SYMBOLIC ANALYSIS
FOR AUTOMATED DESIGN
OF ANALOG INTEGRATED

CIRCUITS

by

Georges Gielen
Katholieke Universiteit Leuven

and

Willy Sansen
Katholieke Universiteit Leuven

BN
Kluwer Academic Publishers
Boston/Dordrecht/London



TABLE OF CONTENTS

TABLE OF CONTENTS v
LIST OF SYMBOLS AND ABBREVIATIONS vii
FOREWORD ix
PREFACE xi
CHAPTER 1. INTRODUCTION TO ANALOG DESIGN AUTOMATION 1
1.1. Introduction 1
1.2. Definitions in analog design automation 3
1.3. Characteristics of analog design 10
1.4. Needs for analog circuits and analog design automation 16
1.5. Different analog design approaches and analog silicon compilation 21
1.6. Analog system-level synthesis 26
1.7. Outline of the book 32
CHAPTER 2. THE AUTOMATED DESIGN OF ANALOG FUNCTIONAL
MODULES 35
2.1. Introduction 35
2.2. Classification of analog module design programs 36
2.3. An automated design methodology for analog modules 42
2.4. The methodology applied to a simple example 46
2.5. Discussion of and comparison with other analog design systems 56
2.6. Conclusions A 69
CHAPTER 3. SYMBOLIC SIMULATION OF ANALOG INTEGRATED
CIRCUITS 71
3.1. Introduction 71
3.2. Definition and scope of symbolic simulation 72
3.3. Applications of symbolic analysis in analog design 75
3.4. General description of the ISAAC program 83
3.5. Conclusions 100

CHAPTER 4. ALGORITHMIC ASPECTS OF LINEAR SYMBOLIC
SIMULATION 101
4.1. Introduction , 101



vi TABLE OF CONTENTS

4.2. Overview of symbolic analysis techniques 103
4.3. The set-up of the linear circuit equations 118
4.4. The symbolic solution of sets of linear equations 133
4.5. Symbolic expression approximation 157
4.6. Performance of the ISAAC program 185
4.7. Conclusions 195
CHAPTER 5. SYMBOLIC DISTORTION ANALYSIS 197
5.1. Introduction 197
5.2. Symbolic noise analysis 197
5.3. Symbolic analysis of harmonic distortion in weakly nonlinear analog circuits 202
5.4. Symbolic sensitivity analysis and zero/pole extraction 222
5.5. Techniques for the hierarchical symbolic analysis of large circuits 227
5.6. Conclusions 231
CHAPTER 6. ANALOG DESIGN OPTIMIZATION BASED ON ANALYTIC
MODELS 233
6.1. Introduction 233
6.2. Circuit sizing based on an optimization of analytic models 234
6.3. The analog design formulation in OPTIMAN 239
6.4. Practical design examples 247
6.5. Automated layout generation of analog integrated circuits 253
6.6. Conclusions 260
APPENDIX A. CHARACTERIZATION OF A CMOS TWO-STAGE OPAMP
261
REFERENCES 271

INDEX 289



