CONTENTS

Foreword, Richard P. Himmel iii
Preface v

1. Introduction to Hybrids 1

1.1 Introduction 1

1.2 What Is a Hybrid? 1

1.3 Why Hybrids? 1

1.4 Where Are Hybrids Used? 4

1.5 Comparison with Discrete and Integrated Circuit
Technologies ¢

1.6 Hybrid Film Technologies 6

2. Substrate Materials and Properties 9

2.1 Substrate Properties 9

2.2 Substrate Materials 10

2.3 Electrical Substrate Specifications 13
2.4 Mechanical Substrate Specifications 17
2.5 Substrate Fabrication: Alumina 19

3. Thick-Film Materials 22

3.1 Introduction 22

3.2 Thick-Film Conductors 22
3.3 Thick-Film Dielectrics 27
3.4 Thick-Film Resistors 29
3.5 Thick-Film Processing 3l

vii



Viii

Contents

Thick-Film Design Guidelines 37

4.1 General Design Procedures 37

4.2 Screening Reference Corner and Screening Procedure 37
4.3 Basic Design Rules for Thick-Film Resistors 40

4.4 Basic Design Rules for Thick-Film Conductors 48

4.5 Basic Design Rules for Thick-Film Capacitors 58

Thin-Film Materials 62

5.1 Introduction 62

5.2 Thin-Film Processes 62

5.3 Thin-Film Conductor Materials 66

5.4 Thin~Film Resistor Materials 67

5.5 Thin-Film Dielectric Materials 67

5.6 Thin-Film Processing (Conductor-Resistor Networks) 67
5.7 Environmental Protection of Thin-Film Resistors 71

Thin-Film Design Guidelines 72

6.1 Description of Thin-Film Resistors 72

6.2 Thin-Film Conductor Guidelines 75

6.3 Description of Thin-Film Capacitors and Crossovers 75
6.4 Thin-Film Snapstrates 79

Laser Trimming of Hybrid Circuits 81

7.1 The Need for Trimming 81

7.2 The Laser Trimming Process 8§82

7.3 Laser Trim System 83

7.4 Resistance Measurement Techniques 85
7.5 Trim Information for Top-Hat Resistors 88

Assembly Techniques 95

8.1 Introduction 95

8.2 Components Used in Hybrid Assembly 95
8.3 Assembly Techniques 103

8.4 Packaging 115

Production Considerations 118

9.1 Documentation 118

9.2 Inspection and Reliability 119

9,3 Technical Support 120

9.4 Labor Aspects 120

9.5 Yields 122

9.6 In-House or External Manufacturing 122



Contents

10.

11.

12,

13.

Thermal Considerations 124

10.1 Introduction 124

10.2 Cooling Phenomena 124

10.3 Cooling of Hybrid Microcircuits 125
10.4 Analytical Techniques 126

10.5 Thermal Conductivity of Materials 133
10.6 Film Resistor Power Densities 134
10.7 Factors for Good Thermal Design 136

Circuit Partitioning 138

11.1 Partitioning 138
11.2 Monolithic, Hybrid, or Discrete? 139
11.3 Thick or Thin Film? 141

Design Cycle 144

12.1 Design Cycle 144

12.2 Circuit Analysis and Simulation 7144
12.3 Layout 146

12.4 Processing and Packaging 147

12.5 Test and Redesign 147

12.6 Reliability and Life Tests 148

12.7 Testing of Hybrid Circuits 149
12.8 Overall Design Cycle 150

Reliability 152

13.1 Reliability Aspects of Hybrids 152
13.2 Reliability Data 152 “
13.3 Reliability Definitions 153

13.4 Constant Failure Rate 155

13.5 Failure Rate of Multiple-Element Systems
13.6 Establishing Reliability Goals 158
13.7 Reliability Testing 160

13.8 Failure Mechanisms in Hybrids 162
13.9 Failure Analysis 163

13.10 Other Reliability Tests 163

Glossary of Terms 165

Index 209

158

ix



