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.m, Matlab script suffix, 197

=PLL=, 542

÷N, 40

1minHgen, 292

2p errors, 7

4044 Charge-Pump PFD, operation, 233

Accumulator, 15

in fractional-N, adding:

second, 379, 384

more, 385 

Acquisition:

aid, 445

changing loop parameters to, 451

modifying loop-filter, figure, 452

charge-pump PFD:

see Phase-frequency detector

anomalous behaviour, 455

devices, types of, 445

frequency discriminator as, 445

improved sine PD, 484

PFD, see Phase-frequency detector

search oscillator, 448

speed-up circuits, 476

used with sample-and-hold PD, 465

divider holding, 465

PFD, 473

phase range limit, 468

aiding: 

voltage from charge pump, 454

logic, 451

first-order loop, 410

initial conditions in, 409

lock, false see False lock

of lock, general process, 408

lock-in, see Lock-in

natural, 399

overload by PD pulses during, 455

pull in:

general PD characteristic, 418

PD offset, with, 419

process, 420

range, 409

PDs compared, example, 416

sine PD, second-order loop, 412

related to gain plot, figure, 413

sawtooth phase-detector, 415

second-order loop, example, 413

summary, 409

time, 409

for sawtooth PD, figure, 417

triangular PD, 414

range(s):

frequency, 409

important, 409

seize, 409

second-order loop, 411

sign reversal in mixer, effect on, 484

simple loop, 400

details, appendix, 441

simulating, 519, 556

speed-up, see Speed-up

testing, 436

time: 

frequency, 409

seize, 409

settling, 409

Aliased input terms, 335

Allan variance, 499

from phase power spectral density, 500

Alpha (parameter), 256

AM, 72

representation, 72

to PM conversion, 5, 77

example, 75

in a divider, figure, 88

Amplifiers, gates biased as, 168

Amplitude modulation, see AM

Analytic signal, 2

Architectures, 343

combinations of techniques, 29

Digiphase, see Digiphase

divide and sum, 353

double conversion in synthesizer, 344

fractional-N, see Fractional-N synthesis

with heterodyning, 351

multiple loops, 353

reduction in noise with, 356

multiplying output frequency, 352

constant step size while, 352

offset reference, see Offset reference

summing, difficulty in, 355

Astable multivibrator, 36

Asynchronous dividers, 142

Attenuation, filter:

Butterworth, 55

multiple-order-pole, 55

Balanced mixer, 4

see also under phase detector

Bd2ordT1.m, 516

BdT1o3.m, 312, 340, 428, 516

Bode plots generated by, figure, 281

BdT1o3sb.m, 329, 340, 516

BdT1o4.m, 516

Bode plot, 48

example, 49

with sampling, example, 310

Bumpy graph, comments on, 516

BWOs, 39

Bypassing, 493

c2d(), 274

CAE, 515

accuracy, 561

closed-loop response, 547

comparison of program types, 563

computation methods, 561

noise levels, 547

open-loop response, 547

PLL, 542

=PLL=, 542

programs, 541

transient response, 556

Cancellation:

of fractional-N spurs, 374

with higher order fractional-N, 389

Charge pump:

analog, avoiding, 211

dual, for speed-up, 477

circuit, 200

crossover distortion, 203, 233

improved performance, 208

measured, 205

dead zone, moving out of, 209

effective hold, see Effective hold

filtering:

with integrating filter, 214

with low-pass filter, 218

imbalance in output pulses, 222

output characteristic, figure, 199

phase detector, linear operation, 197

improved performance claims, 236

equivalence of various, 236

gain, 201

logic implementation, 198

appendix, 233

z-transform analysis, 315

pulse overload in acquisition, 455

realization, 201

without op-amp, 200

Closed-loop:

poles:

2nd order loop, 50

z-plane, 313-321

transfer function:

from f1, 50

from fref, 49

Coarse tuning, 26, 58

low noise, 480

Comb of frequencies, 13

Combining loops, filtering, 31, 32

Component noise, 114

Component offsets, effects of, 418

Computer aided:

state-space solutions, 274

engineering, see CAE

Constant-gain response, simple loop, 403

Constant-pulse-width discriminator, 4

Contaminating signals, 72

Contamination 

of the IF, 80

example, 82

prevention, 492

Conversion:

frequency, 40

IF filter to low-pass filter, 349

sine to logic levels, 168

Crossover distortion, 

	see Charge pump, crossover distortion

Current injection for speed-up, 477

D flip-flop, 140

DAC, 26, 58, 62

error in DDS, 17

noise, avoiding, 480

Damping, 51

factor, 250

example, 52

from Bode plot, 251

example, 253

with low pass filter, 50

overshoot versus, 258

dB, 7

DDS, 15

memory reduction in, 17

round-off, noise due to, 17

Dead zone, moving out of, 209

Decibels, 7

Decomposition of single sideband, 75

Deconv(), 519

Deconvolve, 519

Delay-line oscillators, 99

Delay(s):

effect on spectral purity, 21

in logic, accounting for, example, 144

representing, 309

Desensitization, by LO noise, 110

Digiphase, 372

see also Fractional-N synthesis

sideband level, 376

Direct digital synthesizer (DDS), 14

block diagram, 15

example, 17

Digital-to-analog converter, see DAC

Direct (analog) synthesizer, 14, 19

block diagrams, 20, 22

example of, 19

Discriminator, frequency, 3

see also Quadricorrelator

using a delay line, 510

Divide-and-sum architecture, 353

Divide-by-N, 40

Divider, frequency 13, 40

arithmetic:

computing minimum ratios, 393

example, 163, 164

digital, 14, 139

asynchronous, 142

synchronous, 142

offset:

example, 165

with pulse swallow, example, 166

other than binary, 162

prescalers, 153

preset flip-flop (PFF), 148

presets, example, 151

presettable, 146

presetting and offsetting, 163

pulse swallower, see Pulse swallower(s)

ratio:

during transient after change, 58

effect on sidband level, 229

minimizing, 344

optimum, 344

output response to change in, 258

regenerative divider, 13

sampling effects, 91

Double conversion within loop, 344

Download files, 566

Dual:

charge pumps for speed-up, 477

sampling rates for speed-up, 476

Dynamic range with IF, 351

ECL:

interfacing with, 170

to TTL translation, 170

Edge-triggered JK flip-flop, 230

EFF in flow diagram, 527

Effective hold, CP PD, 312, 326

mathematical basis, 338

appendix, 337

graphical view, 338

Efficiency factor, 307

Equivalent circuit for synthesizer loop:

first order loop, 46

second-order loop, 254

example, 254

Error, 2p, 7

Evans plot:

loop with low-pass filter, figure, 51

from MATLAB scripts, 515

2nd-order loop, 50

in z plane, 313

loop with low pass, 317

type-2 second-order loop, 319

type-2 third-order loop, 320

EvZord3.m, 341, 518

Examples:

1.1 Use of transfer functions, 5

1.2 Use of spur chart, 11

1.3 Digital synthesizer, 17

2.1 FM sidebands, 41

2.2 Bode plot, 49

2.3 Second-order loop, 52

2.4 Optimum filter choice, 55

2.5 Response time, simple loop, 61

2.A.1 Linearizer, 67

3.1 Modulation, 75

3.2 Single-sideband decomposition, 77

3.3 Contamination by LO spurs, 83

3.4 Sidebands after multiplication, 86

3.5 Sidebands after division, 88

3.6 Sidebands aliased in divider, 93

3.7 External noise, oscillator effect, 99

3.8 Noise density at PD output, 103

3.9 Oscillator spectrum, 107

3.10 Loop response to noise, 132

3.A.1 Vibration of oscillator, 135

4.1 Logic delays, accounting for, 144

4.2 Divider presets, 151

4.3 Frequency limit of logic, 152

4.4 Pulse swallowers in series, 160

4.5 Divider arithmetic, 164

4.6 Divider offset, 165

4.7 Offset with pulse swallow, 166

5.1 Sideband attenuation, 184

5.2 Sidebands with S&H PD, 193

5.3 Sidebands with charge pump, 217

6.1 Natural frequency, geometry, 253

6.2 Damping from Bode plot, 253

6.3 Equivalent circuit, 254

6.4 Phase margin, third-order loop, 264

6.5 Effect of loop on phase noise, 266

6.6 Transient, special third order, 268

7.1 Bode plot with sampling, 309

7.2 Sampling, effect on loop, 323

8.1 Spurious from heterodyning, 346

8.2 Miscounts due to spurs, 348

8.3 Low-pass equivalent to IF filter, 351

8.4 Offset reference, 367

8.5 Fractional-N phase noise, 388

8.6 Fractional-N truncation noise, 390

9.1 Finite-amplitude oscillation, 405

9.2 Lock-in Time, 410

9.3 Acquisition, sinusoidal PD, 412

9.4 Pull-in, various PDs, 416

9.5 False lock due to phase shift, 425

9.6  False lock due to sampling, 428

11.1 Phase deviation from Sj, 498

Excel, see Spreadsheets

Exclusive-OR phase detector, 180

Exponential tuning curve, 402

Extended Range PDs, 474

F0, 522, 565

False lock:

due to phase shift, 423

example, 425

due to sampling, 426

example, 428

voltage, representation of, 450

Fan-out, 167

Files, at ftp site:

downloading, 566

organization, 567

Filter: 

Butterworth, 55

choice of optimum, example, 55

convenient second-order, 270

conversion, IF filter to low-pass, 349

IF, effect on loop, 349

integrator-plus-lead-lag

gain, 263

phase, 263

loop, see Loop filter

multiple-order-pole, 55

notch, 55

undesired poles, 51

Final count, 147, 148

Finite-amplitude oscillation, 405

example, 405

spreadsheet to calculate, 406

First-order correction for sampling, 304

FLAT, 530

figure, 527

Flicker noise in passive components, 119

Flip-flop, 139

D, 140

edge-triggered J-K, 230

frequency detection capability., 451

J-K, 140

phase detector, 182

S-R, 139

floor(), 523

flow diagram: 

SynCP.m, 535

SynPRL.m, 529

SynSH.m, 527

SynSH0.m, 522

FM, 73

-to-AM conversion, 77

-deviation density, 103

high modulation index, 391

on divided signal, 84

on multiplied signal, 87

representation, 72

sideband, 74

example, 41

on VCO, 55

FNL, 565

Forward gain, 57

Four-modulus VMPs, using, 162

Fractional-N synthesis, 371, 376

accumulator length, controlling, 382

DSP reduces sidebands, 379

higher order, 385

continuous frequency spectrum, 387

form of circuits, 390

initial phase, controlling, 382

multi-stage fractional dividers, 383

pulse addition and subtraction, 391

relatives of, 371

second accumulator, 379

reduced sidebands with, 381

second order, 384

sideband reduction:

with DSP, 379

with second accumulator, 379

sigma-delta processing, 384

spur: 

cancellation, 374

with high-order fractional-N, 389

size, 379

with simpler technique, 378

third-order, example, 388

truncation noise, 389

example, 390

FreqRsp.m, 292

Frequency, 1

Fourier, 2

instantaneous, 1

mathematical operations on, 8

Frequency:

acquisition:

range, 409

time, 409

conversion(s), 40

figure, 3

deviation, computed from density, 497

discriminator, 3

divider, 13, 40

noise, 123

types of, 142

modulation, see FM

multiplier, 13

noise, 127

power spectral density, 103

synthesis, 3

Ftp site, 566

Gain 

change for speed-up, 477

margin, 51

increase using S&H PD, 470

integrator-plus-lead-lag filter, 263

Gates biased as amplifiers, 168

Getting files, 566

GSmpl, 341

Heterodyning within synthesizer, 344

Hgeneric, 292

Higher-order loops, 245

High-speed sampler, 

see under Phase detector

Hold, 304

zero-order, 178, 304

Hold-in range, 57, 409

second-order loop, 411

Hyperabrupt varactor diodes, 38

ICO, 35

IF:

dynamic range with, 351

filter, effect on loop, 349

of using equipment, avoiding, 345

Infinite variances, 506

Initial slope, step error response, 257

Injection:

locking, sidebands caused by, 495

points for disturbances, 276

Internal spur, 82

Internet site, 566

IntFNs, 498

IntPhNs, 498

Introduction, 1

InvZ.m, 321, 341, 519

Isolation from noise sources, 345, 491

regions, figure, 492

regulators, 492

Isolator, 345

Jitter, 504

at divider output, 506

cycle-to-cycle, 506

in period, 506

through PLL, 505

J-K flip-flop, 140

edge triggered, 230

KF, 57

KLFF(s), 250

negative, 250

Klystron, 39

L, 106

Laplace representation and sampling, 323

Large-signal performance, 399

approximations used, 399

Learning sequence for speed-up, 481

	improved accuracy, 481

low noise, 482

Leak-through in mixer, 80

Linear time-invariant time response, 274

Linearizer, 38

design:

appendix, 63

continuous approximation, 68

straight-line approximation, 65

LO, see Local oscillator

Local oscillator:

FM transfer from, 78

leak-through, 82

mixing between components, 79

modulation of, 78

problem regions, figures, 81, 82

second harmonic, noise near, 82

suppression of AM from, 78

Lock-in:

range, 409

time, 409

example, 410

Logic:

circuits used in synthesizers, 166

design, precautions in, 167

families, interfacing different, 168

fan-out, 167

frequency limit due to, example, 152

final count, 147, 148

interfacing with RF input, 168

realizations, charge-pump PDs, 233

speed-power tradeoff in, 141

spikes with synchronous divider, 142

timing restrictions, 167

Long-term stability with VCXO, 39

Look-up-table synthesizer, 14

Loop 

bandwidth, 40

closed, see closed loop

control-system diagram, 48

effect of IF filters on, 349

filter(s), 40, 55, 247

lag-lead, 245, 247

low-pass, 55

between CP and op-amp, 217

with approximate CP, 220

overload by PD pulses, 455

placement of low-pass, 228

slow response from imbalance, 259

for third-order loop, 262

transimpedance, 250

gain shapes, 247

optimized for simple loop, 401

mathematical representation, 25

open, see Open loop …

operation, 42

order, 47

parameters vary during transient, 258

qualitative description of, 42

response, mathematical description, 44

second-order, 247

geometric interpretation, 251

open-loop gain, 251

summary of equations, table, 249

stability, 51, 515

third-order, see Third-order loop

type, 47

-two, 245

ltitr(), 274

.m, MATLAB script suffix, 197

Magnetron, 39

Margin:

gain, 51

phase, see Phase margin

MATLAB, xvii, 274

Bode plots from, 312

frequency domain analysis with, 515

scripts (programs):

for Bode plots, 515

of gain and phase, 340

with hold approximation, 516

with sideband pair, 516

comments in, 515

for Evans plots, 515

in z plane, 341, 518

for inverting z-transform, 341

for modulation response, 518

for nonlinear simulation, 519

for Nyquist plots, 515

obtaining data output, 537

output, 524

with PD imperfections, 524

refinements in display, 537

for response with z-transforms, 519

for S&H PD using state space, 521

simulating 

acquisition aids, 528

additional nonlinearities, 528

additional poles and zeros, 527

charge-pump PFD, 530, 533 

S&H PD, 521

for time domain analysis, 519

scripts (programs), list of:

Bd2ordT1.m, 516

BdT1o3.m, 312, 340, 428, 516

Bode plots generated by, 281

BdT1o3sb.m, 329, 340, 516

BdT1o4.m, 516

EvZord3.m, 341, 518

FreqRsp.m, 292

IntFNs, 498

IntPhNs, 498

InvZ.m, 321, 341, 519

MrT1o3sb.m, 518

MrT1o4.m, 518

NLPhP.m, 519

NLPhPx.m, 538

NLsaw.m, 520

Open2c4.m, 275, 293

Open2c4x.m, 275, 293

Open2cls.m, 275, 292, 293

Ord3spcl.m, 293

SSaddedP.m, 274

SynCP.m, 455, 530

block diagram, 534

timing for, figure, 536

SynCPT2.m, 533

SynDHld.m, 468

SynMi.m, 565

block diagram, 565

SynPRL.m, 469, 528

SynSH.m, 196, 524

SynSH0.m, 428, 521

Transnts.m, 293

stability analysis with, 515

Matrix 

differential equation, 272

inverse, 565

Maximizing fref, 344

Maximum sweep rate, 450

Measurement:

of Allan Variance, 507

of AM or FM with one signal, 508

with frequency discriminator, 509

of frequency stability, 507

of instantaneous frequency,

by comparing slopes, 437

with modulation-domain analyzer, 440

with phase detector, 507

of phase noise, 507

with single signal, 509

of sideband power density, 507, 511

Memory reduction in DDS, 17

Miscounts due to spurious signals, 347

example, 348

Mistuning, 408

Mixer, 8

see also Local oscillator

leak-through, 80

sign reversal affects acquisition, 484

Mixing between LO components, 79

Modulation, 71

amplitude, 71

bandwidth of the VCO, 40

of divided signal, 87

domain analyzer, 440

index, 72

of local oscillator, 78

of multiplied signal, 84

phase, 71

response:

graphs, table of, 292

graphs of magnitude:

[1-H(W)]/W for z <= 1, 291

1-H(W) for z <= 1, 290

1-H(W) for z >= 1, 290

H(W), [1 - H(W)] for z = 1, 288

H(W) for z <= 1, 288

H(W) for z >= 1, 289

H(WL), special 3rd-order, 291

WH(W) for z <= 1, 289

loop with low-pass filter, 52, 53

sampling:

effect on, 329

with, 312

second-order loop, 260

sensitivity, 38

Modulator, sigma-delta, 384

Monitoring lock, 435

coherent detector, 435

level detector, 435

logic, 436

processing out-of-lock signal, 436

Monostable multivibrator, 101

MrT1o3sb.m, 518

MrT1o4.m, 518

Multiple loops, 353

noise reduction with, 356

Multiplied signal, FM on, 84

Multiplier, frequency, 13

Multiloop synthesizer, 29

÷N, 40

Natural frequency, 49, 250

example, 52

from geometry, example, 253

Nearly, 528

NLPhP.m, 519

NLPhPx.m, 538

NLsaw.m, 520

NoFilter, 406

Noise:

aliased, 493

in components, 114

contaminating signals, 72

contamination, see Contamination

current source, effect in S&H PD, 193

density:

example, 103

noise figure,

increase due to LO noise, 82

at synthesizer output, 129

flicker, in passive components, 119

op-amp, 121

output, effect of loop on, 131

passive component, 115

phase, see Phase noise

ramp current, 232

resistor, 115

resonator, 109

round-off in DDS, 17

sidebands, 71

sources:

finding, 128

two port, 121

spectrums, 71

suppression, 491

thermal, 115

transistor (BJT), 119

translation in S&H PD, 193

truncation in fractional-N, 389

example, 390

tuning line impedance, due to, 38

Nonlinear behavior, formuilas for, 408

general restrictions, 408

Notch filter, 55

Npre, 530

Nyquist plot with sampling, 326

Offset reference architecture, 357

basic example, 359

modification of, 368

eases summing, 357

expanding the range, 361

tuning algorithms, 363

Offsets, component, effects of, 418

Offsetting synthesized frequency, 392

One sided spectrum, 102

Op-amp Noise, 121

Open2c4.m, 275, 293

Open2c4x.m, 275, 293

Open2cls.m, 275, 292, 293

Open loop transfer function:

correction due to sampling:

hold function, figure, 307

second-order loop, 328

third-order loop, 328

gain, various loops, figure, 246

with sampling sidebands, 323

Optimized gain shape, simple loop, 401

Optimum divide number, 344

Ord3spcl.m, 293

Oscillator(s):

see also VCO, VCXO

current-controlled, 35

delay line, 99

ICO, 35

microwave, 36

pulling, 39

pushing, 39

relaxation, 36, 101

ring, 99

sinusoidal, figure, 37

spectrums, 94

examples, 107, 110

external noise source, effect of, 96

example, 99

shapes, typical, 106

switching, 38

temperature sensitivity, 39

vibration, effect on, 133

YIG-tuned, 4, 36

Overshoot versus damping factor, 258

Passive components, noise in, 115

PD, see Phase detector

Periodic signal, figure, 2

PFD, see Phase-frequency detector

PFF, 148

Pha, 522

Pha0, 522

PhaLate, 530

Phase, 4

coherent, 3

-coherent switching, 27

-continuous switching, 27

detector, 4, 175

4044 Charge-Pump PFD, 23

balanced mixer, 40, 175

characteristics, 177

offset in, 176

undesirable outputs, 176

characteristic(s):

sawtooth, 57

sinusoidal, 58

triangular, 57

typical (generic), figure, 41

of various, figure, 57

charge pump, see Charge pump

computing phase digitally, 227

extended range, 474

frequency content:

Ex-OR and flip-flop, 185

gain increase using S&H, 470

high-speed sampler, 177

loop with, block diagram, 180

sample-and-hold, 

see Sample-and-hold PD

deviation:

from spectral density, 497

example, 498

-frequency detector (PFD), 197

another type, 211

charge pump, 452.

See also Charge pump

quad-D, 459

square-wave, 463

state transition diagram, figure, 453

-locked synthesizer, 14, 24

block diagram, 25

elementary, 35

margin, 51

example, 52

versus damping factor, 51

third-order loop, example, 264

modulation, 73

by a phase-locked loop, figure, 5

conversion to AM, 5

in divider defined, 89

modulator, 4

noise:

delays, effect on, 21

dependence on N, 127

effect of sampling on, 493

due to cancellation errors, 379

effect of loop on, 264

example, 266

in frequency divider, 123

in frequency multiplier, 127

jitter, see Jitter

measurement, single-signal, 509

minimizing, 344

output density due to 

reference oscillator, figure, 130

VCO, figure, 129

output levels, example, 131

and power consumption, 120

power spectral density, 

see Power spectral density(ies)

integrator-plus-lead-lag filter, 263

PLB, xvii 

PLL and =PLL=, 542

PM, see Phase modulation

PM-to-AM conversions, 5

Poff, 565

Post-tuning drift, 39

Poles, undesired, 51

Power consumption and phase noise, 120

Power spectral density(ies) , 102

adding, 103

integrating, 498

of frequency, 103

of phase, 102

converting to other measures, 497

small-modulation-index approximation, validity, 104, 135

relationships between, 102

of voltage, 102

Prescalers, 153

Preset:

flip-flop (PFF), 148

number, 147

Presettable divider, 146

Presetting and offsetting, 163

Pull in, see Acquisition, pull in

Pulling, oscillator, 39

Pulse swallower(s), 153, 156

maximum allowed modulus, 156

in series, 157

example, 160

for flexible divider, 161

to overcome modulus limit, 157

Pushing, oscillator, 39

Quad-D phase-frequency detector, 459

Quadricorrelator, 445

analog, 446

digital, 447

Radians, treatment of, 7

RCYL, 530

figure, 527

Reference:

frequency, 26

sidebands, 26, 40

suppression of, 26

Regenerative divider, 13

Regulators, 492

Relative gain, 402

error, 403

Resistor noise, 115

Resolution in:

DDS, 16

direct (analog) synthesizer, 23

phase-locked synthesizer, 25

Response:

between nodes, 276

to changes at f1 and fref, 62

modulation, see Modulation response

time:

decreasing, 344

simple loop, example, 61

transient, see Transient response

Reverse mixing, see Desentization …

Ring oscillators, 99

Root locus, See Evans plot

S&H PD, see Sample-and-hold PD, 188

Sample-and-hold PD:

circuit:

concept, 189

practical, 189

imperfections, example, 194

increased gain, 196

non-ideal, 191

spurious output, 191

z-transform analysis, 312

Sampling:

Bode plot, with, MATLAB script, 329

corrections to account for:

figures, 330-334, 338

first-order, 304

continuous-system approximation, 322

charge-pump phase detector, with 302

representation, figure, 303

in divider, effect of noise, 91

effects, 301

in charge-pump PD, 226

on loop, example, 323

on noise spectrum, 493

when important, 329

efficiency, 193, 307

in frequency division, 91

example, 93

high-speed sampler, 

see under Phase detector

model, 301

Nyquist plot with, 326

phase detector, disadvantage, 180

sample-and-hold PD, with, 302

sidebands:

program for adding effect of, 341

software used with, appendix,  340

symmetry, transfer function with, 326

transient response with, 322

Saturation, effects of, 418

Sawtooth PD characteristic, 57

Second-order fractional-N, 384

Second-order loop, 247

equation summary, table, 249

open-loop gain, 251

geometric interpretation, 251

Seize 

range, 409

second-order loop, 411

time, 409

Settling time, 409

ShowH, 516

Sideband(s)

attenuation, example, 184

density, 104

level(s):

dependence on N, 228

different PDs, 187

power from density, 498

produced by charge pump, 216

example, 217

single:

decomposition of, 75

example, 77

Sigma-delta processing, 384

Sign reversals in mixers, 484

Simple loop 

acquiring lock, 400

details, appendix, 441

figures, 46, 48

Simulation:

initial conditions in, 524, 537, 565

PLL, 542

=PLL=, 542

without state space, 538

filter representation for, 538

Sine-to-square-wave conversion, 168

Single sideband, see Sideband(s), single

Slope, initial, step error response, 257

Slow response:

due to filter imbalance, 259

of type-2 loops, 278

computed evidence, 280

evidence from simulation, 279

theory, 278

Small-modulation-index approximation, validity, 104, 135

Spectral densities, 

see Power spectral density(ies)

Spectral purity, 491

see also Phase noise

of DDS, 17

of direct synthesizer, 19

oscillator parameters influencing, 109

of phase-locked synthesizer, 26

requirments, 71

at synthesizer output, 71

typical for two synthesizers, figure, 27

Spectrum, one sided, 102

Speed-up:

by current injection, 477

with DAC, 26, 58, 62

low noise, 480

with dual charge pumps, 477

with dual sampling rate, 476

by gain change, 477

with learning sequence, 481

having improved accuracy, 481

having low noise, 482

Spreadsheets:

1minHgen, 292

Hgeneric, 292

NoFilter, 406

Spur(s), spurious, 9, 71

chart for mixer, 10

example of use, 11

operating regions, figure, 11

at DDS output, 17

frequencies, with fractional-N, 377

heterodyning, due to, 344

example, 346

internal, 82

miscounts due to, 347

example, 348

Spurious coupling to:

loop, 345

output, 345

S-R flip-flop, 139

SSaddedP.m, 274

Stability of the loop, 51, 515

finite-amplitude oscillation, see

State space analysis, 271

approximate solution, 275, 538

computer aided, 274

solution of the time response, 273

State variable, 1, 272

Step-recovery diode, 13

figure, 86

Summing loops, difficulty in, 355

Sweep rate, maximum, 450

Synchronous dividers, 142

SynCP.m, 455, 530

timing for, figure, 536

SynCPT2.m, 533

SynDHld.m, 468

SynMi.m, 565

SynPRL.m, 469, 528

SynSH.m, 196, 524

SynSH0.m, 428, 521

Synthesizer:

(analog) direct, 14

basic components, 35

combination of techniques, 29

combining loops, 

filtering problem, 31, 32

control word, 163

relation to frequency, 163

loops, figure, 24

multiloop, 29

software:

tests for, 564

special purpose, 345

types, 14

direct (analog), 19

direct digital, 15

indirect, 14, 24

phase-locked, 25

with count comparator, figure, 373

Sj, 102

Sw, 103

Table 3.1 Parameters for Oscillators in Fig. 3.38, 116, 117

Table 3.2 Parameters for Divider Noise Curves, 125

Table 4.1 Propagation of State Changes in an Asynchronous Divider, 149

Table 4.2 Binary Count Sequence, 154

Table 5.A.1 States of the Edge-Triggered JK flip-flop, 232

Table 6.1 Summary of Second-Order Loop Equations, 249

Table 6.A.1 Transfer Functions Between Loop Variables, 277 

Table 6.M.1 Modulation Response Curves, 292

Table 6.T.1 List of Available Transient Response Curves, 293

Table 8.1 Crossover Spurs, 359

Table 8.2 Simple Realization of Offset Reference, 362

Table 8.3 Expanded Ranges, 364, 365

Table 8.4 Further Expansion, 366

Table 8.5 A Sequence for K1 = 128 and K2 = 5, 370

Tangential approximation for gain:

closed-loop, large z, 51

open-loop, example, 52

Testing 

acquisition, 436

ranges, 437

speed, 437

with a frequency counter, 438

modulation domain analyzer, 440

oscilloscope observations, 437

tf2ss, 274

Thermal noise, 115

Third-order loop, 260

integrator-plus-lead-lag filter, 260

special, exact analysis of, 267

state-space solution, 274

type-2, 246

type-l, 246

Three-modulus VMPs, using, 162

Time response, see Transient response

Tpartial, 533

Transfer function(s)

between loop variables, table, 277

example of use, 5

phase same as frequency, 129

to state space conversion, 274

Transformations between variables, 3

Transient response, 51

to change in divide number, 258

constant-sampling-rate approximation, 

figure, 91

envelope of error:

second-order loop, figure, 297

special third-order loop, figure, 298

after frequency command, 58

graphs, loop error:

table of, 293

unit step:

z<1, 294

z>=1, 295, 296

log envelope, 297

special third-order, 298

envelope, 298

type-2, added pole, 275

loop error to unit step:

second-order loop, 257

special third-order loop, 269

state-space solution, 274

z-plane, 320

parameters varying during, 258

with sampling approximation, 322

second-order loop, 256

simple loop:

example, 61

figure, 43

required number of corrections, 403

standard unit step response curves, 59

step, phase or frequency, 258

third-order loop:

special, 268

example, 268

as third pole moves, 275

from z-transform, 321

Transimpedance, 250

Transistor (BJT) noise, 119

Translation, ECL to TTL, 170

Transnts.m, 293

Triangular PD characteristic, 57

truncatePh, 524

Truncation noise in fractional-N, 389

example, 390

TT, 523

TTr, 534

Type-2 Loop, 245

Units, 7, 506

Unit-step-response, standard curves, 59

Varactor diode, 4, 36

hyperabrupt junction, 38

leakage current, figure, 39

Variable-modulus prescaler, 154

see also  VMP

Variables, transformations between, 3

Variance:

of frequency change:

during period, 504

over period, 503

of phase change:

during period, 504

over period, 504

VCO, 4, 35

see also Varactor diode

frequency:

change in, 44

post-tuning drift, 39

modulation bandwidth, 40

tuning curves, figure, 37

VCXO, 39

Vibration, effect on oscillators, 133

VMP, 154

three-modulus, using, 162

four-modulus, using, 162

increasing the modulus of a, 157

Voltage: 

density, 102

-controlled crystal oscillator, see VCXO

-controlled oscillator, see VCO

Wave analyzer, 507

ydel, 530

YIG, 4

-tuned oscillator, 36

Type-2 loop, 245

z, definition of, 313

Zero-order data hold, 178, 304

transfer function, figure, 306

zp2tf(), 274, 527

Z-transform:

analysis:

allowed loop gain:

first-order with hold, 314

hold and low pass, 314

low pass but no hold, 317

type-2 second-order, 319

type-2 third-order, 319

of charge-pump phase detector, 315

loci of closed-loop poles, 313-321

obtaining, appendix, 336

one awkward restriction, 323

representation, 312

of fractional division, 383

a, 256

wL, 245
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