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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROSTATICS -
Part 5-2: Protection of electronic devices

from electrostatic phenomena -
User guide

FOREWORD

this end and in addltlon to other activities, IEC publishes International
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guijdes

governmental organizations liaising with the IEC also part|0|pate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

and are accepted by IEC National
Committees in that sense. While all reasonable effqrts \ t re that the technical content of IEC
Publications is accurate, IEC cannot be the way in which they are used or for any
misinterpretation by any end user.

between any IEC Publication gnding nationalor regional publication shall be clearly indicated in
the latter.

5) IEC provides no joarkiQg proce s approval and cannot be rendered responsible for any
equipment decl j i ication.

6) All users should e re 2 s iti i ication.

7) No liability shall atta , employees, servants or agents including individual experts and
members of its t and |EC National Committees for any personal injury, property damage or
other damage,. of any wattwe whatsoevef, whether direct or indirect, or for costs (including legal fees) and
expenses arisingnolt o pubhication, use of, or reliance upon, this IEC Publication or any other IEC
Publications

8) Attentign i wn\te_the Normative references cited in this publication. Use of the referenced publications is
indispensa

9) Attention is dre e possibility that some of the elements of this IEC Publication may be the subject of
ot be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 61340-5-2, which is a technical report, has been prepared by IEC technical committee
101: Electrostatics.

This version cancels and replaces the first edition, which was issued as a technical
specification in 1999. It constitutes a technical revision.
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The main changes with respect to the previous edition are listed below:

This version of IEC 61340-5-2 has been modified to provide guidance for users of
IEC 61340-5-1. The text has been arranged to follow the requirements of IEC 61340-5-1 as
closely as possible as well as providing specific guidance on each of the requirements of
IEC 61340-5-1.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
101/219/CDV 101/233/RVC

Full information on the voting for the approval of this standard can
voting indicated in the above table.

exreport on

This publication has been drafted in accordance with the ISO/I

* reconfirmed,
* withdrawn,

* replaced by a revised<g
+ amended.

The contents of@o

¥ 2009 have been included in this copy.
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INTRODUCTION

This user guide and has been produced for individuals and organizations that are faced with
controlling electrostatic discharge (ESD). It provides guidance that can be used for
developing, implementing and monitoring an electrostatic discharge control program in
accordance with IEC 61340-5-1.

This user guide applies to activities that: manufacture, process, assemble, install, package,
label, service, test, inspect or otherwise handle electrical or electronic parts, assemblies and
equipment susceptible to damage by electrostatic discharges greater than or equal to 100 V
using the human body model (HBM). The 100 V HBM limit was selected for IEC 61340-5-1 as
the baseline susceptibility threshold, since a large majority of the ESD products on the market
have a sensitivity of greater than 100 V.

attainable on an individual when they are grounded via techniques acce oughout the
electronics industry as outlined in IEC 61340-5-1.

The general principals described in<|E < & imifed in their applicability to
ESDS with ESD sensitivities of 100 anies that handle ESDS with
sensitivities of less than 100 V (HBM)

IEC 61340-5-1.

The fundamenta@

envirg i ing personnel, to a known ground or contrived ground (as on shipboard
. i chment creates an equipotential balance between all items and
personne sctrostatic protection can be maintained at a potential different from “zero”
voltage ground potgntial, as long as all items in the system are at the same potential.

b) Avoid a discharge from any charged ESD sensitive device (the charging can result from
direct contact and separation or can be field induced):

Necessary insulators in the environment cannot lose their electrostatic charge by
attachment to ground. lonization systems provide neutralization of charges on these
necessary insulators (circuit board materials and some device packages are examples of
necessary insulators). Assessment of the ESD hazard created by electrostatic charges on
the necessary insulators in the work place is required to ensure that appropriate actions
are implemented, according to the risk.

c) Once outside of an electrostatic discharge protected area (hereafter referred to as an
EPA) it is often not possible to control the above items, therefore, ESD protective
packaging may be required.

ESD protection can be achieved by enclosing ESD sensitive products in static_protective
materials, although the type of material depends on the situation and .destina guiments
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an EPA, low charging and static dissipative materials may provide adequate protection.
Outside an EPA, low charging and static discharge shielding materials are recommended.
While all of these materials are not discussed in this standard, it is important to recognize
the differences in their application.

@%
S
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ELECTROSTATICS -
Part 5-2: Protection of electronic devices

from electrostatic phenomena -
User guide

1 Scope

This technical report has been developed to support IEC 61340-5-1.

less than 100 V.

2 Normative references

IEC 60749-26, Semiconductor devices$
Electrostatic discharge (ESR) sensitivi

IEC 61340-4- : art 4-1:Standard test methods for specific applications —
3 soverings and installed floors
Footwear

IEC 61340-4-5 - Electrostatics — Part 4-5:Standard test methods for specific applications —
Methods for characterizing the electrostatic protection of footwear and flooring in combination
with a person

IEC 61340-5-1, Electrostatics — Part 5-1: Protection of electronic devices from electrostatic
phenomena — General requirements

ANSI/ESD STM2.1, Standard Test Method for the protection of electrostatic discharge
susceptible items — Garments

ANSI/ESD STM3.1, Standard Test Method for the electrostatic discharge susceptible items -
lonization

Documents

Document Sharing Hub

Full document details: IEC TR 61340-5-2 2007


http://www.avadocuments.com/doc/iec-tr-61340-5-2-2007
http://www.avadocuments.com/doc/iec-tr-61340-5-2-2007

TR 61340-5-2 © IEC:2007 -9 -
3 Terms and definitions

For the purposes of this document, the terms and definitions of IEC 61340-5-1 apply.

4 ESD control program plan

This clause outlines a step-by-step approach that can be used to establish an ESD control
Program.

4.1 Developing an ESD control program plan

411 Assignment of an ESD coordinator
In order to have a well thought out and implemented ESD program 2 sator must
be assigned. The ESD coordinator is responsible for all aspects of £SD order
to be effective the ESD coordinator needs:

a) the full support of management'

rga on may choose to develop an ESD program based on ESD
sensitividies er or less than 100 V HBM. In this situation, the organization must
develop a D Y program plan that clearly states the ESD sensitivity that the program
is based on.

The organization can use various methods to determine the ESD sensitivity of the products
that are to be handled. Some of the methods include:

e assumption that all ESD products have an HBM sensitivity of 100 V;

e actual testing of ESD sensitive devices to establish the ESD sensitivity thresholds using
IEC 60749-26;

e referencing ESD sensitivity data in published documents such as manufacturer’s
published data sheets.

4.1.3 Initial process and organizational assessment

Before the ESD control program plan can be developed, an initial assessment of the
processes and organizations impacted by an ESD control program should be conducted.
Organizations and processes that might be affected include:

e purchasing; Documents
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e design engineering;

e receiving inspection;

e quality assurance;

e manufacturing;

e testing;

e maintenance;

e packaging and shipping;
o field service;

e failure analysis;

e repair services;

e spare parts storage;

e material handling and parts conveyance;
e receiving.
An assessment of each area where ESDS parts are handled ducted in order to

determine ESD hazards and possible ESD process pr6 . formvation accumulated
throughout these steps forms the basis for developi pogram plan.

After gathering the above information, the organ Qn isNn_aposition to begin documenting
e program which includes the tasks,
activities and procedures necessary tq sensitive items at or above the ESD
sensitivity level chosen fof plan. ary focus of the plan is to outline
strategies for meeting the ad i ' d ical elements of IEC 61340-5-1, other

. organization@
e defined roles 4 sibiliti between the organization and subcontractors and
suppliers;

e a list of approved\ESD control products and materials.

The administrative and technical elements of IEC 61340-5-1 that need to be addressed in the
plan (unless tailored) include:

e training plan;

e compliance verification plan;
e technical requirements;

e grounding/bonding systems;
e personnel grounding;

e protected areas;

e packaging;

e marking.

Documents
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4.1.5 Tailoring

It is possible that portions of IEC 61340-5-1 may not apply to all areas within an organization.
In these situations it is acceptable for the organization to document an exception to one or
more of the required elements of IEC 61340-5-1 as long as there is a valid, substantiated and
documented justification for the exception. An example of an acceptable exception to
IEC 61340-5-1 can be found in the sample ESD program at the end of this standard.

4.2 Development of a training plan
4.2.1 Personnel training

Personnel training is a critical element in the implementation of an ESD control program. A

prevention;

e cleaning an

Although pers A can take several forms (i.e. instructor, computer based, etc.), the

preferred techn initial training is through the use of an instructor. Special care should
be exercised in fifding a "suitable" instructor. The instructor should have a good
understanding of ESD theory and the organization’s ESD control program and the processes,
procedures and materials prescribed within. In addition, if manufacturing spans more than one
culture, careful consideration shall be given to customs and religious beliefs. Besides cultural
differences, other factors such as education, experience and age should be considered. All
training should be carried out in a secure, non-threatening environment.

One of the first steps is to determine the type(s) of ESD training methods that will work best
for the organization. Some possible training methods include:

e in-house, instructor-led ESD class;
e in-house, consultant-led class;
e computer based training;

e industry symposia, tutorials and workshops.

Documents
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The initial training program should cover the fundamentals of ESD, the details of the
organization’s ESD control program plan, and each person's role in the ESD program. The
training program should answer the following basic questions:

e what is static electricity?

e how does it occur?
e how does ESD affect product quality?

A careful explanation of the protection process as part of company policy should be included.
No matter which type of training method is chosen, the program should be designed so that
all trainee questions that arise can be answered. In addition, a knowledgeable person in the
organization should be available to answer trainee questions once they have begun working.

This type of communication should continue in the workplace and A e basis for an
ongoing education process. It is a requirement in IEC 61340-5-1 thratinitia aining is
provided before personnel handle ESD sensitive devices.

Because ESD control programs cover such a variety of job discipli 3 ational levels,
it may be necessary to develop special job specific traihing. rqodu es Advanced modules
should emphasize the main concerns of each discipling hould be tailored
to each groups speC|f|c needs For example Red” for management

Ongoing or refresher training is also\ vita izatjon’s training plan. It should

, but also should incorporate
program updates and changes and th changes. As with the initial training,
the organization shall decide which | be used and how frequently the
recurring training will be/r op pd chopsen should keep everyone informed
renewing his or her com effort. Recurring training is also a good
feedback loop for monijtoring ectiveness. Personnel should be encouraged to
discuss issues, a d Jgestio mprovement in these sessions. Actions can then
be assigned to | izati ;

ained the ESD control program concepts taught during
; requires that an objective evaluation technique be
ining plan. This can be accomplished in a number of ways that
and answer sessions with an instructor or multiple choice
of a computer based training session. Regardless of the method
should establlsh a pass/fail criterion for the testing to ensure

The test records shdguld be stored such that they are readily available to management and
customers who want objective evidence that the training portion of the ESD control program
plan is being adhered to.

Finally, since IEC 61340-5-1 requires recurring or “refresher” training, a system should be
established to highlight when employees are due for retesting and/or recertification.

A repository or central information source of educational ESD control materials should be kept
for reference at anytime by organization employees. This repository might include:

e material from initial and recurring training sessions;

e ESD bulletins or newsletters;

e videos or CDs;

e computer-based training materials;

e technical papers, studies, standards and specifications; Documents
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e ESD control material and equipment product sheets.
4.3 Development of a compliance verification plan
4.3.1 Introduction

This subclause will discuss the importance of having a properly implemented compliance
verification plan and its role in maintaining a successful ESD control program.

In order for the ESD control program to be successful it is essential to develop a plan for on-
going surveillance. The plan shall identify

e the ESD control items that will be used,

e how often the item will be checked to ensure that it meets specifig
audits,

d_the type of

A\

e the acceptable limits for each ESD control item used,

e the test methods that will be used by the auditors to verify oytrol item is

within established parameters,
e the equipment that will be used to check the various E

e who will make the audit measurements,

what will be done if an out of compliance situation o¢

4.3.2 ESD control items

c)
A compl
1) groundedwo
2) personnel grou
3) personnel grounded to a static control floor through ESD footwear;
4) personnel wearing grounded ESD garments;
5) air ionization at each workstation.

The decision to use a basic versus a complex ESD control program is a matter of company
choice. Some of the considerations are: value of the products being manufactured, product
reliability requirements imposed by the customer and the ESD sensitivity of the devices being
handled. One type of program is not necessarily any better than the other as each can be
effective in protecting ESD sensitive devices.

Once the ESD control items have been defined and implemented, the organization should
develop an audit checklist. In order to establish meaningful data concerning improving or
deteriorating ESD program trends, it is necessary for auditors to audit each area consistently
every time. Many organizations find that properly designed checklists help improve audit

consistency. D t
ocuments
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4.3.3 Verification frequency

The frequency for checking the function of ESD control elements is dependent on a number of
factors such as how often the item is used, the item’s durability and the impact on the ESD
control program if the control item were to fail. As an example, wrist straps are often used as
the primary ground for personnel. A wrist cord, whilst being worn, is subjected to thousands of
stretch/bend cycles each day and the conductive wire(s) in the wrist cord will eventually
break. The typical verification frequency, used by industry, for wrist cords is once per shift
due to the wrist cord’s importance to the success of the program and the likelihood of failure.

Some organizations may want to increase the time between verifications of an ESD control
item after it has been in use for a period of time. This is typically done by monitoring the
failures of the ESD control item. Once the organization has evidence—that there is an
acceptable period of time where no failures were found, the time between verifications can be

4.3.4.1 Visual verifications

Visual verifications are used by comp
be used by employees at the start of th
that unnecessary static generators
verifications can also be used by ma

from the workplace. Visual
\pervisory personnel to ensure that

being foIIowed.

4.3.4.2 Mea

has been selected to properly measure each ESD control
easure 100 % of each control element in use throughout the
erifications on a sample basis. The type of verification used is
ementing IEC 61340-5-1 as long as it proves to be effective.

In the past, many companies were forced to develop their own test procedures and establish
the limits for the ESD control items that they used. However, ESD control has advanced to the
point where there are generally accepted limits for many of the ESD control items that are
used. Establishing an ESD program around the limits found in IEC 61340-5-1 will drastically
reduce the possibility that 100 V (HBM) sensitive devices will be damaged by an ESD event.

There might be instances where the limits must be tightened. An example of this situation
occurs when the organization designs an ESD program around a device with an ESD
sensitivity of less than 100 V.

4.3.6 Test methods

In order to implement IEC 61340-5-1, it is a requirement that the organization follows the test
methods or standards specified in Tables 1 to 4 of IEC 61340-5-1. It is recognized that some
organizations have developed their own test methods or use other standard methods for
verifying some of the ESD control elements. This is allowed under IEC 6134030 duUthaents
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organization does not use the standards referenced in IEC 61340-5-1, a tailoring statement
shall be included in the ESD control program plan that describes the reason for not using the
referenced standards. The organization shall also be able to reliably demonstrate that the test
methods used are suitable.

The test methods listed in the tables are intended primarily for qualifying products and
materials for use by an organization. A modified version of the test method is often used by
the organization for making audit measurements that comply with IEC 61340-5-1.

It is very important that everyone involved in auditing the ESD control program understands
how the audit measurements are to be made. The organizationshall develop procedures for
making each of the audit measurements. The organization shall also ensure that everyone
involved in taking measurements understands the audit procedures.

4.3.7 Test equipment

It is very important that the organization selects the proper equi pliance
verification measurements. It is best to select equipment that com l\ f equipment

¢ Y through 4 of
IEC 61340-5-1. Each of the auditors shall be trained in he R use the measuring
equipment.

4.3.8 Auditor skills

As part of developing an ESD progra i 61340-5-1, it is important

e The internal auditor sh 40-5-1 as well as the organization’s
specific ESD program

e The internal audito and how the ESD control program fits into the
organization’s ,quality Y > t m. ESD audit findings are one example. How
does the org@ e} Qrmances found during audits? How are ESD audit
findings doc ed reports generated’? Prior to closing a

corrective actio

e Itis preferred ernal_auyditor has received training on how audits are conducted
1ISO 9000 provides a good basis for all process auditors
e The ave a good understanding of the manufacturing processes that

4.3.9 Reporting of audit findings

It is important to keep management informed about the status of the ESD program. This can
be accomplished through issuing reports at the completion of an audit. The ESD coordinator
will need to classify the severity of each non-conformance. Major non-conformances should
be addressed before those considered to be minor in nature. For significant ESD non-
compliance issues, management should be notified immediately so that proper resources can
be assigned to correct the problem.

There are many ways to make management aware of the ESD findings. Audit charts are
commonly used to report the audit results. The chart, at a minimum should identify:

e the number of audit findings;
e the type of finding;
e the area audited.

1 1S0 9000, Quality management systems — Fundamentals and vocabulary. Docu ments
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Manufacturing line #1
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IEC 957/07

ing line. As can be seen in Figure 2, the manufacturing line
established ESD targets. This information further assists

- the report is an audit trend report. This information shows
management the_statys of the audited area over time. An example of a trend chart can be
found in Figure 3.
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Figure 2 — Example audit re t sh g target for manufacturing line
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Figure 3 — Example audit report showing audit trend report
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4.4 Grounding/bonding systems
4.41 Introduction

The protection of ESDS is accomplished by providing a ground path to bring ESD protective
materials and personnel to the same electrical potential. All conductor and dissipative items in
the environment, including personnel, shall be bonded or electrically connected to a known
ground or common connection point. This connection results in a sharing of charge which
equalizes the voltage across all items and personnel and eliminates the chances of an ESD
event to ESD sensitive devices. Electrostatic protection can be maintained at a potential
different from a "zero" voltage ground reference as long as all items in the system are at the
same potential.

NOTE It is important to understand that insulators cannot lose their electrostatic charge b
The handling of insulators is dealt with in 4.6 d).

sgection to ground.

This subclause provides guidance and procedures needed to establish an effective pa is discussion

is limited to grounding for ESD purposes.
4.4.2 Basic grounding requirements

The first step in ensuring that everything in an EPA is af'the.samw.electrical potential is to
ground all conductive components of the work area (wg L es, peeple,equipment, etc.)
to one of the following points.

4.4.21 Protective earth or functional groupid

The electrical ground reference (protective _ea poses utilizes the equipment
grounding conductor which is a part of the electr| K em. Using protective earth as
a ground reference for ESD control ite e ESD control items and all powered

organization are conne€tted tq the €

In situations wh [ 3 es Nor'wish to use the equipment grounding conductor
or an equipment gré far is™ot available, a functional ground can be used. The
functional ground < t” grounding electrode that is used as the ground

reference for all It is recommended that, if

possible, the [ ystem be bonded to the electrlcal ground system (when

available) in ite differences in potential between the two grounding systems.
Documents

Document Sharing Hub

Full document details: IEC TR 61340-5-2 2007


http://www.avadocuments.com/doc/iec-tr-61340-5-2-2007
http://www.avadocuments.com/doc/iec-tr-61340-5-2-2007

TR 61340-5-2 © |IEC:2007 - 19 -

Main(s) service equipment

120V a.c.
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] Neutral . White |_ . «—— (or conduit)
Ground bus
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Figure 4a — North American electrical power s
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Earth bar
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Figure 4c — UK electrical power system — Single phase system
Figure 4 — Country-specific electrical power systems
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4.4.2.2 Common connection point (equipotential bonding)

Where a ground system is not available, an ESD control program can still be established by
connecting all of the ESD control items and other large conductors together at a common
connection point. The common connection point is not connected to ground, but the items
attached to the common connection point will all be at the same potential, which minimizes
the chance of the ESDS being damaged. The common connection point can be a single
conductive point where the grounding wires of each of the ESD control items are attached or
it cn be a large conductive element such as the metal frame of a workstation.

A real life example of this is often observed in office equipment field service operations. For
safety reasons, the service technician will often disconnect the AC power cord which
detaches the equipment from ground. In order to install ESD sensitive boards~qr components
into the equipment it is necessary to electrically connect or bong~tpgether\the service
technician, the equipment frame and the ESD sensitive product. Oace bokRded together, an

installs it in the office equipment.

4.4.3 Additional grounding considerations

Aircraft, ships and surface vehicles typically have a ground conductor that is
suitable for use as an ESD ground. This scenari¢ is quipotential bonding
situation.

It is a good practice for each grounded Vv directly connected to ground.
Figure 5 is an example of the recommended « : aompanies however connect work

surfaces to ground in series as shown/in Figure 6 wnecting the work surfaces together in

recommended.

|
\ 2
\ AN ]
L] \=<_ 1 | el L

Figure 5 —-Example of individually grounded benches — Recommended

IEC 963/07
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IEC \Q64/07

Figure 6 — Example of a series ground connection of be s commended

4.4.4 Verification of ESD grounding system

4.4.4.1 Protective earth

certain items that should be checked fo
grounding conductor.

e The impedance of the~requipm
code requirements.
e The electrical syste
to ground and not a
4.4.4.2 Func
When a functiona
national electrica
include:
e soil
e resistance

e resistance of the gfounding electrode.

4.4.4.3 Equipotential bonding

Where an equipotential bonding system is used, it is important to verify that the common
connection point is sufficiently conductive. The resistance of the common connection point
between any two ESD control item connections should be less than 1 Q when measured using
a DC ohmmeter capable of measuring resistance from 0,1 1 Q through 1x10% 1 Q with a
minimum open circuit voltage of 1,5 V.
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4.4.5 Verification of proper installation of ESD control items

Once the ESD ground reference has been verified it is important to ensure that each of the
ESD control items used is connected to the ground reference. First ensure that each ESD
control item is connected to the ground reference. Next, using the test method or standard
and limits for each ESD control item given in Tables 2 and 3 of IEC 61340-5-1, verify that the
resistance to ground (or to the common connection point) meets the required limit.

4.5 Personnel grounding

Personnel grounding is a critical technical element required in IEC 61340-5-1 and shall be
addressed any time personnel are involved with the handling of unprotected ESD sensitive
devices. There are two means by which this requirement can be met. Thg firs{_is by use of a

individual as well as the potential cost of each alternative. Both sys{ S i |n ude the
person, the control items (i.e. wrist strap, flooring, and footy eCtion to
ground. Wrist strap, flooring and footwear types, uses, and ot i bout each
are described in 4.5.2 and 4.5.3.

4.51 System requirements

Electrostatic charge can accumulate on the body 1ent. The charge results in an
electrostatic potential or voltage betw ‘ ~NThis can be damaging if
discharged to ESDS. The procedur i are designed to protect
devices sensitive to human body modekvoltage peater. To maintain a person’s
body voltage to less than 100 V, the be electrically connected to ground or

differences in potential shall be elinfi snding all of the ESD control elements

together.
With a grounded syste ome degree of assurance that the body voltage
remains below 100 V he sexieswith a resistance to ground. This resistance is

a key factor in |j on the body. For a given body movement, the

voltage achieve vTests conducted by IEC technical committee 101
have shown that a rgsist " Q or less is necessary to limit body voltage to less
than 100 V. Figur e relat| Ship between body voltage and resistance to ground.
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Figure 7 — Relationship betwee chy : tance to ground

4.5.2 Wrist strap system

To ensure that the resi
important to measure the
cord).

A wrist strap a
strap is required
or processing ESD,

y a
rely on a floo 'n ootwea system to ground their employees.

4.5.3 Footwear-flooring system

Personnel may also be grounded through use of a flooring and footwear system. This method
is useful when personnel require mobility or stand in areas where wrist straps are not feasible
and ESDS items must be handled or transported. The ground path is maintained through the
use of dissipative or conductive floors and dissipative or conductive footwear. Footwear-
flooring systems may be installed to provide a back-up ESD control item for personnel
grounded with a wrist strap system.

When footwear-flooring systems are used as the only grounding system for personnel, the
resistance to ground including the person, footwear and floor shall be the same as specified
for wrist straps (< 3,5 Q x 107 Q) at all times. If a higher resistance footwear-flooring system
is used the total resistance to ground shall be less than 1,0 Q x10% Q and the maximum
voltage on a person shall be less than 100 V (average of the five highest peaks) under worst
case conditions.
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Some of the ESD footwear options include ESD control shoes, sole and heel grounding straps
and shoe covers. If the ESD footwear does not completely cover the underside of the foot
charge generation may occur, especially when a person is walking. An example of this occurs
with the use of heelstraps. The following chart (Figure 8) shows the voltage on a person’s
body as they walk across a grounded conductive floor while wearing two heelstraps. The
voltage on the person’s body is not controlled because the heelstrap is not in continuous
contact with the conductive flooring surface.

250

225 -
200 -
175 -
150 >
125 -
100 - 4

75 -

Voltage

50

: O LRk

T AT - WT\T sk A
_25 -
-50 - %
—75 - s(\
-100

i I ! ! ! y
C 14 16 18 20 22 24
T|me (s)
[Curdor 0 |[ 9,67 |[ 0,29 IIZIEILJ
[cursor 1 ][11,43 |[238.74] W]

IEC 966/07

gading on person walking across grounded conductive floor whilst
wearing two heelstraps

Figure 8 — Vo

Heelstraps can still be an effective part of an ESD control program when used for standing
operations providing a strap is worn on each foot, and the ESD risk due to occasional loss of
the ground connection is assessed to be acceptable. They should not be used in any process
where unprotected ESDS are transported inside the EPA by hand.

Two test methods are used to measure the footwear-flooring system in combination with a
person. IEC 61340-4-5 was developed to measure:

a) The electrical system resistance of floor materials in combination with a person wearing
static control footwear. This test can be used to evaluate systems prior to installation or it
can be used with installed floors. This test method can be used to characterize any ESD
protective floor material. These include all floor coverings (e.g. tiles, carpets, epoxies,
laminates, mats, paints/coatings or floor finishes).

b) The second test method provides a way to characterize the ESD behaviour of floor
materials and footwear by measuring the charge generation of the floor, fob@eetiments
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person as a system. This test method can be used to evaluate systems prior to
installation or it can be used with installed floors. This test method can be used to
characterize any ESD protective floor material. These include all floor coverings (e.g.
tiles, carpets, epoxies, laminates, mats, paints/coatings or floor finishes).

4.6 Protected areas (EPA)

An ESD protected area (EPA) is an area that is equipped with the ESD control items required
to minimize the chance of damaging ESD sensitive devices.

In the broad sense, a protected area is capable of controlling static electricity on all the items
that enter that work area. Personnel and other conductive or dissipative items shall be
electrically bonded together and connected to ground (or a common conngetign point when a
ground is not available) to equalize electrical potential among the items.(The size of an EPA

factory floor encompassing thousands of workstations. A prote
portable worksurface or mat as used in a field service situation.

a) ESD sensitive devices shall be handled inside an
where unprotected ESDS are handled, all of thg i

q, including visitors, are aware that
of appropriate signs/markings are

c) Access to t
training. In situati

pgrsonnel who have successfully completed ESD
customers, new employees or other visitors need to

insulators.

1) Some organizations measure the strength of the electrostatic field at the point or
position where ESDS are handled. In this situation, the field strength shall not exceed
10 000 V/m.

2) Other organizations measure the field on the individual items that are brought into the
EPA. In these situations the electrostatic potential of the item is measured at a pre-set
distance from the insulator (per the meter’s operating instruction). For this type of
measurement the maximum acceptable potential is 2 000 V. If the measurement
exceeds 2 000 V, then one of the following must occur:

i) the insulator shall be kept a minimum of 30 cm from the ESDS;

i) if it is not possible to maintain the 30 cm distance, the organization will use
ionization or other methods to reduce the levels of charge generated in the
process. The use of chemical treatments on the surface of insulating materials or
the addition of humidity controls inside the EPA are two possible methods, in
addition to ionization, that can be used to reduce the levels of measured
electrostatic fields to acceptable levels.
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4.7 ESD control items

The following subclauses describe some of the various ESD control items that can be used
when developing an ESD control program that is compliant with IEC 61340-5-1.

4.7.1 Work surfaces
4.71.1 General remarks

Work surfaces play a critical role in the design and implementation of an EPA. Work surfaces
designed for ESD control are used in production and repair areas as well as in field service.
Most areas where unprotected ESDS are handled, repaired or tested require some form of a
work surface designed to dissipate electrostatic charges. The work ace is a major
component in establishing a local static safe work environment. T otk surface is

manner;
e the work surface in some cases ma
ESDS can be handled.

4.7.1.2

e work area a@
e permanency o
e physical consi

e chemical

4.7.1.21 Work area activities

The type of work being performed at the location will determine the type of work surface that
is required. If the items being handled are sensitive to mechanical shock, then a cushioning
work surface material may be required. If heavy products with sharp edges are moved around
the work surface, then a more durable surface may be necessary. Operations where
personnel are exposed to high voltages may require the use of work surfaces that will limit the
current if the power source comes into contact with the work surface. Work surfaces used in
cleanrooms may also require special consideration, including particulate contamination and
outgassing properties. Flammability of work surface materials may need investigation to
satisfy corporate requirements, insurance carriers, or safety ratings.

4.7.1.2.2 Permanency of the work area

In selecting work surface materials a good understanding of the operation is necessary to
ensure that the correct materials are selected. Considerations include the following:

Documents

Document Sharing Hub

Full document details: IEC TR 61340-5-2 2007


http://www.avadocuments.com/doc/iec-tr-61340-5-2-2007
http://www.avadocuments.com/doc/iec-tr-61340-5-2-2007

TR 61340-5-2 © |IEC:2007 - 27 -

e Field service activities often necessitate a completely portable work surface that may fit in
a tool kit or pocket of a field service engineer. This work surface shall be designed so that
it can withstand continual handling and frequent connection and disconnection from
ground. The work surface might also need to last for years in the service engineer’s tool
kit.

e Conformal coating chemicals, when used on a work surface, can increase the surface’s
resistance to ground to the point where the work surface may no longer function. For
these situations a disposable work surface might be more cost effective.

4.71.2.3 Physical considerations

Most work surfaces require a degree of durability. Durability factors that should be considered
are hardness, abrasion resistance and tear resistance. Some work s es may require
special heat-resistant materials. Soldering stations, for example, ma v

designed to resist heat.

be evaluated during qualification testing.

4.71.2.4 Chemical consideratio

of sensitive metallic parts. Solvents ang-other handled at the workstation may have
deleterious effects to the work surface. S se material should be evaluated for

4.7.1.2.5 Electrica

the surface to t

The most importzgﬁj i g idecatiqn for work surfaces is the resistance from the top of
ground for items plac

This is allowed unde 63340-5-1 but the reasons for using a more conductive work
surface €hallM ted in the ESD control program plan.

4.7.1.2.6 afety considerations

Workstations with hazardous electrical potentials may require significantly different electrical
properties. The resistance to ground and resistance point-to-point values may need to be
increased where line voltage is present.

NOTE DC resistance measurements might not be adequate for making safety decisions.
4.7.1.3 Types of work surface materials

A wide variety of work surface materials and forms exist, with more being developed all the
time. The properties of these different materials vary (mechanical, physical, and electrical).
Even though there are many varieties of work surfaces, two basic classes of work surface
materials are available. These basic classes are generally called mono-layer and multi-layer.
Some work surfaces, particularly mono-layer and high pressure laminates, may have some
degree of humidity dependence. These materials should be tested for adequate performance
at low humidity prior to selection and installation.
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4.7.1.31 Mono-layer work surface materials

Mono-layer or homogeneous work surface materials are those that have the same electrical
and physical properties throughout the bulk of the material. Rigid surfaces and flexible mat
type materials are available in different resistance ranges. Point-to-point resistance (Rp) and

resistance to ground (Rg) measurements may change with distance between the electrodes or
between the electrode and the groundable point of the work surface.

4.7.1.3.2 Multi-layer worksurface materials

Multi-layer worksurface materials typically consist of 2 or 3 distinct layers. The top surface is
normally a layer of dissipative material, varying, by product, in thickness and electrical
properties. The next layer is generally highly conductive. Some forms havg a bettom layer that

electrodes or between a single electrode and the worksurface
controlling factor is the vertical resistance through the top surfa
Proper connection of the groundable point hardware to the
assure proper charge dissipation.

4.7.1.3.3 High-pressure laminates

majority of these materials follow the
types that are basically homogeneou

humidity dependence, all high pressure lamjnate n
adequate performance at low_humidity pri Iec iQ

4.7.1.3.4 Mat and rv s : 3 ials

Mat and runner 3 lexible systems that are used to cover non-ESD
control substrate apglication is to use mats on top of ESD control high-
pressure laminates ! umidity-dependent surface in environments where
relative humidity i )
values and in ho

4.7.1.3.5 i : g able work surfaces

areas. Typically, ¢“service work surfaces are designed to fold up and fit in a tool kit or a
pocket of a field service engineer.

4.71.4 Testing

A procedure that can be used for testing the electrical resistance of work surface materials
can be found in IEC 61340-2-3. Use the test method described for making resistance to
ground or groundable point measurements.

4.7.1.41 Evaluation
As part of the selection process, work surface samples are often evaluated under laboratory

conditions where items such as humidity, temperature and test voltage are controlled.
Resistance is measured at test voltages of 10 V and 100 V at moderate and low humidity.
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4.7.1.4.2 Initial installation or acceptance

When first installed, the work surfaces should be tested to make certain that they are
functional and meet specifications. Typically, the resistance from the top of the work surface
to ground is measured to ensure that the work surface has been properly installed. Verifying
that the work surface is connected to ground should be carried out before ESD sensitive
devices are handled on the work surface. If evaluation testing is not performed, it is
recommended that point-to-point resistance measurements be made in order to understand
the characteristics of the material.

4.7.1.4.3 Periodic tests

eantinue to meet
verifi\that the path

Periodic testing of work surfaces is necessary to ensure that they
specifications. Resistance to ground measurements are typically used {d

e Clean the work surface. Sometimes a dirty surface ca
acceptable limits. Once the surface has been clear

e Disconnect the grounding wire and m i rom the top surface of the
work surface to the work surface : WL is measurement shall show
whether or not the work surface is ed and it will verify that there is a

The frequency ~
However, a com y anduct these measurements at least quarterly.

proper elgetrice Non\of alVwork surfaces. Ensure that the cleaning products used do not
leave anelect a insulative residue which is common with some household cleaners that

4.7.2 Wrist strap
4.7.2.1 Introduction

The wrist strap is a device used to keep personnel at the same electrical potential as the ESD
sensitive item(s) they are handling. In most cases this is effected by a connection of both the
person and ESDS to ground or to a common connection point when an equipotential bonding
system is used. This subclause covers practical information for the use, care and periodic
checking of wrist straps.

4.7.2.2 Wrist strap
Wrist straps typically consist of a wrist band which makes contact with the wearer’s skin. The

wrist band is then attached to a grounding cord which is connected to the ESD ground
reference.
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4.7.2.21 Wrist band

The wrist band is a flexible, form-fitting device designed to make a reliable continuous
connection to a person's wrist. Bands are manufactured in many types as summarized in
Table 1.

Wrist strap bands almost always have a hypoallergenic metal plate, usually stainless steel,
under the buckle or snap head to ensure good skin contact. The remainder of the band shall
also have a conductive skin-contacting surface. This ensures that there is complete 360° of
contact between the band and the person’s skin.

Wrist bands may have a quick-parting, electrical-mechanical connector that mates with a
corresponding connector on the head of the ground cord. This copfhectqor serves two
purposes. First, it is a physical connection for attaching the ground

be lost without the knowledge of the wearer. Experience ha§
single-conductor wrist straps, connectors that part with a
satisfactory.

nventional,
ewtons are

When initially selecting wrist straps or when reord
practice to specify a compatible snap size a
between existing wrist straps and

Wové&\eleﬁi\{fibre%\h\cenwve\qpx%s on the inside surface
dmlas i fa‘bri@i\h caxqwres on the inside surface

Q \/ngen n&}-a(stic\ﬂibwaw g a conductive inside surface

)@Qexpe}ﬁon\@ce\mg with insulating resin on the outside surface

lastic resin wrist Mband with stainless steel sheet metal strips
oRr_the Tsidesurfac

§Qa}eq sheet metal bracelet with insulating resin on the outer surface

Ie\o{rode ch with conductive adhesive

4.7.2.2.2 Wris ap ground cord

The ground cord is a wire assembly that connects the wrist band to ground or to a common
connection point. It usually consists of an insulated wire with a connector head that attaches
to the band on one end and a termination device on the other end for connecting to ground.
Ground cords usually contain a current-limiting resistor at the band-connecting end.

At first glance, the ground cord appears to be a relatively simple assembly. However, the
design requirements are considerable, given the wide range of user applications and the
durability requirements of constant tugging, flexing and dragging over the edge of workstation
tops and equipment chassis.

Ground cords are available in varying lengths, straight wire or retractable coil cords, resistors
in one end or both ends, various colours and several types of ground termination devices. The
wire can be multi-stranded linear or helical wound tinsel. The insulation can consist of a
durable polymer, a tough synthetic rubber or vinyl.

Documents

Document Sharing Hub

Full document details: IEC TR 61340-5-2 2007


http://www.avadocuments.com/doc/iec-tr-61340-5-2-2007
http://www.avadocuments.com/doc/iec-tr-61340-5-2-2007

TR 61340-5-2 © |IEC:2007 -31-

Any electrical connector that can be attached to ground is acceptable as long as it is
mechanically durable. The preferred grounding point for the groundable end of the cord is a
point connected to ground or to a common connection point. (See 4.4.2 for further
information.)

NOTE Many wrist strap users have been observed to clip the wrist cord to the edge of an ESD protective mat.
This process is not recommended as it can increase the total system resistance to ground to over the 3,5 x 107 Q
limit required by IEC 61340-5-1.

4.7.2.3 Wrist strap use and selection

The wrist strap is an effective system for grounding people who handle ESD sensitive
materials. However, it is important to emphasize that while the wrist strap grounds the skin, it
does not provide a means to eliminate static charges from clothing and footwear, unless these
items are conductive or dissipative and make contact with the person’s sk

4.7.2.3.1 Use

e The wrist strap band should fit snugly and make full
wrist band should not be worn uncomfortably tigh ¢ eave deep marks on
the wrist.

e The wrist strap shall be connected to a
continuous and secure connectio
charges stored on the body.

connection point. A
issipation of electrostatic

4.7.2.3.2 Wrist strap selection
The following factors should be considg red@ Se

. Reliability

. Durability

. Length o@
. Retractable’g
. Snap config

has to be worn cont|uously It should not detract from the efficiency of any work function.
There are numerous Adesigns that incorporate various techniques for providing reliable skin
contact. These wrist straps range from fabric woven with conductive fibres to metal flexible
bands or other special use designs. The ultimate selection will be up to the user since it must
be compatible with the process.

4.7.2.4 Wrist strap testing

Because wrist straps do not last forever, they should be tested periodically. A good testing
program not only tests the wrist strap itself, but also indicates the quality of the skin contact
when performing a system test. Wrist strap bands that are soiled, incorrectly sized or

improperly worn will show resistance higher than acceptable. Changes in weather and people
can affect ground resistance. Dry skin often leads to high resistance indications.

4.7.2.4.1 Reliability testing

A major factor in selecting and using wrist straps is reliability. Stress testing to predict
reliability is expensive and best performed by a qualified laboratory.
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Analysis of the wrist strap to determine the nature of the failure can be useful. Areas of
concern include skin contact failure, cord failure and connector failure. By collating the data
on a periodic basis, it is possible to determine trends for particular manufacturers and styles.
This information will be useful when making further purchasing decisions. Use of wrist straps
that exhibit inadequate life span should be discontinued, regardless of the failure mode.

4.7.2.4.2 Additional user wrist strap testing

The testing described here is more than a test of a wrist strap; it is also a test of the quality of
the connection the band makes with the wrist. It is a test of the wrist strap in an ‘as used’
configuration, referred to as a system test. The purpose of testing the wrist strap as a system
is to confirm that the total series resistance of all of the elements in the system is between the
minimum and maximum resistance allowed by the user's specification.

the cord, the cord itself, the current-limiting resistor, the cord-to
resistance of the interface of the cuff, the cuff/wrist interface, and th

range. Some testers will only indicate
range or outside it.

a pin probe tip between fi
perform this test, it is ir

check the fit of the band around the wrist and adjust it for a snug
n the cuff and retest. If the resistance is still over 3,5 x107 Q

NOTE 1 Electrical breakages within the cord can be checked by flexing the cord during measurement.

If the resistance is still too high, dry skin might be the problem. Dry skin conditions can be
resolved by applying moisturizing lotion on the wrist and repeating the resistance test again.
The moisturizing lotion should be one that is compatible with process requirements and does
not cause contamination.

NOTE 2 Metal expansion bracelet style wrist bands may trap moisture underneath and can be more effective for
people with dry skin.

4.7.24.4 Test frequency

Wrist straps should be tested periodically. The frequency of testing, however, is driven by the
amount of usage, wear and ESD risk exposure that can occur between tests. For, example,
what is the quantity of product handled between test periods?

Because wrist straps have a finite life, it is important to develop a test frequency that will
guarantee integrity of the system. Typical test programs recommend that wrist strdpkgiGtiaents
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used daily should be tested daily. However, if the products that are being produced are of
such value that a guarantee of a continuous, reliable ground is needed then continuous
monitoring should be considered or even required.

Data taken from the test program will ultimately allow the user to make the choice of how
often the wrist strap should be checked and which wrist straps have the most useful service
life.

4.7.2.5 Current limiting

Wrist straps have a current limiting resistor moulded into the ground cord head on the end
that connects to the band. The resistor most commonly used is a 1 x 106 Q, 1/4 watt with a
working voltage rating of 250 V. Resistors limit current as defined by Oh , which states
the current is equal to the voltage divided by the resistance. i lication, the

e Intentionally isolate the operator fron high resistance floor mats
or gloves.

NOTE Several publications exist that provid i g current for personnel safety. For

example, most power supplies are current I|m|te S A. Fc S , the user should check with local safety

personnel to determine requirements for their pa

4.7.2.6 Summary

e Wrist straps prowd i aining personnel at ground potential or at

potential the samelas handling cannot discharge to the ESDS when it
is handled o .
e Wrist straps usud iting resistor, typically 1,0 x10% Q, molded into the

ground cord here he cord attaches to the cuff. The resistor usually has a
working voltage r

e Wrist stra supplied with a 1,0 x 106 Q resistor molded into both ends of
the ground\cord when\both“ends of the cord have the same type snap connector.

o Wrist 3 be worn by personnel where they could come into contact with
voltage ove

e Wrist strap grourd cords should have a quick release connector to the cuff so personnel
will not be tied to the workstation.

e Wrist strap bands should be worn comfortably snug around the wrist while making full skin
contact.

e Wrist strap ground cords shall be connected to a groundable point or an equipotential
bonding point. Do not connect to a snap on a dissipative mat unless it is the groundable
point for the mat. Do not clip a wrist strap to the edge of a dissipative mat.

e Wrist straps should be tested on a regular basis with daily testing being recommended.
4.7.3 Static protective floor materials
4.7.3.1 Introduction

The principal cause of static electricity is frequently cited as the movement of people and
materials in the work environment. This routine movement, particularly the contact and
separation of shoe from floor, generates charges as high as several thousand voltgwSimilarl

the movement of mobile carts or other equipment will generate electrostatic CD Fbents
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subclause will review the use of floor materials to dissipate electrostatic charge. It will cover
floor coverings, floor finishes, topical anti-stats, floor mats, paints and coatings.

4.7.3.2 Functions of static protective floor materials
Static protective floor materials are used in the electronics industry for:

e Grounding of personnel (floor materials can be used in combination with static control
footwear as either a primary ground or a secondary, backup system, ground for wrist
straps in critical ESD processes)

e Grounding of ESD control items such as:

— mobile carts,

— ergonomic stands used to raise the product to an employee’s wor

— workstations.

Studies of ESD contrQ N ndicate that charge generation and charge decay times
as measured OR ary with the type of footwear worn. The levels of
performance ombination of floor material and footwear. The proper

The use of floor™materjals to control personnel or equipment generated static has a number of
benefits. Floor matefials tend to be passive. Employees who work in areas protected with
floor materials simply need to wear and test the appropriate footwear. They do not need to
implement any additional actions themselves to assure that the floor material is functioning

properly.

Floor materials, particularly floor coverings, finishes, and coatings, can be applied or installed
throughout the work environment providing a broad area of control rather than isolated control
at individual workstations. They improve the mobility of personnel who work in the
environment. Finally, floor materials can help control static on trolleys or other mobile
equipment if properly grounded.

4.7.3.5 Limitations of floor materials

Floor materials also have some limitations. When used to ground people, the person shall
maintain contact with the ESD control floor. In order to do this the person must be standing.
This is the primary reason that IEC 61340-5-1 requires a wrist strap for seated operations.
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The use of floor materials may be limited by installation considerations. For example,
concrete floors may contain excessive amounts of moisture which may restrict the installation
of resilient floor coverings. ESD control carpets might not be practical for processes where
there is excessive water spillage.

Some static protective flooring materials cannot withstand the weight of heavy vehicles such
as forklift trucks.

Some materials may be restricted from certain applications in the facility due to process
considerations. An example could be a floor finish that contributes contaminants to the
environment and would not be usable in a clean room.

important to ensure that the proper cleaning procedures and produ
the performance of the floor is not compromised.

It is important to consider the entire process when selecting sta

4.7.3.6 Types of floor materials

non-permanent materials. Some of the
type are discussed below.

4.7.3.6.1 Permanent floor materials

Permanent materials are broadly defln Brifgs, including rubber or vinyl tile and
sheet goods, epoxy coati G laminates, and carpet. As a group, these
materials have an extepnded i Ptection over a broad physical area
4.7.3.6.1.1

Resilient floor covefi uently used permanent floor materials. The material
composition is usua vinyl composition. Material form can be either tile or
sheet. Resistanck ra y from 2,5 x 104 Q to 1,0 x 10° Q. Various patterns
colours and ble. Resilient floor coverings offer attractive appearance and
resistance to\man 8ed chemicals. Most materials can be welded and self-coved

Vinyl floor may require more maintenance than other permanent flooring
alternatives; rubb ooring requires somewhat less maintenance than vinyl. Some resilient
floors may be slippery, particularly when wet. They may be adversely affected by heavy
vehicular traffic. The presence of carbon in some of these materials may restrict their use in
some clean room applications, although the abrasion resistance of these materials is quite
good. Additionally, vinyl flooring systems may outgas and may not be applicable in some
clean rooms.

4.7.3.6.1.2 Epoxy and polymeric coatings

Generally a poured permanent flooring material, these products are frequently 3mm or more
in thickness, but also can be installed in a thinner gauge (see 4.7.3.6.2.4). They have good
chemical, solder, and abrasion resistance and will withstand heavy vehicle traffic. They are
easier to maintain in comparison to other materials. They are seamless and can be used in
many clean room environments. However, they cannot be used on raised floor panels.
Because epoxies are virtually manufactured on-site, proper installation techniques by
experienced installers are critical to the successful performance of this type of material.
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4.7.3.6.1.3 High pressure laminates

Similar to the popular work surface materials, these products are normally limited to raised
floors or as floor mats. Laminates tend to be moisture sensitive and should not be used in
areas of high chemical or water spillage or directly on concrete sub-floors that may be subject
to high levels of moisture. Changes in humidity may change the resistance characteristics of
these materials. High-pressure laminates also lack the physical flexibility to be installed on
most standard sub-floors.

4.7.3.6.1.4 Carpeting

Carpeting is available in resistance ranges of 2,5 x 104 Q to 1,0 x 109 Q. It has aesthetic and
acoustical benefits and is a morale booster to employees. Maintenance costs~tend to be lower

soiling, water and chemical spills, exposure to significant amo
vehicular traffic or in clean rooms.

4.7.3.6.2 Semi-permanent or non-permanent materia

The second group of floor materials is described as
includes mats, floor finishes, topical anti-stats, and
is less than that for permanent materials and| th
replacement. The single most striking ¢characteristic\o
ease of use.

oh-permanent and
Their life expectancy
re-treatment or

4.7.3.6.2.1 Floor mats

Floor mats are available in a variety of ty
hard conductive mats. elx_poftabili

p nd s
5ilit %ase of use provide for customization and
flexibility of work space desigm|partic whenESD control requires protection in limited

equipment where ma f 3n damage many floor materials. However, mats
tend to curl, c i % 5. and/complicate floor maintenance. They are also
expensive if static.ont Mg i yired throughout a complete area. Their applicability

in clean rooms is iR tamination of the clean environment. Additional attention

is required to assre\a continugusly connected to ground.

4.7.3.6.2.2

Static-li nishes may be applied to a variety of non-ESD control floors: standard
vinyl, rubbe sdmposition tile, or existing static control flooring, to reduce the

generation of electrostatic charges. As a floor finish, they protect and they improve the
appearance of the floor, and make floor maintenance easier. Floor finishes have flexibility of
use, can be applied throughout a facility, and can provide whole area protection. These
materials also have some disadvantages:

e Some surfactant type finishes may be too slippery and pose a hazard to employees.

e Some finishes are subject to being washed off with ordinary water. Some finishes can be
worn away readily and they may require additional, frequent monitoring to make sure that
the finish is still working.

e Improper application and maintenance may cause inconsistent performance of the finish.
Some floor finishes may be incompatible with clean room requirements.

4.7.3.6.2.3 Topical anti-stats

Topical anti-stats are similar in function to floor finishes, but do not provide physical
protection to the floor material itself. They can also be used on carpet. Topical anti-stats are
relatively easy to apply; however, they lack permanency and durability.
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4.7.3.6.2.4 Paints and coatings

Paints and epoxy coatings are applied to concrete floors in thin coats. The primary
advantages of these materials are their ease of application and coverage over a wide area.
They have a longer usable life than do floor finishes, but less than permanent floor materials.
Paints and coatings tend to wear off in time and shall be reapplied on a continuing basis.
Some materials are not applicable for clean rooms because they abrade or chip away or are
highly loaded with carbon.

4.7.3.7 Testing

The standard for testing the electrical resistance of floor materials is IEC 61340-4-1. The test
method is designed to operate in the range of 1,0 x 103 Q to 1,0 x 101%-€. IEC 61340-5-1
requires that the maximum test voltage used for flooring systems useg act of an ESD
control program shall not exceed 100 V.

4.7.3.71 Evaluation

As part of the selection process, floor material samples~are_evaltss der laboratory
condltlons where humidity, temperature, and resistance 4 et as are controlled.

4.7.3.7.2 Initial installation or acceptance

are handled.

4.7.3.7.3 Periodic tests

Periodic testing o

specifications. '@ réments are typically used to verify that the path
to ground is intast. s resistance to ground measurement exceeds the

established resistance its,t SWirlg steps can be taken to identify the cause of the high

the bottormof the\tesistance measuring electrode as well) repeat the resistance to ground
measurement: e second measurement is within specification this might lead to a
further investigation concerning the cleaning practices used by the organization.

The frequency of periodic testing is normally specified in corporate operating procedures.

However, a common guide would be to conduct these measurements at least once every
three months.

4.7.3.8 Maintenance
Periodic cleaning, following the manufacturer's recommendations, is required to maintain

proper electrical function of all floor materials. Ensure that the cleaning products used do not
leave an electrically insulative residue which is common to many commercial floor polishes.
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4.7.4 Footwear
4.7.4.1 Introductory remarks

As indicated in 4.7.3, the principle cause of static electricity is often cited as the flow of
people and materials through the work environment. The routine movement of people,
particularly the interaction between shoe and floor, generates charges, which can result in
human body voltage as high as several thousand volts.

This subclause covers the role of footwear (shoes, foot grounders and other devices) in
helping control personnel charge accumulation. This subclause is intended to provide a
definition of static control footwear and its proper application in conjunction with other ESD
control mechanisms. Suggestions for testing and evaluating footwear for use_in electrostatic
discharge (ESD) protective environments are included. Considerations i ubclause are
restricted to factors relating to ESD control.

mobile personnel are almost impossible to ground with a
alternative grounding method may be necessary in combin&ti

One such alternative grounding method is throug}
flooring or mats. There are a wide variety of foofw

NOTE In order to keep the voltage on a persqn’s iy {o les
should be less than 3,5 x 10" Q

4.7.4.2 Types of foatw
physical make-up

entirely possible
program.

The type of for i bedinfluenced by the following: facilities, gender,

4.7.4.2.1

require more monitoring than other types of footwear. It is important that the conductive
ribbon has good electrical contact with the person’s body through direct contact with the
person’s skin or by connection through the person’s socks.

4.7.4.2.2 Booties and shoe covers

Booties and shoe covers are often used in environments where particle control and
contamination are concerns. Because the connection to the body is generally accomplished
by a conductive strip similar to the heel grounder and toe grounder, booties and shoe covers
also may be worn improperly. If the bootie is too large, it can slide or move around on the
shoe resulting in a loss of continuity with ground.

4.7.4.2.3 Shoes

If static control shoes are chosen, special care should be taken to ensure proper fit. Shoe
construction is important. Shoes designed specifically for ESD control purposes should be
used. Because many static control shoes look like ordinary shoes, a visible tag or marking on
the shoe will assist in the monitoring and auditing process. Documents
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4.7.4.3 Proper usage

ESD control footwear is designed to reduce body charge levels by supplying a conductive
path from the body to the floor material.

Heel or toe grounders should be worn on both feet to ensure effective use. Care should be
taken to evaluate not only the footwear, but also the footwear/floor combination (see
IEC 61340-4-5). Once an upper limit of acceptable body voltage has been determined,
typically 100 V, testing should be carried out to ensure that the combination of footwear and
floor material performs within the chosen parameters under worst case environmental
conditions.

The ability of footwear to remove a charge from a person who moves an unprotected
area to a protected one, or moves about on an ESD control floor, should >
person contacts an ESD control floor material with static control fogt
should dissipate within a few seconds.

4.7.4.4 Testing

footwear.

IEC 61340-4-3 is used for evaluating/static ©Q ootwear. The test method describes
procedures for initial laboratory evaluation ptance testing.

IEC 61340-4-5 was developed\{( SUX tem resistance of the person, footwear

tsting of people walking on ESD control

between two ints. y efs, such as wrist strap testers, do not have set points to
accommodaté the a ance ranges of static control footwear. The recommended

absence of a sweatYayer due to differences in temperature between the inner surfaces of the
shoes and the wearer’s feet or contaminants such as wax build up from office area flooring
can cause the resistance to exceed acceptable levels.

4.7.5 Static protective seating
4.7.51 Introductory remarks

As mentioned in 4.5, the principle cause of static electricity in the workplace is cited as the
movement of people and materials. This routine movement, particularly from a person seated
in a chair or movement of the chair itself across the floor can generate significant voltages.
This subclause covers the use of seating in an ESD protected area for dissipation of charge.
Although not recommended in IEC 61340-5-1 as a means of grounding personnel in the
workplace, the use of chairs that meet resistive requirements from the seat contact surface to
the castors or chair legs, may be an effective means of grounding personnel if a reliable
method can be found to create sufficient bonding of the person and the chair. In addition, if
the chair is used to connect personnel to ground (as the primary ground) th aximum
resistance to ground from the person through the chair and flooring system: shall WQQMHFI

ents
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3,5 x107 Q or less than 1,0x10'0 Q and less than 100 V of charge generation. Continual
contact shall be assured between all the elements in the system including the person, the
chair and the ESD control flooring surface. The above situation that uses static control
seating to ground personnel can be used as one possible example of tailoring.

4.7.51.1 Relationship between chairs, flooring and the user

ESD control seating dissipates charge from the user by providing a conductive path from the
portion of the body that is in contact with the chair to the flooring material on which the seat
rests. Much like the flooring/footwear combination, the seat may rely on a sweat layer
between the user and the seat cushion in order to be effective. Because the seat has more
mechanical parts, a variety of constituent materials and several connection points between
these materials and parts, it is not relied on as heavily as the wrist strap ooring/footwear
combination in grounding personnel. Yet, if tested to resistance these
interfaces can be checked to ensure that grounding is achieved. As Wi : seating is
not effective unless used in conjunction with a static protective floor:

4.7.5.1.2 Benefits

There are some benefits associated with the use of static seating\Standard chairs,
particularly those with plastic castors may induce signifi ¢ gh the user if they
are not wearing a wrist strap in areas without protective floori wear. Seating whose

4.7.5.2 Types and selection

Seating comes in various styles d bench height chairs, stools and
sit/stands. ESD control s j the body should be capable of
d|SS|pat|ng charge from 3 i ng through the components of the chair/stool

ured with a thin conductive layer below the surface of
y have a slightly higher resistance measurement than
still meet the resistance requirements listed in

A procedure that>san be used for testing the electrical resistance of seating can be found in
IEC 61340-2-3. Use the general test method described for making resistance to ground or
groundable point measurements. The seating surfaces to the chair’s groundable point (caster
or drag chain) should be evaluated.

When used as part of an ESD control program, the required electrical resistance range for
seating is less than 1,0 x 1010 Q as tested in accordance with the requirements established in
IEC 61340-5-1. This value applies to laboratory evaluations, acceptance testing and periodic
testing.

4.7.6 lonization
4.7.6.1 Introductory remarks

The primary method of static charge control is direct connection to ground for conductors,
static dissipative materials and personnel. However, a complete static control program must
also deal with isolated conductors that cannot be grounded as well as insulating materials
(e.g., most common plastics). Humidity and chemical sprays may be used. to dlss&ments
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charges from these items under some circumstances. However, humidity is a slow method of
dissipating static charge, and chemical sprays are not applicable in environments such as
clean rooms.

Air ionization can neutralize the static charge on insulated and isolated objects by charging
the molecules of the gases of the surrounding air. Whatever static charge is present on
objects in the work environment, this will be neutralized by attracting opposite polarity
charges from the air. Because it uses only the air that is already present in the work
environment, air ionization may be employed even in clean rooms where chemical sprays and
some static dissipative materials are not usable.

Air ionization is not a replacement for grounding methods. It is one component of a complete
static control program. lonizers are used when it is not possible to proper ound everything
and as backup to other static control methods. In clean rooms, air iopiz 2
the few methods of static control available.

Balanced air ion ¢an edhanse the akj
from the clean room enyj ent. i2ati

reduces the attractio i i ese surfaces. Particles have a greater tendency to
remain in the la wandthery/be removed by the air filtration system.

4.7.6.2

e ion may have a positive charge (deficiency of electrons) or a
negative chargeexcess of electrons). The natural concentration of ions in air is low, typically
less than 1 000 per €ém3. These "natural" ions are usually formed during the decay of natural
radioactive elements in the air, in the ground or in building materials.

For neutralization purposes higher ion concentrations are needed. Radioactive sources,
usually Polonium 210, may be used under certain conditions to produce air ions. Alpha
particles emitted by nuclear ionizers are positively charged helium nuclei (two protons, two
neutrons and no electrons). When these alpha particles collide with molecules in the air, they
displace electrons from some air molecules (creating positive air ions). These "free" electrons
are eventually captured by other air molecules (creating negative air ions).
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4.7.6.3 Measurement of air ionization

If an ion is exposed to an electric field, it will move at a rate dependent on the magnitude of
the electric field, and in a direction dependent on the direction of the electric field and the
polarity of the ion (either may be positive or negative). The motion of ions in an electric field is
an electric current whose current density will be dependent on the number of the ions in the
air and the rate at which the ions move away from or towards the source of the electric field.

If an object is charged, an electric field is established around the object. The field strength will
vary from point to point, but is always proportional to the charge. If the object is surrounded
by ionized air of both polarities, a current will flow towards the object carried by the ions of
polarity opposite to its charge. This "neutralization current" is proportional to the charge on

depletion of ions in the vicinity of the charged object, non-homene' AO heNonjzed air, and
i inxthe rate of Ccharge decay

impractical. It is more reasonable to measure thg i properties of an ionizer
experimentally using a charged plate monitor.

4.7.6.3.1 Charged plate monitor

The charged plate monitor is used to n
ionizing installation. The charged plate

3 g properties of an ionizer or
of an isolated conductive plate, which

If the charged p \_an ionized environment, the rate of charge
neutralization b@ ioni ay_becharacterized by the discharge time. This has been
defined as the ti S

00 V). The ionizer balance may be determined by
ate, and then noting any voltage induced on the plate by
is"known as the offset voItage Deta|led information on the

momentarily gro
the ionizer op

besides the ability of'the ionizer to neutralize a static charge. In general, ionization must be
engineered for a particular application, and then evaluated in the actual area it will be used.

It should be remembered that air ionization is installed because there is a static problem. In
most cases the air ionization is installed to neutralize static charges on process-essential
insulators and isolated conductors. Often, these insulators and isolated conductors are part of
the product being manufactured. lonization, working alone or in addition to passive static
control methods, must demonstrate that it can reduce or eliminate the static problem. There
are many different technologies and types of equipment for making air ions. There is no best
ionizer for all applications. But, by carefully understanding the requirements of one’s own
application, it may be possible to determine the best ionizer for that specific application.

4.7.6.5 Types, use, selection and installation of air ionizers

4.7.6.5.1 Types of air ionizers
Two primary methods of producing air ionization are nuclear decay by alpha em'nséo&ments

corona discharge caused by high electric fields. Corona discharge ionizers come
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of types, the most common being AC ionizers, steady-state DC ionizers, and pulsed DC
ionizers. Also available are X-ray ionizers that use soft x-ray sources to produce air
ionization.

NOTE Corona discharge air ions are created when a high voltage (AC, DC) is applied to a point or emitter.
4.7.6.5.1.1 Nuclear ionizers

Nuclear ionizers commonly use polonium 210 as the radioactive element for producing air
ionization. The nuclear material is packaged in a way that prevents its release from the
ionizer, but still allows alpha particle emission to ionize the surrounding air. The alpha
particles collide with gas molecules in the air, displacing electrons. When electrons are
displaced positive ions are produced. When the displaced electrons are captured by neutral
gas molecules, negative ions result. Nuclear ionizers do not produce a ctric field. They
shall be used in close proximity to the charged surface, or depend on 2 disperse the
air ions into the work area.

4.7.6.5.1.2 AC ionizers

points also changes direction rapidly. In some sityation
sensitive components close to the emitter point
from the emitter points will require airflaw. AC
air delivery system.

4.7.6.5.1.3 Steady-state DC ionize
d positive ion emitters connected by

qnsist of searga' e
espesiive high voltage power supplies. The spacing

he design, and DC power is constantly applied to

Steady-state DC systems
a pair of high voltage c
between emitters will
the emitter points.

n some situations, it may not be desirable to place
itter points. The electric field of the ionizer is used to
airflow. Care shall be taken that the emitters are not spaced

Pulsed DC systems generate both polarities of ions at a single emitter unit using a single or
closely spaced pairs of emitter points. Power distribution may be by high-voltage cables from
a central high-voltage power supply, or by low-voltage cable from a central controller to
remotely located high-voltage power supplies. By alternating relatively slowly between
polarities (usually at a pulse rate of 10 Hz or less), the recombination rate is lowered;
however, offset voltage cycling does occur. Generating both polarities at a single location
eliminates ion hot spots and allows the electric fields to move ions in low airflow applications.
In some situations, it may not be desirable to place sensitive components close to the emitter
points. By varying the pulse rate, ions can be delivered to the work area, even in “zero”
airflow situations.

4.7.6.5.1.5 X-ray ionizers

Soft x-ray sources (less than 10 KeV energies) can be used to provide the energy to displace
electrons from the gas molecules in the air. When electrons are displaced, positive ions are
produced. When the displaced electrons are captured by neutral gas molecules, negative ions
result. X-ray ionizers produce ions along the path of the x-ray, which may be uf)qmmments
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more in air. X-ray sources shall be shielded to prevent exposure to personnel. There is no
electric field, but ions are produced in a volume of air, without airflow being required.

4.7.6.5.2 Environments for using air ionizers

Nuclear, corona and soft x-ray ionizers are available in a number of different types. The
choice of an ionizer often depends on the size or type of area in which it will be used.
Products are available that provide ionized air for entire rooms, laminar airflow benches, work
surfaces, specific points of use, compressed gas lines, and a variety of custom applications
which are beyond the scope of this standard.

4.7.6.5.2.1 Room ionization

Room |on|zat|on dewces are used when static problems occur over 3 yide pruct|on area

systems, pulsed DC bar systems, and individual pulsed DC emitter izers’are not
commonly used in room systems because of the quantity of rad te al that would be
required

Regardless of the type of room ionizer chosen, a nu ental and equipment

issues must be addressed when large areas are to
the ceiling height and airflow present in the arez

ytion must be given to
the area will change

ves an engineered system, rather than

The type of ionizer used to provide static control on any work surface depends to a large
extent on the area in which the worksurface is located and the amount of airflow available. In
contamination-controlled areas, and other areas with significant amounts of airflow, the
products described under room ionization, or laminar flow bench ionization, may be usable. In
areas where there is little ambient airflow, other types of ionizers may be used. These are
commonly known as bench top blowers or overhead workstation ionizers, and include fans in
their design. They may use nuclear or any of the previously described types of corona
ionization technology.

4.7.6.5.2.4 Point-of-use ionization

There is sometimes a need to provide static control in a small defined area or location. This
may be done to provide static control within production equipment, in mini-environments or to
facilitate particle removal from part of a product. lonizers used for this purpose may be blow-
off guns or nozzles that work with a supply of compressed air or nitrogen. They may use
either nuclear, soft x-ray or any of the previously described types of coronquaments
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