




�

� �

�

The ESD Control Program Handbook



�

� �

�



�

� �

�

The ESD Control Program Handbook

Jeremy M Smallwood
Electrostatic Solutions Ltd
Southampton, UK



�

� �

�

This edition first published 2020
© 2020 John Wiley & Sons Ltd

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in
any form or by any means, electronic, mechanical, photocopying, recording or otherwise, except as permitted by
law. Advice on how to obtain permission to reuse material from this title is available at http://www.wiley.com/go/
permissions.

The right of Jeremy M Smallwood to be identified as the author of this work has been asserted in accordance
with law.

Registered Offices
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

Editorial Office
The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

For details of our global editorial offices, customer services, and more information about Wiley products visit us at
www.wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print-on-demand. Some content that
appears in standard print versions of this book may not be available in other formats.

Limit of Liability/Disclaimer of Warranty
In view of ongoing research, equipment modifications, changes in governmental regulations, and the constant
flow of information relating to the use of experimental reagents, equipment, and devices, the reader is urged to
review and evaluate the information provided in the package insert or instructions for each chemical, piece of
equipment, reagent, or device for, among other things, any changes in the instructions or indication of usage and
for added warnings and precautions. While the publisher and authors have used their best efforts in preparing this
work, they make no representations or warranties with respect to the accuracy or completeness of the contents of
this work and specifically disclaim all warranties, including without limitation any implied warranties of
merchantability or fitness for a particular purpose. No warranty may be created or extended by sales
representatives, written sales materials or promotional statements for this work. The fact that an organization,
website, or product is referred to in this work as a citation and/or potential source of further information does not
mean that the publisher and authors endorse the information or services the organization, website, or product
may provide or recommendations it may make. This work is sold with the understanding that the publisher is not
engaged in rendering professional services. The advice and strategies contained herein may not be suitable for
your situation. You should consult with a specialist where appropriate. Further, readers should be aware that
websites listed in this work may have changed or disappeared between when this work was written and when it is
read. Neither the publisher nor authors shall be liable for any loss of profit or any other commercial damages,
including but not limited to special, incidental, consequential, or other damages.

Library of Congress Cataloging-in-Publication Data

Names: Smallwood, J. M. (Jeremy M.), author.
Title: The ESD control program handbook / Jeremy M Smallwood, Electrostatic
Solutions Ltd, Southampton, UK.
Description: First edition. | Hoboken, NJ : John Wiley & Sons, Inc., [2020]
| Series: IEEE | Includes bibliographical references and index.
Identifiers: LCCN 2020006384 (print) | LCCN 2020006385 (ebook) | ISBN
9781118311035 (hardback) | ISBN 9781118694572 (adobe pdf) | ISBN
9781118694558 (epub)
Subjects: LCSH: Electronic apparatus and appliances–Protection. | Electric
discharges. | Electrostatics.
Classification: LCC TK7870 .S5265 2020 (print) | LCC TK7870 (ebook) | DDC
621.381/044–dc23
LC record available at https://lccn.loc.gov/2020006384
LC ebook record available at https://lccn.loc.gov/2020006385

Cover Design: Wiley
Cover Image: © pinging/Getty Images

Set in 9.5/12.5pt STIXTwoText by SPi Global, Chennai, India

10 9 8 7 6 5 4 3 2 1

http://www.wiley.com/go/permissions
http://www.wiley.com/go/permissions
http://www.wiley.com
https://lccn.loc.gov/2020006384
https://lccn.loc.gov/2020006385


�

� �

�

To Jan, who has often put up with my grumpy non-communication while I’ve been writing
this book. To Alia, now making her own life journey. To Caroline, who tragically died so
young.
To the subject of electrostatics and ESD, that has kept me occupied, perplexed and challenged
for many hours.
To the many people who have attended my courses and asked so many awkward questions
that helped me understand while trying to explain. To my fellow ESD practitioners whose
opinions and expertise give us many interesting, and sometimes heated, debates – and who
mainly agree the answer to most electrostatic questions is – “it depends.”



�

� �

�



�

� �

�

vii

Contents

Introduction xxvii
Foreword xxxiii
Preface xxxvii
Acknowledgments xxxix

1 Definitions and Terminology 1
1.1 Scientific Notation and SI Unit Prefixes 1
1.2 Charge, Electrostatic Fields, and Voltage 2
1.2.1 Charge 2
1.2.2 Ions 3
1.2.3 Dissipation and Neutralization of Electrostatic Charge 3
1.2.4 Voltage (Potential) 3
1.2.5 Electric or Electrostatic Field 4
1.2.6 Gauss’s Law 5
1.2.7 Electrostatic Attraction (ESA) 6
1.2.8 Permittivity 6
1.3 Electric Current 6
1.4 Electrostatic Discharge (ESD) 7
1.4.1 ESD Models 7
1.4.2 Electromagnetic Interference (EMI) 7
1.5 Earthing, Grounding, and Equipotential Bonding 7
1.6 Power and Energy 8
1.7 Resistance, Resistivity, and Conductivity 8
1.7.1 Resistance 8
1.7.2 Resistivity and Conductivity 9
1.7.2.1 Surface Resistivity and Surface Resistance 9
1.7.2.2 Volume Resistance, Volume Resistivity, and Conductivity 10
1.7.3 Insulators, Conductors, Conductive, Dissipative, and Antistatic Materials 11
1.7.4 Point-to-Point Resistance 13
1.7.5 Resistance to Ground 13
1.7.6 Combination of Resistances 13
1.8 Capacitance 14
1.9 Shielding 15



�

� �

�

viii Contents

1.10 Dielectric Breakdown Strength 15
1.11 Relative Humidity and Dew Point 15

References 16

2 The Principles of Static Electricity and Electrostatic Discharge (ESD)
Control 17

2.1 Overview 17
2.2 Contact Charge Generation (Triboelectrification) 17
2.2.1 The Polarity and Magnitude of Charging 18
2.3 Electrostatic Charge Build-Up and Dissipation 18
2.3.1 A Simple Electrical Model of Electrostatic Charge Build-Up 19
2.3.2 Capacitance Is Variable 20
2.3.3 Charge Decay Time 22
2.3.4 Conductors and Insulators Revisited 23
2.3.5 The Effect of Relative Humidity 24
2.4 Conductors in Electrostatic Fields 25
2.4.1 Voltage on Conducting and Insulating Bodies and Surfaces 25
2.4.2 Electrostatic Field in Practical Situations 25
2.4.3 Faraday Cage 27
2.4.4 Induction: An Isolated Conductive Object Attains a Voltage When in an Electric

Field 27
2.4.5 Induction Charging: An Object Can Become Charged by Grounding It 29
2.4.6 Faraday Pail and Shielding of Charges Within a Closed Object 30
2.5 Electrostatic Discharges 30
2.5.1 ESD (Sparks) Between Conducting Objects 30
2.5.2 ESD from Insulating Surfaces 31
2.5.3 Corona Discharge 32
2.5.4 Other Types of Discharge 32
2.6 Common Electrostatic Discharge Sources 32
2.6.1 ESD from the Human Body 33
2.6.2 ESD from Charged Conductive Objects 34
2.6.3 Charged Device ESD 35
2.6.4 ESD from a Charged Board 36
2.6.5 ESD from a Charged Module 36
2.6.6 ESD from Charged Cables 37
2.7 Electronic Models of ESD 37
2.8 Electrostatic Attraction (ESA) 41
2.8.1 ESA and Particle Contamination 41
2.8.2 Neutralization of Surface Voltages by Air Ions 42
2.8.3 Ionizers 43
2.8.4 Rate of Charge Neutralization 43
2.8.5 The Region of Effective Charge Neutralization Around an Ionizer 44
2.8.6 Ionizer Balance and Charging of a Surface by an Unbalanced Ionizer 44
2.9 Electromagnetic Interference (EMI) 45
2.10 How to Avoid ESD Damage of Components 45



�

� �

�

Contents ix

2.10.1 The Circumstances Leading to ESD Damage of a Component 45
2.10.2 Risk of ESD Damage 46
2.10.3 The Principles of ESD Control 46

References 47
Further Reading 49

3 Electrostatic Discharge–Sensitive (ESDS) Devices 51
3.1 What Are ESDS Devices? 51
3.2 Measuring ESD Susceptibility 53
3.2.1 Modeling Electrostatic Discharges 53
3.2.2 Standard ESD Susceptibility Tests 54
3.2.3 ESD Withstand Voltage 55
3.2.4 HBM Component Susceptibility Test 55
3.2.5 System Level Human Body ESD Susceptibility Test 56
3.2.6 MM Component Susceptibility Test 58
3.2.7 CDM Component Susceptibility Test 60
3.2.8 Comparison of Test Methods 62
3.2.9 Failure Criteria Used in ESD Susceptibility Tests 64
3.2.10 Transmission Line Pulse Techniques 64
3.2.11 The Relation Between ESD Withstand Voltage and ESD Damage 65
3.2.12 Trends in Component ESD Tests 66
3.3 ESD Susceptibility of Components 66
3.3.1 Introduction 66
3.3.2 Latent Failures 66
3.3.3 Built-in On-chip ESD Protection and ESD Protection Targets 68
3.3.4 ESD Sensitivity of Typical Components 70
3.3.5 Discrete Devices 71
3.3.6 The Effect of Scaling 71
3.3.7 Package Effects 71
3.4 Some Common Types of ESD Damage 72
3.4.1 Failure Mechanisms 72
3.4.2 Breakdown of Thin Dielectric Layers 73
3.4.3 MOSFETs 73
3.4.4 Susceptibility to Electrostatic Fields and Breakdown Between Closely Spaced

Conductors 74
3.4.5 Semiconductor Junctions 75
3.4.6 Field Effect Structures and Nonconductive Device Lids 76
3.4.7 Piezoelectric Crystals 76
3.4.8 LEDs and Laser Diodes 76
3.4.9 Magnetoresistive Heads 77
3.4.10 MEMS 77
3.4.11 Burnout of Device Conductors or Resistors 77
3.4.12 Passive Components 78
3.4.13 Printed Circuit Boards and Assemblies 78
3.4.14 Modules and System Components 79



�

� �

�

x Contents

3.5 System-Level ESD 80
3.5.1 Introduction 80
3.5.2 The Relationship Between System Level Immunity and Component ESD

Withstand 80
3.5.3 Charged Cable ESD (Cable Discharge Events) 81
3.5.4 System-Efficient ESD Design (SEED) 81

References 82
Further Reading 88

4 The Seven Habits of a Highly Effective ESD Program 91
4.1 Why Habits? 91
4.2 The Basis of ESD Protection 92
4.3 What Is an ESDS Device? 92
4.4 Habit 1: Always Handle ESDS Components Within an EPA 93
4.4.1 What Is an EPA? 93
4.4.2 Defining the EPA Boundary 95
4.4.3 Marking the EPA Boundary 95
4.4.4 What Is an Insignificant Level of ESD Risk? 97
4.4.5 What Are the Sources of ESD Risk? 97
4.4.6 What ESD Protection Measures Are Needed in the EPA? 98
4.4.7 Who Will Decide What ESD Protection Measures Are Required? 98
4.5 Habit 2: Where Possible, Avoid Use of Insulators Near ESDS 99
4.5.1 What Is an Insulator? 99
4.5.2 Essential and Nonessential Insulators 100
4.5.3 Remove Nonessential Insulators from the Vicinity of ESDS 101
4.6 Habit 3: Reduce ESD Risks from Essential Insulators 104
4.6.1 What Is an Insulator? 104
4.6.2 Insulators Cannot Be Grounded 104
4.6.3 What to Do About ESD Risk from Essential Insulators 104
4.6.4 Using Ionizers to Reduce Charge Levels on Insulators 106
4.7 Habit 4: Ground Conductors, Especially People 107
4.7.1 What Is a Conductor? 107
4.7.2 Conductive, Dissipative, or Insulative? 107
4.7.3 Properties of a Conductor 108
4.7.4 Charge and Voltage Decay Time 108
4.7.5 The Importance of Material Contact Resistance in Protecting ESDS 109
4.7.5.1 Reduction of Energy Delivered from Conductor in ESD 109
4.7.5.2 Reduction of Peak Current in a Discharge 109
4.7.5.3 Specification of a Minimum Material Resistance 109
4.7.6 Safety Considerations 110
4.7.7 Elimination of ESD by Grounding and Equipotential Bonding 110
4.7.8 Understanding the Grounding (Earth) System 110
4.7.8.1 Types of Ground 110
4.7.8.2 The Grounding System 111
4.7.9 Grounding Personnel Handling ESDS Devices 111



�

� �

�

Contents xi

4.7.9.1 Basic Requirements for Grounding Personnel Handling ESDS Devices 111
4.7.9.2 Grounding Personnel via a Wrist Strap 112
4.7.9.3 Grounding Personnel via Footwear and Flooring 112
4.7.9.4 Grounding Seated Personnel 113
4.7.10 Grounding ESD Control Equipment 113
4.7.10.1 General Considerations 113
4.7.10.2 Work Surfaces 113
4.7.10.3 Floors 116
4.7.10.4 Carts, Racks, and Other Floor Standing Work Surfaces 117
4.7.10.5 Seats 118
4.7.10.6 Tools 119
4.7.10.7 Gloves and Finger Cots 120
4.7.10.8 ESD Control Garments 121
4.7.11 What If a Conductor Cannot Be Grounded? 122
4.8 Habit 5: Protect ESDS Using ESD Packaging 122
4.8.1 Don’t Take Ordinary Packaging Materials into an EPA 122
4.8.2 The Basic Functions of ESD Packaging 123
4.8.3 Open ESD Packaging Only Within an EPA 123
4.8.4 Don’t Put Papers or Other Unsuitable Material in a Package with an ESDS

Device 124
4.9 Habit 6: Train Personnel to Know How to Use ESD Control Equipment and

Procedures 124
4.9.1 Why Train People? 124
4.9.2 Who Needs ESD Training? 125
4.9.3 What Training Do They Need? 126
4.9.4 Refresher Training 126
4.10 Habit 7: Check and Test to Make Sure Everything Is Working 126
4.10.1 Why Do We Need to Check and Test? 126
4.10.2 What Needs to Be Tested? 127
4.10.3 ESD Control Product Qualification 127
4.10.4 ESD Control Product or System Compliance Verification 127
4.10.5 Test Methods and Pass Criteria 127
4.10.6 How Often Should ESD Control Items Be Tested? 128
4.11 The Seven Habits and ESD Standards 129
4.12 Handling Very Sensitive Devices 129
4.13 Controlling Other ESD Sources 130

References 131
Further Reading 132

5 Automated Systems 133
5.1 What Makes Automated Handling and Assembly Different? 133
5.2 Conductive, Static Dissipative, and Insulative Materials 134
5.3 Safety and AHE 134
5.4 Understanding the ESD Sources and Risks 135
5.5 A Strategy for ESD Control 136



�

� �

�

xii Contents

5.5.1 General Principles of ESD Control in AHE 136
5.5.2 The Conditions Leading to ESD Damage 136
5.5.3 Strategies for ESD Control in Automated Equipment 136
5.5.4 Qualification of ESD Control Measures 137
5.5.5 Compliance Verification of ESD Control Measures 138
5.5.6 ESD Training Implications 138
5.5.7 Modification of Existing AHE 138
5.6 Determination and Implementation of ESD Control Measures in AHE 138
5.6.1 Define the Critical Path of ESDS 138
5.6.2 Examine the Critical Path and Identify ESD Risks 139
5.6.3 Determine Appropriate ESD Control Measures 139
5.6.3.1 General Control Measures 139
5.6.4 Include ESD Control in New Equipment Specification 140
5.6.5 Document the ESD Control Measures Used in the Machine 140
5.6.6 Implement Maintenance and Compliance Verification of ESD Control

Measures 140
5.7 Materials, Techniques, and Equipment Used for ESD Control in AHE 141
5.7.1 Grounding All Conductors That Make Contact with ESDS 141
5.7.2 Isolated Conductors 142
5.7.3 Preventing Induced Voltages on ESDS Devices 142
5.7.4 Reducing Tribocharging of ESDS Devices 143
5.7.5 Using Resistive Contact Materials to Limit Charged Device ESD Current 144
5.7.6 Anodization 144
5.7.7 Bearings 145
5.7.8 Conveyor Belts 145
5.7.9 Using Ionizers to Reduce Charge Levels on ESDS Devices, Essential Insulators,

and Isolated Conductors 146
5.7.10 Vacuum Pickers 146
5.8 ESD Protective Packaging 147
5.9 Measurements in AHE 147
5.9.1 Overview of Measurements in AHE 147
5.9.2 Resistance Measurements 148
5.9.2.1 Overview of Resistance Measurements in AHE 148
5.9.2.2 Resistance Meters 148
5.9.2.3 Point-to-Point Resistance of Surfaces 149
5.9.2.4 Resistance to Ground from Surfaces and Machine Parts 149
5.9.2.5 Resistance to Ground of a Potentially Isolated Conductor 149
5.9.2.6 Measurements on ESD Protective Packaging 149
5.9.3 Electrostatic Field and Voltage Measurements 149
5.9.3.1 Voltage Measurement Instruments 149
5.9.3.2 Voltages on Small Conductors or ESDS Devices 150
5.9.3.3 Voltages on ESDS Devices 150
5.9.4 Charge Measurements 151
5.9.5 Measurement of the Voltage Decay Time and Offset Voltage Due to

Neutralization by an Ionizer 151



�

� �

�

Contents xiii

5.9.6 ESD Current Measurements 151
5.9.7 Detection of ESD Using EMI Detectors 151
5.10 Handling Very Sensitive Components 152

References 152
Further Reading 154

6 ESD Control Standards 157
6.1 Introduction 157
6.2 The Development of ESD Control Standards 157
6.3 Who Writes the Standards? 159
6.4 The IEC and ESDA Standards 161
6.4.1 Standards Numbering 161
6.4.2 The Language of Standards 161
6.4.3 Definitions Used in Standards 162
6.5 Requirements of IEC 61340-5-1 and ANSI/ESD S20.20 Standards 164
6.5.1 Background 164
6.5.2 Documentation and Planning 165
6.5.3 Technical Basis of the ESD Control Program 165
6.5.4 Personal Safety 166
6.5.5 ESD Coordinator 166
6.5.6 Tailoring the ESD Program 166
6.5.7 The ESD Control Program Plan 166
6.5.8 Training Plan 167
6.5.9 Product Qualification Plan 167
6.5.10 Compliance Verification Plan 167
6.5.11 Test Methods 168
6.5.12 ESD Control Program Plan Technical Requirements 168
6.5.12.1 Safety 168
6.5.12.2 Grounding and Bonding Systems 171
6.5.12.3 Personnel Grounding 171
6.5.12.4 ESD-Protected Areas (EPAs) 171
6.5.12.5 Equipment Used in the EPA 172
6.5.12.6 Insulators 172
6.5.12.7 Isolated Conductors 172
6.5.12.8 Hand Electrical Soldering and Desoldering Tools 172
6.5.13 ESD Packaging 173
6.5.14 Marking 174

References 174
Further Reading 177

7 Selection, Use, Care, and Maintenance of Equipment and Materials
for ESD Control 179

7.1 Introduction 179
7.1.1 Selection and Qualification of Equipment 179
7.1.2 Use 180



�

� �

�

xiv Contents

7.1.3 Cleaning, Care, and Maintenance of Equipment 180
7.1.4 Compliance Verification 181
7.2 ESD Control Earth (Ground) 181
7.2.1 What Does the ESD Control Earth Do? 181
7.2.2 Choosing an ESD Control Earth 181
7.2.3 Qualification of ESD Control Earth 183
7.2.4 Compliance Verification of ESD Control Earth 183
7.2.5 Common Problems with Ground Connections 183
7.3 The ESD Control Floor 183
7.3.1 What Does an ESD Control Floor Do? 183
7.3.2 Permanent ESD Control Floor Material 184
7.3.3 Semipermanent or Nonpermanent ESD Control Floor Materials 184
7.3.4 Selection of Floor Materials 185
7.3.5 Floor Material Qualification Test 185
7.3.6 Acceptance of a Floor Installation 187
7.3.7 Use of Floor Materials 187
7.3.8 Care and Maintenance of Floors 187
7.3.9 Compliance Verification Test 188
7.3.10 Common Problems 188
7.4 Earth Bonding 189
7.4.1 The Role of Earth Bonding Points 189
7.4.2 Selection of Earth Bonding Points 190
7.4.3 Qualification of Earth Bonding Points 190
7.4.4 Use of Earth Bonding Points 190
7.4.5 Compliance Verification of Earth Bonding Points 190
7.5 Personal Grounding 190
7.5.1 What Is the Purpose of Personal Grounding? 190
7.5.2 Personal Grounding and Electrical Safety 191
7.5.3 Wrist Straps 192
7.5.3.1 Conventional Wrist Strap Systems 192
7.5.3.2 Constant (Continuous) Monitor Wrist Strap Systems 193
7.5.3.3 Cordless Wrist Straps 194
7.5.3.4 Wrist Strap System Selection 194
7.5.3.5 Wrist Strap System Use 195
7.5.3.6 Wrist Strap Qualification 195
7.5.3.7 Wrist Strap Cleaning and Maintenance 195
7.5.3.8 Wrist Strap System Compliance Verification Test 195
7.5.3.9 Common Problems 197
7.5.4 Footwear and Flooring Grounding 197
7.5.4.1 The Importance of Footwear and Flooring in ESD Control 197
7.5.4.2 Types of Footwear 198
7.5.4.3 Footwear and Safety 199
7.5.4.4 Selection of Footwear 200
7.5.4.5 Qualification of Footwear 200
7.5.4.6 Use of Footwear 201



�

� �

�

Contents xv

7.5.4.7 Compliance Verification of Footwear 201
7.5.4.8 Common Problems 202
7.5.5 Grounding via ESD Control Seating 202
7.5.6 Personal Grounding via an ESD Garment 203
7.5.6.1 Qualification of a Groundable Static Control Garment 203
7.5.6.2 Compliance Verification of ESD Control Garments 203
7.6 Work Surfaces 203
7.6.1 What Does a Work Surface Do? 203
7.6.2 Types of Work Surfaces 204
7.6.3 Selection of a Work Surface 204
7.6.4 Workstation Qualification Test 205
7.6.5 Acceptance of Work Surfaces 206
7.6.6 Cleaning and Maintenance of Work Surfaces 206
7.6.7 Compliance Verification Test of Work Surfaces 206
7.6.8 Common Problems 206
7.7 Storage Racks and Shelves 207
7.7.1 Should It be an EPA Rack or Shelf? 207
7.7.2 Selection, Care, and Maintenance of Racks, and Shelves 208
7.7.3 Qualification Test of EPA Shelves and Racks 209
7.7.4 Acceptance of Shelves and Racks 209
7.7.5 Cleaning and Maintenance of Shelves and Racks 209
7.7.6 Compliance Verification Test of Shelves and Racks 209
7.7.7 Common Problems 209
7.8 Trolleys, Carts, and Mobile Equipment 210
7.8.1 Types of Trolleys, Carts and Mobile Equipment 210
7.8.2 Selection, Care, and Maintenance of Trolleys, Carts, and Mobile

Equipment 211
7.8.3 Qualification of Trolleys, Carts, and Mobile Equipment 212
7.8.4 Compliance Verification of Trolleys, Carts and Mobile Equipment 213
7.8.5 Common Problems 213
7.9 Seats 214
7.9.1 What Is an ESD Control Seat for? 214
7.9.2 Types of ESD Seating 214
7.9.3 Selection of Seating 214
7.9.4 Qualification Test of Seating 215
7.9.5 Cleaning and Maintenance of Seating 215
7.9.6 Compliance Verification Test of Seating 215
7.9.7 Common Problems 215
7.9.8 Personal Grounding via ESD Control Seating 215
7.10 Ionizers 217
7.10.1 What Does an Ionizer Do? 217
7.10.2 Ion Sources 217
7.10.3 Types of Ionizer System 218
7.10.4 Selection of Ionizers 219
7.10.5 Qualification Test of Ionizers 220



�

� �

�

xvi Contents

7.10.6 Cleaning and Maintenance of Ionizers 221
7.10.7 Compliance Verification Test of Ionizers 221
7.10.8 Common Problems 222
7.11 ESD Control Garments 222
7.11.1 What Does an ESD Control Garment Do? 222
7.11.2 Types of ESD Control Garments 223
7.11.3 Selection of ESD Control Garments 226
7.11.4 Qualification Test of ESD Control Garments 227
7.11.5 Use of ESD Control Garments 228
7.11.6 Cleaning and Maintenance of ESD Control Garments 228
7.11.7 Compliance Verification of ESD Control Garments 228
7.11.8 Personal Grounding via an ESD Garment 229
7.12 Hand Tools 229
7.12.1 Why Have ESD Hand Tools? 229
7.12.2 Types of Hand Tool 229
7.12.3 Qualification Test of Hand Tools 230
7.12.4 Use of Hand Tools 230
7.12.5 Compliance Verification Test of Hand Tools 231
7.12.6 Common Problems with ESD Control Hand Tools 231
7.13 Soldering or Desoldering Irons 231
7.13.1 ESD Control Issues with Soldering or Desoldering Irons 231
7.13.2 Qualification of Soldering Irons 231
7.13.3 Compliance Verification of Soldering Irons 231
7.14 Gloves and Finger Cots 232
7.14.1 Why Have Gloves and Finger Cots? 232
7.14.2 Types of Gloves and Finger Cots 232
7.14.3 Selection of Gloves or Finger Cots for ESD Control 232
7.14.4 Qualification Test of Gloves and Finger Cots 233
7.14.5 Cleaning and Maintenance of Gloves 234
7.14.6 Compliance Verification Test of Gloves and Finger Cots 234
7.14.7 Common Problems with Gloves and Finger Cots 234
7.15 Marking of ESD Control Equipment 234

References 235
Further Reading 237

8 ESD Control Packaging 239
8.1 Why Is Packaging Important in ESD Control? 239
8.2 Packaging Functions 241
8.3 ESD Control Packaging Terminology 242
8.3.1 Terminology in General Usage 242
8.4 ESD Packaging Properties 243
8.4.1 Triboelectric Charging 243
8.4.2 Surface Resistance 244
8.4.3 Volume Resistance 244
8.4.4 Electrostatic Field Shielding 245



�

� �

�

Contents xvii

8.4.5 ESD Shielding 247
8.5 Use of ESD Protective Packaging 247
8.5.1 The Importance of ESD Packaging Properties 247
8.5.1.1 Charge Generation and Retention 247
8.5.1.2 Electrostatic Field Shielding 248
8.5.1.3 Electrostatic Discharge Shielding 248
8.5.2 Packaging Used Within the EPA 248
8.5.3 Packaging Used to Protect ESDS Outside the EPA 249
8.5.4 Packaging Used for Non-ESD Susceptible Items 249
8.5.5 Avoiding Charged Cables and Modules 250
8.6 Materials and Processes Used in ESD Protective Packaging 250
8.6.1 Introduction 250
8.6.2 Antistats, Pink Polythene, and Low-Charging Materials 250
8.6.3 Static Dissipative and Conductive Polymers 251
8.6.4 Intrinsically Conductive or Dissipative Polymers 253
8.6.5 Metallized Film 253
8.6.6 Anodized Aluminum 253
8.6.7 Vacuum Forming of Filled Polymers 253
8.6.8 Injection Molding 254
8.6.9 Embossing 254
8.6.10 Vapor Deposition 254
8.6.11 Surface Coating 254
8.6.12 Lamination 254
8.7 Types and Forms of ESD Protective Packaging 254
8.7.1 Bags 254
8.7.1.1 Pink Polythene Bags 256
8.7.1.2 Conductive (Black Polythene) Bags 256
8.7.1.3 Metalized ESD Shielding Bags 256
8.7.1.4 Moisture Barrier Bags 257
8.7.2 Bubble Wrap 258
8.7.3 Foam 258
8.7.4 Boxes, Trays, and PCB Racks 258
8.7.5 Tape and Reel 260
8.7.6 Sticks (Tubes) 261
8.7.7 Self-Adhesive Tapes and Labels 262
8.8 Packaging Standards 262
8.8.1 ESD Control and Protection Packaging Standards 262
8.8.2 Moisture Barrier Packaging Standards 264
8.8.2.1 Handling, Packing, Transport, and Use of Moisture-Sensitive Devices 264
8.8.2.2 MIL-PRF-81705 264
8.8.2.3 ESD Association ANSI/ESD S11.4 266
8.8.3 ESD Control Packaging Measurements 268
8.9 How to Select an Appropriate Packaging System 269
8.9.1 Introduction 269
8.9.2 Customer Requirements 269



�

� �

�

xviii Contents

8.9.3 What Is the Form of the ESDS Device? 269
8.9.4 ESD Threats and ESD Susceptibility 269
8.9.5 The Intended Packaging Tasks 271
8.9.6 Evaluate the Operational Environment for the Packaging 271
8.9.7 Selecting the ESD Packaging Type and ESD Protective Functions 273
8.9.7.1 Intimate Packaging 273
8.9.7.2 Proximity Packaging 274
8.9.7.3 Packaging Systems 275
8.9.8 Testing the Packaging System 275
8.10 Marking of ESD Protective Packaging 275

References 276
Further Reading 278

9 How to Evaluate an ESD Control Program 281
9.1 Introduction 281
9.2 Evaluation of ESD Risks 281
9.2.1 Sources of ESD Risk 281
9.2.2 Evaluation of ESD Susceptibility of Components and Assemblies 282
9.3 Evaluating Process Capability Based on HBM, MM, and CDM Data 283
9.3.1 Process Capability Evaluation 283
9.3.1.1 A Structured Approach to Process Evaluation 283
9.3.1.2 Evaluate the Critical ESDS Path Through the Process 283
9.3.1.3 Use of ESD Withstand Data in Process Evaluation 285
9.3.2 Human Body ESD and Manual Handling Processes 287
9.3.3 ESD Risk Due to Isolated Conductors 287
9.3.3.1 What Is an Isolated Conductor? 288
9.3.3.2 How to Deal with Isolated Conductors 288
9.3.4 Charged Device ESD Risks 290
9.3.5 Damage to Voltage-Sensitive Structures Such as a Capacitor or a MOSFET

Gate 292
9.3.6 Evaluating ESD Risk from Electrostatic Fields 293
9.3.6.1 Risk to ESDS Devices Due to Electrostatic Fields 294
9.3.7 Troubleshooting 296
9.4 Evaluating ESD Protection Needs 297
9.4.1 Standard ESD Control Precautions Do Not Necessarily Address all ESD

Risks 297
9.4.2 Evaluating Return on Investment for ESD Protection Measures 299
9.4.3 What Is the Maximum Acceptable Resistance to Ground? 299
9.4.3.1 Charging Current in a Quasicontinuous Process 299
9.4.3.2 Maximum Decay Time 300
9.4.4 Should There Be a Minimum Resistance to Ground? 300
9.4.5 ESD from Charged Tools 300
9.4.6 Use of Gloves or Finger Cots 301
9.4.7 Charged Cable ESD 301
9.4.8 Charged Board ESD 301



�

� �

�

Contents xix

9.4.9 Charged Module or Assembly ESD 301
9.5 Evaluation of Cost Effectiveness of the ESD Control Program 302
9.5.1 The Cost of an Inadequate ESD Control Program 302
9.5.2 The Benefit Arising from of the ESD Control Program 304
9.5.3 Evaluation of the Cost of an ESD Control Program 305
9.5.4 ROI in ESD Control 305
9.5.5 Optimizing an ESD Control Program 307
9.6 Evaluation of Compliance of an ESD Control Program with a Standard 308
9.6.1 Two Steps to Compliance Evaluation 308
9.6.2 Using Checklists to Evaluate Compliance of Documentation with a

Standard 308
9.6.3 Evaluation of Compliance of a Facility with the ESD Control Program 312
9.6.4 Common Problems 314

References 314

10 How to Develop an ESD Control Program 317
10.1 What Do We Need for a Successful ESD Control Program? 317
10.1.1 The ESD Control Strategy 317
10.1.2 How to Develop an ESD Control Program 317
10.1.3 Safety and ESD Control 318
10.2 The EPA 320
10.2.1 Where Do I Need an EPA? 320
10.2.2 Boundaries and Signage 320
10.3 What Are the Sources of ESD Risk in the EPA? 320
10.4 How to Determine Appropriate ESD Measures 321
10.4.1 ESD Control Principles 321
10.4.2 Select Convenient Ways of Working 322
10.5 Documentation of ESD Procedures 323
10.5.1 What Should the Documentation Cover? 323
10.5.2 Writing an ESD Control Program Plan That Is Compliant with a Standard 324
10.5.3 Introduction Section 325
10.5.4 Scope 325
10.5.5 Terms and Definitions 325
10.5.6 Personal Safety 325
10.5.7 ESD Control Program 326
10.5.7.1 ESD Coordinator 326
10.5.7.2 Tailoring ESD Control Requirements 326
10.5.8 ESD Control Program Plan 326
10.5.9 ESD Training Plan 326
10.5.10 ESD Control Product Qualification 327
10.5.11 Compliance Verification Plan 327
10.5.12 ESD Program Technical Requirements 328
10.5.12.1 Documenting Technical Requirements 328
10.5.12.2 ESD Ground 328
10.5.12.3 Personal Grounding 329



�

� �

�

xx Contents

10.5.13 ESD Protected Areas 330
10.5.13.1 Handling ESDS Devices and Access to the EPA 330
10.5.13.2 Insulators 331
10.5.13.3 Isolated Conductors 333
10.5.13.4 ESD Control Equipment 334
10.5.14 ESD Protective Packaging 337
10.5.15 Marking of ESD-Related Items 338
10.5.16 References 338
10.6 Evaluating ESD Protection Needs 338
10.7 Optimizing the ESD Control Program 338
10.7.1 Costs and Benefits of ESD Control 338
10.7.2 Strategies for Optimization 339
10.7.2.1 Minimization of the EPA 339
10.7.2.2 Choice of EPA Boundary 339
10.7.2.3 Minimizing Variation of the ESD Control Program 340
10.7.2.4 Standard or Tailored ESD Control 340
10.7.2.5 Design for Convenience 341
10.7.2.6 Who Audits the ESD Control Program? 341
10.8 Considerations for Specific Areas of the Facility 341
10.8.1 The Varying ESD Control Requirements of Different Areas 341
10.8.2 Goods In and Stores 341
10.8.3 Kitting 342
10.8.4 Dispatch 342
10.8.5 Test 342
10.8.6 Research & Development 343
10.9 Update and Improvement 343

References 343

11 ESD Measurements 345
11.1 Introduction 345
11.2 Standard Measurements 346
11.3 Product Qualification or Compliance Verification? 347
11.3.1 Measurement Methods for Product Qualification 347
11.3.1.1 Product Qualification of a Bench Mat 348
11.3.1.2 Example: Product Qualification of a Footwear and Floor Combination 348
11.3.2 Measurement Methods for Compliance Verification 348
11.3.2.1 Example: Compliance Verification Test of a Bench Mat 349
11.3.2.2 Example: Compliance Verification of Footwear and Flooring 349
11.4 Environmental Conditions 349
11.5 Summary of the Standard Test Methods and Their Applications 349
11.6 Measurement Equipment 350
11.6.1 Choosing a Resistance Meter for High-Resistance Measurements 350
11.6.2 Low-Resistance Meter for Soldering Iron Grounding Test 351
11.6.3 Resistance Measurement Electrodes 351



�

� �

�

Contents xxi

11.6.4 Concentric Ring Electrodes for Packaging Surface and Volume Resistance
Measurement 352

11.6.4.1 Conversion of Surface Resistance to Surface Resistivity for a Concentric Ring
Electrode 354

11.6.4.2 Conversion of Volume Resistance to Volume Resistivity 354
11.6.5 Two-Point Probe for Packaging Surface Resistance Measurements 354
11.6.6 Footwear Test Electrode 354
11.6.7 Handheld Electrode 355
11.6.8 Tool Test Electrode 356
11.6.9 Metal Plate Electrode for Volume Resistance Measurements 356
11.6.10 Insulating Supports 357
11.6.11 ESD Ground Connectors 357
11.6.12 Electrostatic Field Meters and Voltmeters 357
11.6.12.1 Electrostatic Field Meter–Based Instruments 357
11.6.12.2 Noncontact Electrostatic Voltmeters 358
11.6.12.3 Contact Electrostatic Voltmeters 359
11.6.13 Charge Plate Monitors (CPM) 359
11.7 Common Problems with Measurements 361
11.7.1 Humidity 361
11.7.2 Accidental Measurement of Parallel Paths 361
11.8 Standard Measurements Specified by IEC 61340-5-1 and ANSI/ESD S20.20 362
11.8.1 Resistance to Ground 362
11.8.1.1 Resistance to Ground from a Work Surface or Floor 362
11.8.1.2 Compliance Verification of Seating in the EPA 364
11.8.1.3 Qualification of Seating 364
11.8.2 Point-to-Point Resistance 366
11.8.2.1 Point-to-Point Resistance of Work Surface 366
11.8.2.2 Point-to-Point Resistance Measurements on ESD Garments 367
11.8.2.3 Simple Point-to-Point Measurement on the Garment Fabric 368
11.8.3 Personal Grounding Equipment Tests 371
11.8.3.1 End-to-End Resistance of a Ground Cord 371
11.8.3.2 Measurement of Wrist Straps and Cords as Worn 372
11.8.3.3 Measurement of Personnel Grounding Through Footwear to Foot Plate

Electrode 374
11.8.3.4 Measurement of Resistance from Person to Ground 374
11.8.3.5 Resistance to Ground of an Earth Bonding Point 377
11.8.4 Surface Resistance of Packaging Materials 377
11.8.4.1 Surface Resistance of Packaging Measured Using a Concentric Ring

Electrode 378
11.8.4.2 Point-to-Point Resistance of Small Packaging Items 379
11.8.4.3 Point-to-Point Resistance of Packaging Using 2.5 kg Resistance Measurement

Electrodes 380
11.8.5 Volume Resistance of Packaging Materials 381
11.8.6 ESD Shielding of Bags 382
11.8.7 Evaluation of ESD Shielding of Packaging Systems 383



�

� �

�

xxii Contents

11.8.8 Measurement of Ionizer Decay Time and Offset Voltage 383
11.8.8.1 Common Problems 385
11.8.9 Walk Test of Footwear and Flooring 386
11.8.9.1 Common Problems 386
11.9 Useful Measurements Not Specified by IEC 61340-5-1 and ESD S20.20 387
11.9.1 Electrostatic Fields and Voltages 387
11.9.2 Measurement of Electric Fields at the Position of the ESDS 387
11.9.2.1 Common Problems 388
11.9.3 Measurement of Surface Voltages on Large Objects Using an Electrostatic Field

Meter Calibrated as a Surface Voltmeter 388
11.9.4 Measurement of Voltage on Devices or Small Conductors 390
11.9.4.1 Measurement Using a Non-contact Voltmeter 390
11.9.4.2 Measurement Using a Contact Voltmeter 392
11.9.5 Resistance of Tools 392
11.9.5.1 Resistance from Tool Tip to Handle 392
11.9.5.2 Resistance to Ground of Handheld Tool 393
11.9.6 Resistance of Soldering Irons 394
11.9.6.1 Resistance to Groundable Point of Soldering Iron Tip 394
11.9.6.2 Resistance to Ground of a Soldering Iron Tip 395
11.9.7 Resistance of Gloves or Finger Cots 396
11.9.7.1 Measurement of Resistance Through a Glove Using a Handheld Electrode 396
11.9.7.2 Testing Resistance Through a Glove Using a Wrist Strap Tester 396
11.9.7.3 Measurement of Resistance to Ground Through a Glove Using a Handheld

Electrode 399
11.9.8 Charge Decay Measurements 399
11.9.8.1 CPM Charge Decay for Tools 400
11.9.8.2 Charge Decay of Gloves and Finger Cots 403
11.9.8.3 System Test of Glove and Handheld Tool 404
11.9.9 Faraday Pail Measurement of Charge on an Object 404
11.9.9.1 The Faraday Pail 404
11.9.9.2 Measurement of Electrostatic Charging of Items Handled with Gloves or Finger

Cots Using a Faraday Pail 405
11.9.9.3 Evaluation of Charging of an Item Using a CPM Plate 407
11.9.10 ESD Event Detection 408

References 409
Further Reading 412

12 ESD Training 413
12.1 Why Do We Need ESD Training? 413
12.2 Training Planning 414
12.3 Who Needs Training? 415
12.4 Training Form and Content 417
12.4.1 Training Goals 417
12.4.2 Initial Training 418
12.4.3 Refresher Training 419



�

� �

�

Contents xxiii

12.4.4 Training Methods 419
12.4.4.1 Video, Computer or Internet-Based Training 419
12.4.4.2 Instructor-Led Training 419
12.4.5 Supporting Information 420
12.4.6 Training Considerations 420
12.4.6.1 Preparing a Presentation 421
12.4.6.2 Presentation and Attendee Participation 421
12.4.6.3 Hands-On Learning 423
12.4.6.4 Follow-Up Assessment and Training 424
12.4.7 Public Tutorials and Courses 424
12.4.8 Qualifications and Certification 424
12.4.9 National and International ESD Groups and Electrostatics Interest

Organizations 425
12.4.10 Conferences 426
12.4.11 Books, Articles, and Online Resources 426
12.5 Electrostatic and ESD Theory 428
12.5.1 The Pros and Cons of Theory 428
12.5.2 A Technical and Nontechnical Explanation of Electrostatic Charging 428
12.6 Demonstrations of ESD Control–Related Issues 429
12.6.1 The Role of Demonstrations 429
12.6.2 Demonstrating Real ESD Damage 429
12.6.3 The Cost of ESD Damage 430
12.7 Electrostatic Demonstrations 431
12.7.1 The Value of Electrostatic Demonstrations 431
12.7.2 The Pros and Cons of Demonstrations 431
12.7.3 Useful Equipment for Demonstrations 432
12.7.4 Showing How Easy It is to Generate Electrostatic Charge 433
12.7.5 Understanding Electrostatic Fields 433
12.7.6 Understanding Charge and Voltage 434
12.7.7 Tribocharging 435
12.7.8 Production of ESD 436
12.7.9 Equipotential Bonding and Grounding 437
12.7.10 Induction Charging 438
12.7.11 ESD on Demand – The “Perpetual ESD Generator” 439
12.7.12 Body Voltage and Personal Grounding 440
12.7.13 Charge Generation and Electrostatic Field Shielding of Bags 442
12.7.14 Insulators Cannot Be Grounded 443
12.7.15 Neutralizing Charge – Charge Decay and Voltage Offset of Ionizers 444
12.8 Evaluation 446
12.8.1 The Need for Evaluation 446
12.8.2 Practical Test 446
12.8.3 Written Tests 446
12.8.4 Pass Criteria 447

References 447
Further Reading 448



�

� �

�

xxiv Contents

13 The Future 449
13.1 General Trends 449
13.2 ESD Withstand Voltage Trends 450
13.2.1 Integrated Circuit ESD Withstand Voltage Trends 450
13.2.2 Other Component ESD Withstand Voltage Trends 454
13.2.3 Availability of ESD Withstand Voltage Data 454
13.2.4 Device ESD Withstand Test 454
13.3 ESD Control Programs and Process Control 454
13.3.1 ESD Control Program Development Strategies 454
13.3.2 A Basic ESD Control Program 455
13.3.3 Detailed ESD Control Program 456
13.3.4 Human Body ESD 456
13.3.5 ESD Between ESDS and Conductive Items 457
13.3.6 “Two-Pin” ESD From Charged Ungrounded Conductive Items 458
13.3.7 “One-Pin” ESD Between the ESDS and Another Conductive Part 458
13.3.8 Charged Board, Module, and Cable Discharge Events 459
13.3.9 Optimization 459
13.4 Standards 459
13.4.1 Impact on Future Standards 460
13.4.2 ESD Control in Automated Handling 460
13.5 ESD Control Equipment and Materials 461
13.5.1 ESD Control Materials 461
13.5.2 ESD Protective Packaging 461
13.6 ESD-Related Measurements 461
13.6.1 ESD Protective Packaging Measurements 461
13.6.2 Voltage Measurement on ESDS Devices and Ungrounded Conductors 462
13.6.3 Measurements Related to ESD Risk in Automated Handling Equipment 462
13.7 System ESD Immunity 462
13.8 Education and Training 462

References 462
Further Reading 464

A Appendix A: An Example Draft ESD Control Program 465
A.1 About This Plan 465
A.2 Description of the Example Facility 465
A.3 Test and Qualification Procedures 466
A.4 ESD Control Program Plan at XXX Ltd 466
A.4.1 Introduction 466
A.4.2 Scope 466
A.4.3 Terms and Definitions 467
A.5 Personal Safety 467
A.6 ESD Control Program 468
A.6.1 ESD Control Program Requirements 468
A.6.2 ESD Coordinator 468
A.6.3 Tailoring ESD Control Requirements 468



�

� �

�

Contents xxv

A.7 ESD Control Program Technical Requirements 468
A.7.1 ESD Ground 468
A.7.2 Personal Grounding 469
A.7.3 ESD Protected Areas (EPA) 469
A.7.3.1 General EPA Requirements 469
A.7.3.2 Insulators 470
A.7.3.3 Isolated Conductors 470
A.7.3.4 ESD Control Equipment 471
A.7.4 ESD Protective Packaging 471
A.7.5 Marking of ESD-Related Items 471
A.7.5.1 General 471
A.7.5.2 Marking of ESD Protective Packaging 471
A.7.5.3 Marking of ESD Control Equipment Used in EPAs 471
A.8 Compliance Verification Plan 472
A.9 ESD Training Plan 472
A.9.1 General Requirements of the ESD Training Plan 472
A.9.2 Training Records 473
A.9.3 Training Content and Frequency 473
A.9.3.1 ESD Awareness Training 473
A.9.3.2 ESD Audit and Measurements Training 473
A.9.3.3 EPA Cleaning Training 473
A.9.3.4 Principles and Practice of ESD Control Training 474
A.10 ESD Control Product Qualification 474

References 475

Index 477



�

� �

�



�

� �

�
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Introduction

Electrostatic discharge (ESD) can damage or destroy many types of modern electronic com-
ponents, or modules or assemblies containing electrostatic discharge–susceptible (ESDS)
components.

In electronics manufacturing, sensitivity to ESD became a general concern after the
adoption of metal-oxide-semiconductor (MOS) transistor technology exacerbated by
decreasing internal physical size of semiconductor component features and the rise of
integrated circuits (ICs). The first Electrical Overstress/Electrostatic Discharge Sympo-
sium in the USA was organized in 1979 (Reliability Analysis Center 1979). The 1980
Symposium (Reliability Analysis Center 1980) shows papers on topics as diverse as theory
and practice, device failure analysis studies, failure mechanisms and modeling, design
of device protective networks, and implementing ESD controls, facility evaluation and
effective training. Standards and technical handbooks also emerged around this time. The
standards gave requirements for an ESD control program, while the technical handbooks
gave technical data and tutorial material useful for educating the user and developing the
ESD control program. ElectroStatic Attraction (ESA) of contaminant particles is a problem
for manufacturers of semiconductor devices and displays. For operating electronic systems,
ESD provides a source of electromagnetic interference (EMI) that can result in system
crash, malfunction or data corruption.

Thus, the issues of ESD in electronic components and systems give two areas of interest.
Issues of ESD control during electronic component, assembly and system manufacture are
largely concerned in preventing damage in the unpowered non-operational state and ensur-
ing that product reaches the customer in good condition without compromise to appearance
or reliability. This area can itself be further subdivided into
● Electrostatic and ESD issues affecting product yield and quality during semiconductor

wafer scale fabrication
● ESD issues affecting product yield and quality during component, assembly and system

manufacture and assembly, sometimes known as “factory issues”
● Design of semiconductor devices to withstand ESD up to target levels

ESD interference and damage during working electronic system operation is generally
viewed as part of ElectroMagnetic Compatibility (EMC) and the responsibility of a different
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community. In some areas (e.g. Europe) electronic products are subject to ESD immunity
test as part of their evaluation for fitness to be placed on the market (and qualification for
CE marking) (Williams 2007).

Nevertheless, there is some overlap and often confusion between these areas. EMI caused
by ESD in the manufacturing process can cause interference to product testers and lead
to rejection of product and hence reduction of yield. In ESD test in EMC, ESD applied to
exposed circuit connectors can lead to component or system hardware failure and may lead
to requirements for ESD robustness of components that connect to the outside world.

This book is largely concerned with the development and maintenance of an ESD control
program for protection of ESD susceptible components and assemblies during electronic
system and assembly manufacture. This is the so-called “factory issues” area of ESD control.
It is intended that the book can be used as a handbook or practical guide for personnel work-
ing in ESD control in electronics or other companies that handle unprotected ESD suscepti-
ble parts. At the same time, sufficient background information and technical explanation is
given to enable the user to understand the principles and practice of effective ESD control.

Personnel working in this field can have a wide variety of technical background and do
not necessarily have strong electronics or electrical understanding. Many will not have had
opportunity to attend courses on ESD control other than basic ESD awareness. It is sur-
prising that at the time of writing very few University electronics related courses offer any
modules on ESD control. Conversely there are as yet few industry courses available that
deal with the subject in any depth other than basic ESD awareness. Worldwide, there are
still only a very few courses and qualifications available to those who wish to obtain a good
grounding in the field.

So, I have attempted to present the subject with a minimum of theory to make it accessi-
ble to those who do not have a strong relevant theoretical background. This is balanced by
sufficient description of background theory for understanding the material presented, with
references and a bibliography of further reading for those who wish to go into the subject in
greater depth. The intention is to reveal and clarify the principles behind an area often con-
sidered a mysterious “black art.” In many ways, I have tried to write the book I would have
liked to have found when I started learning about ESD control in the electronics industry.

A widespread current approach to development of an ESD control program is to com-
ply with the requirements of an ESD control standard such as ANSI/ESD S20.20 or IEC
61340-5-1. It is often thought that this is sufficient to ensure that product ESD damage is
brought under control. While this can be successful, if applied with insufficient knowl-
edge it can lead to a program that is not well optimized or fails to address all the ESD
threats (Smallwood et al. 2014; Lin et al. 2014). With knowledge and understanding an
optimized and effective ESD control program may be achieved and maintained, often with
lower costs. Nevertheless, compliance with an ESD control standard is advantageous and
can help demonstrate, especially to customers, the seriousness with which ESD control
is treated in the facility. Development of an ESD control program in compliance with the
most widely used and respected ESD control standards 61340-5-1 and S20.20 is therefore
discussed in some length. Properly specified ESD control programs compliant with these
standards are held to be adequate to protect ESD sensitive devices with withstand voltages
down to 100 V Human Body Model (HBM), while also addressing basic ESD risks due to
charged metal objects and charged devices.


