COMPUTER—-AIDED
TOLERANCE AND CORRELATION DESIGN
-OF INTEGRATED CIRCUITS

A THESIS
SUBMITTED TO

THE COLLEGE OF ENGINEERING
UNIVERSITY OF BAGHDAD

IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE

IN ELECTRICAL ENGINEERING

BY

KADHEM BREAHY SWADY
1985



vii

CONTENTS

A Al A IR

CHAPTER ONE - INTRODUCTION

1.1 Tolerance and Correlation Assignment .,......

1.2 Component Models Used in CAD eeeeeeceecncene

1.3 Literatures RevView seeeececessss Sl e e

Tude1

: P

1.3.3

1-3&4

1.3'5

1.3.6

Tolerance assignment in linear networks
using non-linear programming ........
Computer- aided tolerance/correlation
design of integrated circuit.........
Correlation coefficient optimization
in IC deslgh Levssnsvves Vesvasnnddnsa
Optimization technique <for tolerance/
correlation design se.... R
Statistical simulation of the integr-
ated circuit manufacturing process...
D.Cstatistical circuit analysis of

the bipoler integreted circuits using

Parameters correlationsS....c... S hae e

I PrODOBGE BYBLOI o yvuveconsseessniserie A

1.4.1
1.4.2

Tolerance and correlation assignments
Statistical, worst case and sensitiv-—

i-ty c’ﬂ,.’tlﬁl}"SOB LR L I O O R I N R

1,5 Oyaten Applications cceiecceonesesse S

10

10

11

A

12
12

15



viii
CHAPTER TWO-MATHIIIATICAL RELATIONSHIPS AND

OPTIITIZATION TECHNIQUE

5.1 The Objective Function FormulatioN.e..... 17
2,2 Optimization Technique Formulationsesoocse 25
2.3 Generation of Correlated Normally Distri-

buted Random UmDErS.sceccsceccsssssccccss 26
2.4 Statistical, worst case and sensitivity

analyses formulatioONesceecsccscccocsccnce 29

CHAPTER THREE-SYSTIL! DESCRIPTION

3,1 Analysis of the circuit Using ECAPe.:.cee 32
3.2 Formulation of the Objective Function... 34
3,3 Optimization TechniqUesecececcecocccccces 36

3.4 Statistical, worst case and sensitivity

analyses formulatioNe.cecececescceccsccse 36
3,5 Checking of the Proposed Circuit Design. 40
CHAPTER FOUR =~ DESIGN EXAMPLES ececccaccccces 43
CHAPIER FIVE - COIICLUSIONS AND FUTURE WORK... 70
APPENDIX (1) Progreams Listings sececscecccces 80
APPENDIX (2) Powell Optimization Techniqueé... 97

APPENDIX (3) Electronic Circuit Analyses

Program (ECAP) eeccosscccscancne 107



il

a_;_..a.Jlo.a.lns‘L.-i Slsall °“m-""l'":!°°9 L,Su[ﬁa.xdlmuhliJl Slgall

#l_l'.'hnjlulﬂ..aljajl @.Ha.a.ma“ Sloall, lagesoly b Jo=ug
bt el e Ja L 1 ¢ ptalhand 101 1 ot
Slyadl o i mrasll

:'L,.-:u,:wuww

6 A mcu-JJJJjuL,YAJ] 6 A cﬁ;JDLJIJaszoyldj'uLjfanB
toladl o dn e Bl euiiall Gyb s Gubis oy AR PO REER |
.l sl UuJ,a,.u

g_sjﬁﬂ\JIg?ml,JlrlmL, Sl Jalos s 3o — B sl

ol @bl bl o3 Gy o Bl e.:\.y-]f-,p,.a:knﬂa}’i.w'&.mb.ﬂ
o ey ol Be By

el szl b b 5 5 b ebledlper 0B bl

o ( mgp a5 ) dYl



