectrum analyzer, 270

optimum loop bandwidth for, 257

example, 258

processing of

reference, 251

VCO, 254

example, 255

superposition of, 256

offset

due to eccentric signal in noise,

411

effect of suppression on, 372

open-loop, computing, 81

plane, 161

using MATLAB, 109, 167

power spectral density, 235

effective input, 274, 364

from additive noise, 273

example, 274

other representations, 248

supperposition of, 256

two-sided, 248

probability with noise

. . . See also Fokker-Plank

diffusion of, 350

from MATLAB script, 357
second-order loop

example, 340, 346

experimental results, 341

simulations, 357
theory, Fokker-Plank method, 336

reversals, 26

statistics, gathering, 357
step, optimized loop for, 293

variance, 237

loop output, band-limited noise, 403,

407

loop output, eccentric noise, 411

loop with integrator & lead filter,

365

spreadsheet to compute, 249

with additive noise, 365

with suppression, 366

α = 0, 366

α ≈1, 367

first-order loop, 366

Phase of transfer functions, 120, 226

PM. See Phase, modulation

power spectral density, 234, 235

Power spectrum

of FM signal, 242

shape, 246

“Powers”, 233

PPSD, 235

. . . See Phase power spectral density
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Preface

to the first edition, xxi

to the second edition, xix

Probability

density, 233

of false restart, 389

of false stop, 388

example, 389

of false stop and restart, example, 392

of phase versus phase error, 339

that a cycle will be skipped, 350

Problems, xx

answers to, xx

Processing of reference phase noise, 251

Pseudorandom bit sequence, synch to, 198

Pull-in. See also Acquisition

range defined, 138

Pull-out range, 164

Pulse addition and removal, 212

QPSK, 301

quadricorrelator, 177

Quasi-linearization method, 361

basics, 363

Ramp, response to

first-order loop, 26

plots. See Transient, response, plots

second-order loop, 96

example, 96

special third-order loop, 221

Range

acquisition

. . . See Acquisition of lock, range

hold-in. See Hold-in range

operating, 11

pull-out, 164

synchronization. See Hold-in range

Reciprocal mixing, 256

Recovery, carrier, 195

. . . See also Carrier recovery

References, 423

residue, 103

Resistor noise, 260

Response

approximate, 60

modulation. See Modulation, response

open-loop, observing, 71

parabolic. See Parabolic input, response

ramp. See Ramp, response to

second-order loop, summary, 68

transient. See Transient response

Restrictions on the noise models,

277

Ripple control in ADPLL, 228
Root locus, 76

S/N. See Signal-to-noise ratio

. . . See also Phase, variance

Sampling, effect on stability

and nonlinear simulation, 166

in ADPLL, 206

in frequency synthesizer, 191

Saturation, component, 165

Script L, 247

Scripts

MATLAB. See MATLAB, scripts

Seize range

defined, 137

second-order loop, 168

formulas, 146, 148

summary table, 168

sine PD, 146

separatrix, 162, 166

S f , 239

Sigma-delta, xix, 228

Signal-to-noise ratio, 298

“in the loop”, 290

. . . See also Phase, variance

frequency discriminator

example, 308

table, 308

in the loop bandwidth, 290

limiter, 325, 327

Simulation, nonlinear, 166, 228

approximate method, 167
sampling and, 166

with noise, 357

Single sideband

decomposition of, 286

Single-sideband

density, 243

power spectral density, 243

SN74LS297, 212, 228
Special-case third-order loop, 215

Spectral density

frequency power, 235

noise power, 272
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phase power, 235

power, 235

Spectral display

of noise sidebands, example, 244

of phase noise, example, 245

Spectral shape of power spectrum, 246

Spectrum, 240

Spectrum(s)

analyzer, 262

measuring noise with, 244

and modulations, 416

FM signal, 242

for small m, 242

loop output, change due to noise,

361

noise, limits on, 240

oscillator, typical, 238

Spreadsheet. See Excel, spreadsheets

Square-law detection, 323

Square-law detector, 322

Squaring loss, 315

SSaddedP, 109
SSstep, 109
Stability

analysis methods, 72

Bode plot(s). See Bode plot

delay, representing, 80

effect of sampling on, 191, 206

first-order loop, 77

in ADPLL, 206, 228
MATLAB, using to analyze, 86
measures of, 73

Nyquist plot. See Nyquist

of frequency synthesizer, 191

of the loop, 71

over wide gain ranges, 79

root-locus. See Evans (root locus) plot

second-order loop, 77

third-order loop, 77

conditionally stable, 86
various PLL configurations, 76

Standard discriminator with noise, 310

State

of the system, 104

space

analysis, 103

approximate solution, 108

initial conditions, 107

MATLAB, using, 109

method, xxiii

output, 106

vector equation, 105

step, 109

Step response, 87

effect of added pole, 108

envelope, 92

example, 91

first-order loop, 18, 26

example, 19

log of error, 2nd-order loop, 94

second-order loop, 89

example, 91

special 3rd order loop, 220

Superposition of phase noise, 256

Suppression factor, 322

AGC, 325

plot, 328

due to

additive noise, 364, 365

modulation, 363

biphase, 368

Gaussian, 369

sinusoidal, 369

phase noise, 363

PM plus additive noise, 369

effect on phase variance, 366

limiter, 327

plot, 328

phase offset, 364

summary, 375

total, 364

types that affect effective noise, 364

use of, example, 368

Sweep, sweeping, 180

circuit, 185

automatic, 186

switched current, 185

closed-loop, 180

combined techniques, 185

comparison, closed-, open-loop, 183,

187

in noise

acquisition, example, 387

with coherent detector

acquisition probability, 386

false restart, 389

false stop, 388

false stop and restart, example, 392
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Sweep, sweeping (Continued )

false stop versus false restart, 390

output reduction, 385

open-loop, 181

speed, xx

closed loop, 180

with noise, 377

determining success, 382

maximum, 377

mistuning, effect of, 380

optimum parameters, 383

open vs. closed loop, 187

open-loop, 183

stop probability

closed loop, 181

in noise, 377

with coherent detector, 386

open loop, 183

to acquire lock, example, 184

Sy( f ), 235

Symbol clock recovery, 227
Symbols, list of, xxv

Synchronization range, 11

. . . See also Hold-in range

defined, 138

Synchronization, synchronizer

data, 197

delay-and-multiply, 200

early-late gate, 197

to pseudorandom sequence, 198

Synthesizer, frequency, 190

Sϕ , 236

Table 2.1 Summary of First-Order Loop

Transient Responses, 27

Table 4.1 Summary of Second-Order Loop

Equations, 68

Table 7.1 Transfer Functions Between Loop

Variables, 119

Table 8.A.1 Acquisition Formulas, 168

Table 9.1 Lock Probability vs. Sweep Speed,

181

Table 15.1 Frequency Discriminator

Characteristics, 309

Table 21.A.1 Discrete Modulations, 417

Table 21.A.2 Noise Modulations, 420

telecommunications, 4

Third-order loop, special case, 189, 215–27

Time

pull-in, second-order loop, 147, 158–61

by phase plane, 164

transient, first-order loop, 143

Timing

adjustment with PLL, xix

control, clock and data, 200

Tracking

carrier

with modulation and noise, 369

with phase modulation, 368

signals in additive noise, 282

Transfer function

ADPLL, 213, 228
first-order loop, 23

second-order loop, 59, 116

special third-order loop, 217

magnitude and phase, 226

Transient response

first-order loop, 17

example, 19

frequency synthesizer, 191

MATLAB, using, 109
parabola. See Parabolic input, response

plots for second-order loops

error, parabola input

α = 1 vs. ωnt , 99

ζ = 0.5, 2 vs. ωnt , 100

error, ramp input

ζ > 1, α = 0, vs. ωnt , 97

ζ > 1, α = 1, vs. ωnt , 98

ζ ≤ 1, α = 0, 1, vs. ωnt , 97

error, step input

log, ζ > 1 vs. ωnt , 95

log, ζ ≤ 1, α = 0, 1, vs. ωnt , 95

ζ < 1, α = 0, 1, vs. ωnt , 93

ζ ≥ 1, α = 0, 1, vs. ω′
L t , 94

ζ ≥ 1, α = 0, 1, vs. ωnt , 92

output, step input

ζ = 1, vs. ωnt , 90

units, note on, 101

ramp. See Ramp, response to

second-order loop, 87

special third-order loop

final values, 219

ramp, 221

step, 220

synthesizer, 215

example, 222, 224

step. See Step response
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Transient time, first-order loop, 143

transimpedance, 45

Transnts, 109
Transportation lag, 80

Triple roots, special 3rd order loop,

220

Two-sided phase PSD, 248

Type (loop), 59

Typical oscillator spectrums, 238

Units

and the Laplace variable s, 13

preservation of, example, 7

radian vs cycles, 303

rule for handling, 13

Unity-Gain Bandwidth with high ζ , 67

Values in terms of α, ζ , and ωn , 167

Variance, 233

frequency, 237

phase. See Phase, variance

spreadsheet to integrate power, 249

VCO, 3, 41

generalized, 189

phase noise, processing of, 254

example, 255

Video filter, 299, 304

Weiner filter, 296
wireless, 4

Z-transform, 208


