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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROSTATICS -

Part 5-2: Protection of electronic devices from
electrostatic phenomena — User guide

FOREWORD

1) TRe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
al| national electrotechnical committees (IEC National Committees). The object of IEC_is to promote
infernational co-operation on all questions concerning standardization in the electrical and electronic fields. To
thl]s end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaftercreférred to as| “IEC
Pdiblication(s)”). Their preparation is entrusted to technical committees; any IEC National €ommittee intefested
in| the subject dealt with may participate in this preparatory work. International; “governmental and| non-
gqvernmental organizations liaising with the IEC also participate in this preparation® IEC collaborates c|osely
with the International Organization for Standardization (ISO) in accordance~with’ conditions determingd by
agreement between the two organizations.

2) THe formal decisions or agreements of IEC on technical matters express, @s nearly as possible, an interngtional
cqnsensus of opinion on the relevant subjects since each technical/committee has representation frgm all
inferested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC Ngtional
Committees in that sense. While all reasonable efforts are made to ensure that the technical content df IEC
Pdblications is accurate, IEC cannot be held responsible. for) the way in which they are used or fof any
m|sinterpretation by any end user.

4) In| order to promote international uniformity, IEC National Committees undertake to apply IEC Public@tions
transparently to the maximum extent possible in their” national and regional publications. Any divergence
bgtween any IEC Publication and the corresponding‘national or regional publication shall be clearly indicafted in
the latter.

5) IEC itself does not provide any attestation of<conformity. Independent certification bodies provide conf¢rmity
agsessment services and, in some areas, ,access to IEC marks of conformity. IEC is not responsible fdqr any
sdrvices carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC ar.its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damgge or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees]) and
ejpenses arising out of the “publication, use of, or reliance upon, this IEC Publication or any othef IEC
Piblications.

8) Aftention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is
inflispensable for the correct application of this publication.

9) Aftention is dfawn to the possibility that some of the elements of this IEC Publication may be the subject of
pdtent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main_task of IEC technical committees is to prepare International Standards. Howevgr, a
techpical committee may propose the publication of a technical report when it has collgcted
data of a different Kind from that which Is normally published as an Iniernational Standard, for
example "state of the art".

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

This second edition cancels and replaces the first edition published in 2007. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

This second edition of IEC TR 61340-5-2 has been modified to provide guidance for users of
IEC 61340-5-1:2016. The text has been arranged to follow the requirements of
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IEC 61340-5-1:2016 as closely as possible as well as providing specific guidance on each of
the requirements of IEC 61340-5-1:2016.

The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
101/532/DTR 101/543/RVDTR

Full information on the voting for the approval of this technical report can be found in the

report on voting indicated in the above table.

This

A lis
be fd

The

committee has decided that the contents of this document will remain-unchanged unt

document has been drafted in accordance with the ISO/IEC Directives, Part 2.

of all parts in the IEC 61340 series, published under the general title Electrostatics
und on the IEC website.

can

| the

stabllity date indicated on the IEC website under "http://webstore.iec.ch” in the data relat¢d to

the s
e T
e

—

e amended.

A bil

econfirmed,

bplaced by a revised edition, or

pecific document. At this date, the document will be

ithdrawn,

ngual version of this publication may be issued at a later date.

IMR

ungd
col

that it contains colours which are considered to be useful for the cory

erstanding of its contents. Users should therefore print this document usin
pur printer.

ORTANT - The 'colour inside! Togo on the cover page of this publication indicqdtes

ect
g a
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INTRODUCTION

This user guide 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
equment susceptlble to damage by electrostatic dlscharges greater than or equal to 100 V

The (MM test is no longer used for qualification of devices, only HBM and CDM. The*MM is
retaiped in this document for process control of isolated conductors. These three leyels were
sele¢ted 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 HBM, 200 V CDM
and B5 V for isolated conductors. If ESD sensitive devices (ESDS) of less than these v3lues
are being handled, additional controls can be implemented or some offthe technical cgntrol
item|requirements can be adjusted.

The |requirements established for each of the ESD control items:are specified for an [ESD
contfol program designed for 100 V HBM, 200 V CDM and 35\/for isolated conductors.| The
100 V¥ HBM value is predicated on maximum voltage levels attainable on an individual when
they|are grounded via techniques accepted throughout theyelectronics industry as outlingd in
IEC p1340-5-1.

For prganizations concerned with charged devicexmodel damage, IEC 61340-5-1 establishes
requjrements concerning the use of insulators¢in the ESD protected area (EPA) basefl on
maximum electrostatic field limits.

Any [contact and physical separation of;materials or flow of solids, liquids, or particle-laden
gasgs can generate electrostatic charges. Common sources of ESD include chalged:
perspnnel, conductors, common_(polymeric materials, and processing equipment. [ESD
damgage can occur when:

e gcharged person or object'comes into contact with an ESDS;

e an ESDS comes into\direct contact with a highly conductive surface while exposed to an
dlectrostatic field;

e gcharged ESDS-comes into contact with another conductive surface which is at a diff¢rent
dlectrical pofential. This surface may or may not be grounded.

Examples of-ESDS are microcircuits, discrete semiconductors, thick and thin film resis
hybr|d dévices, printed circuit boards and piezoelectric crystals. It is possible to deter
devi e and |tem susceptlblhty by exposmg the deV|ce to S|mulated ESD events The Ie
senst . v i c
level of senS|t|V|ty in a real I|fe S|tuat|on However the Ievels of sensmwty are used to
establish a baseline of susceptibility data for comparison of devices with equivalent part
numbers from different manufacturers. Three different models have been used for
qualification of electronic components — human body model (HBM), machine model (MM), and
charged device model (CDM). In current practice, devices are qualified only using HBM and
CDM susceptibility tests.

The general principles described in IEC 61340-5-1 are not limited in their applicability to
ESDS with ESD sensitivities defined in IEC 61340-5-1 (e.g. 100 V HBM). For organizations
that handle ESDS with withstand voltages higher or lower than those defined in
IEC 61340-5-1, the general principles of IEC 61340-5-1 can still be used. The organization
can modify some of the required limits specified in Tables 2 to 3 of IEC 61340-5-1:2016. The
program documentation identifies the lowest ESDS withstand voltage(s) that can be handled,
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and if different to those defined in IEC 61340-5-1, appropriate changes to the limits specified
in [IEC 61340-5-1 can be made in the program documentation.

The fundamental ESD control principles that form the basis of IEC 61340-5-1 are as follows:

a) Avoid a discharge from any charged, conductive object (personnel, equipment) into the

b)

c)

Each) organization has different processes, and so there will be a different blend of
prevention measures for an\optimum ESD control program. It is vital that these measures
tted, based on technical necessity and carefully documented in an ESD control program
plan] so that all concerned can be sure of the program requirements.

sele

Training is an essential part of an ESD control program in order to ensure that the persg
involved undetstand the equipment and procedures they are to use in order to b
compliance with the ESD control program plan. Training is also essential in raising aware
and [understanding of ESD issues. Without training, personnel are often a major sourg
ESD|risk:-With training, they become an effective first line of defence against ESD damagg.

sensitive device:

It is preferred that all conductors that may come into contact with ESDS including
personnel, are bonded or electrically connected to a known ground or contrived ground (as
on shipboard or on aircraft). This attachment creates an equipotential balance between all

items and personnel. Electrostatic protection can be maintained at a potential diff

rent

ffom “zero” voltage ground potential, as long as all items in the system are at the)g
otential. If a conductor that cannot be grounded (e.g. isolated conductor) cemes
ntact with an ESDS, the ESD risk should be evaluated and if necessary mitigated.

void a discharge from any charged ESD sensitive device (the charging procéess that

Ihsulators cannot lose their electrostatic charge by grounding. ltVis preferred
insulators should be removed from the vicinity of ESDS. Some insulators are essent

ame
into

can

I¢ad to a discharge can result from direct contact and separation or can pe,field induced):

that
al to

the process or product and cannot be removed from the vicinity of the ESDS. lonizati¢n or

ther mitigating techniques can provide neutralization of eharges on these esse
insulators (circuit board materials and some device packages are examples of esse
insulators). Assessment of the ESD hazard created by electrostatic charges on
ssential insulators in the work place is done to ensure that appropriate actiong
plemented, according to the risk.

nce outside of an electrostatic discharge protected area (hereafter referred to a
PA) it is generally not possible to control thel above items, therefore, ESD prote
ackaging can be used. ESD protection canvbe achieved by enclosing ESD sens
roducts in static protective materials, although the type of material depends on
ituation and destination. Inside an EPA, static dissipative materials may prg
dequate protection. Outside an ERA; low charging and static discharge shie
aterials are recommended. While,"all of these materials are not discussed in
ocument, it is important to recognize the differences in their application. Requirem
nd associated test methods fef ESD protective packaging are specified in IEC 61340

ntial
ntial
the
are

5 an
ctive
itive

the
vide
ding
this
ents
5-3.

ESD
are

nnel
e in
hess
e of

a)
-

Regular compliance verification checks and tests are essential to ensure that equipment
remains effective and that the ESD control program is correctly implemented in compliance
with the ESD control program plan.
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This
actiVlities that: manufacture, process, assemble, install, package, label, service, test;. ins
trangport or otherwise handle electrical or electronic parts, assemblies and equipment
withgtand voltages greater than or equal to 100 V HBM, 200 V CDM and 35 V for iso
conductors. Additional control elements or adjusted limits can be applicable for ESDS
lowefr withstand voltages.

NOTH Isolated conductors were historically represented by MM.

2

The
content constitutes requirements of this document. For‘dated references, only the eg
cited applies. For undated references, the latest edition‘of the referenced document (incld

any

IEC

elec

3

3.1

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

ISO
addrgesses:

3.2

TR 61340-5-2:2018 © IEC 2018 -9-
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Part 5-2: Protection of electronic devices from
electrostatic phenomena — User guide

Scope

part of IEC 61340, which has been developed to support IEC 61340-5-1, applie

Normative references

following documents are referred to in the text in suchva way that some or all of

hmendments) applies.

51340-5-1:2016, Electrostatics — Part 5-1: Protection of electronic devices
rostatic phenomena — General requiremehts

Terms, definitions and abbreviated terms

Terms and definitions

and IEC maintainyterminological databases for use in standardization at the follo

FC Electrapedia: available at http://www.electropedia.org/

50 Online browsing platform: available at http://www.iso.org/obp

Abbreviated terms

s to
pect,
with
ated
with

their
ition
ding

from

wing

AHE automated handling equipment

CDM charged device model

CPM charged plate monitor

DUT device under test

EPA ESD protected area
ESD electrostatic discharge
ESDS ESD sensitive device
HBM human body model

MM

machine model

MVTR moisture vapour transmission rate
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PPE personal protective equipment
RC resistor-capacitor

4 Personnel safety

The procedures and equipment described in this document may expose personnel to
hazardous electrical conditions. Users of this document are responsible for selecting
equipment that complies with applicable laws, regulatory codes and both external and internal
policy. This document cannot replace or supersede any requirements for personnel safety.

Elecfrical hazard reduction practices should be exercised and proper grounding instrucgions
for equipment should be followed.

5 ESD control program

5.1 | General
5.1.1 ESD control program requirements
The [ program includes both administrative and technical requirements as described in

IEC p1340-5-1, which requires the organization to establishy decument, implement, maiptain
and perify the compliance of the program.

5.1.2 ESD coordinator

An HSD coordinator is a person appointed by the:Qrganization to be responsible for organjzing
and [maintaining the ESD control program.%ln" order to have a well thought out|and
implemented ESD control program, IEC 61340-5-1 requires that an ESD coordinatoy be
assigned. The ESD coordinator is responsible for all aspects of ESD in the facility. In order to
be effective the ESD coordinator needs;

a) the full support of management;

b) good understanding of electrostatics and how ESD sensitive devices can be damdgged;
he ESD coordinator will 6ften need to attend educational classes or seminars relatgd to

e
t
HSD in order to maintain.or update knowledge;
e
t

c)

thorough understanding of IEC 61340-5-1 and all of the organization’s processes related
b the handling of(ESD sensitive devices.

d) dccess to measuring equipment for the purposes of performing compliance verification
easurements' as well as testing new ESD products and materials for use in the |ESD
ntrol program;

e) depending on the size of the facility, the ESD coordinator might also need to have auditors
ssigned to conduct the ESD audits.

Finally, management should provide the ESD coordinator with the authority and funding
necessary to ensure that the ESD control program is maintained and enforced.

5.1.3 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 control program plan at the end of this
document (Annex A).
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5.2 ESD control program administrative requirements
5.21 ESD control program plan
5211 General

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

program.

5.2.1.2 Determination of ESD withstand voltage

One de g3 SD control program—plan—is—tc . 2
equipment sensitivity level under which the plan is to be developed. Although
requjrements outlined in IEC 61340-5-1 are effective for handling parts sensitivectio* 1
HBM or 200 V CDM or higher, the organization may choose to develop an ESD co
progfam based on ESD sensitivities that are greater or less than these limits. In'this situg
the ¢rganization should develop an ESD control program plan that clearly Sstates the
sengjitivity that the program is based on.

The [organization can use various methods to determine the ESD seansitivity of the prod
that pre to be handled. Any of the following methods may be used;

e gJssumption that all ESDS products have an HBM withstand)voltage of 100 V and 2
gDM;

e Jctual testing of ESD sensitive devices to establish-the ESD withstand voltage U
IEC standards (see Bibliography);

ly or

the
00 V
ntrol
tion,
ESD

ucts

DO V

sing

o referencing ESD withstand voltage data in published documents such as manufactyrer’s

ublished data sheets.

For [more information see the IndustrysxcCouncil on ESD target levels white p3g
(www.esdindustrycouncil.org).

5.21.3 Initial process and organizational assessment

Before the ESD control program plan can be developed, an initial assessment of
processes and organizations\impacted by an ESD control program should be condu

pers

the
cted.

Orggnizations and processes’/that might be affected include (this list represents examplés of

areap involved):

. urchasing (purchasing the qualified ESD control items);

. esign engineering (selecting components/materials with consideration of ESD issues

receiving_ and inspection (taking care of handling ESD susceptible components as wg
condary packaging);

uality assurance;

Il as

e manufacturing (design and operation of manufacturing lines);

o testing;

e maintenance (production/grounding);

e packaging and shipping;

o field service (implement ESD control during field service operations);
e failure analysis;

e repair services;

e spare parts storage;

o material handling and parts conveyance;

o facility management (e.g. cleaning/grounding).


http://www.esdindustrycouncil.org/
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An assessment of each area where ESDS parts are handled should be conducted in order to
determine ESD hazards and the appropriate ESD control process procedures. The information
accumulated throughout these steps forms the basis for developing the ESD control program
plan.

5.2.1.4 Guidance of how to determine ESD hazards

The first step in determining ESD hazards is to identify whether ESD susceptible components,
PCBs or other items (ESDS) are handled in the facility. Most semiconductors and some
passive devices are ESDS. In general populated PCBs, modules and similar assemblies
should be considered ESD susceptible. If their ESD withstand voltage is not known then
assume the product is ESD sensiiive. Even PCBS or modules that are 1ully contained-_within
an gnclosure may have some susceptibility to ESD that may enter via a connector ©or-flying
leads.

The [second step is to identify the processes in which ESDS should be{kandled iph an
unprptected state. These processes may be manual or automated. A majof contributign to
ESD| protection may be made by minimizing handling of ESDS in an unprotécted state. Where
handling is necessary, some form of ESD control is required — these\are defined as [ESD
protgcted areas (EPA) in IEC 61340-5-1. All areas in which ESD controls are not applied are
unprptected areas. Any ESDS in unprotected areas should be protected within ESD proteftive
packiaging of some form.

The fhird step is to identify the potential ESD sources in each process. The most comm@n of
these are;

charged person touching the ESDS;

e the ESDS becoming charged and touching a conductive item (e.g. metal paft or

3
e gcharged metal or conductive object, tool or-other item touching the ESDS;
t
gdquipment).

Electrostatic fields are not usually in_themselves damaging (with a few exceptions). However
elecfrostatic fields help set up theceonditions in which ESD can occur because any isolated
conductor (e.g. metal parts or_the device itself) within the electrostatic field will attgin a
voltage. If two conductors tolch (or become sufficiently close to each other) withip an
elecfrostatic field, and at least'one is isolated, then ESD will probably occur between thenj.

A pﬂ'ticularly damaging-form of ESD can occur when an ESDS comes into contact with alhigh
conductivity (low resistance, e.g. metal) item. An ESD event occurring in this circumstgnce
can have a very short duration high discharge current. The susceptibility of the ESDS tq this
type|of event is)characterized by its charged device model (CDM) withstand voltage. This|type
of damage_can often be avoided where the device instead makes contact with a higher

resistances(> 104 Q) resistance material.
52]JL__1kmLn1dgnunﬂn&appuuuku&ESDJngmﬂuns

It follows that the first step in determining the appropriate ESD control measures is to define
the boundary of each EPA. These should then be marked or signed so that personnel can
easily identify which areas are EPA and which are unprotected areas. Within the EPAs the
ESD control measures can then be determined.

e Personnel handling ESDS are grounded so that they cannot be at a high enough voltage
to damage the ESDS that they touch. This normally means that the body voltage on
personnel should be reduced to less than the human body model withstand voltage of the
ESDS.

e Any metal or conductive items, that make contact with ESDS, are grounded to ensure that
they are not charged.
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e Sources of high electrostatic fields (e.g. charged insulators or equipment that generates
external electrostatic fields) are kept far enough away from ESDS not to risk inducing high
voltages on the device.

e ESDS are often in an ungrounded state when they make contact with other components or
process items; this can create charged device ESD risk. This risk should be managed by
use of dissipative materials or reducing voltage differences.

5.2.1.6 Documentation of ESD control program plan

After gathering the above information, the organization is in a position to begin documenting
the ESD control program plan. The plan should state the scope of the program which includes
the tasks, activities and procedures necessary to protect the ESD sensitive items at or-apove
the ESD sensitivity level chosen for the plan. Although the primary focus of the plan/js to
outline strategies for meeting the administrative and technical elements of IEC61840}5-1,
othef items may be beneficial to incorporate as well. These additional items mightyinClude

rganizational responsibilities;

efined roles and responsibilities between the organization andfsubcontractors|and
uppliers;

rategies for monitoring product yields and processes that—might be important in
etermining the effectiveness of ESD control measures currently in place or in assegsing
hether additional measures should be taken;

pproaches for ensuring continual improvement of the ESD control program;

list of approved ESD control products and materidls.

e training plan;

roduct qualification;
mpliance verification plan;

rounding/bonding systems;

ersonnel grounding;

rotected areas;

Training of\personnel is a critical element in the implementation of an ESD control program. A
sustained-commitment and attitude among all personnel that ESD prevention is a valugble,
continuing effort by everyone is one of the primary goals of fraining

One of the first decisions that is to be made is who will be required to attend ESD training
courses. |IEC 61340-5-1 requires that, at a minimum, initial and recurrent ESD training be
provided to all personnel that handle or otherwise come into contact with ESD sensitive items.
This decision seems straight-forward but care should be taken to ensure that all people that
handle ESD sensitive devices receive adequate training. One example is the finance
department. Many people will immediately state that this group should be exempt from ESD
training. However, in some organizations the finance department personnel are involved in the
annual physical inventory where parts are counted. In these situations, the finance employees
are touching ESD sensitive parts and therefore should receive ESD training in order for the
organization to be in compliance with IEC 61340-5-1.

Although it is not a requirement of IEC 61340-5-1, the organization should consider providing
some form of ESD training to personnel who do not handle ESD sensitive parts such as:
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e managers, who may need to understand the implications of, and necessity for ESD
prevention;

e cleaning and maintenance personnel who may need to work within the EPA; and
e purchasing personnel responsible for buying ESD susceptible parts and ESD control
equipment.

For visitors to the EPA, the person escorting the visitor is responsible for ensuring that they
are wearing the ESD control equipment required by the organization and that they understand
what they may and may not do within the EPA.

Althgugh personnel fraining can take several forms (i.e. instructor, compuier based, eic.}, the
preferred technique for initial training is through the use of an instructor. Special care sHould
be exercised in finding a "suitable" instructor. The instructor should have.Ja g¢ood
undgrstanding of ESD theory and the organization’s ESD control program and the procegses,
procegdures and materials prescribed within. In addition, if manufacturing spans.more than one
cultdre, careful consideration should be given to customs and religious~beliefs. Begides
cultdral differences, other factors such as education, experience and "age should be
conglidered. 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 im-house, instructor-led ESD class;
e ip-house, consultant-led class;

e gomputer based training;

imdustry symposia, tutorials and workshops;

e an the job training.

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

e what is static electricity?
e how does it occur?

e Hhow does ESD affect\product quality?

A cgreful explanation of the protection process as part of organizations policy shoulfl 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 pgrson
in thle organization should be available to answer trainee questions once they have bggun
workling. Opening the lines of communication is the beginning of a successful ESD tra|ning
program.~This type of communication should continue in the workplace and form the basis for
an ohgoing education process. It is a requirement in IEC 61340-5-1 that initial ESD trainiphg is
provided before personnel handle ESD sensitive devices.

Because ESD control programs cover such a variety of job disciplines and educational levels,
it may be necessary to develop special job specific training modules. Advanced modules
should emphasize the main concerns of each discipline. Course emphasis should be tailored
to each group's specific needs. For example, the modules developed for management,
engineering, technicians, cleaning staff and field service could differ significantly because
their day-to-day concerns and responsibilities are much different.

Ongoing or refresher training is also vital to any organization’s training plan. It should
reinforce the basic fundamentals taught during initial training, but also should incorporate
program updates and changes and the reasons for those changes. As with the initial training,
the organization should decide which type of training will be used and how frequently the
recurring training will be required. The method chosen should keep everyone informed,
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renewing his or her commitment to the total ESD control effort. Recurring training is also a
good feedback loop for monitoring the program’s effectiveness. Personnel should be
encouraged to discuss issues, and make suggestions for improvement in these sessions.
Actions can then be assigned to improve the organization’s overall ESD control program.

After training (initial or recurring) sessions have been completed, it is important to ensure that
the trainee understands and has retained the ESD control program concepts taught during
these sessions. IEC 61340-5-1 requires that an objective evaluation technique be
incorporated as part of the training plan. This can be accomplished in a number of ways that
include written tests, question and answer sessions with an instructor or multiple choice
questions at the conclusion of a computer based training session. Regardless of the method
sele¢ted, the organization should establish a pass/fail criterion for the testing to er]sure
adeduate training has been accomplished. Records of all test results should be maintajned.
The [test records should be stored such that they are readily available to management| and
custpmers who want objective evidence that the training portion of the ESD confrol program
plan|is being adhered to.

Final|ly, since IEC 61340-5-1 requires recurring or “refresher” training,ra’system shoulf 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 I;Iference at any time by organization employees. This repository might include:

aterial from initial and recurring training sessions;

e HSD bulletins or newsletters;

ideos or CDs;

V
e computer-based training materials;
technical papers, studies, standards and/specifications;
B

SD control material and equipment product sheets.
5.2.3 Product qualification

It is |of great importance for theterganization that new ESD control items have the required
properties before being allowed-into the EPA.

Subglause 5.2.3 will discuss different ways of handling the product qualification procedufe of
ESD|control items that the organization is required to undertake.

The product qualification requirements of the ESD control items are all present in IEC 61340-
5-1 Bnd IEC-61340-5-3 with the appropriate references to the test methods; however a
tailofing statement might be present in the ESD control program plan that chapges
acceptance’levels or test methods, as well as adding or subtracting ESD control items t¢ the
list. |f\aw ESD control item is added to the list, an appropriate test method and accept(Fnce
limit shoutdbe stated I the ESD controt program ptan.

The main part of the information regarding the test methods and acceptance limits can be
found in IEC 61340-5-1:2016, Table 2 and Table 3.

There are four different acceptable evidences of product qualification:

a) Product data sheets published by the manufacturer of the ESD control item
1) should include a reference to the required test method, and

2) should include the test result and other vital information concerning general
requirements of IEC 61340-5-1 or IEC 61340-5-3.
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Test reports from an independent test laboratory. The test report should follow the
requirements of the test method as well as the general requirements of IEC 61340-5-1 or
IEC 61340-5-3.

Test reports generated internally by the organization for its own use. The test report
should follow the requirements of the test method as well as the general requirements of
IEC 61340-5-1 or IEC 61340-5-3.

Historical evidence of compliance verification data can be used for product qualification. A
general recommendation is that it should contain at least three years of data.

5.2.4 Compliance verification plan

5.2.

A General

A compliance verification plan (ensuring that the ESD control items are still functional) s an

€ss

ntial part of any ESD control program. While the compliance verification may, occur fon a

perigdic basis, it is considered part of the overall program. However it{should not be

conslidered an audit or assessment of the process.

NOTH An assessment or audit of the process is used to confirm that the ESD control ‘program complies wjth all
the rgquirements in IEC 61340-5-1. This is typically done in accordance with a quality management system with
either internal or external assessors. If desired, third party external assessment¢Cauld lead to certification thpt the

ESD

control process complies with IEC 61340-5-1. This type of assessment:not only reviews the technical

elemgnts defined, but ensures that all administrative elements, such as product qualification and training, mget all

the requirements.

5.2.4.2 Development of a compliance verification plan

Subglause 5.2.4.2 will discuss the importance of having a properly implemented complignce

veriflcation plan and its role in maintaining a successful ESD control program.

In onder for the ESD control program to be.suiccessful it is essential to develop a plan fof on-

going surveillance. The plan should identify:

the ESD control items that will be used,

How often the item will be checked to ensure that it meets specification,

—

ne acceptable limits for each*ESD control item used,

—

ne test methods that‘will be used to verify that each ESD control item is within
stablished parametérs,

= O

he equipment that will be used to check the various ESD control items,
who will make'\the measurements,

what will be{done if an out of compliance situation occurs.

Comipliance verification should be done after an ESD control item is installed and beforq it is

used.

5.2.4.3 ESD control items

There are many ways to establish an ESD control program. A program can range from a very
simple, low cost or basic system to an extensive system that uses a variety of control items
that provide redundancy in the event that the primary ESD control element(s) were to fail.

A basic ESD control program might include the following items:

a) a grounded work surface;

b) personnel grounded through a wrist strap system;

c)

ESD protective packaging to move ESDS from one process step to the next.
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An extensive ESD control program might include the following items:

1)
2)
3)
4)
5)

grounded work surfaces;

personnel grounded through constant wrist strap monitor;

personnel grounded to a ESD control floor through ESD control footwear;
personnel wearing grounded ESD control garments;

air ionization at each workstation.

The decision on what to include in an ESD control program is a matter of organization choice.

Some of the considerations are: value of the products being manufactured, product relia

bility

requjrements imposed by the customer and the ESD sensitivity of the devices being hanglled.

One|type of program is not necessarily any better than the other as each can be effecti
protecting ESD sensitive devices.

e in

Onc¢ the ESD control items have been defined and implemented, the organization needs to

devdlop a compliance verification plan. In order to establish meaningful.data conce

ning

imprpving or deteriorating ESD control program trends, it is necessary to~evaluate each [area
congjlistently every time. Many organizations find that properly;~designed complignce

veriflcation plan helps improve consistency.

5.24.4 Verification frequency

The frequency for checking the function of ESD control elements is dependent on a numbjer of

factgrs such as how often the item is used, the item’s{durability and the impact on the
contfol program if the control item were to fail. As arexample, wrist straps are often useg

ESD
d as

the grimary ground for personnel. A ground cord, whilst being worn, is subjected to thouspnds
of stfetch/bend cycles each day and the conductive wire(s) in the ground cord will eventually

break. The typical verification frequency, used by industry, for ground cords is once per
due
failure.

Somg organizations may want to increase the time between verifications of an ESD co
item|after it has been in use for*a“period of time. This is typically done by monitoring
failufes of the ESD control,item. Once the organization has evidence that there i
accaptable period of time where no failures were found, the time between verifications can be
incr
is id

5.2.4.5 Verifications

5.2.4.51 Types of verifications

Therge arg several types of verifications in use by industry today. These verifications are
used in.combination to maximize the effectiveness of the ESD control program.

to the ground cord’s importance to the-success of the program and the likelihog

ased. The new verification interval is then monitored. If an unacceptable level of fai
ntified, then the verification frequency should revert back to the previous level.

shift
d of

ntrol
the
5 an

ures

pften

5.2.4.5.2 Visual verifications

Visual verifications are used by many organizations to check the general state of the EPA.
They can be used by employees at the start of the shift to ensure that all ground wires are in
place and that unnecessary static generators have been removed from the workplace. Visual
verifications can also be used by management and supervisory personnel to ensure that
employees are following organization guidelines with respect to daily testing of wrist straps,
the proper wearing of ESD control garments and the correct wearing of wrist straps and ESD
control footwear. A visual verification is often a good indication of whether or not an ESD
control program is being followed.
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5.2.4.5.3 Measurement verifications

Most organizations rely on verifying that the ESD control items function through the use of
actual measurements. These types of verifications are carried out by specially trained
personnel using equipment that has been selected to properly measure each ESD control
items. Some organizations measure 100 % of each control element in use throughout the
factory while others perform verifications on a sample basis. The type of verification used is
up to the organization implementing IEC 61340-5-1 as long as it proves to be effective.

5.2.4.6 ESD control item requirements

establish the requirements for the ESD control items that they used. However, ESD_cgntrol
has pdvanced to the point where there are generally accepted requirements for many of the
ESD| control items that are used. Establishing an ESD control program--around| the
requjrements found in IEC 61340-5-1 will drastically reduce the possibility’ that [ESD
susceptible devices will be damaged by an ESD event.

In the—pastTmany organizations—were forcedto devetop their—owmrm test plUbedUIEbiand

There might be instances where it is necessary to tighten the requirements. An examp|e of
this pituation occurs when the organization designs an ESD control.program around a dgvice
with lan ESD withstand voltage of less than the levels specified in thé scope of IEC 6134015-1.

5.2.4.7 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 IEC 61340-5-1:20165 Table 1 to Table 3. It is recognized
that |[some organizations have developed their ownvtest methods or use other standard
methods for verifying some of the ESD control items. This is allowed under IEC 61340-5}1. If
the lorganization does not use the standards-referenced in IEC 61340-5-1, a tailgring
statgment should be included in the ESD control program plan that describes the techpical
justification for not using the referenced standards.

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

It is [very important that everyone involved in measuring the ESD control items understands
how |the measuremenishare to be made. The organization should select and document
procgdures for makingyeach of the measurements. The organization should also ensure| that
everyone involved in taking measurements understands the testing procedures.

5.2.4.8 Test equipment

It is veryimportant that the organization selects the proper equipment for making complignce
veriflcation measurements. It is best to select equipment that complies with the equipment
spe ified in the individual lEC test methods or standards referenced in |[EC 61340-5-1:2016,
Table 1 to Table 3. Each of the technicians should be trained in how to properly use the
measuring equipment.

5.2.4.9 Assessments
5.2.4.9.1 Assessor skills

As part of developing an ESD control program that is compliant with IEC 61340-5-1, it is
important that the right people be selected to assess the ESD control program. Some
considerations for selecting internal assessors include the following:

e The internal assessor should be familiar with IEC 61340-5-1 as well as the organization’s
specific ESD control program.
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The internal assessor should also understand how the ESD control program fits into the

organization’s quality management system. ESD assessment findings are one example.
How does the organization handle non-conformances found during assessments? How are
ESD assessment findings documented? Are corrective action reports generated? Prior to
closing a corrective action, does the assessor verify that the audit finding has been

corrected?

conducted.

The ESD assessor should have a good understanding of the processes that they wi
assessing.

It is preferred that the internal assessor has received training on how assessments are

Il be

5.2.4.9.2 Reporting of assessment findings
It is

This

important to keep management informed about the status of the ESD control, prog
can be accomplished through issuing reports at the completion of an assessment.
ESD]| coordinator will need to classify the severity of each non-conformance. Major
confprmances should be addressed before those considered to be mingor in nature.
significant ESD non-compliance issues, management should be notified’immediately so
propgr resources can be assigned to correct the problem.

Ther
are (

e are many ways to make management aware of the ESD findings. Assessment ¢

—

. ne number of findings;

—

ne type of finding;

—

. e area assessed.

ram.
The
non-
For
that

narts

ommonly used to report the assessment results. The charf;.at a minimum should identify:
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Figure 1 — Example assessment report showing trend report

The information contained in Figure 1 shows management the status of the ESD co
program and the items that are the largest source of non-conformances, as well as the
that the ESD control program is decreasing the number of findings. However the target
is not reached by October.

IEC

ntrol
fact
level
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5.3 ESD control program technical requirements
5.3.1 Grounding/equipotential bonding systems
5.3.1.1 General grounding/equipotential bonding considerations

The protection of ESDS is accomplished by providing a ground path to bring ESD protective
materials and personnel to the same electrical potential. All conducting items in the
environment, including personnel, should 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 from those items in the bonded and grounded environment.
Elecjrostatic protection can be maintained at a potential different from a "zero" voltage grpund
refernence as long as all items in the system are at the same potential.

The [upper limit of resistance to ground of the surface on which ESDS may_be placgd in
IEC B1340-5-1, is less than the upper limit of resistance of some packaging,/material. Jome
matgrials, which are acceptable for packaging applications should not’be used as a
grouhdable surface when working on unprotected ESDS.

It is| important to understand that insulators cannot lose their~electrostatic charg¢ by
conrjection to ground. The handling of insulators is dealt with in.5.3:3 d).

The [following subclauses are provides guidance and procedures needed to establis
effeqtive path to ground. This discussion is limited to grouhding for ESD purposes.

=}

an

5.3.1.2 Basic grounding requirements
5.3.1.2.1 Common ground points and common connection points

The [first step in ensuring that everything in*an EPA is at the same electrical potential |is to
elecfrically bond all conductive compenents of the work area (work surfaces, pepple,
equipment, etc.) to one of the following-points:

a) dommon ground point connected to protective earth or functional ground, or
b) dommon connection point.

The |layout and terminelogy used to define electrical power systems may vary between
diffefent regulations~and standards, but the general principles should be similar.

Nevgrtheless, orgahizations should consult IEC 60364-1 and national elecjrical
codgs/regulationsybefore connecting any ESD control items to electrical power systems.

5.3.1.2.2 Grounding using protective earth

The [preferred ESD ground utilizes the protective earth, also known as equipment grourjding
conduecter, which is a part of the electrical power system. Using protective earth as [ESD
ground for ESD control items ensures that the ESD control items and all powered electrical
equipment are at the same potential.

5.3.1.2.3 Grounding using functional ground

In situations where the organization does not wish to use the protective earth, or a protective
earth is not available, a functional ground can be used. The functional ground is a separate
earth grounding electrode that is used as the ESD ground for all the ESD control items used
by the organization. It is recommended that, if possible, the functional ground system be
bonded to the electrical ground system (when available) in order to eliminate differences in
potential between the two grounding systems.
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5.3.1.2.4 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 can 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

safelmmm
the ¢quipment from ground. In order to install ESD sensitive boards or componentspintg
equipment it is necessary to electrically connect or bond together the service technician
equipment frame and the ESD sensitive product. Once bonded together, an ESDYeven
gccur between bonded items when the technician handles the product orznstalls it i the

officé equipment.

not

5.3.1.3 Additional grounding considerations

Airc

situ

It is

grouphd point. Figure 2 is an example of the recommended method. Many organiza
however connect work surfaces to ground in series@s Shown in Figure 3. Connecting the
surfgces together in series can lead to a situation where multiple work surfaces bed
detaghed from ground if the single grounding wire breaks and therefore this type of groun
method is not recommended.

suitjble for use as an ESD ground. This scenario is similap-to ‘the equipotential bon

naft, ships and surface vehicles typically have a ground bus,.or ground conductor th

tion.

a good practice for each grounded work surfacesto-be directly connected to com

[

Ches
the
the
will

at is
ding

mon
ions
work
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ding

Figure 2 — Example of individually grounded benches - Recommended
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Fligure 3 — Example of a series ground connection of benches —-Not recommended

5.3.14 Verification of ESD grounding system
5.3.1.4.1 Protective earth

For ESD control programs that use the protective earthito ground the ESD control itemg it is
necgssary to verify the integrity of the electrical system. The values used can vary deperlding
on the electrical code requirements in each country. However, there are certain items|that
should be checked for any ESD control progranxthat uses the protective earth.

. he impedance of the protective earth should meet national electrical code requirements.

T
e The electrical system is correctly wired to ensure that the ESD control items are attaghed
tp ground and not to an energized-portion of the electrical system.

5.3.1.4.2 Functional ground

Wheh a functional ground is used it is necessary to verify that the ground rod system njeets
natignal electrical codes for such systems. If no code exists then measure the resistance
between functional ground and protective earth and check that it complies with the spegified
valug¢ of IEC 61340,5-1.

5.3.1.4.3 Equipotential bonding

Whefe an<equipotential bonding system is used, it is important to verify the elecjrical
connection’ between common connection points.

5.3.1.5 Verification of proper installation of ESD control items

Once the ESD ground has been verified it is important to ensure that each of the ESD control
items used is correctly connected to the ESD ground. Using the test method and limits for
each ESD control item given in IEC 61340-5-1:2016, Table 2 and Table 3, verify that the
resistance to ground (or to the common connection point) meets the required limit.

5.3.2 Personnel grounding
5.3.21 General grounding considerations

Personnel grounding is a critical technical element required in IEC 61340-5-1 and should 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. The first is by use of a
wrist strap system and the second is by use of a flooring/footwear system. The choice is
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dependent on several factors that include the physical actions and surroundings of the
individual as well as the potential cost of each alternative. Both system techniques include the
person, the control items (i.e. wrist strap, flooring, and footwear) and the connection to
ground. Wrist strap, flooring and footwear types, uses, and other key information about each
are described in 5.3.2.2 and 5.3.2.3.

5.3.2.2 System requirements

Electrostatic charge can accumulate on the body through movement. The charge results in an
electrostatic voltage between the body and ground. This charge can be damaging if
discharged to ESDS. The procedures outlined in IEC 61340-5-1 are designed to protect
devi¢es sensifive to human body model voltages of 100 V or greater. 1o maintain a pergon’s
body voltage to less than 100 V, the body should be electrically connected to grnoufd or
diffefences in potential should be eliminated by bonding all of the ESD control\elenents
together.

With| a grounded system, there should be some degree of assurance that the body voltage
remgins below 100 V when connected in series with a resistance to ground:*This resistanfe is
a kel factor in limiting the voltage observed on the body. For a given\body movement| the
voltgdge achieved increases with resistance. Tests have shown that a resistance of 3,5 x 107 Q
or leps is necessary to limit body voltage for personnel using a wrist.strap system to less|than
100 ). Figure 4 shows the relationship between body voltage @nd resistance to ground for a
given experimental setup. For an ESD control program thatuses ESD control footwear| and

floorjng to ground personnel, the situation is more compléx.*As people walk across an [ESD
contfol floor while wearing ESD control footwear, it is difficult to predict the voltage pn a
perspn's body due to the constantly changing body capacitance and the continuous chaiging
and fdischarging of the person.
S A
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Figure 4 — Relationship between body voltage and resistance to ground

5.3.2.3 Wrist strap system

A wrist strap system consists of three elements: a person, a ground cord and a wrist band. To
ensure that the resistance to ground of personnel is within the specifications, it is important to
measure the entire system (i.e. from the person’s body to the end of the ground cord).

A wrist strap assembly is the most commonly used means of grounding personnel. A wrist
strap is required in IEC 61340-5-1 for operations where the individual is seated while handling
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or processing ESD sensitive items or components. The reason for this requirement is that
floor and footwear systems may not provide reliable contact with ground since the person’s

feet

may not be in contact with the floor at all times while seated.

While a wrist strap assembly will ground a person when standing, often the ground cord will
become a physical impediment to the wearer. In these situations, organizations will often rely

on a

footwear-flooring system to ground their employees.

5.3.2.4 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 feagible

and
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conditions may be experienced so that worst case conditions canybe found.
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Somge of the ESD control footwear options inglude ESD control shoes, sole and

grou
undsg
exa
volt
two
not i

ESDS items should be handled or transported. The ground path is maintained throug
of dissipative or conductive floors and dissipative or conductive footwear\Footy
ng systems may be installed to provide a back-up ESD control item for-persd
hded with a wrist strap system.

h footwear-flooring systems are used as the only grounding syste€my for personnel
tance to ground including the person, footwear, floor and body voltage generation n

less than specified in IEC 61340-5-1, under worst case environmental conditions
Feason it is good practice to test at different times of the year when different hun

easons such as safety, minimum resistance limits should be considered with referen
regulations.

hding straps and shoe covers. If the ESD ¢ontrol footwear does not completely cove
rside of the foot, charge generation mayZoccur, especially when a person is walking
ple of this occurs with the use of heelstraps. The following chart (Figure 5) showg
ge on a person’s body as they walktacross a grounded conductive floor while we
heelstraps. The voltage on the person’s body is not controlled because the heelstr
h continuous contact with the coenductive flooring surface.
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Figure 5 — Voltage reading on person walking across grounded conductive floon
whilst wearing two heelstraps
Heelstraps can still be an effective part of an ESD control program when used for starlding
operptions providing a strap“is worn on each foot, and the ESD risk due to occasional logs of
the ground connectiondsiassessed to be acceptable. They should not be used in any process
whelle unprotected ESDS are transported inside the EPA by hand.
Two| complementary test methods are used to measure the footwear-flooring system in
combination with a person and described in IEC 61340-4-5.
a) The first test method was developed to measure the electrical system resistance of [floor

be

b)

materials in combination with a person wearing ESD control
usedto—evatuate—systems—priorto—instattationoritecanbe u ated —This
test method can be used to characterize any ESD control floor material. These include all
floor coverings (e.g. tiles, carpets, epoxies, laminates, mats, paints/coatings or floor
finishes).

footwear. This test ca

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, footwear and
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 control floor material. These include all floor coverings (e.g. tiles, carpets, epoxies,
laminates, mats, paints/coatings or floor finishes).


https://iecnorm.com/api/?name=e48983d0b87cd2184b8bffa1345ca793

- 26 — IEC TR 61340-5-2:2018 © |IEC 2018

5.3.3 ESD protected areas (EPA)
5.3.31 General considerations for 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, an EPA is capable of controling static electricity on all the items that enter
that work area. Personnel and other conductive or dissipative items should be electrically
bonded together and connected to ground (or a common connection point when a ground is
not available) to equalize electrical potential among the items. The size of an EPA can vary
greafty— AT EPA Ay be—a permranent workstatiom withim—a Toormor—amentire factory jfloor
encdmpassing thousands of workstations. An EPA may also be a portable worksurface o mat
as uged in a field service situation.

IEC B1340-5-1 places several requirements on the handling of ESDS as follows:
1) BSD sensitive devices should be handled inside an EPA. This means that'at any opergtion
here unprotected ESDS are handled, all of the items that potentially could come] into
ontact with ESDS should either be connected to the defined ESD ground or conngcted
bgether to form an equipotential bond. If the ESD sensitive device should leave the EPA,

should be protected from damage. ESD protective packaging or specially designed
arriers can be used to transport ESDS from one EPA to anether.

B

V

d

t

[

d
2) An EPA should have a well-defined boundary. Appropriate signs and markings should

identify protected areas so that all people entering the“area, including visitors, are aware

that special precautions are needed. Some examples of appropriate signs/markingy are

ghysical signs, floor tape outlining the border of’the EPA, different coloured floor tilgs or

gny other method that defines the border of annEPA. The organization should ensure| that

BSD awareness training clearly describes to\the new employees the rules for the EPA and

How it is identified.
3) Access to the EPA is restricted to\ personnel who have trained on EPA protgcols
gdppropriate to their role in the EPA,.for example cleaning personnel are trained npt to
Handle ESDS when inside the EPA\ This is sufficient training to enter the EPA in this qase.
Ih situations where suppliers,xcustomers, new employees or other visitors need to ¢nter
into the EPA, they should~be escorted by a person who has completed appropriate
training.
4) The organization should ensure that the electrical potential on any isolated condugtors
that come into contact'with ESDS will not exceed 35 V with respect to the ESDS.
/
v
¢
S

5) All non-essential jinsulators need to be removed from the workstation or any operation
here unprotécted ESDS are handled. Insulators required as part of the manufacturing
rocess need to be checked to determine whether or not they pose a threat to |ESD

ensitive(devices.

5.3.3.2 Insulators

All non-essential_ insufators (plastics and paper) such as coliee cups, food wrappers and
personal items should be removed from the workstation or any operation where unprotected
ESDS are handled.

The ESD threat associated with process essential insulators should be evaluated to ensure
that:

e the electrostatic field at the position where the ESDS are handled should not exceed
5000 V/m or;

e if the electrostatic potential measured at the surface of the process required insulator
exceeds 2 000 V, the item should be kept a minimum of 30 cm from the ESDS and;

e if the electrostatic potential measured at the surface of the process required insulator
exceeds 125 V, the item should be kept a minimum of 2,5 cm from the ESDS.
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These measurements are to be made based on the frequency defined in the compliance
verification plan.

If it is not possible to maintain measured field at acceptable levels, the organization needs to
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. The general
principles and guidance for measuring electrostatic fields and potentials of insulators are
found in IEC TR 61340-2-2 and IEC TR 61340-1.

5.3.3.3 Isolated conductors

Isoldted conductors that come into contact with ESDS should be avoided when possiblg. An
ESD| control item should not have ungrounded conducting parts or insulators. VWhen
estaplishing an ESD control program plan, if a conductor that comes into €gntact with an
ESDS cannot be grounded or equipotentially bonded together, then th€e\process should
ensure that the difference in potential between the conductor and the centact of the ESD)S is
less [than 35 V.

NOTH The 35 V limit is related to the level achievable using the ionizers spécified in IEC 61340-5-1 (seg¢ also
5.3.34.6 in this document).

This|can be accomplished by measuring the ESDS and the, conductor by using: a non-coptact
elecfrostatic voltmeter or a high impedance contact electrostatic voltmeter.

Examples of possible isolated conductors are; tést“probes, bond wires, hand tools|and
trangport rollers,

5.3.3.4 ESD control items

NOTH Subclauses 5.3.3.4.1 to 5.3.3.4.9 describeysome of the various ESD control items that can be used|when
develpping an ESD control program that is compliant with IEC 61340-5-1.

5.3.3.4.1 Work surfaces
5.3.3.41.1 Introductory‘remarks

Work surfaces play a critical role in the design and implementation of an EPA. Work surfpces
designed for ESD coptrel are used in production and repair areas as well as in field seryice.
Mos{ areas where uhprotected ESDS are handled, repaired or tested require some form|of a
work surface designed to dissipate electrostatic charges. The work surface is a major
component in/establishing a local static safe work environment. The work surfade is
conglidered _by)' most of the industry to be the second most important element of an [ESD
contfol program, personnel grounding being most important.

The lmain purpose of a properly grounded wark surface is to ensure that the items Heing
handled and the work area are at the same electrical potential. Work surfaces provide the
following functions:

e a work surface designed for control of static electricity provides an electrical path to
ground or a common connection point in the case of an equipotential bonding situation.
This allows non-insulating items placed on the work surface to discharge in a controlled
manner;

e in some cases the work surface defines the boundary of an ESD work area in which ESDS
can be handled.

5.3.3.41.2 Factors in selecting work surfaces

There are several factors to be considered in selecting an appropriate work surface. The
major factors are the following:
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e work area activities;

e permanency of the work area;
e physical considerations;

e chemical considerations;

e electrical considerations;

e safety considerations;

e material maintenance.

that
ning
worl] surface material may be required. If heavy products with sharp edges are moved arpund
the (work surface, then a more durable surface may be necessary. Operations where
perspnnel are exposed to high voltages may require the use of work surfacesithat will limit the
current if the power source comes into contact with the work surface. Work surfaces usgd in
cleaprooms may also require special consideration, including particulate contamination| and
outgpssing properties. Flammability of work surface materials miay need investigatign to

In sg¢lecting work surface materials, a good understanding of the operation is necessaly to
ensure that the correct materials are selected. Considerations include the following:

. ield service activities often necessitate a comypletely portable work surface that mayf{fit in
tool kit or pocket of a field service engineer. This work surface should be designgd so

that it can withstand continual handling@and frequent connection and disconnection [from
round. The work surface might also_need to last for years in the service engineer’s tool

it.

o verspray or spillage of conformal coating chemicals, which may be applied to PCB for
xample, can increase the work'surface’s resistance to ground to the point where the work
urface may no longer function. For these situations a disposable work surface migit be

ore cost effective.

5.3.3.41.5 Physical'.considerations

Mos{ work surfaces(require a degree of durability. Durability factors that should be considered
are hardness, abrasion resistance and tear resistance. Some work surfaces may require
spedial heat-resistant materials. Soldering stations, for example, may need work surfpces
designed to resist heat.

g¢afance is often an important factor in selecting a work surface. Colours also ma

an important ergonomic consideration. Portable work surfaces should lay flat on the substrate.
Curling with age should be a characteristic that is investigated during the qualification
process. Functionality, durability and reliability of the work surface grounding system should
be evaluated during qualification testing.

5.3.3.4.1.6 Chemical considerations

Chemical transfer from the work surface may cause contamination that could lead to corrosion
of sensitive metallic parts. Solvents and other chemicals handled at the workstation may have
deleterious effects to the work surface. The work surface material should be evaluated for
required compatibility during the qualification process.


https://iecnorm.com/api/?name=e48983d0b87cd2184b8bffa1345ca793

IEC TR 61340-5-2:2018 © IEC 2018 - 29 -

5.3.3.4.1.7 Electrical considerations

The most important functional consideration for work surfaces is the resistance from the top of
the surface to the groundable point. This establishes the resistance of the primary path to
ground for items placed on the surface. IEC 61340-5-1 has set a resistance to ground range
for work surfaces of less than 1,0 x 109 Q.

Where charged device model (CDM) damage is a concern, IEC 61340-5-1 recommends a
minimum point-to-point resistance of 1,0 x 104 Q.

5.3.3.4.1.8 Safety considerations

Workstations with hazardous electrical potentials may require significantly different_elecjrical
propgrties. The resistance to ground and point-to-point resistance values may need tp be
incrgased where line voltage is present.

NOTH DC resistance measurements might not be adequate for making electrical safety decisions.
5.3.3.4.1.9 Types of work surface materials
5.3.3.4.1.91 General

A wide variety of work surface materials and forms exist, with.more being developed al| the
time| The properties of these different materials vary (mechahical, physical, and electrical).
Even though there are many varieties of work surfaces,ctwo basic classes of work sufface
matgrials 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 dome
degrge of humidity dependence. These materials should be tested for acceptable performpnce
at low humidity prior to selection and installatien)If a minimum resistance is specified, dither
for dlectrical safety reasons or because CDM-damage is a concern, additional testing sHould
be dpne at high humidity.

5.3.3.4.1.9.2 Mono-layer work surface materials

Monp-layer or homogeneous workisurface materials are those that have the same elecfrical
and [physical properties throughout the bulk of the material. Rigid surfaces and flexible| mat
type|materials are availablesin\different resistance ranges. Point-to-point resistance (R,_,] and
resigtance to ground (R,) measurements may change with distance between the electrodés or
between the electrode and the groundable point of the work surface.

5.3.3.4.1.9.3 Multi-layer worksurface materials

Mult{-layer werksurface materials typically consist of two or three distinct layers. Thq top
surfgce is_nermally a layer of dissipative material, varying, by product, in thickness|and
elec{rical properties. The next layer is generally highly conductive. Some forms have a bqgttom
layer that is made from either insulating or dissipative materials. Electrical resistance [from
point-to-peirt-and—resistance—to—greund—are—generaly—consistent—regardtess—ofthe—distance
between electrodes or between a single electrode and the worksurface’s groundable point.
The controling factor is the vertical resistance through the top surface to the conductive layer.
Proper connection of the groundable point hardware to the conductive layer is critical to
ensure proper charge dissipation.

5.3.3.4.1.9.4 High-pressure laminates

These materials are rigid and are applied to a substrate, typically with adhesive systems. The
majority of these materials follow the multi-layer description above. There are, however, some
types that are basically homogeneous in construction.

Because the electrical properties of many high-pressure laminates have some degree of
humidity dependence, all high-pressure laminate materials should be carefully tested for
acceptable performance at low humidity prior to selection and installation. If a minimum
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stance is specified, either for electrical safety reasons or because CDM damage is a
cern, additional testing should be done at high humidity.

5.3.3.4.1.9.5 Mat and runner (rolled) materials

Mat and runner materials are generally flexible systems that are used to cover non-ESD

con

trol substrates. Another common application is to use mats on top of ESD control high-

pressure laminates to provide a less humidity-dependent surface in environments where
relative humidity varies by season. Mats and runners are available in a range of resistance
values and in mono-layer and multi-layer types.

5.3.3.4.1.9.6 Field service/portable work surfaces

Por

table work surfaces in a variety of forms (mono-layered or multi-layered) are ayvailablle to

meef established requirements and the same ESD control needs as those used in" non-remote
areap. Typically, field service work surfaces are designed to fold up and fit in~a"tool kit|or a

poc

5.3.3.4.1.10 Testing

Ap
can
resi

5.3.3.4.1.11 Qualification

As
con

Ket of a field service engineer.

rbcedure that can be used for testing the electrical resistance ‘of work surface matgrials
be found in IEC 61340-2-3. Use the test method described for making point-to-point
dtance and resistance to ground or groundable point measurements.

part of the selection process, work surface samples are often qualified under laboratory
ditions where parameters such as humidity, temperature and test voltage are contrqlled.

Unless otherwise specified, test parameters specified in IEC 61340-2-3 and IEC 6134(-5-1

sho

5.3.3.4.1.12 Initial installation or.acceptance

uld be used.

Wheh first installed, work surfaces(should be tested to make certain that they are funct|onal

and

meet specifications. Typically, the resistance from the top of the work surface to groupd is

measured to ensure that the work surface has been properly installed. Verifying that the work
surfgce is connected to ground should be carried out before ESD sensitive deviced are

han

be made after installation' in order to understand the characteristics of the material.

5.3.3.4.1.13 Periodic tests

Per
spe

dled on the work surface. It is recommended that point-to-point resistance measurenients

iodic testing of work surfaces is necessary to ensure that they continue to neet
difications. Resistance to ground measurements are typically used to verify that the [path

to ground”is intact. In cases where the resistance to ground measurement exceedq the
established resistance limits, the following steps can be taken to identify the cause of the|high

resi

stance readings:

Verify visually that the work surface is connected to the ground.

Clean the work surface and the contact surface of the resistance measuring electrode.
Sometimes a dirty surface can cause the resistance to exceed acceptable limits. Once the
surface has been cleaned and allowed to dry, if a liquid cleaner is used, repeat the
resistance to ground measurement. If the second measurement is within specification this
might lead to a further investigation concerning the cleaning practices used by the
organization.

Disconnect the grounding wire and measure the resistance from the top surface of the
work surface to the work surfaces groundable point. This measurement will show whether
or not the work surface is functioning as designed and it will verify that there is a good
connection between the groundable point and the work surface.


https://iecnorm.com/api/?name=e48983d0b87cd2184b8bffa1345ca793

IEC TR 61340-5-2:2018 © IEC 2018 -31-

e Using an ohmmeter, measure the resistance of the wire used to ground the work surface.
The measurement is made from the point where the wire is connected to the work
surface’s groundable point to the ground.

The frequency of periodic testing is normally specified in the organization’s ESD control
program plan/compliance verification plan. It can depend on many factors such as established
reliability of the installation, usage, possibility of contamination.

5.3.3.4.1.14 Maintenance

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

prOpE' clectrical function of ai Work surfaces. Ensure that the cleaning products used do not
leavé an electrically insulating residue which is common with some household cleanets| that

contain silicone.

5.3.3.4.2 Wrist straps
5.3.3.4.2.1 General description

The wrist strap is a device used to keep personnel at the same electrigal potential as the [ESD
sensjitive item(s) they are handling. In most cases this is affected by-a connection of both the
perspn and ESDS to ground or to a common connection point when an equipotential borjding
systém is used. Subclause 5.3.3.4.2 covers practical information for the use, care|and
perigdic checking of wrist straps.

Wrist straps typically consist of a band which makes eoftact with the wearer’s skin. The band
is then attached to a ground cord which is connectedte’the ESD ground.

5.3.3.4.2.2 Band

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

Bands almost always have a hypoéallergenic metal plate, usually stainless steel, undef the
buckile or snap head to ensure good skin contact. The remainder of the band generally Has a
conductive skin-contacting ,sutface. This ensures that there is complete 360° of coptact
between the band and the person’s skin with this type of band. While other designs also exist
that may not have 360° of contact, those that do are the most prevalent in use today.

Bands may havel a quick-parting, electrical-mechanical connector that mates with a
corrgsponding eonnector on the head of the ground cord. This connector serves| two
purppses. First;~it is a physical connection for attaching the ground cord. Second, it i§ the
groupdable+\point on the band. Quick release is an important feature of the connector.| The
breakaway~force should be low enough to allow easy release, but high enough to prgvent
uninfenrtional disconnection. If the breakaway force is too light, the ground connection gould
be lostwithout the knowledge of the wearer Experience has shown that for conventional,
single-conductor wrist straps, connectors that part with a force of 13 N to 36 N are
satisfactory.

When initially selecting wrist straps or when reordering for an existing program, it is a good
practice to specify a compatible snap size and orientation. This allows for compatibility
between existing wrist straps and new purchases. Many wrist strap manufacturers will
customize the snap connector configuration to suit the user's requirements provided there is
sufficient quantity.
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Table 1 — Types of bands

Woven elastic fibre with conductive fibres on the inside surface

Knit elastic fabric with conductive fibres on the inside surface

Woven non-elastic fabric having a conductive inside surface

Metal expansion bracelet with insulating resin on the outside surface

Plastic resin wrist watch band with stainless steel sheet metal strips on the inside surface

Shaped sheet metal bracelet with insulating resin on the outer surface

Electrode patch with conductive adhesive

5.3.3.4.2.3 Ground cord

The |ground cord is a wire assembly that connects the wrist band to ground onto a common
conrjection point. It usually consists of an insulated wire with a connector,héad that attaghes
to the band on one end and a termination device on the other end for connecting to grqund.
Groynd cords usually contain a current-limiting resistor at the band-connecting end.

At fifst 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
durapility requirements of constant tugging, flexing and dragging over the edge of workstation
tops|and equipment chassis.

Groynd cords are available in varying lengths, straight/wire or retractable coil cords, resigtors
in onle end or both ends, various colours and severaltypes of ground termination devices| The
wire|can be multi-stranded linear or helical weund tinsel. The insulation can consist [of a
duraple polymer, a tough synthetic rubber or vinyl.

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
common ground point or common cennection point (see 5.3.1 for further information).

Many wrist strap users have-heen observed to clip the ground cord to the edge of an |ESD
protgctive mat. This process is not recommended as it can increase the total syptem
resigtance to ground to aver the 3,5 x 107 Q limit required by IEC 61340-5-1.

5.3.3.4.2.4 Wrist strap use and selection

5.3.3.4.2.41 Limitations of use

The |wristsstrap is an effective system for grounding people who handle ESD sengitive
matgrials.-However, it is important to emphasize that while the wrist strap grounds the sKin, it
doeq 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 skin.

5.3.3.4.2.4.2 Wrist strap use
For maximum effectiveness, wrist straps should be used properly following these guidelines.

e The wrist strap band should fit snugly and make full skin contact around the wrist. The
wrist band should not be worn uncomfortably tight and should not leave deep marks on the
wrist.

e The wrist strap should be connected to a common ground point or a common connection
point. A continuous and secure connection will provide the proper dissipation of
electrostatic charges stored on the body.
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5.3.3.4.2.4.3 Wrist strap selection
The following factors should be considered when selecting and evaluating wrist straps:

o reliability;

e durability;

e length of the ground cord;

e retractable ground cord or straight;

e snap configuration;

round termination connector;

. mfort.

Humjan comfort plays a major part in the selection of a wrist strap design since the-wrist $trap
has fo be worn continuously. It should not detract from the efficiency of any work fundtion.
There are numerous designs that incorporate various techniques for providing reliable|skin
contact. These wrist straps range from fabric woven with conductive fibres to metal fleiible
bands or other special use designs. The ultimate selection will be up-to the user singce it
should be compatible with the process.

5.3.3.4.2.5 Wrist strap testing

Becquse wrist straps do not last forever, they should be-fested periodically. A good tepting
progfam not only tests the wrist strap itself, but also indicates the quality of the skin coptact
when performing a system test. Wrist strap bands‘)that are soiled, incorrectly sized or
imprpperly worn will show resistance higher than acceptable. Changes in weather and pgople
can affect ground resistance. Dry skin often leads:to high resistance indications.

5.3.3.4.2.6  Reliability testing

A mpjor factor in selecting and using,wrist straps is reliability. Stress testing to predict
reliapility is expensive and best performed by a qualified laboratory.

Anallysis of the wrist strap todetermine the nature of the failure can be useful. Aregs of
congern include skin contactTailure, ground cord failure and connector failure. By collating the
datalon 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
strags that exhibit inadequate life span should be discontinued, regardless of the fgilure
mode.

5.3.3.4.2.7 Additional user wrist strap testing

The festing‘described here is more than a test of a wrist strap; it is also a test of the quality of
the ¢ofnection the band makes with the wrist. It is a test of the wrist strap in an ‘as Used’

f;-..n-n&i nraofarrad A o0 o oviotans taoot Thao Alien o aftoctina tha \veict ctron oo o n”~.t
con o ator oo oUtoO—aS a SyStOhT (Co HiC pPpuUTpUsSTUT TSty aiiCwitot St ap-aS a oy em

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.

Proper testing of the wrist strap includes the resistance of the groundable point on the end of
the ground cord, the cord itself, the current-limiting resistor, the cord-to-band snap connector,
the resistance of the interface of the cuff, the cuff/wrist interface, and the resistance of the
person between the wrist and the hand that contacts the test electrode. The maximum
acceptable resistance for wrist strap grounding is 3,5 x 107 Q. There are many commercially
available wrist strap checkers to perform this system test. Some have the added capability to
test the cord alone. When selecting a wrist strap checker, it is important to read the
specifications to see if the upper and lower resistance limits of the checker match the user’s
requirements. On some wrist strap checkers, one or both limits may be adjustable. In use,
these checkers will indicate if the system resistance is below, above, or within the acceptable
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range. Some testers will only indicate whether the system resistance is within the acceptable
range or outside it.

A system test can also be performed using an ohmmeter as long as the test potential is safe.
A metal electrode that can be held in the hand is attached to one of the meter leads. Holding
a pin probe tip between fingertips can produce erroneous results. When using an ohmmeter to
perform this test, it is important to understand that the resistance of the human is considered
in the total resistance of the system and that the value of this resistance will vary from person
to person.

5.3.3.4.2.8 Test procedure

While wearing the wrist strap, connect the loose end of the ground cord to the tester 'terminal
and |depress the test button or touch the metal test surface with a finger or hand. If the
resigtance is over 3,5 x 107 Q, test the cord alone for continuity. If the resistan€e, of the [cord
along is approximately 1,0 x 108 Q, check the fit of the band around the wrist@nd adjust |t for
a snlig fit. Snap the cord back on the cuff and retest. If the resistance is still.over 3,5 x 107 Q,
subsftitute a new band. 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 cap be
reso|ved by applying moisturizing lotion on the wrist and repeating the resistance test again.
The moisturizing lotion should be one that is compatible with‘ptocess requirements and foes
not qause contamination.

NOTH Metal expansion bracelet style wrist bands can trap moisture underneath and can be more effectiye for
people with dry skin.

5.3.3.4.2.9 Test frequency

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

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

Datal 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 sefvice
life.

5.3.3.4.2:10 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, 0,25 W with a
working voltage rating of 250 V. Resistors limit current as defined by Ohm's Law, which states
the current is equal to the voltage divided by the resistance. In a practical application, the
maximum amount of current through a wrist strap ground cord if it is placed across a 250 V
source, is 250 pA or 0,25 mA.

If personnel are exposed to high voltage then the appropriate procedures to mitigate risk
should be used.

5.3.3.4.2.11 Constant/continuous wrist strap monitors

A functioning wrist strap system, which is properly connected to ground, will keep an operator
at a value close to ground potential. The periodic testing of wrist straps (typically on a daily
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basis) as described in 5.3.3.4.2.8 verifies that the wrist strap system is being properly worn
and is functioning as expected. However, if any part of the system were to fail for any reason
the operator would not know of the failure until the system is next tested (typically on the next
shift). If a wrist strap system were to fail between test cycles this could lead to the charging of
personnel and potentially damaging any device that is handled. If this were to happen, all
ESDS material processed between tests becomes suspect.

Constant/continuous monitors were developed to overcome this situation and are often
required in critical operations (very sensitive devices or high value product applications).
Constant/continuous monitors are in general testing the electrical connections between
grounding point, ground cord, band and body during normal operations. Audible and/or visual
alarms indicate possible failures are brought to the attention of the operator.

5.3.3.4.2.12 Different type of wrist strap monitors
5.3.3.4.2.12.1 General

There are different types of constant monitors sold in the market today. Allxare designed|with
the [intention of notifying the operator of a wrist strap system\ failure. Subclajsses
5.3.3.4.2.12.2 t0 5.3.3.4.2.12.5 describe the various monitors that are being marketed todpy.

5.3.3.4.2.12.2 Capacitance constant monitor (single wire)

Wheh a person is connected with a single wire wrist strap to the capacitance congtant
monitor, the monitor circuits detect the person and his relation to ground. The person’s pody
capdcitance to ground is used as a return path for_ati. AC sensing signal. A benefit of| this
apprpach is that both the wrist strap—body connection as well as the monitor grpund
connection are tested. Disadvantages are that theumonitor may have to be adjusted for pach
individual and that false alarms can be producéd by changes other than a poor fitting wrist
bang or broken wire.

5.3.3.4.2.12.3 Impedance constant-monitor (single wire)

This|type of monitor is working on _the same principles as the capacitance monitor, however to
overtome the disadvantage of the capacitive monitor a detection circuit is imbedded to
eliminate adjustments and to.réduce false alarms. The phase difference between currenf and
voltgge of a very low AC current is used to detect impedance changes in the loop: grpund
cord| band and wearer.

5.3.3.4.2.12.4 Resistance constant monitor (dual wire)

The principle ofioperation of these monitors is based on observing the resistance of the|loop
ground cord{one part of the wrist band, operator skin, other part of the wrist band and segond
grounhd cordIf one of the parts in this loop comes outside the specified limits, or even wWorse
opers,/an.alarm is given. To avoid skin irritation due to the constant application of DC voltage
(whig¢h\is”used for sensing) some DC wrist strap monitors utilize a pulsed signal. The applied
voltage to the wrist strap can vary from <1 V DC to 16 V DC depending on the monitor’s
design. This is a point of consideration when working with very sensitive ESDS.

5.3.3.4.2.12.5 Body voltage constant monitor (dual wire)

The voltage on a person’s body is sensed by use of a dual wire wrist strap and compared with
a pre- selected value in the constant monitor. A disadvantage of this approach is that in case
of an open circuit no unwanted voltages on the wearer are detected. To avoid this
disadvantage in the new designs an impedance or resistance wrist strap monitoring circuitry is
also incorporated.
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5.3.3.4.2.13 Test procedure for constant monitors and accompanying wrist straps

The single as well as dual wrist straps used in combination with the constant monitors can be
checked for performance by resistance measurements as described under wrist strap testing.
Most of the constant monitors have, depending on the brand, a dedicated tester which test the
limits and proper operation of the monitor. Since the principle of constant monitors is to
transmit an electrical signal via the wrist strap to the wearer to determine the continuity of the
whole grounding system the maximum level of this signal is a point of concern and has to be
measured to avoid critical situations.

The principles of these measurements are as follows.

. easure the open circuit voltage on the wrist strap when installed according g the
anufacturer’s instructions.

easure the induced voltage of the constant monitor on the wearer, when the pgrson
nder test is standing on an insulator and holding an electrode which j§ ¢connected t¢ the
easurement equipment.

. case of a dual wire wrist strap both halves of the wrist strap band have to be meas%:red;

5.3.3.4.2.14 Summary

. rist straps provide an effective means for maintaining personnel at ground potential pr at
the same potential as the item(s) being handled. People who are at ground potential|or a
otential the same as the ESDS they are handling, canneot.discharge to the ESDS when it

i$ handled or touched.

. rist straps usually have a current-limiting resistor,<typically 1,0 x 108 Q, molded int¢ the
round cord near the point where the cord attaches to the cuff. The resistor usually Has a
orking voltage rating of 250 V.

. rist straps are sometimes supplied with @ 1,0 x 108 Q resistor molded into both endls of
the ground cord when both ends of the cord have the same type snap connector.

. rist straps should not be worn by-personnel where they could come into contact|with
Itage over 250 V.

. he ground cord of the wrist strap should have a quick release connector to the cuff so
ersonnel will not be tied to the workstation.

o he band of the wrist (Strap should be worn comfortably snug around the wrist While
aking full skin contact.

. he ground cord ofthe wrist strap should be connected to a common ground point|or a
mmon connection point. Do not connect to a snap on a dissipative mat unless it i$ the
roundable point for the mat. Do not clip a wrist strap to the edge of a dissipative mat.

. rist straps_should be tested on a regular basis with daily testing being recommended.

5.3.3.4.3 Static protective floor materials

A common cause of static electricity is the movement of people and materials in the work
environment. The contact and separation of shoes from floors generates body voltages as
high as several thousand volts. Similarly, the movement of mobile carts or other equipment
will generate electrostatic charge. Subclause 5.3.3.4.3 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.

5.3.3.4.3.2 Functions of static protective floor materials

Static protective floor materials are used in the industry for:
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grounding of personnel (floor materials can be used in combination with ESD control
footwear as either a primary ground or a secondary, backup, grounding system for wrist
traps in critical processes),

rounding of ESD control items such as:

— mobile carts,

— ergonomic stands used to raise the product to an employee’s working height,

— workstations,

— seating.
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- Coverings, mats, paints and coatings help control static charge by providing a pafh of
prate electrical conductivity from the human body or ESD control item to ground.“Many
ng products use a conductive material, such as carbon, metal or other additives,|that

nds from the surface of the material to an underlying substrate such as' conduftive
sive. The floor material is then connected directly to ground.

finishes and topical anti-stats, on the other hand, function by two sgparate mechanigms.
they reduce the surface's tendency to generate a static charge.-Second, they provide a

for the dissipation of charge. If the floor finish or topical anti-stat is used for prijnary
hding it needs to limit charging while dissipating it to ground.
4.3.3 Grounding personnel using footwear-flooring
nding through the floor is dependent on the type_of‘footwear that is in contact with the

Typical street or industrial footwear have insulating rubber, crepe, or polyurethane shoe
5. These materials insulate the wearer from<the floor and generated charges cgnnot
ly flow from the body, through the insulating shoe sole and the floor material to ground.

Studjes of ESD control floor materials indicate that charge generation and dissipation fates
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sured on a person's body vary with the type of footwear worn as well as the floor material.
levels of performance depend upon,the combination of floor material and footwear.| The
er selection of footwear flooring combination is critical to achieving the required
rmance of static protective floop materials.

.4.3.4 Benefits of floor materials
main benefit with_floor/footwear systems is to give the operator continuous, reljable
nding with freedom>of movement within the working area. The floor helps to incorp¢rate

ral independent)EPA workstations to a single working area. It provides a mear|s of
hding chairs, trolleys and other mobile equipment.

.4.3.5 Limitations of floor materials

materlals also have some I|m|tat|ons When used to ground people it is |mportant that

this

The
conc
of re

the person should have foot contact W|th the floor Th|s is the pr|mary reason that
IEC 61340-5-1 requires a wrist strap for seated operations.

use of floor materials may be limited by installation considerations. For example,
rete floors may contain excessive amounts of moisture which may restrict the installation
silient 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.
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Some materials may be restricted from certain applications in the facility due to process
considerations. An example could be a floor finish that introduces contaminants to the
environment and would not be usable in a clean room.

Excessive amounts of dirt on a floor material can have a negative effect on the performance
of the floor material by charge generation and dissipation properties. It is important that floor
materials be cleaned on a regular basis. It is also important to ensure that the proper cleaning
procedures and products are used to ensure that the performance of the floor is not
compromised.

Whep_selecting static protective flooring, it is important to consider the needs of the entire
process.

5.3.3.4.3.6 Types of floor materials

non-permanent materials. Some of the major advantages and disadvantages)of each maferial
type|are discussed below. These following floor material types are examples that are on the
market. Other types might be available or developed in the future.

Floof material options can generally be classified into permanent and semi-permaneIt or

5.3.3.4.3.7 Permanent floor materials
5.3.3.4.3.7.1 General description

Permanent materials are broadly defined as floor coverings, including rubber or vinyl tilel and
shedt goods, epoxy coatings, high-pressure laminates, and carpet. As a group, these
matgrials have an extended use life and provide protection over a broad physical area.

5.3.3.4.3.7.2 Rubber and vinyl tile and sheet goods

Resilient floor coverings are the most frequently used permanent floor materials. The maferial
composition is usually rubber, vinyl, orpyinyl composition. Material form can be either tije or
shedt. Resistance ranges are typicatly from 104 Q to 10° Q point-to-point or resistange to
groupd. Resilient floor coveringsoffer resistance to many commonly used chemicals. Most
matgrials can be welded and self-coved for seamless installation in clean rooms. They cgn be
appllied to raised floors. Vinyl“floor materials may require more maintenance than o¢ther
permanent flooring alternatives; rubber flooring requires somewhat less maintenance [than
vinyll Some resilient floors' may be slippery, particularly when wet. They may be advefsely
affedted by heavy vehicular traffic. The presence of carbon in some of these materials|may
restrjct their use in(some clean room applications, although the abrasion resistance of these
matgrials is quitengood. Additionally, vinyl flooring systems may outgas and may ndt be
applicable in sOme clean rooms.

5.3.3.4.3.7.3 Epoxy and polymeric coatings

Generally a poured permanent flooring material these products are frequently 3 mm or more
in thickness, but also can be installed in a thinner gauge (see 5.3.3.4.3.8.5). 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.

5.3.3.4.3.7.4 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
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these materials. High-pressure laminates also lack the physical flexibility to be installed on
most standard sub-floors.

5.3.3.4.3.7.5 Carpeting

Carpeting is available in resistance ranges of 1 x 104 Q to 1,0 x 1013 Q. It has aesthetic and
acoustical benefits and is a morale booster to employees. Maintenance costs tend to be lower
on carpeting than on resilient floor materials. In the form of carpet tiles, it can be used on
raised floor panels. Carpet, however, is not well suited for use in area's subject to excessive
soiling, water and chemical spills, exposure to significant amounts of hot solder, heavy
vehicular traffic or in clean rooms.

5.3.3.4.3.8 Semi-permanent or non-permanent materials
5.3.3.4.3.8.1 General description

The [second group of floor materials is described as semi-permanent or non<permanent| and
includes interlocking tiles, mats, floor finishes, topical anti-stats, and jpaints and coat|ngs.
Theif life expectancy is less than that for permanent materials and they-require periodif re-
treatment or replacement. The single most striking characteristic of ‘these materials is |their
flexibility and ease of use.

5.3.3.4.3.8.2 Floor mats

Floof mats are available in a variety of types and styles ranging from soft dissipative mats to
hard| conductive mats. Their portability and ease_of use provide for customization|and
flexibility of work space design, particularly when &SD control requires protection in limited
areap. Easy replacement of mats allows their use around wave solder machines or ¢ther
equipment where major chemical spillage can‘damage many floor materials. However, mats
tend| to curl, create tripping hazards and. (€omplicate floor maintenance. They are |also
expgnsive if ESD control flooring is required throughout a complete area. Their applicabil|ty in
cleap rooms is limited due to contamination of the clean environment. Additional attentipn is
requjred to ensure a mat is continuousiy-connected to ground.

5.3.3.4.3.8.3 Floor finishes

Static-limiting floor finishes(may be applied to a variety of non-ESD control floors: stanldard
vinyl, rubber, or vinyl .composition tile, or existing ESD control flooring, to reduce| the
gendration of electrostatic charges. As a floor finish, they protect and they improvg the
appgarance 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
matgrials also have some disadvantages:

o Jome surfactant type finishes may be too slippery and pose a hazard to employees.

o Jome-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 sur(j 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.

5.3.3.4.3.8.4 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.

5.3.3.4.3.8.5 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.
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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 should be reapplied on a continuous basis.
Some materials are not applicable for clean rooms because they abrade or chip away or are
highly loaded with carbon.

5.3.3.4.3.9 Testing
5.3.3.4.3.9.1 General requirements for 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 104 Q to 1,0 x 103 Q. IEC 61340-5-1
requfres that the maximum test voltage used for flooring systems used as part of an ESD
contfol program does not exceed 100 V.

5.3.3.4.3.9.2 Product qualification

For |product qualification test, floor material samples are evaluated cunder laboratory
conditions where humidity, temperature, and resistance meter test voltages are contrqlled.
Resiptance is measured at test voltages of 10 V and 100 V at low humidity-

5.3.3.4.3.9.3 Initial installation or acceptance

Wheh first installed, the floor materials should be tested{to”"make certain that they| are
funcfional and meet specifications. Typically, the resistance from the top of the floor maferial
to ground is measured to ensure that the floor material, has been properly installed. Verifying
that the floor material is connected to ground should-be done before ESD sensitive deyices
are handled.

5.3.3.4.3.9.4 Compliance verification

Comipliance verification testing of floor materials is necessary to ensure that they contindie to
mee} specifications. Resistance-to-ground'measurements are typically used to verify thaf the
path|to ground is intact. In cases where the resistance to ground measurement exceeds the
established resistance limits, the following steps can be taken to identify the cause of the|high
resigtance readings:

. erify visually (if possible) that the floor material is connected to ground.

. lean the resistance‘measuring electrode.

Y

d
e (lean the surface ) of the floor material. Sometimes a dirty surface can cause| the
resistance to exeeed acceptable limits. Once the surface has been cleaned and allowgd to
dry if a liquidicleaner is used, repeat the measurement. If the second measurement is
within specification this might lead to a further investigation concerning the clegning
P

ractices.used by the organization.

The | ffeqguency of periodic testing is normally specified in the ESD control program
camnlinnean vunrifinatiny Alan Howaoavor A _onmian A~ il A ha tn A~ AL A~
planleemphance—verificationr—plan—However—a—ecommon—guide—would—beto—econduetinese

measurements at least once every three months.

5.3.3.4.3.10 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 insulating residue which is common to many commercial floor polishes.
Ageing of flooring material depends on type, usage and maintenance and is difficult to
assess.
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5.3.3.4.4 Footwear
5.3.3.4.4.1 Introductory remarks

The routine movement of people, particularly the interaction between shoe and floor while
working in a standing position and/or walking, generates charges that can result in human
body voltage as high as several thousand volts.

Subclause 5.3.3.4.4 covers the role of footwear (shoes, foot grounders and other devices) in
helping control personnel charge accumulation. Subclause 5.3.3.4.4 is intended to provide a
description of ESD control footwear and its proper application in conjunction with other ESD
conty i . i i i T ESD
protgctive environments are included. Considerations in subclause 5.3.3.4.4 are restrict
factdrs relating to ESD control. It may be necessary to also consider other factors\such as
safefy issues.

The |wrist strap is the first line of defence in personnel grounding. Many manufactyring
operptions are inhibited and production processes slowed by the use of,wrist straps. Mpbile
perspnnel can be difficult or inconvenient to ground, with a wrist strap,.In these cases wearing
ESD|control footwear on ESD control flooring can provide an alternative’ grounding method.

There is a wide variety of footwear grounding devices available., Selection of the appropriate
devige needs to be based on ESD control requirements, organizations safety requirements,
and |cost effectiveness. Just as there are many choices%in"footwear, there are also many
choites in ESD control flooring and floor treatments. It is important to consider floor, footwear
and [ndividual as three distinct components functioningyas a complete system.

5.3.3.4.4.2 Types of footwear
5.3.3.4.4.21 Factors influencing choice’of footwear

The [type of footwear that is used maysbe influenced by the following: facilities, gender,
physical make-up and cultural profiles\of personnel, visitors, job descriptions, and budget] It is
entirely possible that multiple types of footwear will be incorporated into an ESD cagntrol
progfam.

5.3.3.4.4.2.2 Heel and‘toe grounders

Heell and toe groundersiare used for employees and visitors in an ESD controlled area. Heel
and foe grounders should be worn on each foot. If worn improperly, heel and toe grounders
becdme ineffective..Heel grounders can easily lose contact with the floor and therefore,|may
requjre more /monitoring than other types of footwear. It is important that the conduftive
ribbgn has_good electrical contact with the person’s body through direct contact with the
perspn’s skih or by connection through the person’s socks.

5.3.34:1423  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.

5.3.3.4.4.2.4 Shoes

If ESD 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 ESD control shoes look like ordinary shoes, a visible tag or marking on
the shoe will assist in the monitoring and auditing process.
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5.3.3.4.4.3 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-flooring 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 from an unprotgcted
areal|to a protected one, or moves about on an ESD control floor, should be evalaated. |As a
perspn contacts an ESD control floor material with ESD control footwear, the"bedy charge
shoyld dissipate within a few seconds.

5.3.3.4.4.4 Testing
5.3.3.4.4.41 General requirements for testing

Footwear testing should include an initial product qualification test, preferably laboratory
testipg under controlled conditions (see IEC 61340-4-3). Oncée’products are found to meeit the
exisfing standards, a system test of the footwear in combination with the existing or proppsed
floor| materials in the plant should be made to ensure that-the criteria for the facility are |met.
Incoming inspection on a lot sampling basis should be-performed for all ESD control footwear.

IEC p1340-4-3 is used for evaluating ESD control footwear. The test method descfibes
procedures for initial laboratory evaluations as well as acceptance testing.

IEC $1340-4-5 was developed for measuting the system resistance of the person, footwear
and [flooring combination as well as chargeability testing of people walking on ESD cdntrol
floorjng while wearing ESD control footwear.

5.3.3.4.4.4.2 Common testing problems

Often, testers used for in-plant monitoring indicate only that the resistance of the systgdm is
between two set points.\Many testers, such as wrist strap testers, do not have set poinfts to
accommodate the actual resistance ranges of ESD control footwear. The recommepded
apprpach is to use a_tester designed specifically for footwear.

Occasionally;~footwear may indicate a high resistance. Outside of the shoe material |tself
being a contributor to high resistance, the wearer’s skin (if dry), thick insulating socks| the
absgnce(of'a sweat layer due to differences in temperature between the inner surfaces of the
shogs.@nd the wearer’s feet or contaminants such as wax build up from office area flopring
can Cause theTesistance toexceed acceptable tevets:

5.3.3.4.5 ESD control seating
5.3.3.4.5.1 Introductory remarks

A common source of static electricity in the workplace is the movement of people and
materials. The routine movement of a person seated in a chair or movement of the chair itself
across the floor can generate significant voltages. Subclause 5.3.3.4.5 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. This situation is one possible example of
tailoring. The required values of the system resistance from person to ground and maximum
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resistance of chairs, needs to be determined and documented in the tailoring statement. The
potential of the person needs to be reliably maintained below the body voltage required by the
ESD control program. Continual contact should be ensured between all the elements in the
system including the person, the chair and the ESD control flooring surface.

5.3.3.4.5.2 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 chair
rests. Much like the footwear-flooring combination, the chair may rely on a sweat layer
between the user and the seat cushion in order to be effective. Because the chair has more
mechanical parts, a variety ol constituent materials and several connection poinis betyeen
thesg materials and parts, it is not relied on as heavily as the wrist strap or flooring/fodtivear
combination in grounding personnel. Yet, if tested to resistance specifications, these
interfaces can be checked to ensure that grounding is achieved. As with footwear,'seatipg is
not gffective unless used in conjunction with a static protective floor.

5.3.3.4.5.3 Benefits

There are some benefits associated with the use of static protective.seating. Standard chairs,
particularly those with plastic castors may induce significant voltage Tevels on the user if|they
are ot wearing a wrist strap in areas without protective flooring-and footwear. Seating whose
wheels, structure and cushions are adequately bonded between each other and which
possess adequate resistance properties may help to reduce”these voltages to safe leyels.
However, in the absence of a ground connection via the flooring, seating should not be rglied
on tq keep body voltages below the required limit.

5.3.3.4.5.4 Types and selection

Seating comes in various styles; desk height chairs, bench height chairs, stools|and
sit/sfands. ESD control seating surfaces*that contact the body (including arm, foot|and
backrest) should be capable of dissipating*charge from all surfaces of the seating through the
components of the chair/stool to ground. Fabric upholstered chairs accomplish this by ysing
conductive fibres woven into the fabric. The fabric is then connected through the comporfents
of the chair, through the cylinder, base and casters (or drag chain) to the floor.

Somg environments, such ‘as clean rooms, require the use of vinyl upholstery in plage of
fabrigc. ESD vinyl upholstery is manufactured with a thin conductive layer below the surfate of
the vinyl. Vinyl upholstered chairs may have a slightly higher resistance measurement [than
fabric chairs; however, they should still meet the resistance requirements listefl in
IEC p1340-5-1.

5.3.3.4.5.5 Testing

A prpcedure that can be used for testing the electrical resistance of seating can be foupd in
IEC p1340-2-3. 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 109 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.

5.3.3.4.6 lonization
5.3.3.4.6.1 Introductory remarks

The primary method of static charge control is direct connection to ground for conductors,
static dissipative materials and personnel. However, a complete ESD control program should
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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 dissipate static
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
somée static dissipative materials are not usable.

Air ipnization is not a replacement for grounding methods. It is one component offa complete
ESD|control program. lonizers are used when it is not possible to properly ground-‘everything
and ps backup to other ESD control methods. In clean rooms, air ionization may be one of the
few methods of ESD control available.

IEC p1340-4-7 defines test methods and procedures for evaluating(the performance df air
ioniZation equipment. Included in the standard are three annexe€s-that briefly discusq the
procgsses of air ionization and charge neutralization, design of the.charged plate monitor| (the
recommended measuring instrument) and other issues related to the use and testing of
ionizers.

The |purpose of Subclause 5.3.3.4.6 is to supplement the information presented in| the
stanglard test method in IEC 61340-4-7. It discussesshow ionizers operate, how their elecjrical
perfoarmance is measured, the major types of ionizers and their use environments, impoytant
elements of a performance specification, testing methods, safety, maintenance, | and
contamination issues.

5.3.3.4.6.2 Contamination control

Another application of air ionization-is to improve contamination control.

Balapced air ionization can enhance the ability of the air filtration system to remove partjicles
from| the clean room envifonment. lonization neutralizes charges on critical surfaces|and
reduces the attraction of ‘particles to these surfaces. Particles have a greater tendengy to
remgin in the laminar ajrflow and then be removed by the air filtration system.

5.3.3.4.6.3 What is air ionization?

Air ipns are molecular clusters of about 10 molecules (often water) around a charged oxygen
or njtrogen—molecule. The ion may have a positive charge (deficiency of electrons) |or a
neggtive\charge (excess of electrons). The natural concentration of ions in air is low, typically
less|than 1 000 per cubic centimetre. 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). See Figure 6.
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Figure 6 — lonization by alpha radiation
In other situations, the most common ion production method is by interactionybetween nelutral
air molecules and electrons accelerated in an electric field with field strengths excedding

3 M\{/m (at atmospheric pressure). This is generally referred to as\ high-voltage cdrona
ionization or corona discharge (see Figures 7 and 8).
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Figure 8 — Corona ionization — Negative

5.3.3.4.6.4 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.
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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
the object and to the amount of ions available in the surrounding air (ion density). For
examples of corona ionization, see Figure 7 and Figure 8.

If the ion density does not change, the relative rate of charge neutralization is constant and
the charge will decay exponentially with a time constant that depends on the ion density. In
practical situations it is difficult to maintain this condition. Particle concentrations in the air,
depletion of ions in the vicinity of the charged object, non-homogeneity of the ionized air, and
non-].miform fields due to nearby objects will all cause variations in the rate of charge dgcay.
Making corrections for all deviations from the simple case to calculate the time constant is
impractical. It is more reasonable to measure the neutralizing properties ofan iohizer
expgrimentally using a charged plate monitor.

5.3.3.4.6.5 Charged plate monitor (CPM)

The |charged plate monitor is used to measure the neutralizing properties of an ionizer or
ioniZing installation. The charged plate monitor consists of an isolated ‘eonductive plate, which
may|be charged to a fixed initial voltage by a suitable external device. The voltage of the plate
is mpnitored either by coupling it to an electrometer or by measuring the field from the plate
using a non-contacting field meter.

If the charged plate monitor is placed in an ionizéd~environment, the rate of charge
neutfalization by the ionizer may be characterized{by the discharge time. This has been
defirled as the time it takes for the plate voltage te drop from its initial value to 10 % ¢f its
initigl value (for example 1 000V to 100 V). The ionizer balance may be determinefl by
momjentarily grounding the isolated plate, and then noting any voltage induced on the plafe by
the ipnizer operation. This voltage is knownas’ the offset voltage. Detailed information of the
charged plate monitor and the measurement-technique are contained in IEC 61340-4-7.

5.3.3.4.6.6 Purpose of ionization

Selepting an ionizer to solve astatic problem will often involve a number of considerations
besigles the ability of the ionizer’'to neutralize a static charge. In general, ionization should be
engipeered for a particular application, and then evaluated in the actual area it will be used.

It shpuld be remembeéred that air ionization is installed because there is a static problem. In
mos{ cases the air_ionization is installed to neutralize static charges on process-essgntial
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 [ESD
control methads, should demonstrate that it can reduce or eliminate the static problem. There
any-different technologies and types of equipment for making air ions. There is no|best
r_for all applications. But, by carefully understanding the requirements of one’s|own

5.3.3.4.6.7 Types, use, selection and installation of air ionizers
5.3.3.4.6.7.1 Types of air ionizers

Two primary methods of producing air ionization are nuclear decay by alpha emission, and
corona discharge caused by high electric fields. Corona discharge ionizers come in a variety
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.
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5.3.3.4.6.7.2 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 an electric field. They
should be used in close proximity to the charged surface, or depend on airflow to disperse the
air ions into the work area. Figure 7 illustrates the radioactive event.

5.3.346.7.3 AT 1onizers

AC systems utilize emitters that are switched rapidly between positive and negative |high
voltdge, usually at the power line frequency. lon recombination is high, as both polaritieg are
produced in rapid succession at each emitter point. The electrostatic field from”the emitter
poin{s also changes direction rapidly. In some situations, it may not be desitable to place
senslitive components close to the emitter points. For these applications\moving ions away
from|the emitter points will require airflow. AC systems are often mounted at the output ¢f an
air delivery system.

5.3.3.4.6.7.4 Steady-state DC ionizers

Steady-state DC systems consist of separate negative and pesitive ion emitters connectgd by
a pdir of high voltage cables to their respective high valtage power supplies. The spgcing
between emitters will vary depending on the design,.and DC power is constantly applied to
the gmitter points.

Emitters of opposite polarities are spaced farther apart in the DC systems than in the AC
systems. lon recombination occurs at a lowef/rate and steady state DC systems will opgrate
at allower airflow than AC systems. In seme situations, it may not be desirable to pglace
sensjitive components close to the emittér points. The electric field of the ionizer is usgd to
move ions in the absence of high airflow. Care should be taken that the emitters arg not
spaded so far apart that ion hot spots are created. lon hot spots contain an oversupply of|ions
of ohe polarity and any objects“brought into these areas may be charged by thig ion
imbglance.

5.3.3.4.6.7.5 Pulsed DC ionizers

Pulsed DC systems-generate both polarities of ions at a single emitter unit using a sing
closegly spaced pairs“of emitter points. Power distribution may be by high-voltage cables
a cgntral high-voltage power supply, or by low-voltage cable from a central control
remgtely located high-voltage power supplies. By alternating relatively slowly bet
ities {usually at a pulse rate of 10 Hz or less), the recombination rate is low
ver|_offset voltage cycling does occur. Generating both polarities at a single loc
eliminates ion hot spots and allows the electric fields to move ions in low airflow applicat|ons.
In some situations, it may not be desirable t0 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.

5.3.3.4.6.7.6 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 up to 1 m or
more in air. X-ray sources should 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.
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5.3.3.4.6.8 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 document.

5.3.3.4.6.9 Room ionization

Room ionization devices are used when static problems occur over a wide production area
and s diffi i i TOTT. foTTiZzati rices
include AC powered grid systems, spaced pairs of steady DC emitters, steady DC| bar
systéms, pulsed DC bar systems, and individual pulsed DC emitters. Nuclear ionizers ar¢ not
commonly used in room systems because of the quantity of radioactive material that'would be
requjred.

issu¢s should be addressed when large areas are to be ionized. Consideration should be
given to the ceiling height and airflow present in the area. Any large‘abjects in the areq will
change both the airflow and the operation of the ionizers. Methods 6f power distribution t¢ the
ionizZers as well as other installation requirements need to be~considered. After installgtion,
these large systems will require periodic maintenance to ensure’ the desired performance. In
contrast to other ionizer applications, room ionization ofteninvolves an engineered sygtem,
rathgr than an off-the-shelf product.

Reg%rdless of the type of room ionizer chosen, a number of environmental and equipnent

5.3.3.4.6.10 Laminar flow bench ionization

Laminar airflow benches are in common use i-the electronics industry and in many o¢ther
applications. They are used to create a contamination controlled workstation within a larger
uncgntrolled production area. Within the area of these laminar airflow benches, static charge
can pause both ESD and particle contamination problems. AC grids, steady DC, pulsed DC
bars|and nuclear bars are used to provide ionization in laminar airflow benches. The leve| and
diredtion of the airflow available inthese benches may affect the type of ionizer chosen.| Any
largg objects in the bench area will affect both the airflow and the operation of the iorfizer.
Power distribution may need to(be considered if large numbers of electrical ionizers are fo be
used. As with all ionizers, periodic maintenance will be needed to provide optimum ionization
capgbilities.

5.3.3.4.6.11 Worksurface ionization

The [type of ionizer used to provide ESD control on any work surface depends to a Erge
extent on thearea in which the worksurface is located and the amount of airflow available. In
contgmination-controlled areas, and other areas with significant amounts of airflow, the
productsidescribed under room ionization, or laminar flow bench ionization, may be usable. In
areapWhere there is little ambient airflow, other types of ionizers may be used. Thesq are
commonly Known as bench top bIOWers or overnead workstation lonizers, and inciude ians in
their design. They may use nuclear or any of the previously described types of corona
ionization technology.

5.3.3.4.6.12 Point-of-use ionization

There is sometimes a need to provide ESD control in a small defined area or location. This
may be done to provide ESD 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 corona ionization
technology. It will be important to choose a method of ionization and cleanliness of the gas
supply that is appropriate to the work area.
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5.3.3.4.6.13 Selection of air ionization equipment
5.3.3.4.6.13.1 Establishing performance specifications

Selecting an air ionizer for a specific application often involves deciding between a number of
different variables. There are a wide variety of problems caused by static charge, and a wide
variety of products affected by these problems. When a specification is established, it should
take into account the nature of the static problem, the sensitivity of the product to static
charge, the environment in which the ionizer will be used, and the operating characteristics of
the ionization equipment. Some of the issues to be considered are shown in Table 2.

Fabte—=—toni tecti hecktist

Charge neutralization Operation
1. Pischarge time 1. Maintenance requirements
2. PBalance (offset voltage) 2. Reliability
3. Product sensitivity 3. Equipment service
4. PBolution to static problem 4. Ozone, EMI and particle ‘emissions
Environmental considerations Cost
1. Airflow 1. Equipment cost
2. Physical dimensions 2. Installatjon, cost

3. Operating and maintenance costs

Installation considerations

1. [Ponformity with safety codes
Power distribution

Power control

Compressed gas needs

Fxpansion capability

S

Cleanroom compatibility

Evalpating an ionizer in the actual area of use is the preferred practice. This will provide |data
on HSD control performance, the effect of ionization on the static problem, and demonsfrate
othef ionizer device features which may be important to the selection process.

ChoTsing an_air-ionizer to solve a static charge problem often requires compromises betyeen
conflicting equipment and performance requirements. Often an evaluation system install¢d in
your|actuaharea is the only way to determine the functionality and effectiveness, to analyse
othef €quipment evaluation criteria and consider installation techniques and determine
maintenance issues

5.3.3.4.6.13.2 Defining the static problem

An air ionizer that is used to protect against ESD in an assembly area, may be different from
an ionizer that reduces particle contamination on wafer surfaces in an ISO Class 3 clean
room. The first step in writing a specification is to understand the static charge problem that
needs to be solved. It is important to define the nature of the problem so that you can
demonstrate later in your evaluation of ionizers that the problem has been solved.

5.3.3.4.6.13.3 Discharge time and offset voltage

A performance specification depends on the sensitivity of the product to the effects of static
charge and the rate at which charge should be neutralized to eliminate the static problem.
First, determine the amount of static charge that will cause product damage. A variety of test
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methods are available to provide this information. Product damage thresholds may determine
the allowable offset voltage, or balance, of the ionizer. Offset voltage measured with the
charged plate monitor may be part of the performance specification.

Static problems are usually two step events. Static charge is created and then at some later
time, it causes a problem. If nothing is done to neutralize the static charge, it may remain for
hours, depending on the ambient humidity. Using an ionizer, it may be possible to neutralize
the static charge as quickly as a few seconds, or as long as a few minutes. As discharge time
depends very strongly on the available airflow, the desired discharge time may not be
achievable under all circumstances. Compromises will usually have to be made between
discharge times, offset voltage and available airflow. In each application of an ionizer, the
user|will have to determine if the static neutralization capabilities are sufficient to solve the
stati¢ problem.

5.3.3.4.6.13.4 Other selection issues

ionizers will need some type of maintenance or periodic certification andythis may need fo be
a part of the performance specification. Since most ionizers operate continuously, there|may
be s|gnificant demands for equipment reliability. Operation in clean,rooms or other sengitive
areap may require attention to the issues of ozone, EMI and particle‘emissions.

Dep%nding on the application, there may be additional issues that need to(bgé addressed. All

5.3.3.4.6.13.5 Cost considerations

System cost is an obvious criterion for selection. A therough cost/benefit analysis should be
performed. This analysis should include initial puarchase cost, as well as installdtion,
maintenance and replacement cost over a defined/périod. These costs should be weighed
against the benefits such as improved yields/throughput and improved quality.

Along with the initial system cost, the operating cost of electrical power and in some instahces
(nozgles and blow-off guns) the cost of campressed air should be considered. Other items to
conslider are the cost of required maintenance and calibration. These costs will be affectgd by
their[level of complexity and frequency.required.

5.3.3.4.6.14 Installation of air ionization equipment
5.3.3.4.6.14.1 General installation considerations

The [installation of ionizérs should conform to applicable electrical, mechanical, and sgfety
codqgs, as well as individual facility standards. Electrical power distribution, cabling, moupting
methods, and materials need to be appropriate. Contamination controlled areas often require
spedialized installation techniques and materials. Installation methods should congider
possiible futlre' changes in the work area as well as present needs. The installatign of
electrical-ionizers should comply with all local and national electric codes.

Power~should be cupplind to most ionizers. Some ionizers use a cnparn'rn power s\ pp|y
transformer connected to line voltage power. Larger ionization systems distribute power from
a central controler to the individual ion emitters. Two primary methods of power distribution
are used from these power sources to the ion emitters. Low-voltage power distribution uses
voltages of 60 V AC/DC or less. High-voltage power distribution uses voltages up to 7 000 V
AC or 20 000 V DC. In high-voltage power distribution, insulation should be suitable for the
applied voltages and particular care should be exercised in cable routing. Sharp edges should
be avoided or supplemental insulation should be added at these points to avoid premature
cable failure.

Make sure that mounting methods are compatible with safety codes and facility requirements.
Some ionizers will need a source of compressed gas whose cleanliness is compatible with the
area in which the ionizer will be used.
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lonizers may be installed at the time a facility is built. Most often, however, ionizers are
installed after the facility is in operation and static problems need to be solved. Any
installation of ionizers in an operating production environment should not interfere with
ongoing production. The cost of a production shutdown can be many times more expensive
than the cost of the ionizer. Also, if installation is to be carried out in a clean room
environment, it should not compromise the integrity of the clean room.

5.3.3.4.6.14.2 Airflow considerations

The performance of an air ionizer often depends on the amount of air that flows by or through
the device. Some ionizers require airflow to operate correctly, while others do not. Some will
use fhe existing airflow, while others Include fans In the product design. Sull others use clean,
dry qgompressed gases such as air or nitrogen.

Perfoprmance requirements for the ionizer should take into account the type and-amoupt of
airflgw available. It is not reasonable to expect the same performance from afi~ionizer in |both
the turbulent airflow of an assembly area and in the 30 m/min laminar airflow\of a clean rpom.
In applications with inadequate airflow, fans may be used for distributingrair‘ions. Determ|ne if
thes¢ fans are compatible with the cleanliness of the work environment. If not,| the
performance of an ionizer that operates with the existing airflow may’have to be accepted.
Whatever method is used to distribute the ions, there should be .no\obstructions between the
ionizer and the work area.

5.3.3.4.6.14.3 Zoning and flexibility to change

The [need to control the ionizers varies depending on~the application. Less critical situajions
may |be satisfied by factory control settings or adjustment of a large ionized area by a s|ngle
central controler. More critical applications may require adjustability to be part of] the
perfarmance specification. Small control zonesimay be required, or even the ability to [fine-
tune| the ion output at each individual ion-‘emitter point. Some devices, such as nuglear
ionizers and X-ray ionizers are intrinsically balanced and provide no adjustment of [their
operption.

In mpst production facilities the equipment layout rarely remains the same for long periogls of
time]| It is important to determinglthe flexibility to change or expand the ionizer installation| at a
later| date. Minor changes_ should be possible using in-house personnel, and expansion
capdcity should be part of the original equipment specification. Change or expansion should
be ppssible without costly production shutdowns.

5.3.3.4.6.14.4 Monitoring and feedback control

Varigus feedback® and auto-balance methods are available to ensure ionizer performance| But
make sure .that enough sensors are included to provide adequate monitoring informatign to
the ¢ontroksystem. Most ion sensors have a limited range, usually Iess than 1,5 m. Unless

feedback control. Also an effect|ve mon|tor|ng and control method can reduce theamount of
maintenance required for proper operation of the ionizer device or system.

5.3.3.4.6.15 Testing of air ionizers
5.3.3.4.6.151 Selection testing

A complete evaluation of ionizer performance should answer two basic questions. First, are
ions arriving in the work area in the proper quantity and balance to neutralize static charges?
Second, and more important, does ionization reduce or eliminate the problem caused by the
static charge? The static discharge performance of all air ionization devices should be
evaluated using the existing industry standard IEC 61340-4-7. Any evaluation should also
include testing that is specific to the actual problem to be solved. The user should have to
identify the static problem, establish a realistic performance specification, select from among
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the different types of ionizers and test the ionizers in the actual location where they will be
used. IEC 61340-4-7 provides guidelines for testing the discharge performance and balance
of ionizers. These guidelines may need to be modified to meet the physical requirements of
the specific installation.

Once it has been established that ionizers will solve a static problem, a set of tests should be
created for qualification and acceptance of ionizers. These tests should demonstrate that the
ionizer will satisfy the performance specification for the intended use. The acceptance testing
should be simple enough to be performed by the user's incoming inspection personnel, or by
personnel upon initial installation of the equipment.

Often the test methods and guidelines of IEC 61340-4-7 are used to perform this qualificgtion
and [acceptance testing of ionizers. A standardized test fixture or test area~may be
consttructed to ensure that all ionizers are tested under repeatable, equal conditions. The|user
detefmines how accurately measurements in this test fixture or test area should‘correlate|with
perfoarmance in the actual area the ionizer is used. If more than one type of\ionizer is to be
qualified for use or if different types of areas are to be ionized, multiple test fixtures may be
requjred. Sometimes, ionizers will be tested only after they have beemiinstalled in the| use
locafion. Acceptance testing standards should then be a part of the purchasing process.

Test|ng should be carried out using the charged plate monitor (CPM) and the methods of
IEC $1340-4-7. lonizer performance should be compared to the performance requirenents
devdloped by the user for each specific application. Using.industry standard tests engures
that |ionizers will be compared on an equal basis, even~though the requirements of gach
application will differ. It has been noted that there 4s a great variation in the dischlarge
perfgrmance and the offset voltage balance required from ionizers. In some cases a gmall
non-gtandard CPM may be used for evaluation. The performance of the smaller CPM sHould
be verified against the standard CPM.

For some applications of ionization, particularly point-of-use ionization, it may be difficylt to
use p CPM, due to physical size constraints. When this problem is encountered, it may be
necgssary to develop an alternative testmethodology. One method uses an electrostatic|field
metgr to measure the charge on product or equipment, before and after using ionizgtion.
Alternatively, a non-conductor may-be charged by rubbing it against another material, qr an
isolated conductor may be charged by momentarily connecting it to a voltage solrce.
Monitoring these materials with the electrostatic field meter will demonstrate the ability of the
ionizer to reduce static charge.

5.3.3.4.6.15.2 Confirmation of process improvement

Test|ng specificsto the application should then demonstrate that the presence of an ionizer
has |solved the"static problem. The problem may be ESD damage, particle depositioh on
product surfaces or production line downtime. Whatever the problem, testing should \erify
that jt isfeduced or eliminated by using an air ionizer. In some cases, it will be necessary to
carry out,yield studies of all or part of the manufacturing process.

5.3.3.4.6.15.3 Periodic verification testing

Once ionizers have been installed, it is desirable to measure their performance. This provides
a baseline against which to monitor their long term operation. The test methods and
guidelines of |IEC 61340-4-7 may be used to perform this periodic verification testing of
ionizers.

lonizers should be tested for discharge time and balance after they have been installed in the
use location. A certification document detailing the test conditions and test locations should
be generated at that time. The time intervals for subsequent measurements will depend on
the user requirements. Less critical applications may require only appropriate maintenance
and annual performance checks. More critical uses may demand maintenance schedules and
semi-annual or quarterly recertification. Users should be very aware of the costs and
responsibilities involved.
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5.3.3.4.6.16 Maintenance and cleaning
5.3.3.4.6.16 .1 General considerations for mantanence and cleaning
5.3.3.4.6.16.1.1 Introductory remarks

All ionization devices will require periodic maintenance for proper operation. Maintenance
intervals for ionizers vary widely depending on the type of ionization equipment and use
environment. Critical clean room use will generally require more frequent attention. It is
important to set up a routine schedule for ionizer service. Routine service is typically required
to meet quality compliance verification requirements.

5.3.3.4.6.16.1.2 Corona (electrical) ionizers

With| electrical ionizers the emitter points should be cleaned regularly and may.'have tp be
replgced periodically. Balance and discharge time should be checked at scheduled intefvals
using a charged plate monitor. Some electrical ionizers will require adjustment of the ion
balance at this time. The typical sequence is to clean the unit, including emitier points, sdt ion
balance to zero (if adjustable) and then perform discharge time testing'.*If the unit doeg not
meet ion balance specifications or minimum established discharge time timits, further sefvice
is inflicated. Manufacturers should provide details on service proceédures and typical sefvice
interpals.

5.3.3.4.6.16.1.3 Nuclear ionizers

Nuclear ionizers do not use emitter points, but they typically require annual leak testing by the
manpfacturer. Although the ionizing element has afpredictable life expectancy, routing ion
balapnce and discharge time testing should be performed to ensure that the unit is functigning
properly. The ionizing element is usually returtned' to the manufacturer for replacement| and
dispgsal.

5.3.3.4.6.16.1.4 X-ray ionizers

X-ray ionizers do not use emitter points, but eventually the X-ray tube will need tp be
repldced. The ionizer is normally’ returned to the manufacturer for this service t¢ be
perfoarmed. Routine ion balancetand discharge time testing should be performed to ensure
that the unit is functioning properly.

Mangyfacturers can provide assistance in specifying the appropriate calibration |and
mairftenance required. If these services are needed on a contract basis, make sure they are
available from the‘\manufacturer or an approved service agency of the ionization deyices
undgr consideration.

5.3.3.4.6.17 Environmental and humidity ionization considerations

In general, most air ionizers are designed to work in typical factory environments within
temperature—amd—umidity timmits—specified by theTomizer mmranufacturer—Comndensimgammidity,
contamination with bases and acids or topical sprays will often create problems with the
operation of electrical ionizers. Electrical ionizers typically use high voltage, low current for
ionization. If these contaminants settle on high voltage insulation, they render the insulation
mildly conductive. This undesired conductivity may allow unwanted currents to flow within the
ionizer resulting in improper operation of the ionizing elements.

The manufacturer should be consulted before installing nuclear ionizers in corrosive
environments.

Flammable and explosive environments pose risks that are outside the scope of this
document. The manufacturer of the ionizing equipment should be consulted for these
installations.
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5.3.3.4.6.18 Other considerations
5.3.3.4.6.18.1 Safety issues

Electrical ionization involves the use of high voltages applied to a sharp emitter point.
Depending on the design of the ionizer and the method of installation, personnel may come
into contact with the emitter points. This may occur accidentally or during normal maintenance
procedures. Unless ionizers are installed where no contact with the emitter is possible,
consideration should be given to preventing electrical shock or physical injury from contact
with the emitter points. All ionizers should meet all local and national safety laws.

5.3.3476-18:2—EMt, ozonmeand particieemissions

There is sometimes a concern about EMI or ozone generation by air ionizers. Manufactyrers'
data|for specifications in these areas should be consulted, but note that test methods and test
conditions vary widely. If ionizers are to be used in an area that is sensitive to EMI or oZone,
it is gtrongly recommended that the ionizer be evaluated under normal operating conditiops in
that prea. The ionizer should meet the same standards applied to other equipment used in the
area| Sensitive product or equipment should be placed in the ionized area, and the effelct of
the ipnizer on them should be evaluated. Most ionizer manufacturers~will provide equipment
for this type of testing.

matgrial used, the design of the ionizer and the environment“in which it is used. Therel has
nevegr been a study linking normal emitter point wear of(currently used emitter materia]s to
incrgdased product defects. On the other hand, many studies have shown fewer prdduct
defefts occur when ionizers are in use.

All emitter points require periodic cleaning and replacement,/the’ frequency depending o;[ the

lonization devices should meet the same patticle emission standards as those that are
applled to other production equipment uséd in clean room areas. If other produftion
equipment is checked for particle emission,> use the same test for air ionizers. Although no
stanglards currently exist for measuring particle emission from air ionizers, it is likely thaf the
interest in this issue will cause them te be proposed in the near future.

5.3.3.4.7 Garments

5.3.3.4.7.1 Introductory remarks

In spme cases, for exanmple in clean rooms, use of ESD control garments may be clgarly
indigated as over garments if required from a contamination prevention standpoint. In| this
application ESD control garments should shield electrostatic fields from under garments| and
shodld not theniselves be a source of electrostatic fields that may lead to contaminatign by
elecfrostatic attraction of particles.

In other ‘cases, garments may be required to be worn over, or in place of non-ESD cqntrol
garnments to protect workers from hazards or for other operational reasons. The ESD rfisks
associated with such garments may be higher than with non-ESD control garments, and ESD
control may become a requirement.

In other cases, however, it is not possible to state a general requirement for ESD control
garments, and ESD coordinators should then use their judgement to determine if the ESD
risks associated with everyday clothing or workwear are sufficient to warrant the use of ESD
control garments. ESD coordinators may also select ESD control garments because of
benefits, for example establishing discipline of ESD control. Some factors that may be taken
into account include:

e the ESD withstand voltage of the ESDS being handled (especially for ESDS with low CDM
withstand voltage),

o the cost and consequences of an ESD failure,

e the reliability required of the product and its market,
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the type of facility and handling processes,

clean room and other operational requirements,
worker protection,

the climate and environmental conditions of the facility,

the culture of the facility.

The ESD risks associated with everyday clothing and workwear cannot always be easily

ass

where ESDS can reach high induced voltage due to external fields

As

be of particular benefit where larger ESDS having low CDM withstand voltage are han

essed. The current general view of experts is that the main source of ESD risk may occur
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operators habitually wear everyday clothing or workwear that could generate Sighiflcant
rostatic fields.

an example, a facility in a warm humid climate, in which operators habitually wear ghort

sleeye T-shirts and the product has no special ESD susceptibility, may<not require [ESD
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5.3.3.4.7.2 Types and selection

5.3.3.4.7.21 Types of garments

trol garments. In contrast another facility in a dry climate handling high' cost low withgtand
dge ESDS in a high reliability application may choose to use \BESD control garmegnts,
gcially if operators wear long sleeved clothing that may generate-electrostatic fields. Most
lities, however, will fall somewhere between these extremes and should make |their
i$ion based on a technical assessment of their particular conditions.

There are several different types of garments available. Areas in which the garments are {o be
worn and the processes in that area, should be considered as part of the selection criterip for

the
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most suitable garments.

rent textile technologies can be_used to make ESD control garments. The following are
ples of textile technologies available:
limited use (disposable);

re-usable, topically treated;

re-usable, permanentyESD control properties.

51340-4-9 defines three types of ESD control garments based on resisthnce
racteristics and*whether or not they require grounding:-

atic centrol garment — a garment that provides ESD control without necessarily Heing
rounded;

roundable static control garment — a garment that has a designated groundable poin{ and
exNIbiis a Tow resistance from poini-ito-point and irom any point on the garment o the
groundable point;

groundable static control garment system — a garment that has a designated groundable
point and is used to ground the wearer via the garment, typically by means of a ground
cord attached to the groundable point.

When selecting the most appropriate type of garments, consideration should be given to the
technology used for ESD control, the requirements for maintaining ESD control properties,

and

any limitations or restrictions with respect to operational practices and worker habits.
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5.3.3.4.7.2.2 Limited use (disposable)

The intent is for the garments to be worn a predetermined number of times and then disposed
of. If these garments are reused, an auditable tracking system is recommended to monitor the
integrity of the garment, which should be documented in the ESD control program plan.

Limited use garments are typically made from non-woven fabrics. Woven or knitted fabrics
may also be used, but are less common. ESD control properties are often obtained by the
application of topical treatments or finishes that are designed to be effective for a limited
period of time or use. In the case of non-woven fabrics, antistatic additives may be used in
the formulation of the fibres or coatings.

The use of topical treatments or finishes, or antistatic additives is often the most cost'efficient
way |of making limited use ESD control garments. However, effectiveness is often-humidity
depgndent. Where ESD control is required under low humidity conditions{)fabrics |that
incofporate conductive fibres may be used to make limited use garments. Another optioh for
non-woven fabrics is to use so-called permanent antistatic additives or inhérently conduftive
polymers in the formulation of the fibres or coatings.

Limifed use garments are commonly used in areas such as the)application of confgrmal
coating where the garments can easily become contaminated and may need to be replaced
frequently. They also provide a cost efficient option when the, iuse of ESD control garmerts is
only[required on an occasional basis.

5.3.3.4.7.2.3 Re-usable, topically treated

Topitally treated garments require treatment during*or following each cleaning cycle. They are
gengrally humidity dependent in that the surfactants (surface active agents), treatmenis or
finishes typically used, are hygroscopic and depend on moisture in the air for garments to
perfarm properly as ESD control garments.

In sgme cases, garments may be made with fabrics containing conductive fibres, but which
also|require topical treatment. Such_fabrics may contain lower quantities of conductive fibres
compared to garments with permanent ESD control properties, and hence the cost of
mangfacture may be lower. The advantage compared to the use of topical treatment alope is
that the amount of treatment-required may be less, the wear time between treatments mgy be
longer, and ESD control is.less dependent on humidity.

5.3.3.4.7.2.4 Re-useable, permanent ESD control properties

Garments with_permanent ESD control properties should maintain performance requirenfents
for 3t least their expected use life. In general, garments that maintain their ESD control
properties_fallewing 50 or more commercial cleaning (laundry) cycles can be considered fo be
permanent;ESD control garments. These garments are typically constructed from fabrics| that
haveg conductive fibres placed in a grid or stripe pattern throughout the garment.

5.3.3.4.7.2.5 Static control garments

Static control garments may be constructed using any of the textile technologies described
above.

Some static control garments do not require a specific connection to ground.

In other cases, static control garments that are not grounded may acquire charge on
conductive elements that creates a significant ESD risk. Such garments may not meet the
requirements for groundable static control garments as defined in IEC 61340-4-9, but
nevertheless require grounding in order to eliminate ESD risks. In these cases, it is important
that wearers understand how the garments should be grounded according to the
manufacturers’ instructions.
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5.3.3.4.7.2.6 Groundable static control garments

For groundable static control garments, the maximum resistance between any point of the
garment and the groundable point of the garment should be less than specified in
IEC 61340-5-1. These garments typically have one or more designated groundable points,
which will make it possible to ground all panels of the garment through one electrically
conductive grounding means such as a ground cord or via footwear and flooring.

Groundable static control garments may be constructed using any of the textile technologies
described above, with some limitations. Topical treatments and non-permanent antistatic
additives may degrade in a non-uniform way, such that electrical continuity to groundable
poinfS_becomes compromised even though large areas of iabric may retain their original
properties. Continuous monitoring may not necessarily detect this.

In g¢neral, fabrics incorporating core conductive fibres cannot be used to makeé groundable
stati¢ control garments, unless a topical treatment is also used.

Fabrics that incorporate conductive fibres in stripe patterns will ¢githler require topical
treatments, or the inclusion of additional conductive material in the seams between pangls to
maintain electrical continuity in groundable static control garments.

Fabrjcs that incorporate surface conductive fibres in grid patterhs may be used to consjftruct
groupdable static control garments with the most reliable performance, particulanly if
addifional conductive material is included in the seams between panels.

Aftenn verifying that the garment has electrical centinuity through all panels, the garment
shoyld be electrically bonded to the grounding system of the wearer so as not to act gs a
floatlng conductor. This can be accomplished either by:

. rounding the garment through a conductive wrist cuff or other suitable section of the

9
darment in direct contact with the skinvof a grounded operator, or
9

rounding the garment through a-separate ground cord, directly attached to a designated
droundable point on the garment:

5.3.3.4.7.3 Proper use

ESD| control garments should be properly fastened to avoid exposure of possible charggs on
perspnal clothing wornsunder the ESD control garments.

Groyndable staticicontrol garments and groundable static control garment systems should be
conrected to grnound before ESDS are handled and should remain grounded whilst hanfling
ESDB.

5.3.3.47.4 Testing

Procedures that can be used to test the electrical resistance of garments can be found in
IEC 61340-4-9. For situations where the resistance testing as described in IEC 61340-4-9 is
not applicable, the user of static control garments should select alternate test methods for
product qualification and periodic verification. In these cases, the procedures that are chosen
for use as well as the pass/fail criteria should be documented in the ESD control program
plan. IEC TS 61340-4-2 describes some test methods that may be suitable.

5.3.3.4.7.5 Qualification

Qualification testing on static control garments that do not require grounding may be carried
out on complete garments or, if electrical continuity across seams is not required, testing may
be carried out on samples of fabric. Resistance testing as required by IEC 61340-4-9 is done
on complete garments.
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For static control garments that require grounding, groundable static control garments and
groundable static control garments systems, testing fabric samples may be done to pre-select
suitable fabrics, but qualification testing is done on complete garments so that electrical
continuity throughout the garments can be checked.

Qualification testing on garments with ESD control properties that are claimed to be
permanent should be done on two sets of samples: one set tested as received and the second
set tested after cleaning according to the manufacturer’s recommended cleaning method to
simulate the long term use of the garments. Typically, samples should be cleaned a minimum
of 50 times.

5.3.3.4.7.6 Periodic verification tests

Once¢ garments have been placed into service it is recommended that they are checked fon a
perigdic basis to ensure that they still meet the required specifications. This can be done as
part jof a random test of employees as part of the compliance verification measrements|or a
cleaning service (if used) can perform the checks after every cleaning cycle!

Congideration should be given to the frequency of testing based on¢the technology us¢d to
achigve ESD control performance, and the cost of testing relative to the cost|and
consiequences of ESD failure.

ESD| control garments that rely on topical treatment or non-pérmanent antistatic additives are
likely to require more frequent periodic testing than ESD c¢ontrol garments that are made [from
fabrics with conductive fibres or permanent antistaticadditives, and should, as a minimum
requjrement, be tested before being put back into servige after cleaning.

5.3.3.4.7.7 Maintenance and cleaning
5.3.3.4.7.71 Repairs

Garments that become worn or damaged should be replaced on a like-for-like basi$, or
repajred by a qualified source in accordance with manufacturers’ recommendations to ensure
the Integrity of ESD control properties, including electrical continuity across seams where
requjred. Once a repair is madey:periodic testing as described above should be conducted to
validate the integrity of the repair before the garment is put back into service.

5.3.3.4.7.7.2 Laundry services

It is |mportant to select an acceptable laundry service that has the ability to launder garments
according to thelgarment manufacturer’s prescribed laundry methods. Laundering should
clean garmenis—of all unwanted matter without unduly affecting ESD control propetfties.
Thorpugh rinsing should be included in the laundering process to ensure that res|dual
detefrgent-and other laundering chemicals are removed.

If topicattreatments—aretobe—apptied;, taunmderers—shoutd—be—advised—of the—performmance
requirements, including the range of humidity conditions in which garments are intended to be
used, and the total duration of wear between cleaning cycles, so that appropriate treatments
are used. An auditable tracking system is recommended to monitor cleaning, which should be
documented in the ESD control program plan.

5.3.3.4.7.7.3 Home laundering

If garments are being laundered at home by individual employees, it is important that the
manufacturer’s home laundering instructions be provided and followed. Periodic testing as
described above should be conducted to verify the integrity of ESD control properties before
the garments are put back into service.
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5.3.3.4.7.8 Environment and humidity

Most fabrics from which garments are made will be affected to some extent by changes in
relative humidity. ESD control properties of fabrics containing cotton, which are inherently
hygroscopic, are very much dependent on relative humidity. Synthetic fabrics, such as
polyester, nylon, etc., are very much less hygroscopic than cotton and their ESD control
properties are not so dependent on relative humidity. Nevertheless, humidity may enhance
the connection of any conductive fibres that are present in synthetic fabrics, and may increase
the conductivity of topical treatments and antistatic additives. For these reasons, it is
advisable to test garment performance in the full range of relative humidity and temperature in
which garments will be used.

5.3.3.4.7.9 Other considerations

The [procedures and equipment described in this user guide may expose personn¢l to
hazgrdous electrical conditions. Users of this document are responsible for selefting
equipment that complies with applicable laws, regulatory codes and both external and int¢rnal
polidy. Users are cautioned that this document cannot replace or supersede:any requirenients
for personnel safety.

Elecfrical hazard reduction practices shall be exercised and proper<grounding instructions for
equipment shall be followed.

Perspnnel safety should be considered before allowing ESD control garments to be worn
whele there is the possibility of exposure to mains ,eleectricity. Follow your organizatjon’s
safefy regulations or national rules.

Stapje fibres may be released from woven or knitted fabrics, causing potential contamingtion
issugs, for example metallic fibres causing shorts. In such cases, consideration should be
given to using continuous filament syntheticfabrics or non-woven fabrics.

5.3.3.4.8 Storage racks and shelving
5.3.3.4.8.1 Types of storage*racks

Storage rack systems are-“used to store products and materials. Various styles|and
configurations are available-but for the purposes of this user guide, two generic typgs of
storgge systems will be described.

5.3.3.4.8.2 Workstation shelving

Shelving systéms are frequently included as part of an ESD protective workstation.|The
shelyes in these systems can be used to store ESD sensitive products (both packaged| and
unpgckaged), documentation, manufacturing tools, computer/printing equipment and| test
equipment such as oscilloscopes. If the shelving system is used to store unpackaged [ESD
sensitivé products, then it should be treated as an ESD control worksurface. This means| that
the surface should be properly grounded and be free of unnecessary static generators.

However, if the shelving only holds ESDS that are inside ESD protective packaging then the
shelf can be constructed from non-ESD protective materials.

One of the problems found in many factories is that the use of shelving systems changes at
each process step. This results in the use of ESD control shelving in some areas and non-
ESD control shelving in other areas. This can lead to confusion and employee mistakes as
they may place ESD sensitive parts on shelves that are not grounded. One approach to solve
this problem is to treat all shelves in a similar manner — i.e. they are all covered with an ESD
control worksurface material and grounded, or they are not. If this is not practical then the
only alternative is to place signs on the shelves to identify which ones are not covered with an
ESD protective material.
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NOTE This implies that those shelving units without any signs are covered with a grounded material.
5.3.3.4.8.3 Storage area shelving (warehouse, kitting, etc.)

The second type of shelving system that is commonly found in factories are floor or desk
mounted, multi-level shelving units that are used for the storing of parts in a warehouse or
parts kitting area. The user should decide whether or not this type of shelving requires a
grounded, ESD control surface. Some of the factors to consider are as follows.

e Are unprotected ESD sensitive products stored next to non-ESD sensitive products that
have been shipped in static generating packaging materials?

1 ol 4 H ol g ol H ol £ ol ' o
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the packaged product moved to an ESD protective workstation where trained|and
rounded operators safely handle the parts?

re parts removed from their original packaging at the shelving units and arelproper [ESD
andling procedures being followed?

Once a strategy has been decided upon and implemented, the testing of‘ESD control shejving
unitg needs to be included as part of the regular process compliance verification program/| The
resigtance to ground and resistance point-to-point test methods réquired by IEC 6134(-2-3
are lsed to make the required compliance verification measurements. Generally, the dame
requjrements as established for worksurfaces are applied to shelving systems.

5.3.3.4.9 Mobile equipment

As the name implies, mobile equipment are items that)are capable of being moved from| one
procgss step to another as the need arises. Examples of mobile equipment are portable|task
in-process storage carts and mechanized skids that are used to move hgavy
asseimblies. When mobile equipment is used,to transport ESD sensitive items it should be
capdble of being grounded as products are“loaded and unloaded from it. When the mpbile
equipment is in an ungrounded state (i.e. ‘between ESD protected areas), care shoulf be
to ensure that personnel do not hrandle the products unless they first bring all items to
quipotential balance by bonding together the product, mobile equipment and| the
perspnnel that handle the ESD sensSitive products.

Mob{le equipment can be grounded directly to ESD control floor materials via drag chpins,
conductive wheel(s) and .cable or ball assemblies. When mobile equipment is groupded
through floor materials_it. is necessary to ensure that there is a path to ground fron] the
surfgce (where the_unprotected parts are stored) to ground, no matter which connegtion
metHod is chosen. One of the benefits of this type of system is that the connection to grpund
is canstant and «aarmally does not require operator intervention. One of the drawbacks is| that
the gonnectiondo ground can be lost if a reliable contact with the ESD control floor materjal is
not achieved..Dust and dirt build-up (i.e. on the surface that contains ESDS parts, the [floor
and/pr the grounding mechanism), can result in a loss of the electrical connection between
the ESDS item and ground.

For ESD control programs that do not utilize ESD control floor materials, mobile equipment
can still be used effectively to transport ESD sensitive products. In this situation, the mobile
equipment will need to be connected to ground via a wire connected to the ESD grounding
system prior to product loading and unloading. The mobile equipment should be connected to
ground per the recommendations found in the grounding section of this user guide.

In both of the above cases, it will be necessary to include all pieces of mobile equipment in
periodic compliance verification. IEC 61340-5-1 requires that the resistance to ground from
the surface of the mobile equipment and point-to-point resistance of the surface in contact
with ESDS is less than 1,0 x 10° Q. In situations where CDM damage is a concern, a
minimum point to point resistance limit of 1,0 x 104 Q is recommended. The test procedure
and equipment referenced in IEC 61340-2-3 can be used to make the resistance
measurements.
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5.3.4 Packaging electronic products for shipment and storage
5.3.4.1 Introductory remarks and purpose

The purpose of subclause 5.3.4 is to provide general guidance for the design and
specification of ESD protective packaging systems. Packaging refers to those items and
materials that provide intimate protection for ESDS parts during all phases of handling,
shipping and storage. Secondary or exterior packaging is not specifically considered unless it
also performs an ESD protective function. Within the ESD industry, there are many items and
materials that are considered appropriate for packaging. Subclause 5.3.4 provides basic
information to guide the reader to a better understanding of this complex area of packaging of

ESD.sensitive pnrfe for chlpmonf W hile our prlnr\lpnl concern-is with electrical considerat ons,

othef factors related to physical properties are mentioned.

5.3.4.2 Definitions
5.3.4.2.1 General

The (definitions used in this subclause follow the definitions of IEC 61340-5-3. The definifions
as explained here provide an overview of the terms used.

5.3.4.2.2 Conductive

Conductive materials are generally composed of severak‘components, including a pase
matgrial that may be a polymer of some type. Additives:to the base material or polymer
gengrally make materials volume and surface conductive. Treatments, plating or coatings
gengrally result in the formation of the so-called,.Surface conductive materials which are
typically not volume conductive. In some cases foils are also used to produce suifface
conductive materials.

5.3.4.2.3 Shielding (electrostatic)

Electrostatic field shielding, as produced with thin conductive ESD protective materials, tends
to spread or reduce the electrostaticfield inside the container due to external electrogtatic
fields.

syst¢gm, may also limit electrical current from penetrating the surface during a direct
discharge. These types.of products would be classified as electrostatic discharge shie|ding
matgrials.

Somf designs of shielding materials, such as those incorporating a dielectric layer withip the

5.3.4.24 Dissipative

Diss|pative_materials provide charge dissipation. They also reduce areas of high charge
condentratjon by allowing charges to spread out over the entire surface. Dissipative matgrials
are net{mecessarily low charging. Additives to the base material or polymer generally make
matertats—votumeandsurface dissipativeTreatments,; ptatingor coatimgsgeneratty Tesult in
the formation of the so-called surface dissipative materials which are typically not volume
dissipative. In some cases foils are also used to produce surface dissipative materials.

5.3.4.2.5 Low charging

Low charging materials per se do not exist but are said to be those that resist triboelectric
charge generation caused by the material contacting and separating from itself or from other
materials. However the charging is strongly dependent on the material combination and its
surface structure properties. Low charging behavior is not necessarily predicted by surface or
volume resistance measurements. Low charging materials are not necessarily dissipative
(although many are). Low charging is not specified in IEC 61340-5-1 nor in IEC 61340-5-3 at
this time, because the measurement is strongly dependent on the application. However, it can
be an important consideration for packaging material selection. Users of packaging materials
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are encouraged to determine the extent that the packaging materials that are selected will
charge in the end use environment.

5.3.4.2.6 Insulating

Insulating materials have a very high resistance and this limits the ability of the material to
conduct current. In general, insulating materials can become highly charged through contact
and separation with other materials. The dissipation of charge from insulating materials via
grounding may take a long time (i.e. hours or weeks depending on the environmental
conditions). This makes insulating materials generally unacceptable for use near ESD
sensitive products.

5.3.4.3 Selecting/designing the right package

What is the right packaging choice for a given application? How do you know?” The |vast
numbper of packaging options available often causes confusion with uninformed usegs of
packiaging materials. Packaging used within an EPA shall consist of dissipativé or conduftive
matgrials for intimate contact. Outside the EPA IEC 61340-5-3 requires~for transportatign of
sensglitive products a packaging that provides both

a) dissipative or conductive materials for intimate contact and

b) g structure that provides electrostatic discharge shielding.

The [following six steps can be used as a guide for the development of an ESD prote[tive
packlaging system.

1) UWnderstand the product’s sensitivity.

2) Determine the distribution environment for the packaged product (i.e. usage insidg an
BEPA or outside an EPA which is then called UPA).

3) Determine the type of packaging system'that will be used (i.e. returnable, disposable, [etc.)

4) Select the packaging materials and gualify the materials according to IEC 61340-5-3.

5) [ssign a packaging system based on input considerations obtained in steps 1) fo 4)
gbove.

6) Test the final packaging design for effectiveness (if possible).
5.34.4 Understand the product sensitivity

Comjponents are evaluated for ESD susceptibility by several different methods. The pringiple
method is based oh_the human body model (HBM) in which a discharge is applied in gteps
through an RC _(resistor-capacitor) network to all pins or connectors of the device under| test
(DUT). The DUJ+is evaluated for parametric shifts after each discharge. The level at which the
devig¢e under.test fails to meet any functional parameters defines the threshold of sensitivity
for that component. Catastrophic failure levels may be used in many cases for specification
purppses.” Product ESD sensitivity information can be obtained by performing in-hpuse

| . sikivity

5.3.4.5 Understand the distribution environment
5.3.4.5.1 Factors for consideration

It is extremely important to understand the environment in which the product will be shipped
and how it will be handled in order to determine the correct type of packaging that should be
used.

Some of the questions that should be considered are:

e What is the distribution mode for the product?
— within an ESD protected area (EPA);
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— between ESD protected areas (UPA’s)

e Does the product cross national borders? If so, is it subject to inspection by untrained and
ungrounded customs agents?

e |s the product being shipped by dedicated truck (only your organization’s product on the
truck) or is it part of a consolidated load?

e Does the shipment go directly to the final destination or does it go through various
transportation hubs where it is loaded and unloaded (i.e. off of trucks/airplanes)

e What is the expected distribution environment?

— temperature extremes (cold and/or hot);

moisture extremes (product exposed to high humidity or even outside threats sugh as
rain).

e Who will handle the product at delivery?

employees trained in ESD handling techniques;

untrained individuals (customers, parts distribution companies).

e What measured ESD threats exist in the shipping environment?
5.3.4.5.2 Humidity

High[ humidity is known to cause multiple problems with electronic parts, not the least of which
is enhhanced corrosion. Difficulties with soldering are also "well known and documenpted.
Preventing excessive humidity exposure to parts requires enclosing the parts in a ba3rrier
matgrial and the package itself should have a low mojstire vapour transmission rate (MVTR).

5.3.4.5.3 Temperature

While only specialized materials and structures can control the interior temperature [of a
packlage, it is important to take possible temperature exposure into account when shigping
elec{onic parts. It is particularly important to consider what happens to the interior |of a

packiage if the environment has high_humidity. If the temperature varies across the dew point
of thie established interior environment of the package, condensation may occur. The inferior
of a package should either contajndesiccant or the air should be evacuated from the package
during the sealing process: (The package itself should have a low moisture vapour
trangmission rate (MVTR).

5.3.4.6 Determine-the type of packaging system that is best suited for the intendé¢d
application

5.3.4.6.1 General considerations for packaging types

The | marketptace provides numerous options for packaging of electronic producty for
shipment. yThe initial consideration is to have low charging or electrostatic dissipptive
rials
lems
may be exposed. In addition, many organizations also require that the packaging protect the
contents from a direct electrostatic discharge or exposure to electrostatic fields. Many
packages are available that provide all three benefits: low charging, electrostatic dissipative
and discharge protection, and electrostatic field suppression.

Subclauses 5.3.4.6.2 to 5.3.4.6.4 provides a description of some of the packaging types that
are available to the packaging designer. It is not intended to be an all-inclusive list but it does
address the major categories.

5.3.4.6.2 Returnable and reusable packaging

In some situations, packaging may be designed for reuse or return to the original supplier. In
this way the package may be reused numerous times. Examples of these types of ESD
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protective packaging are hinged containers, tote boxes, and other rigid or semi-rigid
containers. The initial cost of these packages may be relatively expensive. However, if the
appropriate collection and recycling system is used, the container may be the least expensive
choice over time.

Users of returnable packaging systems should ensure that they investigate the total cost to
implement such a program. Some of the potential cost considerations include:

e labour to collect, sort and prepare materials for the return shipment,

e costs for cleaning prior to reuse,

o tgsfing cosis (i.e. surface resistance or poini-to-point resistance) prior to re-infroducing the
packaging into the process,

o ffeight charges.

Bagg and pouches may also be used in a returnable situation if the<flunctional|and
perfgrmance characteristics continue to meet the original specifications.

or ngt it is suitable for reuse. For example, the conductive or dissjpative properties and ¢ther
physiical attributes of volume conductive or dissipative bags”“and boxes can be efasily
measgured as per the test methods referenced in 5.3.4.7. Shielding bags and containers|also
may |fall into this category as long as the metal layer may be.tested for continuity, integrify, or
shiellding performance.

Somf packaging can be evaluated by the user in relatively simple ways to determine whether

5.3.4.6.3 Disposable or one time use

Many bag type products are meant for one time use. Although the initial cost may be less|than
the feusable products, a cost/benefit analysis' should be made in evaluating the o\erall
perfarmance of the packaging material for the.intended purpose.

5.3.4.6.4 Point-of-sale or display

Comjputer dealers and other retail>and wholesale outlets provide upgrade and replacement
partg to the general public. While durability may not be a prime consideration for these
applications, attractiveness and aesthetics generally appeal to the consumer. Such packdging
usudlly contains printing that-provides information on handling the part. Warning labels stating
that the enclosed part may be sensitive to ESD are common.

5.3.4.7 Select and test packaging materials

Test| methods{and guidance for evaluating the ESD protection attributes of packdging
matgrials are-widely available in the industry. Electrical properties are used to define maferial
types. The test methods described in IEC 61340-5-3 will allow the user of packaging matgrials
to clpssify the materials as conductive, static dissipative or insulating. Once materials phave
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5.3.4.8 Design the packaging

With the ESD sensitivity and distribution environment of the ESD understood, and with a list
of available materials for a variety of packaging designs, a packaging system can be
designed.

The following general rules can be applied to packaging designs.
o |If the package is primarily used to transport product in an ESD protected environment then
a low charging or electrostatic dissipative package may suffice.

o |If the product is moving between ESD protected areas a low charging, discharge shielding
package might be required.
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e When the package is outside an EPA a low charging, electrostatic dissipative and
discharge shielding package is recommended.

5.3.4.9 Other design considerations
5.3.4.9.1 Cost/value relationship

Cost of packaging versus the total value of the system is an important consideration. Most
organizations that build electronic parts categorize their items on a cost/value basis. The
tendency is to use less costly packaging for the less costly or less valuable parts. While this
seems logical, the added costs for carrying multiple inventories of packaging and ensuring
that the intended package is used for the specified part increases the overall cost of
impljamenting the system. Multiple packaging systems should be evaluated in a thorpugh
cost/benefit analysis.

5.3.4.9.2 Handling

Antigipated rigorous handling for vibration sensitive parts requires packaginhg systems]that
provlde cushioning or reduced stress from physical shock. Durable' *exterior or primary
packlaging is of prime importance. Packaging engineers normally design the shigping
contginer to meet the maximum expected physical trauma. FromJan ESD perspective| the
interjor of the shipping container or the intimate package should, also provide the required
ESD|protection. The primary container may or may not incorpofate ESD protective elements.

5.3.4.9.3 Non-electrical considerations

In addition to electrical considerations, other attributes may be required to develop the |best
packiage for the intended application. Cleanliness, chemical transfer, plastic compatibility, bar
coddg reading, transparency, testability, strength;yand protection for shock and vibratiorn] are
some of these additional characteristics that a-specifier may need to consider.

5.3.4.10 Simulated use testing

There may be occasions where it isThecessary to demonstrate that the product will ngt be
damgged during transit to the customer. In these situations it is highly recommended thalt the
packlaged product be subjected-to the types of hazards that it can be expected to see dliring
shipment. Possible tests include but are not limited to the following.

. igh voltage discharges to the exterior of the package. The discharge waveform shape
nd the voltage level selected should be based on the expected threats that the packfged
roduct will be éxposed to during shipment.

. imulated over the road vibration. This test not only helps to ensure that the vibration will
ot adversely affect the product physically but can also check the charging relationship
etween thie product and the package.

. rop ‘tests will ensure that the package provides adequate mechanical protection fof the
ackaged product.

e Environmental exposure (rain, temperature and humidity extremes).

The product should be examined as well as functionally tested to ensure that it still meets all
functional parameters. The user should establish pass/fail criteria as part of a test plan before
any testing is initiated.

5.3.5 Marking
5.3.5.1 General
IEC 61340-5-1 requires that the organization mark ESDS assemblies and equipment in

accordance with customer requirements. When marking is not specifically required the
organization should determine whether a marking strategy is required.
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Markings on ESDS and ESD packaging materials exist to inform users that the devices or the
devices within packages are susceptible to ESD.

5.3.5.2 Marking of assemblies and equipment

Marking of hardware items (assemblies and equipment) can be accomplished by using the
symbol shown in Figure 9. Marking of hardware is dependent on space available on the item
itself as well as the environment the item will operate in and whether marking will hinder the
operation of the item. Some hardware labels might contain nomenclature along with the
symbol in Figure 9.

Background colour yellow

IEC

Figure 9 — ESD sensitive part or assembly

Workstations” or “ATTENTION — Sensitive Electronic Devices” may be included, depending on

Wor:Eng such as, “ATTENTION, STATIC SENSITIVE DEVICES, Handle Only at Static [Safe
available space. An example of a warning\abel can be found in Figure 10.

Background colour yellow

4 ATTENTION \

OBSERVE PRECAUTIONS
FOR HANDLING
ELECTROSTATIC
DISCHARGE
SENSITIVE
DEVICES

-

IEC

Figure 10 — Example of a warning label for ESDS

5.3.5.3 Marking of packaging

Marking of packaging materials, when ESD sensitive parts or assemblies are packaged inside
(i.e. bags, pouches, fast packs, shipping containers, totes, etc.), can be accomplished by
using the same symbol shown in Figure 10. Typically, if multiple packaging materials are used
for each ESDS item (i.e. wrap and pouch or fast pack), the outermost package should have
the label on both sides and clearly visible to handling personnel. Packaging labels may also
contain wording along with the symbol shown in Figure 10.
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In addition, it is strongly recommended that, where possible, the packaging be identified as

ESD

Key

O o mon

5.3.5.4 Other marking considerations

MarKing is sometimes used on other items that may be deemed a package, contain
storgge device by the organization. Items likg, storage cabinets or bins, shelving, and

item

packiaging materials should be includedyin the organization’s ESD control program

Agai
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protective by using the label in Figure 11.

*

IEC 60417-6202:2013-06

Primary function codes:
electrostatic discharge shielding
electrostatic field shielding
electrostatic conductive

electrostatic dissipative

Figure 11 — Example of a packaging label

5 may be marked. The extent to whieh.the organization wishes to mark hardware

protective materials and equipment may also be marked. The organization should al
ire that the materials being_.marked have met qualification, acceptance and in-use cr
re utilizing such marking techniques. Marking of incoming materials and equipment
Iways mean they meget requirements set forth by the organization. If marking of mate

e 12. Other material testing standards may already include marking requirements
ecessary prigr to acceptance.

h, some contractual agreements may dictate marking requirements by an organization.
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SD process contrelhare used, the symbol should be the same as the one identified in

that

IEC

IEC 61340-5-3:2015

Figure 12 — ESD control material marking
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6 Automated handling equipment (AHE)

Automated handling equipment used with unprotected ESDS should be qualified prior to use.
AHE is a broad term and covers a large range of equipment types. This variation makes the
development of a single test standard difficult. IEC 61340 (all parts) does not currently have
test procedures for evaluating AHE. However, there are some generally accepted guidelines
which can be used when selecting AHE.

The following are some suggested guidelines for automated handling equipment design,
construction and testing.

NOTH With today’s technology many plastics can be made dissipative with the addition of suitable compgunds,
which| can then be grounded.

Il conductive and static dissipative materials should be bonded to the machine*groungd.

y:
All insulating materials within 30 cm of a device’s critical path should be(shielded, coated,
Alated, or otherwise rendered static safe.
B
v
q

quipment handling sensitive devices should have designated operator ground point(g).

~

Vhere possible, all machine components that contact device leads should be static
issipative and grounded so as to prevent CDM (charged device model) type damage.

Where possible, all machine components separated fromnthé chassis by bearings of apy
Kind (solid, rolling, radial linear, etc.) should be grounded in a manner that will providg a
donstant connection to ground regardless of rotary or transitional rate. This may include
Rut is not limited to: flexible ground conductors (i.e.)braided cables), metal brushes,
graphite commutators, beryllium copper commutators, conductive greases, etc.

y:

q

ny surfaces on which operators may be prohe to place devices should be static
issipative and grounded.

o [Device pick-up mechanisms such as vacuum cups, nozzles and grippers should be
donductive or static dissipative and @rounded.

esignated ESD ground points should all be directly connected to the equipment ground.

1

Where possible, all machine ¢onductors (wires and components), which are relied updn to
grovide a ground path, should be connected to the machine’s primary ground point in g
manner which will provide sufficient strength such that it may not be inadvertently
disconnected.

e Hor anodized surfaces — ensure that the underlying conductive substrate is directly
donnected to theequipment ground point.

7 ESD control gloves and finger cots

71 Introductory remarks

Many of the electronic products that are handled by personnel during the manufacturing
process should be protected from the oils and other contaminants that can be found on
human skin. To prevent the transfer of these contaminants to the products being handled,
operators are often required to wear gloves on their hands or finger cots over their fingers.

Gloves or finger cots may also be required to improve grip when handling products or tools.

In some situations, personnel may be exposed to hazards (chemicals, sharp edges, cold
temperatures, etc.) that require protective gloves to be worn. It is beyond the scope of this
document to address the requirements for personal protective equipment (PPE), but users are
advised to take notice of and comply with any local or national regulations relating to gloves
that are classed as PPE.
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The procedures and equipment described in this document may expose personnel to
hazardous electrical conditions. Users of this document are responsible for selecting
equipment that complies with applicable laws, regulatory codes and both external and internal
policy. Users are cautioned that this document cannot replace or supersede any requirements
for personnel safety.

Electrical hazard reduction practices shall be exercised and proper grounding instructions for
equipment shall be followed.

The wearing of gloves and finger cots may be necessary for the reasons stated above, but in
many_cases the gloves and finger cots used are static generating. The static charge

assjciated with the use of these products can potentially lead to ESD damage to
sengfitive devices.

Another concern is that the wearing of gloves may increase the resistance ,to iground
hand tools and other conductors that are required to be grounded.

In orfder to properly select gloves and/or finger cots for use with ESD Isensitive products

user
and

should address ESD control properties as well as product confamination, ergono
bersonnel protection during the selection process. Clause 7 williaddress some of the

con
qua

7.2

Ther

y

iderations related to gloves and finger cots. The test methods described may be use
fication, acceptance or periodic verification testing.

Types

e are a variety of gloves and finger cots on thevmarket, made from different mate

ESD

from

the
Mmics
ESD
d for

ials.

The major types of materials used to make ESD control gloves and finger cots are:

o |atex;

o Vinyl;

e nitrile;
t

G

e textile (uncoated);

. oated textile.

Late
i.e. {

K, vinyl and nitrile gloves“and all types of finger cots are typically intended for limited
o be worn a predetermined number of times, often only once, and then dispose
Text|le gloves may also“be for limited use, but are more often re-usable. If any gloves a
be rp-used, an auditable tracking system is recommended to monitor the integrity of
gloves, which should be documented in the ESD control program plan.

use,
d of.
re to
the

Topigal treatments or the use of antistatic additives in the polymer formulation are the most
common(means of providing ESD control properties in latex, vinyl and nitrile gloves and finger
cots| and in the coa re also used on qome
textite—gto arre-firg —C8 aken—w arre-fi that
use topical treatments or migratory antistatic additives to ensure that chemicals or additives
used are not a possible source of product contamination.

Uncoated textile gloves and finger cots may contain conductive fibres. If product charging is
the only concern, then surface conductive fibres or core conductive fibres can be used. If ESD
gloves and finger cots are also required to maintain electrical continuity between ground and
any handtools or other conductors held in the hand, then surface conductive fibres are more
likely to be used. Core conductive fibres are unlikely to maintain a sufficiently low resistance
unless topical treatments are also used.

Re-usable textile gloves may be laundered in the same way as ESD control garments (see
5.3.3.4.7.7.2 and 5.3.3.4.7.7.3), which may include the re-application of topical treatments.
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Testing and qualification

Properties to test

The two properties of ESD control gloves and finger cots that should be tested are the degree
to which products are likely to be charged and/or the ability to dissipate charge from any

cond

uctor held whilst wearing the gloves or finger cots.

The test methods specified in IEC 61340-2-3 can be used, with suitable modification where
necessary, to measure surface and volume resistance of gloves and finger cots, and the
methods described below can be used to measure resistance to ground. However, care
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accefptance criteria until such time as industry agreed limits arelestablished.

7.3.2
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a more accurate way of testing product charging.

ability of gloves and finger cots to dissipate charge from hand-held conductors ca
d by resistance measurements, or by charge decay time measurements as specifi
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g\\ IEC

Key @)
1 hmmeter 5 gr@% cord
2 ¢ontact electrode 6. \%ss (used to control applied pressure)
3 hmmeter lead ‘\70 insulator
4 Band s(\® 8 glove (or finger cot) under test
Figure 13 — Glove or fingkr cot resistance testing (as worn)
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IEC
a) — Test using ohmmeter

When| using this method for testing finger cots, ensure that the stainless steel.electrode does not touch any gart of
the hand not covered by the finger cots under test.

IEC
b) — test using integrated checker
Key
1 band 5 ground cord
2 hand-held stainless steel electrode 6 glove or finger cot under test
3 ohmmeter 7 integrated checker
4 ohmmeter lead 8 contact plate

Figure 14 — Testing glove or finger cot resistance via a wrist strap system

7.3.3 Charge decay time measurements

IEC 61340-2-1 specifies a test method for measuring decay of charge from an isolated
conductive plate via gloves and finger cots. In principle, the test method is the same as that
used to measure decay time via hand-tools, see 8.2.2, but instead of the operator holding a
hand-tool, a glove or finger cots are worn. It is also possible to carry out a full system check
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using this method to measure the decay time from the charged plate via a hand-tool, gloves or
finger cots, person and wrist strap system.

7.3.4 Product charging test

There is no specific test method in IEC 61340 (all parts) to specifically measure product
charging, but IEC TR 61340-2-2 gives general guidance on chargeability testing. Examples of
product charging tests are shown in Figure 15. In both these examples a grounded operator,
wearing the glove or finger cots under test, handles a sample of the actual product and then
places it into a Faraday pail (see IEC TR 61340-2-2), or on to a charged plate monitor. The
operator’s hand is then moved away (at least 1 m distance) and the measurement recorded.
Interpretation of the results depends on the exact test methods and equipment used.
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IEC
@Q a) — Product charging test using Faraday pail
Key Q~
1 rounde rator 4 Faraday pail
2 gloyv, (o] inger cots) under test 5 shield ground connection
3 Ia e of actual product 6 connection from inner container to measuring instrument
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IEC
b) — Product charging test using charged¢plate monitor
Key
1 rounded operator
glove (or finger cots) under test

gample of actual product

A 0N

harged plate monitor

Figure 15 —Product charging tests

8 Handtools

8.1 Introductory remarks

Handltools is a topic area that covers a wide range of products such as screwdrivers, |lead
cuttgrs, tweezers, yacuum pick up tools. Depending on the tool design, these products| can
becdme charged,during handling. If the charged part of the tool that contacts the [ESD
sengjitive devicetis highly conductive an ESD event between the tool and the ESD sengitive
part might oceur.

Toolg that/contact ESD sensitive devices should be tested for their ability to charge dye to
handling They also need to be evaluated to determine whether or not the charge cap be
removed when handled by a grounded operator or placed on a grounded surface. This
requires some form of qualification procedure, by doing resistance measurements or by doing
a decay time test, using a CPM (see IEC 61340-2-1).

8.2 Testing and qualification
8.2.1 Qualification criteria

Users are required to develop their own qualification criteria for handtools.

8.2.2 Resistance measurement

One approach that has been used successfully is to measure the resistance of the tool from
the point that contacts the ESD sensitive device to the point that makes contact with the
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operator’s hand. If this resistance meets the user’s requirements it can be used with ESD
sensitive devices. An example of this test approach can be found in Figure 16.

Apparatus

/\\_\

1EC

Figure 16 — Tool resistance test

A mTre convenient resistance to ground systemitest can be done by a grounded user ho|ding
the fool in their hand. A resistance meter.is¢¢onnected to ground, with its second terrinal
connected to a touch plate. This touch plate-should be insulated well from ground. To tesft the
tool system resistance to ground, the user holds the tool handle and touches the bit tg the
touch plate, and reads the resistance "to ground from the meter (Figure 17a). The Jame
system test can be used to test grounding of a tool held in a gloved hand (Figure 17b).
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