
Contents

Foreword v

Preface vii

1 Circuit Simulation 1

1.1 Historical Perspective 1
1.2 Algorithmic Perspective 3
1.3 Circuit Simulation 6

1.3.1 Equation Formulation 9
1.3.2 Differential Equations 10
1.3.3 Analyses 12

1.4 Modeling 13
1.5 Summary 14

2 DC Analysis 15

2.1 Introduction 15
2.2 DC Analysis Theory 16

2.2.1 Solving Nonlinear Equations 18
2.2.2 Convergence Criteria 19
2.2.3 Convergence 23

2.3 DC Analysis Practice 35
2.3.1 Remedies for Convergence Problems 35
2.3.2 DC Analysis Accuracy 39

i

kundert
Text Box
Excerpted from "The Designer's Guide to SPICE and Spectre" by Kundert .For more information, go to www.designers-guide.org/Books.



ii The Designer’s Guide to SPICE and Spectre

2.3.3 Remedies for Accuracy Problems 41
2.4 Applications of DC Analysis 42

2.4.1 Circuits with Multiple Operating Points 42
2.4.2 Large Circuits 45
2.4.3 Restarting from a Previous Solution 47

2.5 Summary 49

3 AC Analyses 51

3.1 Introduction 51
3.2 AC Analyses Theory 53
3.3 AC Analyses Practice 54

3.3.1 AC Analysis 54
3.3.2 XF Analysis 55
3.3.3 SP Analysis 56
3.3.4 Noise Analysis 57

3.4 Applications of the AC Analyses 67
3.4.1 Characterizing Feedback Amplifiers 67
3.4.2 Transfer Function Versus Bias 106
3.4.3 Capacitance Versus Bias 108
3.4.4 Non-Quiescent Operating Points 113
3.4.5 Differential Amplifiers 113

3.5 Summary 119

4 Transient Analysis 129

4.1 Introduction 129
4.2 Transient Analysis Theory 130

4.2.1 Integration Methods 131
4.2.2 Characteristics of the Integration Methods 133
4.2.3 Transient Analysis Accuracy 157
4.2.4 Truncation Error 160
4.2.5 Charge Conservation 167

4.3 Transient Analysis Practice 177
4.3.1 SPICE’s Time-Step Control 177



Contents iii

4.3.2 Spectre’s Time-Step Control 180
4.3.3 Break Points 189
4.3.4 Bypass 194
4.3.5 Initial Conditions 195
4.3.6 Remedies for Accuracy Problems 199
4.3.7 Convergence in Transient Analysis 201
4.3.8 Remedies for Convergence Problems 206

4.4 Applications of Transient Analysis 207
4.4.1 Computing the DC Operating Point 207
4.4.2 Oscillators 209
4.4.3 Unstable Circuits 219
4.4.4 Charge-Storage Circuits 224
4.4.5 Sinusoidal Circuits 226
4.4.6 Macromodels 227
4.4.7 Distribution Networks 234
4.4.8 Large Circuits 234
4.4.9 Accurate Current Measurements 235
4.4.10 Strobing 238

4.5 Summary 246

5 Fourier Analysis 251

5.1 Introduction 251
5.1.1 Distortion 251

5.2 Fourier Analysis Theory 257
5.2.1 The Fourier Series 257
5.2.2 The Discrete Fourier Transform 265

5.3 Fourier Analysis Practice 267
5.3.1 Errors Mechanisms 267
5.3.2 SPICE’s Fourier Analysis 278
5.3.3 Spectre’s Fourier Analysis 282
5.3.4 External Fourier Analysis 289

5.4 Applications of Fourier Analysis 299
5.4.1 THD of Low Distortion Amplifier 299



iv The Designer’s Guide to SPICE and Spectre

5.4.2 Resolution of a Σ∆ Modulator 303
5.4.3 Distortion of a Pulse-Width Modulator 308
5.4.4 Oscillators 310
5.4.5 Large-signal Transfer Functions 312
5.4.6 Clocked Analog Circuits 313
5.4.7 IMD of Narrow-Band Circuits 316
5.4.8 Distortion of a Mixer 328

5.5 Summary 332

A Simulator Options 335

A.1 Introduction 335
A.2 SPICE Options 335

A.2.1 Global Options 335
A.2.2 DC Analysis Options 338
A.2.3 Transient Analysis Options 339

A.3 Spectre Options 342
A.3.1 Global Options 342
A.3.2 DC Analysis Options 347
A.3.3 Transient Analysis Options 350

B Spectre Netlist Language 357

B.1 Introduction 357
B.2 The Language 357




