
ESD TR23.0-01-20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the Protection of EOS/ESD 

Susceptible Items - 

 

Electrical Overstress in Manufacturing 

and Test 
 

 

 

 

Authors: 

Working Group 23.0, 

EOS Best Practices 
EOS/ESD Association, Inc. 

 
    

Electrostatic Discharge Association 

        7900 Turin Rd., Bldg. 3 

        Rome, NY 13440 

Full document details: ESD TR23.0-01 2020

http://www.avadocuments.com/doc/esd-tr23-0-01-2020
http://www.avadocuments.com/doc/esd-tr23-0-01-2020


ESD TR23.0-01-20 
   
 

Electrostatic Discharge Association (ESDA) standards and publications are designed to serve the 

public interest by eliminating misunderstandings between manufacturers and purchasers, facilitating 
the interchangeability and improvement of products, and assisting the purchaser in selecting and 
obtaining the proper product for his particular needs. The existence of such standards and publications 
shall not, in any respect, preclude any member or non-member of the Association from manufacturing 
or selling products not conforming to such standards and publications. Nor shall the fact that a standard 
or publication is published by the Association preclude its voluntary use by non-members of the 
Association, whether the document is to be used domestically or internationally. Recommended 
standards and publications are adopted by the ESDA in accordance with the ANSI Patent policy. 

Interpretation of ESDA Standards:  The interpretation of standards, in-so-far as it may relate to a 
specific product or manufacturer, is a proper matter for the individual company concerned and cannot 
be undertaken by any person acting for the ESDA. The ESDA Standards Chairman may make 
comments limited to an explanation or clarification of the technical language or provisions in a standard, 
but not related to its application to specific products and manufacturers. No other person is authorized 
to comment on behalf of the ESDA on any ESDA Standard. 

THE CONTENTS OF ESDA’S STANDARDS AND PUBLICATIONS ARE PROVIDED “AS-
IS,” AND ESDA MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESSED OR 
IMPLIED, OF ANY KIND WITH RESPECT TO SUCH CONTENTS. ESDA DISCLAIMS 
ALL REPRESENTATIONS AND WARRANTIES, INCLUDING WITHOUT LIMITATION, 
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR 
USE, TITLE, AND NON-INFRINGEMENT. 

ESDA STANDARDS AND PUBLICATIONS ARE CONSIDERED TECHNICALLY SOUND 
AT THE TIME THEY ARE APPROVED FOR PUBLICATION. THEY ARE NOT A 
SUBSTITUTE FOR A PRODUCT SELLER’S OR USER’S OWN JUDGEMENT WITH 
RESPECT TO ANY PARTICULAR PRODUCT DISCUSSED, AND ESDA DOES NOT 
UNDERTAKE TO GUARANTEE THE PERFORMANCE OF ANY INDIVIDUAL 
MANUFACTURERS’ PRODUCTS BY VIRTUE OF SUCH STANDARDS OR 
PUBLICATIONS. THUS, ESDA EXPRESSLY DISCLAIMS ANY RESPONSIBILITY FOR 
DAMAGES ARISING FROM THE USE, APPLICATION, OR RELIANCE BY OTHERS ON 
THE INFORMATION CONTAINED IN THESE STANDARDS OR PUBLICATIONS. 

NEITHER ESDA, NOR ITS MEMBERS, OFFICERS, EMPLOYEES, OR OTHER 
REPRESENTATIVES WILL BE LIABLE FOR DAMAGES ARISING OUT OF, OR IN 
CONNECTION WITH, THE USE OR MISUSE OF ESDA STANDARDS OR 
PUBLICATIONS, EVEN IF ADVISED OF THE POSSIBILITY THEREOF. THIS IS A 
COMPREHENSIVE LIMITATION OF LIABILITY THAT APPLIES TO ALL DAMAGES OF 
ANY KIND, INCLUDING WITHOUT LIMITATION, LOSS OF DATA, INCOME, OR 
PROFIT, LOSS OF OR DAMAGE TO PROPERTY AND CLAIMS OF THIRD PARTIES. 

 
 
 
Published by: 
 
Electrostatic Discharge Association 
7900 Turin Road, Bldg. 3 
Rome, NY 13440 
 
Copyright © 2020 by EOS/ESD Association, Inc. 
All rights reserved 
 
No part of this publication may be reproduced in any form, in 
an electronic retrieval system or otherwise, without the prior 
written permission of the publisher. 
 
Printed in the United States of America

CAUTION 
NOTICE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER OF 
WARRANTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER OF 
GUARANTY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LIMITATION ON 
ESDA’s LIABILITY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Full document details: ESD TR23.0-01 2020

http://www.avadocuments.com/doc/esd-tr23-0-01-2020
http://www.avadocuments.com/doc/esd-tr23-0-01-2020


ESD TR23.0-01-20 
   
 

i 

FOREWORD 

The term, electrical overstress (EOS), is assigned to most of the electrical failures of devices that 
occur in factories and the field. EOS has many root causes. One EOS root cause, electrostatic 
discharge (ESD), has received much attention in technical literature, standards bodies and 
educational workshops and tutorials. The approach has been in a systematic manner which has 
resulted in relatively successful practice for design of robust devices and control procedures for the 
factory. However, the same is not true for the effects of the broader categories of electrical stresses 
that can be the root cause of EOS. These other root causes (over-voltage, over-current, over-
power), when grouped, are more prevalent causes of failure (damage) than ESD by a wide margin 
because of the lack of a coherent design and mitigation (control) strategy. 

The focus of this technical report1 is the group of EOS root causes that can cause device damage 
in manufacturing and test. The working group anticipates frequently updating the document as 
additional information on the many root causes of EOS becomes available. This initial version 
describes the scope of possible damage root causes. Since there is more detailed information 
currently available on EMI sources, and IC and board-level test, these are described in greater 
detail. The document will be revised as best practices in use in the industry are shared and 
evaluated by the working group. 

At the time ESD TR23.0-01-20 was prepared, the 23.0 EOS Best Practices subcommittee had the 
following members: 
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Kevin Duncan 
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1 ESD Association Technical Report (TR):  A collection of technical data or test results published as an 
informational reference on a specific material, product, system or process. 

Full document details: ESD TR23.0-01 2020

http://www.avadocuments.com/doc/esd-tr23-0-01-2020
http://www.avadocuments.com/doc/esd-tr23-0-01-2020


ESD TR23.0-01-20 
   
 

ii 

TABLE OF CONTENTS 
 
 

1.0 PUrpose ................................................................................................................................... 1 

2.0 Scope ....................................................................................................................................... 1 

3.0 DEFINITIONS ........................................................................................................................... 1 

4.0 SOURCES (ROOT CAUSES) OF EOS DAMAGE DURING THE ASSEMBLY PROCESS ... 2 

 4.1 WHEN IS A POSSIBLE ROOT CAUSE A SIGNIFICANT RISK FOR EOS DAMAGE? ........................... 2 

 4.2 CATEGORIES OF EOS EXPOSURE ........................................................................................... 3 

4.2.1 Unpowered Devices ..................................................................................................... 3 

4.2.2 Powered Devices ......................................................................................................... 4 

 4.3 AC AND DC EOS SOURCES AND INADEQUATE GROUNDING ..................................................... 4 

 4.4 EMI-INDUCED ROOT CAUSES OF EIPD ................................................................................... 5 

 4.5 BASICS OF EMI DIAGNOSTICS ................................................................................................ 5 

 4.6 EMI INSTRUMENTATION .......................................................................................................... 8 

4.6.1 Time Domain Measurements ....................................................................................... 8 

4.6.2 Frequency Domain Measurements .............................................................................. 9 

4.6.3 Broadband Measurements ........................................................................................... 9 

4.6.4 Power Line EMI Adapters .......................................................................................... 10 

 4.7 VOLTAGE OR CURRENT? ...................................................................................................... 10 

 4.8 SOURCES OF EMI IN A MANUFACTURING ENVIRONMENT ........................................................ 11 

4.8.1 Commutation of Power .............................................................................................. 11 

4.8.2 Dimmers/Gradual Heat Control .................................................................................. 12 

4.8.3 Switched Mode Power Supplies (SMPS) ................................................................... 12  

4.8.4 Uninterruptable Power Supplies (UPS)...................................................................... 13 

4.8.5 Servo and Variable Frequency Motors ...................................................................... 13 

4.8.6 CFL and LED Lighting ................................................................................................ 14 

4.8.7 Power Line Surges ..................................................................................................... 15 

 4.9 PROPAGATION OF EMI ......................................................................................................... 15 

 4.10 HOW EMI CAN CAUSE DAMAGE ........................................................................................... 15 

4.10.1 EMI on Power and Signal Lines ................................................................................. 15 

4.10.2 EMI on Ground ........................................................................................................... 16 

 4.11 MITIGATION OF EMI IN ELECTRONIC ASSEMBLY ..................................................................... 18 

4.11.1 Reduction of AC Noise ............................................................................................... 18 

4.11.2 Soldering ..................................................................................................................... 19 

4.11.3 Servo Motors and Variable Frequency Drives ........................................................... 20 

4.11.4 Ground ....................................................................................................................... 21 

4.11.5 Power Line Spikes ..................................................................................................... 21 

4.11.6 DC Power ................................................................................................................... 22 

 4.12 CONCLUSION – EOS IN ASSEMBLY ....................................................................................... 22 

5.0 EOS Concerns during automated TESTING ...................................................................... 22
  

 5.1 INTRODUCTION – SCOPE OF TESTING ENVIRONMENT ............................................................. 22 

 5.2 POWER AND SIGNAL INTEGRITY EVALUATION ........................................................................ 22 

 5.3 TESTING FOR LATENT OR WOUNDED PRODUCTS ................................................................... 23 

Full document details: ESD TR23.0-01 2020

http://www.avadocuments.com/doc/esd-tr23-0-01-2020
http://www.avadocuments.com/doc/esd-tr23-0-01-2020


ESD TR23-01-20 
   

 

iii 

 5.3.1 Order of Test Routines ............................................................................................... 24 

 5.3.2 Testing at PCBA Level ............................................................................................... 24 

 5.3.3 Testing at Strip Level ................................................................................................. 27 

 5.4 TEST CONDITIONS – BEST PRACTICE .................................................................................... 27 

 5.4.1 Test Board Design Best Practice ............................................................................... 29 

 5.5 SUMMARY ............................................................................................................................ 31 

6.0 REFERENCES ....................................................................................................................... 31 

 

 

FIGURES 

Figure 1: Voltage on Ground Caused by Return Current in Ground ............................................ 5 
Figure 2a: Individual Transient on Power Line ............................................................................... 6 
Figure 2b: Composite EMI Signal on Power Line ........................................................................... 6 
Figure 3: Peak Versus Root Mean Square (RMS) Values ........................................................... 7 
Figure 4: Measuring Repetition Rate of Pulses ............................................................................ 7 
Figure 5a: Portable Oscilloscope .................................................................................................... 8 
Figure 5b: Power Line EMI Adapter ................................................................................................ 8 
Figure 5c: Portable Spectrum Analyzer .......................................................................................... 9 
Figure 5d: Measuring Broadband EMI ............................................................................................ 9 
Figure 5e: High-Frequency Current Probe ................................................................................... 10 
Figure 6: Miniature Current Probe .............................................................................................. 11 
Figure 7: Power Line Transient from Turning on Heat Gun ........................................................ 11 
Figure 8: Noise from a Light Dimmer .......................................................................................... 12 
Figure 9: Noise on AC Mains Generated by Several Switched Mode Power Supplies .............. 12 
Figure 10: Waveform Shape of Typical Noise from Uninterruptable Power Supplies .................. 13 
Figure 11: Effect of Servo Motor Pulse on Ground Noise ............................................................ 14 
Figure 12: LED Lighting as Source of EMI ................................................................................... 14 
Figure 13a: High-Frequency Signal Between USB Ground and Equipment Ground .................. 16 
Figure 13b: Resulting Voltage Between USB Data Line versus Ground .................................... 16 
Figure 14: High-Frequency Voltage Between Robotic Arm and a Tool Frame in an IC Handler . 17 
Figure 15: Transient on Power Line from a Periodic Signal and Resulting Current from the Tip    

of a Soldering Iron ....................................................................................................... 17 
Figure 16a: Connection of Equipment via Power Line EMI Filter ................................................ 18 
Figure 16b: EMI Before and After the Filter ................................................................................. 19 
Figure 17a: Connection of Soldering Iron via Specialized EMI Filter .......................................... 19 
Figure 17b: Current from the Tip with Filter ................................................................................. 20 
Figure 18: Servo Filter Reduces Ground Currents in the Tool ..................................................... 20 
Figure 19: Ground Filter Blocks Noise Propagation Throughout Facility Ground ........................ 21 
Figure 20: Using Small Ground Filter in Line with ESD Ground in Equipment ............................. 21 
Figure 21: Special EMI Filter Transient Surge Suppression Performance ................................... 22 
Figure 22: Recommended Retesting of Opens and Shorts after Functional Testing ................... 23 
Figure 23: Example of Hot Swapping with Incorrect Order of Connection - IC on System Board 

with I/O 1 and I/O 2 Connecting Pins in First and Second Followed by VDD and    
GND ............................................................................................................................. 25 

Figure 24: Correct Order and Alignment of GND, VDD, and I/O to Prevent Mis-Biasing EOS 
Conditions .................................................................................................................... 26 

Figure 25: First Mate Last Break Example ................................................................................... 26 
Figure 26: Ground Bounce Solution ............................................................................................. 27 
Figure 27: Optical Micrograph Depicting Electrically-Induced Physical Damage in the Metal 

Connected to the VS Pin ............................................................................................. 28 
Figure 28: Simplified Schematic of Test Pins with Corresponding Bypass Capacitors Depicting 

Current Discharge Path from VOUTPUT to VS ........................................................... 28 

Full document details: ESD TR23.0-01 2020

http://www.avadocuments.com/doc/esd-tr23-0-01-2020
http://www.avadocuments.com/doc/esd-tr23-0-01-2020


ESD TR23.0-01-20 
   
 

iv 

Figure 29: TVS and Schottky Diode Protection Between Supply and Ground to Protect Against 
Positive and Negative Going Transients on Supply and Ground ................................ 29 

Figure 30: Random Fuse Block and Latch-up Like Failures in an Accelerometer IC ................... 30 
Figure 31: Root Cause and Fix for Supply Capacitor Switching Failure ...................................... 31

Full document details: ESD TR23.0-01 2020

http://www.avadocuments.com/doc/esd-tr23-0-01-2020
http://www.avadocuments.com/doc/esd-tr23-0-01-2020


  

 

ESD Association Technical Report  ESD TR23.0-01-20 
  

1 

ESD Association Technical Report for the Protection of EOS/ESD Susceptible Items – 
Electrical Overstress in Manufacturing and Test 

 

1.0 PURPOSE 

This document is the first in a series of documents intended to provide information that will promote 
the reduction of electrical overstress (EOS) damage in manufacturing and test, and provide the 
knowledge base for on-going mitigation and monitoring for possibly damaging electrical stresses. 
This document will be revised and expanded as others in the industry come forward with additional 
best practices used in their facilities. The content in this version represents best practices that have 
been shared and reviewed up to the time of its submission for publication. 

 

2.0 SCOPE 

This document covers certain aspects of the control, mitigation, and monitoring of electrical 
stresses which may cause EOS damage. These stresses may occur during the processing, 
assembly, installation, or testing, of electrical or electronic parts, assemblies, and equipment. In 
general, this includes sources of excessive voltage, current or power. 

NOTE:  Electrostatic discharge (ESD) is one possible root cause of EOS damage. However, several other 
ESDA documents [1] cover ESD control and event mitigation. 

NOTE:  This document does not apply to electrically-initiated explosive devices, flammable liquids or powders. 

 

3.0 DEFINITIONS 

The ESD Association Glossary of Terms, ESD ADV1.0, defines many terms related to this 
document. The following terms or acronyms may not be familiar to the reader. Recently revised 
definitions of EOS and related terms from the Industry Council White Paper on EOS [2] are used 
in this document. In some cases, this may depart from previous common usage of these terms. 

The changes in the definitions related to EOS proposed by the Industry Council were made to 
provide a common terminology related to EOS. Common terminology is needed between suppliers 
of integrated circuits, system manufacturers, system designers, and users to assist in the 
determination of root cause when damage from EOS is suspected. The term EOS has had many 
definitions, but the most common have fallen into two categories: 

• A violation of an electrical component’s voltage, current, or power specifications. 

• The physical damage to an electrical component due to excess current or voltage. 

The most common example of this is the failure analysis (FA) diagnosis of EOS or EOS/ESD. 

The Industry Council’s EOS definition, shown below, is clearly within the first category above. This 
definition has the advantage of delineating responsibility when damage occurs. (If electrical 
damage has occurred, but there is no violation of electrical specifications, the device’s 
manufacturer has responsibility. If a device specification is violated, the user can be said to have 
caused the damage.) If EOS is a violation of a device specification, there is a need for a term to 
describe damage seen in a component that appears to be due to excess current or voltage. From 
looking at failure, we cannot tell the root cause. Physical damage can occur from sources other 
than EOS including normal stress to a weak device. The term electrically induced physical damage 
(EIPD) was introduced to describe any damage from electrical stress and is a preferred term for 
use in FA reports since it does not presuppose the cause of the damage. The Industry Council 
defined a third term, absolute maximum rating (AMR), to define the device specification which when 
violated constitutes an EOS event. 

absolute maximum rating (AMR). The values of voltage, current, temperature, power dissipation, 
etc., which should not be exceeded at any time. 

NOTE:  More information on AMR is available in Industry Council White Paper 4 [2]. 

automated test equipment (ATE). Computer-controlled equipment that tests electronic devices 
for functionality and performance. ATE also conducts stress testing with minimal human interaction. 
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ATE includes the control hardware, sensors, and software that collects and analyzes the test 
results. 

capacitive coupling. The transfer of energy within an electrical network or between distant 
networks using displacement current between circuit(s) nodes, induced by the electric field. 

NOTE:  This coupling can have an intentional or accidental effect. 

commutation. The process of rapidly establishing and disengaging an electrical current path. 

NOTE:  Can be achieved either mechanically, such as with a relay or switch, or electronically, such as with a 
CMOS switch. 

device under test (DUT). Also known as equipment under test (EUT) and the unit under test 
(UUT), is a term used to refer to a manufactured product undergoing testing, either at first 
manufacture or later during its life cycle as part of ongoing functional testing and calibration checks. 

electrical overstress (EOS). A condition where a maximum limit for either the voltage across, the 
current through, or power dissipated in the device is exceeded and causes immediate damage or 
malfunction, or latent damage resulting in an unpredictable reduction of its lifetime. 

electrically induced physical damage (EIPD). Damage to an electronic device due to 
electrical/thermal stress beyond the level which the materials could sustain. 

NOTE:  This would include melting of silicon, fusing of metal interconnects, thermal damage to package 
material, fusing of bond wires and other damage caused by excess current, voltage or power. 

electro-magnetic interference (EMI). Also called radio-frequency interference (RFI) when in the 
radio frequency spectrum, is a disturbance generated by an external source that affects an 
electrical circuit by electromagnetic induction, electrostatic coupling, or conduction. 

electromigration. The transport of material caused by the gradual movement of the ions in a 
conductor due to the momentum transfer between conducting electrons and diffusing metal atoms. 

integrated circuit (IC). An electronic circuit formed on a small piece of semiconducting material, 
performing the same function as a larger circuit made from discrete components. 

overshoot or undershoot. Either a positive (for overshoot) or a negative (for undershoot) 
unintended temporary voltage or current excursion beyond the intended value when a forced 
voltage or current transition occurs. 

printed circuit board (PCB). A non-conductive substrate with conductive tracks, pads, and other 

features.  

printed circuit board assembly (PCBA). A PCB with electronic components attached.  

 

4.0 SOURCES (ROOT CAUSES) OF EOS DAMAGE DURING THE ASSEMBLY PROCESS 

An electronic assembly, whether in the IC back-end or circuit board assembly, can expose sensitive 
electronic components to undesirable voltages and currents which in turn can cause EOS. While 
not all-inclusive, this section is intended to provide the user with examples of potential EOS sources 
so that the user can evaluate current processes and procedures with the goal of eliminating or at 
least developing strategies to mitigate potentially damaging EOS sources. 

 

4.1 When is a Possible Root Cause a Significant Risk for EOS Damage? 

A process is ultimately needed for measuring and monitoring the level of the stress for each source 
to prevent damage from EOS root causes in manufacturing. ESD control programs provide an 
example of such a process. In the case of ESD, device qualification testing provides relative 
robustness values in the form of the human body model (HBM) [3], and charged-device model 
(CDM) [4] withstand thresholds. According to the definition of EOS, an EOS occurs when one or 
more of the device’s AMRs is exceeded. The risk will be device dependent, but a manufacturing 
process must be set to handle devices with varying HBM and CDM levels. The risk of exceeding 
these limits is accomplished by controlling static voltages or discharge currents that devices will 
see in the process. 

The assurance that the constraints on the manufacturing process have been achieved is often 
inferred by demonstrating that an overall established set of ESD controls is in place through 
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appropriate measurements and monitoring (compliance verification). Then one may infer that the 
limits stated in the scope of the ESD control program are in place. For example, in ANSI/ESD 
S20.20 [5], it is implied that the verified implementation of the controls as described in the standard 
will allow successful manufacturing and handling of devices with HBM withstand threshold 
> 100 volts and CDM withstand threshold > 200 volts. The scope also includes a specific process 
constraint that voltages on isolated conductors that may contact devices must be less than 35 volts. 

The device characterization and control programs that have been implemented for ESD are the 
result of decades of work on ESD device stress testing method development and ESD control 
program techniques, materials, and measurements. Unfortunately, most of the other possible root 
causes of EIPD do not have such well-documented and quantitative methods. One attempt to move 
in this direction can be found in IPC-A-610 [6] which gives some guidance "... an increasing number 
of extremely sensitive components require that soldering irons, solder extractors, test instruments, 
and other equipment must never generate spikes greater than 0.3 volt." While this provides a good 
initial benchmark, implementation of a comprehensive EOS-control program, will be needed to 
include how to make measurements, where to make them, and how often for each major EOS root 
cause. 

 

4.2 Categories of EOS Exposure 

It is convenient to consider two main categories of exposure to electrical stresses and potential 
EOS damage - unpowered device and powered device. The former, which occurs often during the 
assembly, deals with exposing sensitive devices to unwanted voltages and currents during 
handling, joining, and soldering. The latter refers to an IC, PCBA, subassembly, or a finished 
product being powered, typically for test or calibration. 

 

4.2.1 Unpowered Devices 

Whenever there is a conductor-to-conductor contact, a device can be exposed to excessive 
voltages and currents. Below are typical instances of this in an electronic assembly of unpowered 
devices (not in order of significance): 

• SMT pick-and-place 

• manual component insertion 

• manual inspection (for example, with tweezers) 

• lead forming 

• lead trimming 

• wave or reflow soldering 

• manual soldering 

• rework 

• component kitting 

• circuit board cleaning (manual and automatic batch cleaning) 

• improper component staging before placement 

• worn or ineffective component packaging (dip tubes, tape/reel, etc.) charges the device and 

then the device contacts a conductive surface 

• PCBA staking cure operations (placing PCBAs on metal shelves in thermal chambers when 

curing staking compounds) 

• wire-bonding operations 

• wafer-cleaning/sandblasting 

• charging by plasma cleaning then discharges to conductive surface 

• improper handling of PCBAs when transporting from one process step to another (i.e., PCBAs 

stacked on top of each other or side by side with no protection between PCBAs) 

• charging and discharging of PCBAs (charged-board event [CBE]) [7] 

• charging and discharging of cables (cable discharge event [CDE]) [8] 
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It is generally incorrectly assumed that if a tool, such as an actuator in a pick-and-place machine, 
or a tip of a soldering iron, is grounded, it has zero potential and cannot be a threat to a device. 
However, the situation can be more complicated than that. Problems often develop due to incorrect 
or defective grounding and in high-frequency voltage and currents often present on the ground. In 
some of the cases above, the strength of the electrical stress can be reduced through the 
intervention of higher resistance materials at the point of contact. 

 

4.2.2 Powered Devices 

In electronic assembly, this would relate mostly to IC test, PCBA test, and final test of the product. 
Section 5.0 reviews further details about the IC and PCBA testing environments. For PCBAs and 
final products, all devices are installed on the board, and the only electrical access to the devices 
is via test points or, in case of a finished product, via external ports. Unlike with unpowered devices, 
voltage differences between different grounded wires and objects is not the only major cause of 
EOS. Among the biggest contributors to EOS problems during testing are (in no particular order): 

• power supply commutation 

• spikes and other over-voltages on power and signal lines (AC, DC, and EMI) 

• incorrect power-up and power-down sequences 

• "stuck" relays and poor-quality switches providing power, ground, and signal 

• the difference in voltage between the ground of peripherals and DUTs 

• excessive input, output, and control signals 

Approaches to the diagnostics and mitigation of the above EOS problems - unpowered and 
powered - differ in many ways; however, there are substantial similarities, including ground issues 
and high-frequency voltages and currents on the ground. 

 

4.3 AC and DC EOS Sources and Inadequate Grounding 

Problematic grounding is one of the major causes of EOS damage in electronic assemblies. The 
assumption that two grounded metal objects have no voltage between them, and thus they are 
incapable of producing a current between them, is no more than an assumption. Safety standards 
regarding grounding deal largely with resistance or impedance of ground wires, not with voltage. 
Among the problems with mains (50/60 Hz) voltage and, occasionally, DC voltage on the ground, 
are (in no particular order): 

• a broken or outright floating ground 

• excessive ground resistance 

• broken or poor-quality electrical outlets [9] 

• reversed neutral and ground wires in the outlet which is impossible to test using conventional 

outlet testers - one of most common occurrences 

• return current running through ground wire raising its voltage - mostly associated with DC 

voltages inside the tools [10] - see Figure 1 
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Figure 1:  Voltage on Ground Caused by Return Current in Ground 

 

For AC, the resulting voltage on the ground can range from a few millivolts up to one half of AC 
mains' voltage. Some of the above grounding issues present safety violations as well, likely 
resulting from a lack of knowledge of electrical safety by those who install ESD grounding. Here is 
an example [11] of a residual AC voltage which might cause EIPD. The heating element of a 
soldering iron imposes an AC voltage on the tip of the iron via capacitive or inductive coupling while 
the grounding connection does not offer low enough impedance to dissipate this voltage to ground. 
This leaves a residual AC voltage on the tip of the iron. Several documents now implement voltage 
and current measurements on the tip of the soldering irons. Diagnostics of AC and DC grounding 
problems should consist of not only measuring the resistance of metal parts to the ground or 
between different grounded metal parts, but also measurements of voltage between the metal parts 
and of current through the wire connecting these parts as recommended in ANSI/ESD S13.1 [12]. 
Current measurements using regular clamp meters are not possible due to low current sensitivity. 
Note that current measurements are always more relevant to diagnostics of EOS exposure 
because it is the current that causes EOS damage in an unpowered device. 

 

4.4 EMI-Induced Root Causes of EIPD 

High-frequency electrical signals in manufacturing processes and tools can be a source of electrical 
stress to sensitive components, as well as interfere with normal operation of equipment. Such high-
frequency signals are mostly unintentional and are often called electromagnetic interference (EMI). 
EMI can be radiated (such as electromagnetic field) and conducted (such as voltage and current 
in wires and metal parts of equipment). Radiated emission, while capable of disrupting the 
operation of equipment, is not found to be a probable source of EOS causing damage to 
components. This section focuses on conducted EMI, including power line voltage surges. 

Conducted EMI (such as electrical noise) is almost exclusively a result of the operation of electrical 
and electronic equipment. Rapid changes in current consumption that are common for digital 
equipment create voltage transients which then propagate throughout equipment power, ground, 
and, often, data cables. 

 

4.5 Basics of EMI Diagnostics 

In this document, EMI is defined as conducted emission (for instance voltage and current) with a 
spectrum of 10 kHz and higher. In a practical sense, due to distributed complex impedance of 
conductors, the upper range of the spectrum in most cases fades off after approximately 2 MHz; 
however, there are occasions where it extends to 10 MHz and higher. Most EMI signals in a 
manufacturing environment are of a transient nature. Therefore use of the term "frequency" would 
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be incorrect as it may lead the reader to infer a continuous signal of a sinusoidal nature, while the 
signal most likely would be a sharp transient spike, often with asymptotic ringing, such as shown 
in Figure 2a, or a much more complex waveform as a composite of a number of different signals, 
as shown in Figure 2b. 

 

 

 

Figure 2a:  Individual Transient on Power Line 

 

 

 

Figure 2b:  Composite EMI Signal on Power Line 

 

There are many ways to measure AC signals. Most common instruments, such as universal 
multimeters, measure the root mean square (RMS) value of the signal, which is helpful when 
dealing with continuous signals, such as a power line AC sinewave. As shown in Figure 3, and to 
some degree in Figure 2a, the RMS value of a transient signal is significantly lower than its peak, 
making RMS utterly irrelevant in our application [13]. Another parameter often measured is a peak-
to-peak value. This can also be misleading because maximum and minimum signal peaks never 
exist at the same time. The signal applied to a device is zero to peak (maximum or minimum), never 
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