
TOLERANCE DESIGN OF
ELECTRONIC CIRCUITS

Robert Spence
Imperial College of Science and Technology

Randeep Singh Soin
Design Engineering Group, GenRad

Addison-Wesley Publishing Company
Wokingham, England • Reading, Massachusetts • Menlo Park, California

New York • Don Mills, Ontario • Amsterdam • Bonn
- Sydney • Singapore • Tokyo • Madrid • San Juan



Contents

Preface . vii

Chapter 1 The Problem 1

1.1 Circuit design 2
1.2 A depressing scenario 3
1.3 Component tolerances are responsible 4

«\A Questions 4
1.5 Answers 9

I Chapter 2 Concepts and Representations 13

I 2.1 Parameter space 14
| 2.2 Circuit performance 14
I 2.3 Manufacturing yield 17
X 2.4 Yield estimation 17
I 2.5 Parameter distributions 18
\ 2.6 Design improvement 25

Chapter 3 Tolerance Analysis 27

3.1 Tolerance analysis and tolerance design 28
3.2 Tolerance analysis objectives 28
3.3 Worst-case tolerance analysis 29
3.4 Non-worst-case analysis 34
3.5 Appendix 54

XI



CONTENTS

Chapter 4 The Monte Carlo Method 56

4.1 Introduction 57
4.2 Interpretations of the M o n t e Carlo tolerance analysis

method 57

4.3 Practical considerations •> 78

Chapter 5 Tolerance Sensitivity

5.1 Introduction
5.2 Parameter histograms
5.3 Simple tolerance design
5.4 Selection of components before circuit manufacture
5.5 Specification sensitivity
5.6 Yield sensitivity
5.7 Conclusions

88

89
89
91
92
93

100
103

Chapter 6 An Overview of Tolerance Design

6.1 Tolerance design
6.2 Discrete,circuit design
6.3 Integrated circuit design
6.4 The deterministic approach
6.5 Statistical exploration
6.6 Comparison of approaches
6.7 Evaluation of tolerance design schemes
6.8 Further reading

104

105
106
108
113
116
118
118
120

Chapter 7 Simple Methods using Performance Calculations

7.1 The problem: yield maximization
7.2 A conventional algorithm
7.3 Design centring by statistical exploration
7.4 Ranking of yield estimates
7.5 Worst-case design
7.6 Circuit examples and results
7.7 Conclusions
7.8 Appendix

121

122
124
126
130
138
142
148
149

Chapter 8 Methods using Yield Gradients

8.1 Use of yield gradients in tolerance design
8.2 The problems addressed
8.3 Method of parametric sampling
8.4 A method using yield prediction formulae
8.5 Conclusions
8.6 Appendix

151

152
153
155
167
173
173



Chapter 9 The Use of Sensitivity Analysis

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9

9.10
9.11
9.12

Sensitivity analysis
The transpose circuit method
Tolerance space
Unit circuit cost
Tolerance perturbation
Use of sensitivities
Search of tolerance space
Search direction
Choice of step length
Termination criterion
Practical examples
Comment

Chapter 10 Questions and Answers

References

Index

CONTENTS Xll l

176

177
178
181
181
182
183
184
185
186
188
189
192

193

205

209


