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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROSTATICS -

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh{comprisipng
all national electrotechnical committees (IEC National Committees). The object of IEC ~is o promdte
international co-operation on all questions concerning standardization in the electrical and elégtronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical” Specificatior]s,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter, reférred to as “IBC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National.Committee interested
in the subject dealt with may participate in this preparatory work. International) _governmental and non-
governmental organizations liaising with the IEC also participate in this preparation™ IEC collaborates closgly
with the International Organization for Standardization (ISO) in accordance Wwith' conditions determined py
agreement between the two organizations.

[

The formal decisions or agreements of IEC on technical matters express, as{nearly as possible, an internatiorfal
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made. to ensure that the technical content of IHC
Publications is accurate, IEC cannot be held responsible/for-the way in which they are used or for apy
misinterpretation by any end user.

In order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publicatiops
transparently to the maximum extent possible in their national and regional publications. Any divergente
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated|in
the latter.

IEC itself does not provide any attestation of ‘conformity. Independent certification bodies provide conformity
assessment services and, in some areas, \access to IEC marks of conformity. IEC is not responsible for aphy
services carried out by independent certification bodies.

All users should ensure that they hayve the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts apd
members of its technical committées and IEC National Committees for any personal injury, property damage for
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IBEC
Publications.

Attention is drawn e the Normative references cited in this publication. Use of the referenced publications
indispensable fopthe/correct application of this publication.

S

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

his redline version of the official IEC Standard allows the user to identify the changes

ade, to the previous edition. A vertical bar appears in the margin wherever a change
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The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 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

Cenn+:+||+l\n ataochnical ravician
rrotrtotc oo oo oot TovIoTOTT

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

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

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

Enquiry draft Report onyvoting
101/532/DTR 101/543/RVDTR

Full information on the voting for the approval of-this technical report can be found in tHe
rgport on voting indicated in the above table.

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

Allist of all parts in the IEC 61340 series, published under the general title Electrostatics, can
bé found on the IEC website.

The committee has decided that.ithe contents of this document will remain unchanged until the
sfability date indicated on theTEC website under "http://webstore.iec.ch” in the data related {o
tHe specific document. Atthis date, the document will be
¢| reconfirmed,

o | withdrawn,

o| replaced by a revised edition, or

e| amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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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

\Y
uging the human body model (HBM), 200 V charged device model (CDM) or 35 V on isotatgd
conductors. Isolated conductors were historically represented by the machine model(MM).
The MM test is no longer used for qualification of devices, only HBM and CDM. The*MM js
rgtained in this document for process control of isolated conductors.-Fhe400 V- HBM imit-was
These three levels were selected for IEC 61340-5-1 as the baseline susceptibility thresholf,
since a large majority of the ESD products on the market have a sensitivity |Jof greater thgn
100 V HBM, 200 V CDM and 35 V for isolated conductors. If ESD sensitiveldgvices (ESDS) pf
leiss than these values are being handled, additional controls can be implemented or some pf
tHe technical control item requirements can be adjusted.

The-limits requirements established for each of the ESD conirol.items are specified for §
EBD control program designed for 100 V HBM-devices, 200"V '"CDM and 35 V for isolate
conductors. The 100 V HBM value is predicated on maximum voltage levels attainable on 3
individual when they are grounded via techniques accepted throughout the electronic
industry as outlined in IEC 61340-5-1.

»w 5 O35

For organizations concerned with charged devicemodel damage, IEC 61340-5-1 establishes
rgquirements concerning the use of insulators_in the ESD protected area (EPA) based gn

aximum electrostatic field limits.-Fhis-topicdsiaddressed-in-more-detailkin4-6-

Ahy contact and physical separation of\aterials or flow of solids, liquids, or particle-ladgn
g@ses can generate electrostatic sliarges. Common sources of ESD include charge
personnel, conductors, common (pelymeric materials, and processing equipment. ESD
damage can occur when:

=N

o | a charged person or object comes into contact with an ESDS;

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

e| a charged ESDS)comes into contact with another conductive surface which is at a differept
electrical potential. This surface may or may not be grounded.

Ekamples 6f“ESDS are microcircuits, discrete semiconductors, thick and thin film resistorg,
hybrid devices, printed circuit boards and piezoelectric crystals. It is possible to determire
d
s

bvice~and item susceptibility by exposing the device to simulated ESD events. The level pf

néitivity, determined by test using simulated ESD events, may not necessarily relate to the
II ‘ o | life o : 0 levels of o

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—of defined in IEC 61340-5-1 (e.g. 100 V HBM-er—greater). For
organizations that handle ESDS with-sensitivities-ofless-than1+00-\V/(HBM) 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—may—have—te can modify some of the required limits
speC|f|ed in Tables 2 to 3 of IEC 61340 5- 1 2016 The program documentatlon—wequd—then
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identifies the lowest ESDS

required a change to the limits established in [EC 61340-5-1

withstand voltage(s) that can be handled, 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
sensitive device:

Thi(\ can _bao nnnmnlnhr\A ha, bond: Ha—eF n|nn|’r|r\’\“ r\r\nnr\n+ Hre ’\“ nnnA ctarc |v'\ I’l-
=4

T

Epch organizatiomhas different processes, and so there will be a different blend of ESD
prevention measures for an optimum ESD control program. It is vital that these measures afe
s¢lected, based" on technical necessity and carefully documented in an ESD control program
plan, so thakall concerned can be sure of the program requirements.

faiping is an essential part of an ESD control program in order to ensure that the personngl
invelvéd understand the equipment and procedures they are to use in order to be |n

a 1
O DU OO COUTTH TP oot oy Dottartyg ot ToT _y TOTITTCT LS} A"AARA-A-A-Aa -]

environment 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 contrivgd
ground (as on shipboard or on aircraft). This attachment creates an equipotential balange
between all items and personnel. Electrostatic protection can be maintained ata“potentip
different from “zero” voltage ground potential, as long as all items in the system are at th
same potential. If a conductor that cannot be grounded (e.g. isolated condtlctor) comd
into contact with an ESDS, the ESD risk should be evaluated and if necé€s$ary mitigated.

n O =

Avoid a discharge from any charged ESD sensitive device (the charging process that cqn
lead to a discharge can result from direct contact and separation or'can be field induced)

Necessary-insulators-inthe—envirenment Insulators cannot lose’their electrostatic charge
by—attachment-to grounding. It is preferred that insulatorg®should be removed from the
e
s

vicinity of ESDS. Some insulators are essential to the process or product and cannot §
removed from the vicinity of the ESDS. lonization-systems or other mitigating techniqug
can provide neutralization of charges on these—necesSsary essential insulators (circyit
board materials and some device packages  are® examples of—necessary essentipl
insulators). Assessment of the ESD hazard Created by electrostatic charges on the
necessary essential insulators in the work“\place is—regquired done to ensure that
appropriate actions are implemented, according to the risk.

Once outside of an electrostatic discharge protected area (hereafter referred to as @
EPA) it is—eften generally not possible to control the above items, therefore, EY
protective packaging—may can beteguired used. ESD protection can be achieved |
enclosing ESD sensitive products”in static protective materials, although the type

material depends on the situation"and destination. Inside an EPA,Jew-chargingand stafj
dissipative materials may provide adequate protection. Outside an EPA, low charging ar
static discharge shielding. materials are recommended. While all of these materials are n
discussed in this documént, it is important to recognize the differences in their applicatio
Requirements and assotiated test methods for ESD protective packaging are specified |n
IEC 61340-5-3.

"2 a0 d< US>

compliance with the ESD control program plan. Training is also essential in raising awareness
and understanding of ESD issues. Without training, personnel are often a major source of
ESD risk. With training, they become an effective first line of defence against ESD damage.

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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IEC 61340-5-1:2016, Electrostatics — Part 5-1: Protection of electronic devices from
electrostatic phenomena — General requirements

3| Terms, definitions and abbreviated terms A
&
311 Terms and definitions Q)
N
For the purposes of this document, the terms and definitions given in IEC 6134(}‘-@1 apply.
I§O and IEC maintain terminological databases for use in standardizatié@'at the followir
agldresses: b‘

o| IEC Electropedia: available at http://www.electropedia.org/ Q)'\

ISO Online browsing platform: available at http://www.iso.or, p

3]2 Abbreviated terms <</C)
AHE automated handling equipment Os\\
CpM charged device model Q

CPM charged plate monitor QQ

DUT device under test s\\§\

EPA ESD protected area Q

EBD electrostatic discharge ’@

EBDS $

ESD sensitive device .\Q
human body model o

=
zZ

machine model N~
VTR moisture vapour(t}%smission rate

personal protective equipment
C resistor-c) citor
4| Pe rso@’safety

The r&;@edures and equipment described in this document may expose personnel
us electrical conditions. Users of this document are responsible for selectin

DT =Z
U
m

haz
egl}gﬁnent that complies with applicable laws, regulatory codes and both external and intern

=2

policy. This document cannot replace or supersede any requirements for personnel safety.

(o]

Electrical hazard reduction practices should be exercised and proper grounding instructions

for equipment should be followed.
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5 Developing-an ESD control program-plan

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

IEC 61340-5-1, which requires the organization to establish, document, implement, maintain
and verify the compliance of the program.

5/1.2 Assighment-ofan ESD coordinator

Ah ESD coordinator is a person appointed by the organization to be responsible for organizirg
and maintaining the ESD control program. In order to have a well thoughttout and
implemented ESD control program, IEC 61340-5-1 requires that an ESD coordigator-must e
agsigned. The ESD coordinator is responsible for all aspects of ESD in the facility. In order o
b¢ effective the ESD coordinator needs:

the full support of management;

b} a good understanding of electrostatics and how ESD sensitive.devices can be damagef;
the ESD coordinator will often need to attend educational classeés or seminars related o
ESD in order to maintain or update knowledge;

c] a thorough understanding of IEC 61340-5-1 and all of thé organization’s processes related
to the handling of ESD sensitive devices.

d] access to measuring equipment for the purposes(of performing compliance verificatign
audits measurements as well as testing new ESD products and materials for use in the
ESD control program;

e] depending on the size of the facility, the ESD coordinator might also need to have auditofs
assigned to conduct the ESD audits.

M

nally, management-must should provide the ESD coordinator with the authority and funding
pcessary to ensure that the ESD confrol program is maintained and enforced.

>

5/1.3 Tailoring

It|is possible that portionsef IEC 61340-5-1 may not apply to all areas within an organizatiop.
In these situations it is acceptable for the organization to document an exception to one ¢r
more of the required elements of IEC 61340-5-1 as long as there is a valid, substantiated and
dpcumented justification for the exception. An example of an acceptable exception fo
IHC 61340-5-1 can-be found in the sample ESD control program plan at the end of thjs
dpcument (AnnexA).

5]2 ESD ontrol program administrative requirements

5/2.1 ESD control program plan

5.2.117 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—part ESD-sensitivity withstand voltage

Fhe—next One step in developing an ESD control program plan is to determine the part,
assembly or equipment sensitivity level under which the plan is to be developed. Although the
requirements outlined in IEC 61340-5-1 are effective for handling parts sensitive to 100 V
HBM or 200 V CDM or higher, the organization may choose to develop an ESD control
program based on ESD sensitivities that are greater or less than—400\/HBM these limits. In
this situation, the organization-must should develop an ESD control program plan that clearly
states the ESD sensitivity that the program is based on.



https://iecnorm.com/api/?name=4f0d1586af7a07a5e95f8179805d4a3a

- 12— |EC TR 61340-5-2:2018 RLV © IEC 2018

The organization can use various methods to determine the ESD sensitivity of the products
that are to be handled.-Seme Any of the following methods-include may be used:

e assumption that all ESDS products have an HBM-sensitivity withstand voltage of 100 V
and 200 V CDM;

e actual testing of ESD sensitive devices to establish the ESD-sensitivity-thresholds—using
1EC-60749-26 withstand voltage using IEC standards (see Bibliography);

o referencing ESD-—sensitivity withstand voltage data in published documents such as
manufacturer’s published data sheets.

Fpr more information see the Industry Council on ESD target levels white papegfs
(www.esdindustrycouncil.org).

2.1.3 Initial process and organizational assessment

5

Before the ESD control program plan can be developed, an initial assessment of the
processes and organizations impacted by an ESD control program should be conducteg.
Organizations and processes that might be affected include (this list represents examples pf
areas involved):

¢ | purchasing (purchasing the qualified ESD control items);

o | design engineering (selecting components/materials with,consideration of ESD issues);

e| receiving and inspection (taking care of handling ESD\susceptible components as well gs
secondary packaging);

o | quality assurance;

¢ | manufacturing (design and operation of mandfacturing lines);
o| testing;

¢ | maintenance (production/grounding);

e | packaging and shipping;

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

e | repair services;

e | spare parts storage;

o | material handlingtand parts conveyance;

e receiving.

o | facility mafwtagement (e.g. cleaning/grounding).

Ah assessment of each area where ESDS parts are handled should be conducted in order {o
determine ESD hazards and-pessible the appropriate ESD control process procedures. The
information accumulated throughout these steps forms the basis for developing the ESD
controt program piall.

5.21.4 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 sensitive. Even PCBs or modules that are fully contained within
an enclosure may have some susceptibility to ESD that may enter via a connector or flying
leads.
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The second step is to identify the processes in which ESDS should be handled in an
unprotected state. These processes may be manual or automated. A major contribution to
ESD protection may be made by minimizing handling of ESDS in an unprotected state. Where
handling is necessary, some form of ESD control is required — these are defined as ESD
protected areas (EPA) in IEC 61340-5-1. All areas in which ESD controls are not applied are
unprotected areas. Any ESDS in unprotected areas should be protected within ESD protective
packaging of some form.

The third step is to identify the potential ESD sources in each process. The most common of
these are:

e| a charged person touching the ESDS;
e| a charged metal or conductive object, tool or other item touching the ESDS;

e| the ESDS becoming charged and touching a conductive item (e.g. nifetal part ¢r
equipment).

W
-

Electrostatic fields are not usually in themselves damaging (with a few exceptions). Howev
electrostatic fields help set up the conditions in which ESD can occurpbecause any isolatg
conductor (e.g. metal parts or the device itself) within the electrostatic field will attain
v
e

S50 O

Itage. If two conductors touch (or become sufficiently close(#o" each other) within g
ectrostatic field, and at least one is isolated, then ESD will prolgably occur between them.

Alparticularly damaging form of ESD can occur when an ESB3 comes into contact with a high

Inductivity (low resistance, e.g. metal) item. An ESD.event occurring in this circumstange
n have a very short duration high discharge current(The susceptibility of the ESDS to thfs
type of event is characterized by its charged devicefiodel (CDM) withstand voltage. This tyge
ol damage can often be avoided where the dewice instead makes contact with a highgr
rgsistance (> 104 Q) resistance material.

5]2.1.5 How to determine appropriateZESD measures

It|follows that the first step in determining the appropriate ESD control measures is to defirje
tHe boundary of each EPA. These&sshould then be marked or signed so that personnel cg4n
asily identify which areas are EPA and which are unprotected areas. Within the EPAs the
SD control measures can ther\be determined.

m @

¢| Personnel handling ESPS 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 gn
personnel should. be reduced to less than the human body model withstand voltage of the
ESDS.

¢| Any metal @r conductive items, that make contact with ESDS, are grounded to ensure that
they are-mat charged.

| Sourees of high electrostatic fields (e.g. charged insulators or equipment that generatgs
external electrostatic fields) are kept far enough away from ESDS not to risk inducing high
{oltages on the device.

e ESDS are often in an ungrounded state when they make coniact with other componenis 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 above
the ESD sensitivity level chosen for the plan. Although the primary focus of the plan is to
outline strategies for meeting the administrative and technical elements of IEC 61340-5-1,
other items may be beneficial to incorporate as well. These additional items might include:

e organizational responsibilities;
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e defined roles and responsibilities between the organization and subcontractors and
suppliers;

o strategies for monitoring product yields and processes that might be important in
determining the effectiveness of ESD control measures currently in place or in assessing
whether additional measures should be taken;

e approaches for ensuring continual improvement of the ESD control program;

e alist of approved ESD control products and materials.

The_administrative and technical elements of IEC 61340-5-1 that need to be addressed in the

plan-{unless-tailored) include:

o | training plan;

e| product qualification;

e | compliance verification plan;
ol technicalrequirements;

¢| grounding/bonding systems;
o | personnel grounding;

o | protected areas;

o | packaging;

e | marking.

5J]2.2 Development-ofa Training plan

4124 Ppersonneltraining

Training of personnel is a critical element in ‘the implementation of an ESD control program. |A
slistained commitment and-mindset attitudé among all personnel that ESD prevention is|a

valuable, continuing effort by everyone.is-one of the primary goals of training.

Ohhe of the first decisions that-mdst is to be made is who will be required to attend ES
training courses. IEC 61340-5-1'requires that, at a minimum, initial and recurrent ESD trainir]
be provided to all persennel that handle or otherwise come into contact with ES
nsitive items. This decisioh’ seems straight-forward but care-shall should be taken to ensu
tHat all people that handle’ ESD sensitive devices receive adequate training. One example
tHe finance departmeht. ‘Many people will immediately state that this group should be exem
from ESD training—However, in some organizations the finance department personnel a
involved in the annual physical inventory where parts are counted. In these situations, th
finance employees are touching ESD sensitive parts and therefore-must should receive ES
training in arder for the organization to be in compliance with IEC 61340-5-1.

0o o U O

o o

Although it is not a requirement of IEC 61340-5-1, the organization—may—want-te shou|d
In3|der providing some form of ESD training to personnel who do not handle ESD sensitiye
p

rts- such-as-

managers, who may need to understand the implications of, and necessity for ESD
prevention;

o 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.
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Although personnel training can take several forms (i.e. instructor, computer based, etc.), 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 a good
understanding of ESD theory and the organization’s ESD control program and the processes,
procedures and materials prescribed within. In addition, if manufacturing spans more than one
culture, careful consideration-shall should be given to customs and religious beliefs. Besides
cultural differences, other factors such as education, experience and age should be
considered. All training should be carried out in a secure, non-threatening environment.

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

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

¢ | industry symposia, tutorials and workshops;

on the job training.

he initial training program should cover the fundamentals of(-ESD, the details of the
ganization’s ESD control program plan, and each person's rol€2in the ESD control program.
he training program should answer the following basic questions:

—o -
=)

what is static electricity?
how does it occur?

how does ESD affect product quality?

A| careful explanation of the protection process as part of organizations policy should K
included. No matter which type of training méthod is chosen, the program should be designe
s that all trainee questions that arise can®e answered. In addition, a knowledgeable persd
il the organization should be available™to answer trainee questions once they have begu
wprking. Opening the lines of communication is the beginning of a successful ESD trainin
program. This type of communication should continue in the workplace and form the basis fp
a
p

[(oR= Ri= BN 0NN )]

=

h ongoing education process. Its a requirement in IEC 61340-5-1 that initial ESD training
ovided before personnel handle ESD sensitive devices.

(2

Because ESD control programs cover such a variety of job disciplines and educational level
itlmay be necessary\to develop special job specific training modules. Advanced module
should emphasizesthe main concerns of each discipline. Course emphasis should be tailorg
tq each group's specific needs. For example, the modules developed for managemer
engineering, .technicians, cleaning staff and field service could differ significantly becaug
tHeir day-tofday concerns and responsibilities are much different.

o~ anr

Ongoing. or refresher training is also vital to any organization’s training plan. It should
rginferce the basic fundamentals taught during initial training, but also should incorporate
ptogram ||nd91‘nc and r‘hnnnne and the reasons for those r‘hnnnne As with the initial fralnlnj
the orgamzahonshau 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,
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
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selected, the organization should establish a pass/fail criterion for the testing to ensure
adequate training has been accomplished. Records of all test results should be maintained.
The test records should be stored such that they are readily available to management and

customers who want objective evidence that the training portion of the ESD control progra
plan is being adhered to.

m

Finally, since IEC 61340-5-1 requires recurring or “refresher” training, a system should be

established to highlight when employees are due for retesting and/or recertification.

A ranacitary aor conteral infarmaatinn onrnn Af Aot AanAl COMN ~Anntra] ot arial
STtoOTy O CCTror T o atorT—oouT coCcotroTroTrTeot T

Dt
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fgr reference at any time by organization employees. This repository might include:

e | material from initial and recurring training sessions;

e | ESD bulletins or newsletters;

e| videos or CDs;

o | computer-based training materials;

e | technical papers, studies, standards and specifications;

o | ESD control material and equipment product sheets.

5]2.3 Product qualification

—

is of great importance for the organization that new ES&D control items have the require
properties before being allowed into the EPA.

ibclause 5.2.3 will discuss different ways of haddlihg the product qualification procedure
5D control items that the organization is required to undertake.

m

The product qualification requirements of the'ESD control items are all present in IEC 6134
511 and IEC 61340-5-3 with the apprgfrate references to the test methods; however
tgiloring statement might be preseqt in the ESD control program plan that changsg
agceptance levels or test methods;.@s well as adding or subtracting ESD control items to tH
ligt. If an ESD control item is added to the list, an appropriate test method and acceptang
limit should be stated in the ESB-Control program plan.

The main part of the information regarding the test methods and acceptance limits can §
fdund 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 gener
requirements of IEC 61340-5-1 or IEC 61340-5-3.

e

B

b) 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.

c) 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.

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

A
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5.2.4 Compliance verification plan

5.2.4.1 General

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

essential part of any ESD control program. While the compliance verification may occur on

a

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

considered an audit or assessment of the process.

NOTE An assessment or audit of the process is used to confirm that the ESD control program complies with all

til, IUquiICIIICIItD ill :EC U1S4C‘5‘1 T:Iib ib typlbd“y UIUIIC ;II d\;bulddllbc VVit:I d qud:lty IIICIIICIHUIIIUII:. Dybtclll \A4
either internal or external assessors. If desired, third party external assessment could lead to certification thaf\t
E$D control process complies with IEC 61340-5-1. This type of assessment not only reviews the technig
elgments defined, but ensures that all administrative elements, such as product qualification and trainindy/meet
the requirements.

5/2.4.2 Development of a compliance verification plan
41314 Introduction

Subclause 5.2.4.2 will discuss the importance of having a properly implemented compliang
verification plan and its role in maintaining a successful ESD control pregram.

I order for the ESD control program to be successful it is esséntial to develop a plan for o
going surveillance. The plan-shal should identify:

o | the ESD control items that will be used,

| how often the item will be checked to ensure that it meets specification-and-the-type|
S

o| the acceptable limits for each ESD control item used,

o | the test methods that will be used-by-the auditers to verify that each ESD control item
within established parameters,

o | the equipment that will be used to-¢heck the various ESD control items,
¢ | who will make the-audit measurements,

¢ | what will be done if an out,of-compliance situation occurs.

Cpmpliance verification ghould be done after an ESD control item is installed and before it
uged.

5/2.4.3 ESD control items

simple, low<cost or basic system to-a—highlyrcomplex—contrelprogram an extensive syste

tHat uses.a’variety of control items that provide redundancy in the event that the primary ES
contral element(s) were to fail.

There are many ways to establish an ESD control program. A program can range from a vef

th
e
al
sl

e

S

A basic ESD confrol 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.

A-complex An extensive ESD control program might include the following items:

1) grounded work surfaces;

2) personnel grounded through constant wrist strap monitor;

3) personnel grounded to a-static ESD control floor through ESD control footwear;
4) personnel wearing grounded ESD control garments;



https://iecnorm.com/api/?name=4f0d1586af7a07a5e95f8179805d4a3a

- 18- IEC TR 61340-5-2:2018 RLV © IEC 2018

5) air ionization at each workstation.

The decision-te-use-a-basicversus—a-complex 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 reliability requirements imposed by the customer and the ESD
sensitivity of the devices being handled. One type of program is not necessarily any better
than the other as each can be effective in protecting ESD sensitive devices.

Once the ESD control items have been defined and implemented, the organization—sheould
needs to develop—an—-auditchecklist a compliance verification plan. In order to establish
meaningful data concerning improving or deteriorating ESD control program trends, it fis
negcessary—for—auditors—to—audit to evaluate each area consistently every time. Many
organizations find that properly designed—checklists compliance verification plak/-helps
inmprove-audit consistency.

2.4.4 Verification frequency

5

The frequency for checking the function of ESD control elements is dependent on a number
fdctors such as how often the item is used, the item’s durability and_the-impact on the ES
control program if the control item were to fail. As an example, wrist\stfaps are often used §
tHe primary ground for personnel. A—wrist ground cord, whilst being worn, is subjected

tHousands of stretch/bend cycles each day and the conductive wire(s) in the-wrist ground co
wijll eventually break. The typical verification frequency, used“by industry, for—wrist grour
cords is once per shift due to the—wrist ground cord’s_importance to the success of tH
program and the likelihood of failure.

® oo wn UX

Spme organizations may want to increase the time<between verifications of an ESD contrpl
item after it has been in use for a period of timeY This is typically done by monitoring the
fgilures of the ESD control item. Once thelorganization has evidence that there is gn
agceptable period of time where no failures were found, the time between verifications can Qe
increased. The new verification interval is then monitored. If an unacceptable level of failurgs
is|identified, then the verification frequency should revert back to the previous level.

2.4.5 Verifications

nere are several types of,verifications in use by industry today. These verifications are oftgn

5

512.4.51 Types of verifications

T

uged in combination to maximize the effectiveness of the ESD control program.

2.4.5.2 Visual'verifications

5

V|sual verifications are used by many organizations to check the general state of the EPA.
They can/bé.used by employees at the start of the shift to ensure that all ground wires are |n
p
v
e

ace and that unnecessary static generators have been removed from the workplace. Visugl
rifications can also be used by management and supervisory personnel to ensure that
ployees are following organization guidelines with respect to daily testing of wrist strapg,

control footwear. A visual verification is often a good indication of whether or not an ESD
control program is being followed.

5.2.4.5.3 Measurement verifications

Most organizations rely on verifying that the ESD control-elements items function through the
use of actual measurements. These types of verifications are carried out by specially trained
auditers personnel using equipment that has been selected to properly measure each ESD
control-element 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.
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5.2.4.6 ESD control item-limits requirements

In the past, many organizations were forced to develop their own test procedures and
establish the-limits requirements for the ESD control items that they used. However, ESD
control has advanced to the point where there are generally accepted-limits requirements for
many of the ESD control items that are used. Establishing an ESD control program around the
Hmits requirements found in IEC 61340-5-1 will drastically reduce the possibility that—400-V
{HBM)-sensitive ESD susceptible devices will be damaged by an ESD event.

There might be instances where it is necessary to tighten thelimitsmust be tightened
rgquirements. An example of this situation occurs when the organization designs an ESD

control program around a device with an ESD-sensitivity withstand voltage of less than-180{\/
tHe levels specified in the scope of IEC 61340-5-1.

512.4.7 Test methods

I order to implement IEC 61340-5-1, it is a requirement that the organization follows the te
miethods or standards specified in IEC 61340-5-1:2016, Table 1 to Table.3" It is recognize
that some organizations have developed their own test methods or<use other standa
ethods for verifying some of the ESD control—elements itemsy This is allowed und
IHC 61340-5-1. If the organization does not use the standards referenced in IEC 61340-5-1,
tgiloring statement—shau should be included |n the ESD controkgprogram plan that descnbe

:bmm‘—h’o.o.ﬁt

The test methods listed in the tables are intended(primarily for qualifying products and
miaterials for use by an organization. A modified yersion of the test method is often used by
tHe organization for making-audit measurementsdhat comply with IEC 61340-5-1.

It|is very important that everyone involved “in—auditing measuring the ESD control-pregram
ittms understands how the—audit measuréments are to be made. The organization—shgh
develop should select and document proeedures for making each of the-audit measurementg.
The organization-shall should also ensure that everyone involved in taking measurements
understands the-audit testing procedures.

5/2.4.8 Test equipment

tlis very important that the organization selects the proper equipment for making compliang
verification measurements. It is best to select equipment that complies with the equipmep
sIecified in the individual IEC test methods or standards referenced in IEC 61340-5-1:201p
Table 1 to Table/3.-Each of the-auditers-shall technicians should be trained in how to proper
use the measuring equipment.

~ O

5]2.4.9 Assessments

5]2.4.91 Auditor 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-audit assess the ESD control program. Some
considerations for selecting internal-auditers assessors include the following:

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

e The internal-auditor assessor should also understand how the ESD control program fits
into the organization’s quality management system. ESD-audit assessment findings are
one example. How does the organization handle non-conformances found during—audits
assessments? How are ESD-audit assessment findings documented? Are corrective action
reports generated? Prior to closing a corrective action, does the-auditor assessor verify
that the audit finding has been corrected?
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cpnformances should be addressed before those considered to be minor in nature. For
ignificant ESD non-compliance issues, management should be notified immediately"§o that
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It is preferred that the internal-auditer assessor has received training on how—audiis
assessments are conducted.+S0O-9000+ guditortrainingprovides—a—good basisforall
sroston oo

The ESD-—auditer assessor should have a good understanding of the—manufacturing
processes that they will be-auditing assessing.

2.49.2 Reporting of-audit assessment findings

is important to keep management informed about the status of the ESD control program.
his can be accomplished through issuing reports at the completion of an-audit assessment.

c:l:arts are commonly used to report the—audit assessment results. The chart, at a minimum

he ESD coordinator will need to classify the severity of each non-conformance. Major _non-

oper resources can be assigned to correct the problem.

here are many ways to make management aware of the ESD findings.-Aagdif” Assessmept

ould identify:

the number of-audit findings;
the type of finding;
the area-audited assessed.
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Figure 1 — Example assessment report showing trend report
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The information contained in Figure 1 shows management the—eurrent status of the ESD
control program and the items that are the largest source of non-conformances, as well as the
fact that the ESD control program is decreasing the number of findings. However the target
level is not reached by October.

3 ESD control program technical requirements

41— Introduction

3.11 General grounding/equipotential bonding considerations

ne protection of ESDS is accomplished by providing a ground path to bring ESD protectiye
aterials and personnel to the same electrical potential. All-conductor—anddissipatie
cpnducting items in the environment, including personnel,—shal should be bonded or
electrically connected to a known ground or common connection point. This connectign
rgsults 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
bpnded and grounded environment. Electrostatic protection can be maintained at a potentigl
d
S

5
4,
513.1 Grounding/equipotential bonding systems
5
T
m

ferent from a "zero" voltage ground reference as long as all items in the system are at the
me potential.

The upper limit of resistance to gréund of the surface on which ESDS may be placed |n
IHC 61340-5-1, is less than theupper limit of resistance of some packaging material. Some
mjaterials, which are acceptable for packaging applications should not be used as |a
gfoundable surface when warking on unprotected ESDS.

NPTE It is importanto -.understand that insulators cannot lose their electrostatic charge hy
connection to ground:*The handling of insulators is dealt with in 5.3.3 d).

The following ‘subclauses are provides guidance and procedures needed to establish gn
effective path-to ground. This discussion is limited to grounding for ESD purposes.

513.1.2 Basic grounding requirements

53421 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
ground electrically bond all conductive components of the work area (work surfaces, people,
equipment, etc.) to one of the following points.

a) common ground point connected to protective earth or functional ground, or

b) common connection point.

The layout and terminology used to define electrical power systems may vary between
different regulations and standards, but the general principles should be similar.
Nevertheless, organizations should consult |EC 60364-1 and national electrical
codes/regulations before connecting any ESD control items to electrical power systems.
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3.1.2.2 Grounding using protective earth-erfunctional ground

TIue preferred ESD ground utilizes the protective earth, also known as equipment groundirlg
c

nductor, which is a part of the electrical power system. Using protective earth as_  ESD
ound for ESD control items ensures that the ESD control items and all powered €leetricpl
luipment are at the same potential.

3.1.2.3 Grounding using functional ground

situations where the organization does not wish to use the-equipment-grounding-conduct
otective earth, or-an—equipment-grounding—conductor a protective easth is not available,

nctional ground can be used. The functional ground is a separate earth grounding electrog
at is used as the ESD ground—reference for all the ESD control items used by th
ganization. It is recommended that, if possible, the functionallground system be bonded
e electrical ground system (when available) in order to eliminate differences in potenti
etween the two grounding systems.

SO0 0o R
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5.3.1.2.4 Common connection point (equipotential bonding)

8

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.

Alreal life example of this is often observed in office equipment field service operations. F
safety reasons, the service technician will often disconnect the AC power cord which detachyg
tHe equipment from ground. In order to install ESD sensitive boards or components ‘into tH
equipment it is necessary to electrically connect or bond together the service technician, tH
equipment frame and the ESD sensitive product. Once bonded together, an ESD ‘event w|
npt occur between bonded items when the technician handles the product or_installs it in th
office equipment.

513.1.3 Additional grounding considerations

Alrcraft, ships and surface vehicles typically have a ground bus ofground conductor that
su‘itable for use as an ESD ground. This scenario is similar<to- the equipotential bondin
sifuation.

It|is a good practice for each grounded work surface«to be directly connected to commg
ground point. Figure 2 is an example of the recommended method. Many organizatior
however connect work surfaces to ground in series-as shown in Figure 3. Connecting the wo
syrfaces together in series can lead to a situation where multiple work surfaces becom
detached from ground if the single grounding wire breaks and therefore this type of groundir
method is not recommended.

IE|

Figure 2 — Example of individually grounded benches — Recommended

C
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IEC™\964/07

o
[

WJ [

Figure 3 — Example of a-series ground connection of benches — Not recommended

3.1.4 Verification of ESD grounding system

3.1.41 Protective earth
br ESD control* programs that use the-egquipment-grounding—conduector protective earth o

ound the<ESD control items it is necessary to verify the integrity of the electrical system.
ne values)used can vary depending on the electrical code requirements in each countrly.
pweyer, there are certain items that should be checked for any ESD control program that

bes the-equipment-grounding-conductor protective earth.
The impedance of the—equipment—grounding—conductor protective earth should meet

national electrical code requirements.

cIdem o
-

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

5.3.1.4.2 Functional ground

When a functional ground is used it is necessary to verify that the ground rod system meets

national electrical codes for such systems.-Seme—of-the-items—that-might requiretesting
include:
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If no code exists then measure the resistance between functional ground and protective earth
and check that it complies with the specified value of IEC 61340-5-1.

5.3.1.4.3 Equipotential bonding

Where an equipotential bonding system is used, it is important to verify theé ‘electricpl
cpnnection between common connection points.

3.1.5 Verification of proper installation of ESD control items

5

Once the ESD ground-reference has been verified it is important to enSure that each of the

E:.D control items used is correctly connected to the ESD ground-refefence.-First-ensure-that

~’Using the test method-g+
d
e

e and I|m|ts for each ESD control |tem g|ven in IEC 69340-5-1:2016, Table 2 ar
Table 3, verify that the resistance to ground (or to the common connection point) meets th
rgquired limit.

3.2 Personnel grounding
3.21 General grounding considerations

5

5

Personnel grounding is a critical technical element required in IEC 61340-5-1 and-shal should
b¢ addressed any time personnel are involved with the handling of unprotected ESD sensitiye
devices. There are two means by which'this requirement can be met. The first is by use of
wrist strap system and the second is*by use of a flooring/footwear system. The choice |is
d

in

p

9

a

(o)

ependent on several factors that“include the physical actions and surroundings of th
individual as well as the potentiakcost of each alternative. Both system techniques include th
prson, the control items (i.e.“wrist strap, flooring, and footwear) and the connection
ound. Wrist strap, flooringland footwear types, uses, and other key information about eaq
e described in 5.3.2.2 and 5.3.2.3.

>0 OO

3.2.2 System-requirements

ectrostatic charge can accumulate on the body through movement. The charge results in gn
ectrostatic-potential-or voltage between the body and ground. This charge can be damaging
discharged to ESDS. The procedures outlined in IEC 61340-5-1 are designed to prote[t
bvices-sensitive to human body model voltages of 100 V or greater. To maintain a personfs
pdy Voltage to less than 100 V, the body-shall should be electrically connected to ground ¢r
fefences in potential-shall should be eliminated by bonding all of the ESD control elements
togetner.

coco=mom o
—=x

With a grounded system, there-shal should be some degree of assurance that the body
voltage remains below 100 V when connected in series with a resistance to ground. This
resistance is a key factor in limiting the voltage observed on the body. For a given body
movement, the voltage achieved increases with resistance. Tests have shown that a
resistance of 3,5 x 107 Q or less is necessary to limit body voltage for personnel using a wrist
strap system to less than 100 V. Figure 4 shows the relationship between body voltage and
resistance to ground for a given experimental setup. For an ESD control program that uses
ESD control footwear and flooring to ground personnel, the situation is more complex. As
people walk across an ESD control floor while wearing ESD control footwear, it is difficult to
predict the voltage on a person's body due to the constantly changing body capacitance and
the continuous charging and discharging of the person.
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Figure 4 — Relationship between body voltage and resistance to ground

3.2.3 Wrist strap system

5

Al wrist strap system consists of three elements: aperson, a-wrist ground cord and a wrigt
band. To ensure that the resistance to ground of ‘personnel is within the specifications, it |is
ir{portant to measure the entire system (i.e. from'the person’s body to the end of the ground
cord).

Al wrist strap assembly is the most commonly used means of grounding personnel. A wrigt
sfrap is required in IEC 61340-5-1 foroperations where the individual is seated while handling
of processing ESD sensitive items~or components. The reason for this requirement is that
flpor and footwear systems may-not provide reliable contact with ground since the person(s
fdet 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 grounding cofd
wjll become a physical impediment to the wearer. In these situations, organizations will oftgn
rgly on a footwear:flooring system to ground their employees.

513.2.4 Footwear-flooring system

Personnel_may also be grounded through use of a flooring and footwear system. This methqd
is| usefulkwhen personnel require mobility or stand in areas where wrist straps are not feasib|e
and/ESDS items—must should be handled or transported. The ground path is maintaingd
H f dissipati ve fl | dissipati luctive f .
Footwear-flooring systems may be installed to provide a back-up ESD control item for
personnel grounded with a wrist strap system.

When footwear-flooring systems are used as the only grounding system for personnel, the
resistance to ground including the person, footwear, floor-shal-be-the-same-as-specified-for
wrist-straps{(<-3;5-Q x107-Q)at all-times and body voltage generation needs to be less than
specmed in IEC 61340-5- 1 under worst case enwronmental conditions. —Lf—a—h+gher—ntesus¥aﬂee

peaks)—mﬂe#wepst—ease—eendmens— For thls reason |t is good practlce to test at dlfferent

times of the year when different humidity conditions may be experienced so that worst case
conditions can be found.
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For reasons such as safety, minimum resistance limits should be considered with reference to
local regulations.

Some of the ESD control footwear options include ESD control shoes, sole and heel
grounding straps and shoe covers. If the ESD control footwear does not completely cover the
underside of the foot, charge generation may occur, especially when a person is walking. An
example of this occurs with the use of heelstraps. The following chart (Figure 5) shows the
voltage on a person’s body as they walk across a grounded conductive floor while wearing
two heelstraps. The voltage on the person’s body is not controlled because the heelstrap is
not in continuous contact with the conductive flooring surface.

250

225 A
200 A
175 A
150 -
125 -
100 -
75 -

50 A

o A .

—25 -

Voltage

-50 -

-75 4

-100 [ [ [ [ [ [ [ [ [ [ [ [

* Time (s)
[Cursor |[ 9,67 |[ 0,29 ||:|E||<8>
Cursor 1][ 11,43 [238,74®I[<] &

Figure/5 — Voltage reading on person walking across grounded conductive floor
whilst wearing two heelstraps

IEC

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

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

5.3.3 ESD protected areas (EPA)

5.3.3.1 General considerations for EPA

Ah ESD protected area (EPA) is an area that is equipped with the ESD control items requirgd
td minimize the chance of damaging ESD sensitive devices.

=1

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—shal“should Re
electrically bonded together and connected to ground (or a common connectian’ point whenja

ound is not available) to equalize electrical potential among the items. The size of an ERA
an vary greatly. An EPA may be a permanent workstation within a roemb)or an entire factofy
bor encompassing thousands of workstations. An EPA may also bea”portable worksurfage
of mat as used in a field service situation.

S0 Q@

HC 61340-5-1 places several requirements on the handling of ESDS-devices as follows:

1) ESD sensitive devices-shall should be handled inside,,an EPA. This means that at any
operation where unprotected ESDS are handled, ,all of the items that potentially could
come into contact with ESDS-shall should eitherbeconnected to the defined ESD ground
or connected together to form an equipotentialybond. If the ESD sensitive device-mupt
should leave the EPA, it—shall should bel protected from damage. ESD protectiye
packaging or specially designed carriers,can be used to transport ESDS-devices from one
EPA to another.

2] An EPA-shall should have a well-defined boundary. Appropriate signs and markings-shgH
should identify protected areas sosthat all people entering the area, including visitors, afe
aware that special precautions are needed. Some examples of appropriate signs/markings
are physical signs, floor tape.outlining the border of the EPA, different coloured floor tilgs
or any other method that defines the border of an EPA. The organization-shall shou|d
ensure that ESD awareness training clearly describes to the new employees the rules fpr
the EPA and how it is-identified.

3) Access to the ERA.is restricted to personnel who have-sueccessfullycompletedESD
training trainedyon EPA protocols appropriate to their role in the EPA, for example
cleaning persopnel are trained not to handle ESDS when inside the EPA. This is sufficient
training tosenter the EPA in this case. In situations where suppliers, customers, new
employees;or other visitors need to enter into the EPA, they-shall should be escorted by|a
personwho has completed-ESD-awareness appropriate training.

[0R

ThevAtaanization
RSO HZaHoh

hall
e
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8

4) The organization should ensure that the electrical potential on any isolated conductors

that come into contact with ESDS will not exceed 35 V with respect to the ESDS.

5) All non-essential insulators need to be removed from the workstation or any operation

T

f

C

u

-
a% o

process need to be checked to determine whether or not they pose a threat t&g

sensitive devices. Q~

O

3.3.2 Insulators
Q

| non-essential insulators (plastics and paper) such as coffee cups, foai‘:»)(rappers ar
prsonal items should be removed from the workstation or any operation@ re unprotectg
SDS are handled. b‘Q’

he ESD threat associated with process essential insulators sho@\be evaluated to ensu

at: &Q‘

the electrostatic field at the position where the ESDS@re handled should not excesg
5 000 V/m or; N\

if the electrostatic potential measured at the sur of the process required insulat
exceeds 2 000 V, the item should be kept a mi%Q;m of 30 cm from the ESDS and;

if the electrostatic potential measured at t urface of the process required insulat
exceeds 125V, the item should be kept a@imum of 2,5 cm from the ESDS.

hese measurements are to be made \z@ed on the frequency defined in the compliang
b\

N

it is not possible to maintain me&eu)red field at acceptable levels, the organization needs
be ionization or other methods}%p reduce the levels of charge generated in the process. Th
be of chemical treatments en the surface of insulating materials or the addition of humidi

vérification plan.

controls inside the EPA asQ\G:Wo possible methods, in addition to ionization, that can be use

reduce the levels o()neasured electrostatic fields to acceptable levels. The gener,
inciples and guidance for measuring electrostatic fields and potentials of insulators a
und in [IEC TR 68{&-2-2 and IEC TR 61340-1.

3.3.3 Is@ted conductors

olated (@%chtors that come into contact with ESDS should be avoided when possible. A

ing an ESD control program plan, if a conductor that comes into contact with 4

g
D

e

d

e

o
e
Ly
d
A
e

n
n
n
d

5D @lrol item should not have ungrounded conducting parts or insulators. Whe
EtabN
S

cannot be grounded or equipotentially bonded together, then the process shou

ensure that the difference in potential between the conductor and the contact of the ESDS is

le

ss than 35 V.

NOTE The 35 V limit is related to the level achievable using the ionizers specified in IEC 61340-5-1 (see also
5.3.3.4.6 in this document).

This can be accomplished by measuring the ESDS and the conductor by using: a non-contact

el

ectrostatic voltmeter or a high impedance contact electrostatic voltmeter.

Examples of possible isolated conductors are; test probes, bond wires, hand tools and
transport rollers,
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5.3.3.4 ESD control items

NOTE Subclauses 5.3.3.4.1 to 5.3.3.4.9 describe some of the various ESD control items that can be used when
developing an ESD control program that is compliant with IEC 61340-5-1.

5.3.3.4.1 Work surfaces
5.3.3.4.1.1 General Introductory remarks

Work surfaces play a critical role in the design and implementation of an EPA. Work surfaces
designed for ESD control are used in production and repair areas as well as in field service.

ost areas where unprotected ESDS are handled, repaired or tested require some form of|a
wprk surface designed to dissipate electrostatic charges. The work surface is a.majpr
component in establishing a local static safe work environment. The work sufface |s
considered by most of the industry to be the second most important element ofan ESD
control program, personnel grounding being most important.

The main purpose of a properly grounded work surface is to ensure that-the items being
handled and the work area are at the same electrical potential. Work surfaces provide the
fdllowing functions:

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

-

e| in some cases the work surface—may defines the bdundary of an ESD work area in whigh
ESDS can be handled.

513.3.4.1.2 Factors in selecting work surfaces

There are several factors to be considered~in selecting an appropriate work surface. The
myajor factors are the following:

o | work area activities;

e | permanency of the work area;
¢ | physical considerations;

e | chemical considerations;

o | electrical considerations;

o | safety considerations;

e | material maintenance.
513.3.4.1.3 Work area activities

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

5.3.3.4.1.4 Permanency of the work area

In selecting work surface materials, a good understanding of the operation is necessary to
ensure that the correct materials are selected. Considerations include the following:
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o Field service activities often necessitate a completely portable work surface that may fit in
a tool kit or pocket of a field service engineer. This work surface-shall should be designed
so that it can withstand continual handling and frequent connection and disconnection
from ground. The work surface might also need to last for years in the service engineer’s
tool kit.

e Overspray or spillage of conformal coating chemicals,-whenused-on-a-woerk-surface which
may be applied to PCB for example, can increase the work surface’s resistance to ground
to the point where the work surface may no longer function. For these situations a
disposable work surface might be more cost effective.

3.3.41.5 Physical considerations

5

Most work surfaces require a degree of durability. Durability factors that should be considergd
are hardness, abrasion resistance and tear resistance. Some work surfaces may requife
special heat-resistant materials. Soldering stations, for example, may need work surfacegs
designed to resist heat.

Appearance is often an important factor in selecting a work surface. Colours also may he
used to distinguish specific operations or establish corporate identity ~Light reflection may ke
an important ergonomic consideration. Portable work surfaces should\lay flat on the substratg.
Curling with age should be a characteristic that is investigated’ during the qualificatign
process. Functionality, durability and reliability of the work surface grounding system should
bé 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 corrosign
of sensitive metallic parts. Solvents and other chiemicals handled at the workstation may haye
deleterious effects to the work surface. The work surface material should be evaluated for
rgquired compatibility during the qualification<process.

a

3.3.41.7 Electrical considerations

The most important functional consideration for work surfaces is the resistance from the top pf
tHe surface to the groundable point. This establishes the resistance of the primary path o
ground for items placed on the surface. IEC 61340-5-1 has set a resistance to ground range
fdr 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
mlinimum.padint-to-point resistance of 1,0 x 10% Q.

5]3.3.4.1.8 Safety considerations

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

NOTE 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 all the
time. The properties of these different materials vary (mechanical, physical, and electrical).
Even though there are many varieties of work surfaces, two basic classes of work surface
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materials are available. These basic classes are generally called mono-layer and multi-layer.
Some work surfaces, particularly mono-layer and high pressure laminates, may have some
degree of humidity dependence. These materials should be tested for-adeguate acceptable
performance at low humidity prior to selection and installation. If a minimum resistance is
specified, either for electrical safety reasons or because CDM damage is a concern,
additional testing should be done at high humidity.

5.3.3.4.1.9.2 Mono-layer work surface materials

Mono-layer or homogeneous work surface materials are those that have the same electrical
and physical properties throughout the bulk of the material. Rigid surfaces and flexible mpat
tyjpe materials are available in different resistance ranges. Point-to-point resistance (Rp_p) and
rgsistance to ground (Rg) measurements may change with distance between the electrades or
beétween the electrode and the groundable point of the work surface.

513.3.4.1.9.3 Multi-layer worksurface materials

ulti-layer worksurface materials typically consist of two or three distinct layers. The tg
slirface is normally a layer of dissipative material, varying, by product, in thickness ar
electrical properties. The next layer is generally highly conductive. Seme forms have a botto
ldyer that is made from either—insulative insulating or dissipative materials. Electric
rgsistance from point-to-point and resistance to ground are generally consistent, regardless
tHe distance between electrodes or between a single electrode and the worksurface]
groundable point. The controling factor is the vertical resistance through the top surface to tH
conductive layer. Proper connection of the groundable point hardware to the conductive lay
s| critical to ensure proper charge dissipation.

Ton Y3 ao

(3]

3.3.4.1.94 High-pressure laminates

These materials are rigid and are applied to<a_substrate, typically with adhesive systems. The
myajority of these materials follow the multislayer description above. There are, however, sonje
types that are basically homogeneous in<gonstruction.

Because the electrical properties\ef many high-pressure laminates have some degree pf
humidity dependence, all high-pressure laminate materials should be carefully tested for
aflequate acceptable performance at low humidity prior to selection and installation. If |a
mlinimum resistance is specified, either for electrical safety reasons or because CDM damage
s|a concern, additional tésfing should be done at high humidity.

3.3.4.1.9.5 Mat'and runner (rolled) materials

5

Mat and runner  materials are generally flexible systems that are used to cover non-ESD
control substrates. Another common application is to use mats on top of ESD control high-
pressure (faminates to provide a less humidity-dependent surface in environments whefre
rglativechumidity varies by season. Mats and runners are available in a range of resistange

leues and in-hemegeneous mono-layer and multi-layer types.

5.3.3.4.1.9.6 Field service/portable work surfaces

Portable work surfaces in a variety of forms (mono-layered or multi-layered-er-hoemogeneous)
are available to meet established requirements and the same ESD control needs as those
used in non-remote areas. Typically, field service work surfaces are designed to fold up and
fit in a tool kit or a pocket of a field service engineer.

5.3.3.4.1.10 Testing

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

As part of the selection process, work surface samples are often-evaluated qualified under
laboratory cond|t|ons where—rtems parameters such as humidity, temperature and test voItage
are controlled. ;
low—humidity- Unless otherwrse specmed test parameters speC|f|ed in IEC 61340-2-3 and
IEC 61340-5-1 should be used.

5.3.3.4.1.12 Initial installation or acceptance

hen first installed, work surfaces should be tested to make certain that they are functigngl
and meet specifications. Typically, the resistance from the top of the work surface to ground js

easured to ensure that the work surface has been properly installed. Verifying that the-work
syirface is connected to ground should be carried out before ESD sensitive déevices afe
handled on the work surface.-{-evaluation-testing-is—not-performed; It is recommended thpat
popint-to-point resistance measurements be made after installation in order to understand the
characteristics of the material.

513.3.4.1.13 Periodic tests

Periodic testing of work surfaces is necessary to ensure thatythey continue to me
specifications. Resistance to ground measurements are typically-used to verify that the pa
td ground is intact. In cases where the resistance to ground measurement exceeds th
established resistance limits, the following steps can be taken)to identify the cause of the hig
rgsistance readings:

>0 5 o

o | Verify visually that the work surface is connected/to the ground-reference.

o | Clean the work surface and the contact surfasé of the resistance measuring electrodg.
Sometimes a dirty surface can cause the resistance to exceed acceptable limits. Once the
surface has been cleaned-{note:clean-the bottom of the resistance measuring-electrode
as—welh 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 thé cleaning practices used by the organization.

o | Disconnect the grounding wireland measure the resistance from the top surface of the
work surface to the work slrfaces groundable point. This measurement-shall 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.

1%

¢ | Using an ohmmeter; measure the resistance of the wire used to ground the work surfac
The measuremeni~is made from the point where the wire is connected to the wofk
surface’s groundable point to the ground-reference.

The frequency.of periodic testing is normally specified in-cerporate-operating-procedures th
o] gamzatlon s-ESD control program plan/compliance verification plan.-However,—a—commd
G

It can depend on mar
fdctors such as established reliability of the installation, usage, p033|b|I|ty of contamination.

< I o

5.3 34 tt4—Maintemance

Periodic cleaning, following the manufacturer's recommendations, is required to maintain
proper electrical function of all work surfaces. Ensure that the cleaning products used do not
leave an electrically—irsulative insulating residue which is common with some household
cleaners that contain silicone.

5.3.3.4.2 Wrist straps
5.3.3.4.2.1 Introduction General description
The wrist strap is a device used to keep personnel at the same electrical potential as the ESD

sensitive item(s) they are handling. In most cases this is affected by a connection of both the
person and ESDS to ground or to a common connection point when an equipotential bonding
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system is used. Subclause 5.3.3.4.2 covers practical information for the use, care and

periodic checking of wrist straps.

Wrist straps typically consist of a-wrist band which makes contact with the wearer’s skin. The
wrist band is then attached to a grounding cord which is connected to the ESD ground

reference.

33422 Wrist band

5.

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

rist-strap Bands almost always have a hypoallergenic metal plate, usually)stainless stegl,

so—have generally has a conductive skin-contacting surface. This ensures that there
omplete 360° of contact between the band and the person’s skinAwith this type of ban
While other designs also exist that may not have 360° of contact, these that do are the mo
prevalent in use today.

Wrist Bands may have a quick-parting, electrical-mechanical connector that mates with
corresponding connector on the head of the ground‘cerd. This connector serves tw
puirposes. First, it is a physical connection for attaching the ground cord. Second, it is th
groundable point on the band. Quick release is an/jmportant feature of the connector. Th
bfeakaway force should be low enough to allow¢easy release, but high enough to preve
unintentional disconnection. If the breakaway force is too light, the ground connection cou
bé¢ lost without the knowledge of the wearer.\Experience has shown that for conventiona
single-conductor wrist straps, connectors ‘that part with a force of 13 N to 36 N a
satisfactory.

hen initially selecting wrist straps(r when reordering for an existing program, it is a god
ptween existing wrist straps<‘and new purchases. Many wrist strap manufacturers w

stomize the snap connector-configuration to suit the user's requirements provided there
fficient quantity.

Table 1 — Types of-wrist-strap bands

W
under the buckle or snap head to ensure good skin contact. The remaindefr-6f the band—shau
2
c

W
practice to specify a compatible~snap size and orientation. This allows for compatibility
b
c
S

s
of
5t

® ® O o®

D Q ~

d

Il
s

[Voven elastic fibre.with conductive fibres on the inside surface

Knit elastic fabric'with conductive fibres on the inside surface

[Voven noh-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
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5.3.3.4.2.3 Wrist-strap Ground cord

8

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

Ground cords usually contain a current-limiting resistor at the band-connecting end.

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

tdps and equipment chassis.

il one end or both ends, various colours and several types of ground termination devices. TH
wjre can be multi-stranded linear or helical wound tinsel. The insulation can,‘consist of
dlrable polymer, a tough synthetic rubber or vinyl.

Ahy electrical connector that can be attached to ground is acceptable as long as it
nlechanically durable. The preferred grounding point for the groundable*end of the cord is
cpmmon ground point-cennected-to-greund or-te—a common conneection point. (See 5.3.1 f
frther information.)

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

-

3.34.24 Wrist strap use and selection
3.3.4.2.4.1 Limitations of use

ne wrist strap is an effective system(for grounding people who handle ESD sensiti
aterials. However, it is important to emphasize that while the wrist strap grounds the skin,
pes not provide a means to eliminate static charges from clothing and footwear, unless thes
ems are conductive or dissipative-and make contact with the person’s skin.

‘o 3—4 o o

—

5{3.3.4.2.4.2 Wrist straptuse

M

br maximum effectiveness, wrist straps should be used properly following these guidelines.

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

o| The wrist strap—shal should be connected to a common ground point or a commg
connection point. A continuous and secure connection will provide the proper dissipatig
of(electrostatic charges stored on the body.

Ground cords are available in varying lengths, straight wire or retractable coil cords, résistof

—

e

e

5334243 —Wrist strap-seleetion
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;

e ground termination connector;

e comfort.
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Human comfort plays a major part in the selection of a wrist strap design since the wrist strap
has to be worn continuously. It should not detract from the efficiency of any work function.
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 flexible
bands or other special use designs. The ultimate selection will be up to the user since it-must
should be compatible with the process.

5.3.3.4.2.5 Wrist strap testing

Because wrist straps do not last forever, they should be tested periodically. A good testing
program not only tests the wrist strap itself, but also indicates the quality of the skin contaft
when performing a system test. Wrist strap bands that are soiled, incorrectly sized™ or
improperly worn will show resistance higher than acceptable. Changes in weather andpeop|e
can affect ground resistance. Dry skin often leads to high resistance indications.

513.3.4.2.6 Reliability testing

Al major factor in selecting and using wrist straps is reliability. Stress. testing to predict
rgliability is expensive and best performed by a qualified laboratory.

Apalysis of the wrist strap to determine the nature of the failure“can be useful. Areas pf
concern include skin contact failure, ground cord failure and cotnector failure. By collating the
data on a periodic basis, it is possible to determine trends~for particular manufacturers and
sfyles. This information will be useful when making furthec purchasing decisions. Use of wrist
sfraps that exhibit inadequate life span should be discoentinued, regardless of the failufe
mode.

513.3.4.2.7 Additional user wrist strap testing

The testing described here is more than a test-of a wrist strap; it is also a test of the quality pf
tHe connection the band makes with the. Wwrist. It is a test of the wrist strap in an ‘as usefd’
configuration, referred to as a system test. The purpose of testing the wrist strap as a system
s| 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
the ground cord, the cord.itself, the current-limiting resistor, the cord-to-band snap connectd
tHe resistance of the interface of the cuff, the cuff/wrist interface, and the resistance of tH
pérson between thewwrist and the hand that contacts the test electrode. The maximu
agceptable resistance for wrist strap grounding is—less—than 3,5 x 107 Q. There are mai
commercially available wrist strap checkers to perform this system test. Some have the addg
capability to test.the cord alone. When selecting a wrist strap checker, it is important to reg
tHe specifieations to see if the upper and lower resistance limits of the checker match tH
uger’'s requirements. On some wrist strap checkers, one or both limits may be adjustable.
use, these checkers will indicate if the system resistance is below, above, or within th
agceptable range. Some testers will only indicate whether the system resistance is within tH
ag¢ceptable range or outside it.

®DSDOoQo< 3 0. %

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
resistance is over 3,5 x 107 Q, test the cord alone for continuity. If the resistance of the cord
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alone is approximately 1,0 x 108 Q, check the fit of the band around the wrist and adjust it for
a snug fit. Snap the cord back on the cuff and retest. If the resistance is still over 3,5 x 107 Q,

substitute a new band.

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

measurement.

If the resistance is still too high, dry skin might be the problem. Dry skin conditions can be
resolved by applying moisturizing lotion on the wrist and repeating the resistance test again.

T 1< IIIU;DtuI;L;Ily :Ut;UII ailuuid IUU Ul that iD bUIIIpdt;IU:U VVit:I pIUbUDO IUqu;ICIIIUIItD (:IlluI dUt
npt cause contamination.

NOTE Metal expansion bracelet style wrist bands-may can trap moisture underneath and can be more effecti
fof people with dry skin.

3.3.4.29 Test frequency

5

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

Because wrist straps have a finite life, it is important to develéep a test frequency that w
gliarantee integrity of the system. Typical test programs recommend that wrist straps that a
used daily should be tested daily. However, if the produCts“that are being produced are
slich value that a guarantee of a continuous, reliable ground is needed then continuoy
onitoring should be considered or even required.

Dpta taken from the test program will ultimately’ allow the user to make the choice of ho
often the wrist strap should be checked and which wrist straps have the most useful servig
li

a

3.3.4.2.10 Current limiting

Wrist straps have a current limiting resistor moulded into the ground cord head on the er
tHat connects to the band. The resistor most commonly used is a 1 x 106 Q, 0,25 W with
wprking voltage rating of 250\ Resistors limit current as defined by Ohm's Law, which state
tHe current is equal to thelvoltage divided by the resistance. In a practical application, th
miaximum amount of current through a wrist strap ground cord if it is placed across a 250
source, is 250 pA or 0325 mA.

S

Il
e
Df
s

e
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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 dai

ly

basis) as described in 5.3.3.4.2.8 verifies that the wrist strap system is being properly worn
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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. A
3
513.3.4.2.12 Different type of wrist strap monitors cb
N
5/3.3.4.2.121  General (19
There are different types of constant monitors sold in the market today. Al (L’Hesigned with

tHe intention of notifying the operator of a wrist strap system ~faiture. Subclassgs
5/3.3.4.2.12.2 t0 5.3.3.4.2.12.5 describe the various monitors that are beihg marketed today.

N

3.3.4.2.12.2 Capacitance constant monitor (single wire) @

A

5
When a person is connected with a single wire wrist@ to the capacitance constapt
m

onitor, the monitor circuits detect the person and his re to ground. The person’s bod

y
cqpacitance to ground is used as a return path for a sensing signal. A benefit of thjs
approach is that both the wrist strap—body con e&!n as well as the monitor ground

cpnnection are tested. Disadvantages are that thefmonitor may have to be adjusted for eagh

V-Idividual and that false alarms can be produc changes other than a poor fitting wrigt

nd or broken wire. \\
O

3.3.4.2.12.3 Impedance constant %&itor (single wire)
b\

5

This type of monitor is working on th@%me principles as the capacitance monitor, however o
oyercome the disadvantage of t@\ apacitive monitor a detection circuit is imbedded {o
eliminate adjustments and to ree?ce false alarms. The phase difference between current and
vpltage of a very low AC cur, ént is used to detect impedance changes in the loop: ground
cord, band and wearer. \\Q

O

3.3.4.212.4 Resistance constant monitor (dual wire)

he principle of @ation of these monitors is based on observing the resistance of the log

ound cord, gﬂart of the wrist band, operator skin, other part of the wrist band and secor

ound cor ne of the parts in this loop comes outside the specified limits, or even wor{

)ens,g rm is given. To avoid skin irritation due to the constant application of DC voltag
(o]

c@a 4 o

—~~
=

hich ed for sensing) some DC wrist strap monitors utilize a pulsed signal. The applid

w O d® d® AT

tade the wrist strap can vary from <1 V DC to 16 V DC depending on the monitor
¥ . This is a point of consideration when working with very sensitive ESDS.

o <

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.

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.
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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.

Measure the open circuit voltage on the wrist strap when installed according to the
manufacturer’s instructions.

(3]

5
5
T

3.3.4.2.14 Summary

3.3.4.3 Static protective floor materials

3.3.4.31 Introduction Introductory remarks

he—prireipal A common cause of static electricity is—frequently—cited—as the movement pf
bople-/and materials in the work environment.—This—+eoutine—movement—particularly The

P
c

¢ntact and separation of shoes from floors generates—charges body voltages as high as

In case of a dual wire wrist strap both halves of the wrist strap band have to be measuref;
measure the induced voltage of the constant monitor on the wearer, when thes/persqn
under test is standing on an insulator and holding an electrode which is connected to the
measurement equipment.

Wrist straps provide an effective means for maintaining personnel at ground potential or at
the same potential as the item(s) being handled. People who are at.ground potential or|a
potential the same as the ESDS they are handling, cannot discharge to the ESDS whenl|it
is handled or touched.

Wrist straps usually have a current-limiting resistor, typically<1;0 x 106 Q, molded into the
ground cord near the point where the cord attaches to the cuff. The resistor usually has|a
working voltage rating of 250 V.

Wrist straps are sometimes supplied with a 1,0 x 108 Q resistor molded into both ends pf
the ground cord when both ends of the cord have’the same type snap connector.

Wrist straps should not be worn by personnelwhere they could come into contact with
voltage over 250 V.

The ground cord of the wrist strap should"have a quick release connector to the cuff §o
personnel will not be tied to the workstation.

The band of the wrist strap showtld be worn comfortably snug around the wrist while
making full skin contact.

The ground cord of the wrist)strap—shall should be connected to a common groundabje

point or-an-egquipotentialbending a common connection point. Do not connect to a snap gn
a dissipative mat unless.it is the groundable point for the mat. Do not clip a wrist strap fo

the edge of a dissipative mat.

Wrist straps should-be tested on a regular basis with daily testing being recommended.

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-elestronies industry for:

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

grounding of ESD control items such as:
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— mobile carts,

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

— workstations,

— seating.
Floor coverings, mats, paints and coatings help control static charge by providing a path of
moderate electrical conductivity from the human body or ESD control item to ground. Many
flooring products use a conductive material, such as carbon, metal or other additives, that

extends from the surface of the material to an underlying substrate such as conductive
aglhesive. The floor material is then connected directly to ground.

Floor finishes and topical anti-stats, on the other hand, function by two separate mechanismg.
First, they reduce the surface's tendency to generate a static charge. Second, they provide|a
path for the dissipation of charge. If the floor finish or topical anti-stat is used.for primafy
g

ounding-they-shal-be-able it needs to limit charging while dissipating it to ground.

5)3.3.4.3.3 Relationship-between-floors-and footwear Grounding pérsonnel using

footwear-flooring

flpor. Typical street—shees or industrial footwear have Ainsulating rubber, crepe, ¢or
blyurethane shoe soles. These materials insulate the wearer from the floor and generatgd
charges cannot readily flow from the body, through thedinsulating shoe sole and the flopr
mjaterial to ground.

Siudies of ESD control floor materials indicate that"charge generation andeha%ge—deeay—ﬁmis
a$ dissipation rates measured on a person's body vary with the type of footwear worn as wgll
a
a

Grounding through the floor is dependent on the type of footwear‘that is in contact with the
p

5 the floor material. The levels of performance.depend upon the combination of floor materigl
nd footwear. The proper selection of footwear flooring combination is critical to achieving the
rgquired performance of static protective flgér materials.

513.3.4.3.4 Benefits of floor materials

@ O P B

Eloor materiale hartictlarlhv floor coverinas finichae and coatinas ecan ha annlied or incstalldd
oo aterHaiSPIrHctHay-+HoorCovVerRgsS,HHSRe s aRa-coatiRgs,—canoe appHec—orHhRsStatga
tHrouahout work_environment nrovidina-a broad-area of control rather than-isolated-contrbl
Hrodghottthewor—evirormentprovviaiigabroacarea—-ot-comtrorRmera1SoateaCoRtpt
Y ndividugdworkstations Thev _improve the mobilitv—of nersonnel who wor in—tHe
a HahAatar=WorKsStattoRS— ey —mprove—he—modhity—o+—pelrsSoRRer—WRo—Wor«—Hh—He
ehvironment _Einallvy floor materials ecan aln _control _—static—on—trollevs or other maobile
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grounding with freedom of movement within the working area. The floor helps to incorporate
several independent EPA workstations to a single working area. It provides a means of
grounding chairs, trolleys and other mobile equipment.

5.3.3.4.3.5 Limitations of floor materials

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

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

Some materlals may be restricted from certaln appllcat|ons in the facnlty due to process

t e envrronment and would not be usable in a clean room.

Ekcessive amounts of dirt on a floor material can have a negative effect on the petformange
ol the floor material by charge generation and dissipation properties. It is important that flopr

aterials be cleaned on a regular basis. It is also important to ensure that the proper cleanirg
procedures and products are used to ensure that the performance of the floor is ngt
compromised.

When selecting static protective flooring, it is important to consider the needs of the entife
process.

5]3.3.4.3.6 Types of floor materials

Floor material options can generally be classified into ‘permanent and semi-permanent ¢r
npn-permanent materials. Some of the major advantages and disadvantages of each materigl
tyjpe are discussed below. These following floor material types are examples that are on the
miarket. Other types might be available or developed’in the future.

513.3.4.3.7 Permanent floor materials

5/3.3.4.3.7.1 General description

Permanent materials are broadly defined as floor coverings, including rubber or vinyl tile ar|d
sheet goods, epoxy coatings, high-pressure laminates, and carpet. As a group, thege

myaterials have an extended use.life and provide protection over a broad physical area.

3.3.4.3.7.2 Rubber and vinyl tile and sheet goods

5

Resilient floor coverings are the most frequently used permanent floor materials. The materigl
;tmposition is ustally rubber, vinyl, or vinyl composition. Material form can be either tile pr
eet. Resistance’ ranges are typically from—2.5x 104 Q to—4,0-x 109 Q point-to-point pr

rgsistance towground.—\arious—patierns,—colours—and-sizes—are—available: Resilient flopr
coverings -offer—atiractive—appearance—and resistance to many commonly used chemicalg.

ost materials can be welded and self-coved for seamless installation in clean rooms. Thgy
can be applied to raised floors. Vinyl floor materials may require more maintenance than other
prmanent roorlng aIternatlves rubber floormg requwes somewhat Iess malntenance thcn

Cc
S

affected by heavy vehicular trafflc The presence of carbon in some of these materlals may
restrict their use in some clean room applications, although the abrasion resistance of these
materials is quite good. Additionally, vinyl flooring systems may outgas and may not be
applicable in some clean rooms.

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.
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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
these materials. High-pressure laminates also lack the physical flexibility to be installed on

ost standard sub-floors.

513.3.4.3.7.5 Carpeting

Chrpeting is available in resistance ranges of-2,5-x 1040 t6 4.0 10%Q 1 x 404 Q to 1,0|x
113 Q. It has aesthetic and acoustical benefits and is a morale booster,'to” employee

aintenance costs tend to be lower on carpeting than on resilient floor materials. In the for
ol carpet tiles, it can be used on raised floor panels. Carpet, however,cds’not well suited f
uge in area's subject to excessive soiling, water and chemical spills,.exposure to significa
amounts of hot solder, heavy vehicular traffic or in clean rooms.

== 37

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 sémi-permanent or non-permanent and

ncludes interlocking tiles, mats, floor finishes, topical anti-stats, and paints and coating
Their life expectancy is less than that for permanent materials and they require periodic r
treatment or replacement. The single most striking characteristic of these materials is thqgi
flexibility and ease of use.

W07

=

3.3.4.3.8.2 Floor mats

5

Floor mats are available in a variety‘of types and styles ranging from soft dissipative mats o
hard conductive mats. Their pertability and ease of use provide for customization and
exibility of work space designy-particularly when ESD control requires protection in limitgd
afeas. Easy replacement of ymats allows their use around wave solder machines or othg¢
equipment where major €hemical spillage can damage many floor materials. However, mals
tgnd to curl, create_tripping hazards and complicate floor maintenance. They are algo
expensive if—static«ESD control flooring is required throughout a complete area. Thqgir
applicability in clean rooms is limited due to contamination of the clean environment.
Afditional attention is required to ensure a mat is continuously connected to ground.

f

-

5]3.3.4.3.8:3 Floor finishes

Statictlimiting floor finishes may be applied to a variety of non-ESD control floors: standafd
e

vinyl rubber, or vinyl composition tile, or existing-static ESD control flooring, to reduce tH
g[: : e —ct — ; firri I — . e

appearance of the floor, and make floor maintenance easier. Floor finishes have flexibility of
use, can be applied throughout a facility, and can provide whole area protection. These
materials also have some disadvantages:

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

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

e Improper application and maintenance may cause inconsistent performance of the finish.
Some floor finishes may be incompatible with clean room requirements.
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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.
They have a longer usable life than do floor finishes, but less than permanent floor materialk.
Phints and coatings tend to wear off in time and-shal should be reapplied on a continuoys
basis. Some materials are not applicable for clean rooms because they abrade or chip-away
of are highly loaded with carbon.

513.3.4.3.9 Testing

513.3.4.3.9.1 General requirements for testing

12
—

The standard for testing the electrical resistance of floor materials is 1EC 61340-4-1. The te
method is designed to operate in the range of-1,0-x10°-Q to-1.0 x40 1,0 x 104 Q to 1,0
1913 Q. IEC 61340-5-1 requires that the maximum test voltage used for flooring systems use
as part of an ESD control program-shat does not exceed 100 V.

o X

513.3.4.3.9.2 Evaluation Product qualification
Ap—partof -theselection—process For product qualification test, floor material samples afe
e

aluated under laboratory conditions where humidity, temperature, and resistance meter tept
viltages are controlled. Resistance is measured at test voltages of 10V and 100V ht
low humidity.

5/3.3.4.3.9.3 Initial installation or*acceptance

When first installed, the floor materials should be tested to make certain that they afe
functional and meet specifications."Typically, the resistance from the top of the floor materip
tq ground is measured to ensure“that the floor material has been properly installed. Verifyirng
tHat the floor material is connécted to ground should be done before ESD sensitive devicgs
are handled.

3.3.4.3.9.4 Periodic-tests Compliance verification

5

Ppriodiec Compliance verification testing of floor materials is necessary to ensure that they
continue to_.meet specifications. Resistance-to-ground measurements are typically used fo
verify thatthe 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
causeg of*the high resistance readings:

H IRV
o VT

e Clean the resistance measuring electrode.

e Clean the surface of the floor material. Sometimes a dirty surface can cause the
resistance to exceed acceptable limits. Once the surface has been cleaned—{nete:<clean
thebottom—of the resistancemeasuring—electrode—as—well) 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.

The frequency of periodic testing is normally specified in-corporate-operatingprocedures the

ESD control program plan/compliance verification plan. However, a common guide would be
to conduct these measurements at least once every three months.
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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-insulative 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.

5.3.3.4.4 Footwear

513.3.4.4.1 Introductory remarks

As—indicated—in—4-7.3,—theprincip Y is—oftet }
sleslo—rnemadosale theenalh foe wople coadoncnont The routlne movement of peopl,,
particularly the interaction between shoe and floor while working in a standing pesjtion and/pr
whlking, generates charges that can result in human body voltage as high“as severpl

Housand volts.

+n

5
vy

—

Subclause 5.3.3.4.4 covers the role of footwear (shoes, foot grounders)and other devices)
helping control personnel charge accumulation. Subclause 5.3.3.4.4.is)intended to provide
definition description of-static ESD control footwear and its propefrapplication in conjunctig
wjth other ESD control mechanisms. Suggestions for testing and-evaluating footwear for us
in—electrostatic—discharge—{ ESD) protective environments _are included. Considerations
slibclause 5.3.3.4.4 are restricted to factors relating to ESD_control. It may be necessary
also consider other factors such as safety issues.

OD('DDQ)D

The wrist strap is the first line of defence in pérsonnel grounding. Many manufacturirng
operations are inhibited and production processes.slowed by the use of wrist straps.-High}y
Mobile personnel-are-almest-impessible can be\difficult or inconvenient to ground, with a wrigt
si[ap In these cases wearing ESD control §eotwear on ESD control flooring can provide gn
a

ernative grounding method-may-be-nrecessary-in-combination-with-wrist-straps.

ue alternative rounding n r

18 h—alternati ounding—methodis—t )
f—L}eFmg—er—matse There is a wide variety of footwear grounding devices available. Selection pf
tHe appropriate device needs tocrbe based on ESD control requirements, organizations safely
rgquirements, and cost effectiveness. Just as there are many choices in footwear, there are
so many choices in—statie)’)ESD control flooring and floor treatments. It is important fo
consider floor, footwear and individual as three distinct components functioning as a complefe
system.

method is ua
S4h: HOoUgh
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513.3.4.4.2 Types of footwear
5

3.3.4.4.2.1 Factors influencing choice of footwear

physical make-up and cultural proflles of personnel visitors, job descrlpt|ons and budget Itis
entirely possible that multiple types of footwear will be incorporated into an ESD control
program.

5.3.3.4.4.2.2 Heel and toe grounders

Heel and toe grounders are used for employees and visitors in an ESD controlled area. Heel
and toe grounders should be worn on each foot. If worn improperly, heel and toe grounders
become ineffective. Heel grounders can easily lose contact with the floor and therefore, may
require more monitoring than other types of footwear. It is important that the conductive
ribbon has good electrical contact with the person’s body through direct contact with the
person’s skin or by connection through the person’s socks.
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5.3.3.4.4.2.3 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

—

ffstatic ESD control shoes are chosen, special care should be taken to ensure properf
Shoe construction is important. Shoes designed specifically for ESD control purposes should
b¢ used. Because many-static ESD control shoes look like ordinary shoes, a visible/tag ¢r
marking on the shoe will assist in the monitoring and auditing process.

5]3.3.4.4.3 Proper usage

m

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

Heel or toe grounders should be worn on both feet to ensure effective use. Care should &
tgken to evaluate not only the footwear, but also the footwear-flooring combination (sg
IHC 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 ar
floor material performs within the chosen parameters\'Under worst case environmentgl
conditions.

The ability of footwear to remove a charge frony & person who moves from an unprotectgd
afea to a protected one, or moves about on annESD control floor, should be evaluated. As|a
person contacts an ESD control floor material with-static ESD control footwear, the body
charge should dissipate within a few seconds.

513.3.4.4.4 Testing
513.3.4.4.41 General requirements for testing

Fpotwear testing should .include an initial product qualification test, preferably laboratofy
tgdsting under controlled conditions (see IEC 61340-4-3). Once products are found to meet the
existing standards, a system test of the footwear in combination with the existing or proposgd
flpor materials in thésplant should be made to ensure that the criteria for the facility are mat.
Ifcoming inspection/on a lot sampling basis should be performed for all-statie ESD contrpl
fdotwear.

HC 61340-4-3 is used for evaluating-static ESD control footwear. The test method describgs
procedares for initial laboratory evaluations as well as acceptance testing.

IHC61340-4-5 was dp\/plnppd for mpnellring the eyqtpm resistance of the person. footwear
and flooring combination as well as chargeability testing of people walking on ESD control
flooring 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 system is
between two set points. Many testers, such as wrist strap testers, do not have set points to
accommodate the actual resistance ranges of-static ESD control footwear. The recommended
approach is to use a tester designed specifically for footwear.

Occasionally, footwear may indicate a high resistance. Outside of the shoe material itself
being a contributor to high resistance, the wearer’s skin (if dry), thick—insulative insulating
socks, the absence of a sweat layer due to differences in temperature between the inner
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surfaces of the shoes and the wearer’s feet or contaminants such as wax build up from office
area flooring can cause the resistance to exceed acceptable levels.

5.3.3.4.5 Statie-protective ESD control seating
5.3.3.4.5.1 Introductory remarks

As—mentioned—in—4-5,—the principle—cause A common source of static electricity in the
workplace is the movement of people and materials. The routine movement,—particularhyfrom
of a person seated in a chair or movement of the chair itself across the floor can generate
signiticant voltages. Subclause 5.3.3.4.5 covers the use of seating In an ESD protected arg
fdr dissipation of charge. Although not recommended in IEC 61340-5-1 as a means
gfounding personnel in the workplace, the use of chairs that meet resistive requirements-fro
tHe seat contact surface to the castors or chair legs, may be an effective means of groundir
prsonnel if a rellable method can be found to create sufficient bonding of the person and tr

taneﬁng— Thls S|tuat|on iSs one possi Ie example of tailoring. The{equired values of the syste
rgsistance from person to ground and maximum resistance of‘Chairs, needs to be determine
and documented in the tailoring statement. The potential of the person needs to be reliab
miaintained below the body voltage required by the ESD.€entrol program. Continual conta
hould be ensured between all the elements in the system including the person, the chair ar
tHe ESD control flooring surface.

U< aj&:,i.,:scb T raa3oS

n

3.3.4.5.2 Relationship between chairs,.flooring and the user

5
EBD control seating dissipates charge from the user by providing a conductive path from the
portion of the body that is in contact withthe chair to the flooring material on which the-sept
chair rests. Much like the footwear-floering combination, the-seat chair may rely on a sweht
{yer between the user and the seat’cushion in order to be effective. Because the-seat chdir
s more mechanical parts, a variety of constituent materials and several connection points
bgétween these materials andxparts, it is not relied on as heavily as the wrist strap or
flporing/footwear combination- in grounding personnel. Yet, if tested to resistange
specifications, these interfaces can be checked to ensure that grounding is achieved. As with

fdotwear, seating is not effective unless used in conjunction with a static protective floor.

3.3.45.3 Benefits

5

There are some benefits associated with the use of static protective seating. Standard chair
particularly<these with plastic castors may induce significant voltage levels on the user if the
are not wearing a wrist strap in areas without protective flooring and footwear. Seating whog
wheels, \structure and cushions are adequately bonded between each other and whig
ppssess adequate resistance properties-will may help to reduce these voltages to safe level
Hbowever in the ahsence of a ground connection via the flooring seating should not he relie
on to keep body voltages below the required limit.

O Sp< P

5.3.3.4.5.4 Types and selection

Seating comes in various styles; desk height chairs, bench height chairs, stools and
sit/stands. 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 using
conductive fibres woven into the fabric. The fabric is then connected through the components
of the chair, through the cylinder, base and casters (or drag chain) to the floor.

Some environments, such as clean rooms, require the use of vinyl upholstery in place of
fabric. ESD vinyl upholstery is manufactured with a thin conductive layer below the surface of
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the vinyl. Vinyl upholstered chairs may have a slightly higher resistance measurement than
fabric chairs; however, they—must should still meet the resistance requirements listed in
IEC 61340-5-1.

5.3.3.4.5.5 Testing

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

When used as part of an ESD control program, the required electrical resistance range fpr
seating is less than 1,0 x—10% 109 Q as tested in accordance with the requiremen}s
established in IEC 61340-5-1. This value applies to laboratory evaluations, acceptance testirng
and periodic testing.

5]3.3.4.6 lonization
5/3.3.4.6.1 Introductory remarks
T

ne primary method of static charge control is direct connection*to ground for conductorg,
s]atic dissipative materials and personnel. However, a complegte—static ESD control program

should also deal with isolated conductors that cannot be grounded as well as insulatirng
myaterials (e.g., most common plastics). Humidity and «€hemical sprays may be used fo
dissipate static charges from these items under some circumstances. However, humidity is|a
slow method of dissipating static charge, and chémical sprays are not applicable |n
environments such as clean rooms.

Alr ionization can neutralize the static chargeron insulated and isolated objects by charging
tHe molecules of the gases of the surrounding air. Whatever static charge is present gn
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 wofk
environment, air ionization may be employed even in clean rooms where chemical sprays and
spme static dissipative materials are-not usable.

AJr ionization is not a replacement for grounding methods. It is one component of a compleie
sfatic ESD control program:”lonizers are used when it is not possible to properly ground
eyerything and as backup-to other-static ESD control methods. In clean rooms, air ionizatign
mjay be one of the few.methods of-static ESD control available.

The-ANSHESD-SFM-3-1-standard |IEC 61340-4-7 defines test methods and procedures for
eyaluating the.performance of air ionization equipment. Included in the standard are-twe thrge
annexes—{appendices) that briefly discuss the processes 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—Subctause—5-3-34-6—sto—supptement—the—mformatiom—presented—m—the
standard test method—ANSHESD-STM-34 in IEC 61340-4-7. It discusses how ionizers
operate, how their electrical performance is measured, the major types of ionizers and their
use environments, important 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.

Balanced air ionization can enhance the ability of the air filtration system to remove particles
from the clean room environment. lonization neutralizes charges on critical surfaces and
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reduces the attraction of particles to these surfaces. Particles have a greater tendency to

remain in the laminar airflow and then be removed by the air filtration system.

5.3.3.4.6.3 What is air ionization?

Air ions are molecular clusters of about 10 molecules (often water) around a charged oxygen

or nitrogen molecule. The ion may have a positive charge (deficiency of electrons) or
negative charge (excess of electrons). The natural concentration of ions in air is low, typical

a
ly

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 source
usually polonium 210, may be used under certain conditions to produce air ions Alph
particles emitted by nuclear ionizers are positively charged helium nuclei (two protons, tw
neutrons and no electrons). When these alpha particles collide with molecules in\the air, the
displace electrons from some air molecules (creating positive air ions). Thesey'frée" electror
afe eventually captured by other air molecules (creating negative air ions). Sge’Figure 6.

‘ ‘ ] Electron
Radioactive Polonium 210 captured
Electron

Alph.a diSlOdg_ef .
particle P Négative ion

Neutral
oxygen
TA®)
Positive ion
Electron
lost

IEC

Figure 6 —Jonization by alpha radiation

=1

other situations, the most comimon ion production method is by interaction between neutr
alr molecules and electronsi\laccelerated in an electric field with field strengths exceedir
3IMV/m (at atmospheric_'pressure). This is generally referred to as high-voltage coror
nization or corona discharge (see Figures 7 and 8).

5

a
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Figure 8 — Corona ionization — Negative

5]3.3.4.6.4 Measurement of air ionization

Iflan ion is exposed to an electric field; it will move at a rate dependent on the magnitude pf
e electric field, and in a direction"dependent on the direction of the electric field and the
plarity of the ion (either may be-positive or negative). The motion of ions in an electric field s
h 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.

® T =

flan object is charged, an electric field is established around the object. The field strength wjll
vary from point to point, but is always proportional to the charge. If the object is surroundgd
by ionized air of'both polarities, a current will flow towards the object carried by the ions pf
polarity opposite.to its charge. This "neutralization current" is proportional to the charge gn
tHe object @nd to the amount of ions available in the surrounding air (ion density). Fpr
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
t l il d iall i . | | I he | | : n
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-uniform fields due to nearby objects will all cause variations in the rate of charge decay.
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 of an ionizer
experimentally 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 conductive plate, which
may be charged to a fixed initial voltage by a suitable external device. The voltage of the plate
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is monitored 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 ionized environment, the rate of charge
neutralization by the ionizer may be characterized by the discharge time. This has been
defined as the time it takes for the plate voltage to drop from its initial value to 10 % of its
initial value (for example 1 000V to 100 V). The ionizer balance may be determined by
momentarily grounding the isolated plate, and then noting any voltage induced on the plate by
the ionizer operation. This voltage is known as the offset voltage. Detailed information on the
charged plate monitor and the measurement technigue are contained in-ANSHESD STM 31
IHC 61340-4-7.

3.3.4.6.6 Purpose of ionization

5

Sklecting an ionizer to solve a static problem will often involve a number of gonsideratiorn
bg¢sides the ability of the ionizer to neutralize a static charge. In generalrionization—my;
sihould be engineered for a particular application, and then evaluated in the-actual area it wj
bé¢ used.

=% n

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

5]3.3.4.6.7 Types, use, selection and installation of air ionizers
513.3.4.6.71 Types of air ionizers
Two primary methods of producing ait*ionization are nuclear decay by alpha emission, and

corona discharge caused by high electric fields. Corona discharge ionizers come in a variely
ol types, the most common being AC ionizers, steady-state DC ionizers, and pulsed DC
dnizers. Also available are( X<ray ionizers that use soft X-ray sources to produce 4gir
gnization.

NPTE Corona dischargeqir ions are created when a high voltage (AC, DC) is applied to a point or emitter.

5]3.3.4.6.7.2 Nuclear ionizers

Nuclear ionizers commonly use polonium 210 as the radioactive element for producing dir

shall 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.

5.3.3.4.6.7.3 AC ionizers

AC systems utilize emitters that are switched rapidly between positive and negative high
voltage, usually at the power line frequency. lon recombination is high, as both polarities are
produced in rapid succession at each emitter point. The electrostatic field from the emitter
points also changes direction rapidly. In some situations, it may not be desirable to place
sensitive 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 of an
air delivery system.
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5.3.3.4.6.7.4 Steady-state DC ionizers

Steady-state DC systems consist of separate negative and positive ion emitters connected by
a pair of high voltage cables to their respective high voltage power supplies. The spacing
between emitters will vary depending on the design, and DC power is constantly applied to
the emitter points.

Emitters of opposite polarities are spaced farther apart in the DC systems than in the AC
systems. lon recombination occurs at a lower rate and steady state DC systems will operate
at a lower airflow than AC systems. In some situations, it may not be desirable to place
sénsitive components close to the emitter points. The electric field of the ionizer is used fo

ove ions in the absence of high airflow. Care-shall should be taken that the emitters are npt
spaced so far apart that ion hot spots are created. lon hot spots contain an oversupplyfions
ol one polarity and any objects brought into these areas may be charged byOthis ign
imbalance.

a

3.3.4.6.7.5 Pulsed DC ionizers

Plulsed DC systems generate both polarities of ions at a single emitterunit using a single ¢r
closely spaced pairs of emitter points. Power distribution may be byrhigh-voltage cables from

central high-voltage power supply, or by low-voltage cable frdm a central controler to
motely located high-voltage power supplies. By alternating—relatively slowly betwegn
plarities (usually at a pulse rate of 10 Hz or less), the. recombination rate is lowerefl;
pwever, offset voltage cycling does occur. Generating both polarities at a single locatig
iminates ion hot spots and allows the electric fields to,move ions in low airflow applicationp.
some situations, it may not be desirable to place sensitive components close to the emitte
bints. By varying the pulse rate, ions can be delivered to the work area, even in “zerp
rflow situations.

VT FTOITOT IO

3.3.4.6.7.6 X-ray ionizers

bft X-ray sources (less than 10 KeV enérgies) can be used to provide the energy to displage
ectrons from the gas molecules in the air. When electrons are displaced, positive ions afe
oduced. When the displaced electfons are captured by neutral gas molecules, negative ions
sult. X-ray ionizers produce ions*along the path of the X-ray, which may be up to 1 m pr
ore in air. X-ray sources-shall'should be shielded to prevent exposure to personnel. There fs
h electric field, but ions are-produced in a volume of air, without airflow being required.

SISO OW O

513.3.4.6.8 Environments for using air ionizers

Nuclear, corona,and soft X-ray ionizers are available in a number of different types. The
choice of an jonizer often depends on the size or type of area in which it will be use
Products arefavailable that provide ionized air for entire rooms, laminar airflow benches, wofk
slirfaces, ;specific points of use, compressed gas lines, and a variety of custom applications
which are*beyond the scope of this document.

=

5]13.3.4.6.9 Room ionization

Room ionization devices are used when static problems occur over a wide production area
and it is difficult to localize the problem to a particular workstation. Room ionization devices
include AC powered grid systems, spaced pairs of steady DC emitters, steady DC bar
systems, pulsed DC bar systems, and individual pulsed DC emitters. Nuclear ionizers are not
commonly used in room systems because of the quantity of radioactive material that would be
required.

Regardless of the type of room ionizer chosen, a number of environmental and equipment
issues—must should be addressed when large areas are to be ionized. Consideration—must
should be given to the ceiling height and airflow present in the area. Any large objects in the
area will change both the airflow and the operation of the ionizers. Methods of power
distribution to the ionizers as well as other installation requirements need to be considered.
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After installation, these large systems will require periodic maintenance to ensure the desired
performance. In contrast to other ionizer applications, room ionization often involves an

engineered system, rather than an off-the-shelf product.

5.3.3.4.6.10 Laminar flow bench ionization

Laminar airflow benches are in common use in the electronics industry and in many other
applications. They are used to create a contamination controlled workstation within a larger
uncontrolled production area. Within the area of these laminar airflow benches, static charge

can cause both ESD and particle contamination problems. AC grids, steady DC, pulsed D

C

bars and nuclear bars are used to provide ionization in laminar airflow benches. The level ar
direction of the airflow available in these benches may affect the type of ionizer chosen. At
large objects in the bench area will affect both the airflow and the operation of the‘ionize
Ppwer distribution may need to be considered if large numbers of electrical ionizers-@are to b
used. As with all ionizers, periodic maintenance will be needed to provide optimum ‘ionizatig
capabilities.

3.3.4.6.11 Worksurface ionization

5

The type of ionizer used to provide-static ESD control on any work surface depends to a larg
extent on the area in which the worksurface is located and the amaunt of airflow available.
contamination-controlled areas, and other areas with signifiécant amounts of airflow, tH
products described under room ionization, or laminar flow bench ionization, may be usable.

areas where there is little ambient airflow, other types of ionizers may be used. These a
commonly known as bench top blowers or overhead warkstation ionizers, and include fans
tHeir design. They may use nuclear or any of the previously described types of coror
ignization technology.

3.3.4.6.12 Point-of-use ionization

5
There is sometimes a need to provide-static ESD control in a small defined area or locatio
This may be done to provide—static \ESD control within production equipment, in mir

e

purpose may be blow-off guns or'nozzles that work with a supply of compressed air
nitrogen. They may use either nuclear, soft X-ray or any of the previously described types
c{rona ionization technology. “lt” will be important to choose a method of ionization an
cleanliness of the gas supply that is appropriate to the work area.

3.3.4.6.13 Selection of air ionization equipment

3.3.4.6.13.1 Establishing performance specifications

5
5
Sklecting an_ airvionizer for a specific application often involves deciding between a number
different variables. There are a wide variety of problems caused by static charge, and a wiq

nvironments or to facilitate particle_.removal from part of a product. lonizers used for thjs
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Table 2 — lonizer selection checklist

Charge neutralization Operation
1. Discharge time 1. Maintenance requirements
2. Balance (offset voltage) 2. Reliability
3. Product sensitivity 3. Equipment service
4. Solution to static problem 4. Ozone, EMI and particle emissions
Environmental considerations Cost

Airflow 1. Equipment cost

2. Physical dimensions 2. Installation cost
3. Operating and maintenance costs

Installation considerations

Conformity with safety codes
2. Power distribution

Power control

4. Compressed gas needs

%. Expansion capability

6. Cleanroom compatibility

m

valuating an ionizer in the actual area of use is the preferred practice. This will provide data
on—static ESD control performance, the effect/ of ionization on the static problem, and
démonstrate other ionizer device features whichvmay be important to the selection process.

hoosing an air ionizer to solve a static .charge problem often requires compromises betwegn
inflicting equipment and performance réquirements. Often an evaluation system installed |n

ur actual area is the only way to @etermine the functionality and effectiveness, to analyge
ther equipment evaluation criteria and consider installation techniques and determine
aintenance issues.

30< 00

(5]

3.3.4.6.13.2 Defining.the static problem

Ah 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 clegn
rgom. The first step in writing a specification is to understand the static charge problem that
beds to be.solved. It is important to define the nature of the problem so that you cdgn
emonstraté/later in your evaluation of ionizers that the problem has been solved.

Q S

5|3.3.4.6.13.3 Discharge time and offset voltage

performance snecification denends on the sensitivity of the nroduct to the effects of stat
Lad Lad L J Lad C

charge and the rate at which charge—must should be neutralized to eliminate the static
problem. First, determine the amount of static charge that will cause product damage. A
variety of test 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
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user will have to determine if the static neutralization capabilities are sufficient to solve the
static problem.

5.3.3.4.6.13.4 Other selection issues

Depending on the application, there may be additional issues that need to be addressed. All
ionizers will need some type of maintenance or periodic certification and this may need to be
a part of the performance specification. Since most ionizers operate continuously, there may
be significant demands for equipment reliability. Operation in clean rooms or other sensitive
areas may require attention to the issues of ozone, EMI and particle emissions.

3.3.4.6.13.5 Cost considerations

5

System cost is an obvious criterion for selection. A thorough cost/benefit analysis.should Qe
performed. This analysis should include initial purchase cost, as well as' installatioph
m
a

aintenance and replacement cost over a defined period. These costs should’be weighgd
jainst the benefits such as improved yields/throughput and improved quality:

Along with the initial system cost, the operating cost of electrical powef and in some instancgs
(nozzles and blow-off guns) the cost of compressed air should be considered. Other items [o
consider are the cost of required maintenance and calibration. These costs will be affected By
their level of complexity and frequency required.

5/3.3.4.6.14 Installation of air ionization equipment
3.3.4.6.14.1 General installation considerations

5

The installation of ionizers should conform to a@pplicable electrical, mechanical, and safely

codes, as well as individual facility standards..Electrical power distribution, cabling, mounting
ethods, and materials need to be appropriate. Contamination controlled areas often requife

specialized installation techniques and_(materials. Installation methods should consider

possible future changes in the work ‘area as well as present needs. The installation pf

electrical ionizers-must-shall should camply with all local and national electric codes.

Ppwer-shal should be supplied.to most ionizers. Some ionizers use a separate power supply
transformer connected to linelvoltage power. Larger ionization systems distribute power from
a|central controler to the dindividual ion emitters. Two primary methods of power distributign
are used from these power sources to the ion emitters. Low-voltage power distribution usgs
voltages of 60 V AC/DC.or less. High-voltage power distribution uses voltages up to 7 000|V
A[C or 20 000 V DC.In high-voltage power distribution, insulation-shall should be suitable fpr
tHe applied voltages and particular care-shall should be exercised in cable routing. Shafp
efiges should be avoided or supplemental insulation should be added at these points to avold
premature cable failure.

Make stire that mounting methods are compatible with safety codes and facility requirement
Spmetienizers will need a source of compressed gas whose cleanliness is compatible with the
afea‘in which the ionizer will be used.

L2

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-must 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-shall 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
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use the existing airflow, while others include fans in the product design. Still others use clean,
dry compressed gases such as air or nitrogen.

Performance requirements for the ionizer-shall should take into account the type and amount
of airflow available. It is not reasonable to expect the same performance from an ionizer in
both the turbulent airflow of an assembly area and in the 30 m/min laminar airflow of a clean
room. In applications with inadequate airflow, fans may be used for distributing air ions.
Determine if these 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.

hatever method is used to distribute the ions, there-shall should be no obstructions between
tHe ionizer and the work area.

3.3.4.6.14.3 Zoning and flexibility to change

5

The need to control the ionizers varies depending on the application. Less critical situations
mjay be satisfied by factory control settings or adjustment of a large ionized @atea by a sing|e
central controler. More critical applications may require adjustability tosbe part of the
performance specification. Small control zones may be required, or even’the ability to fing-
tyne the ion output at each individual ion emitter point. Some devices, such as nuclegr
ignizers and X-ray ionizers are intrinsically balanced and providé. ro adjustment of thgir
operation.

Il most production facilities the equipment layout rarely remains the same for long periods pf
time. It is important to determine the flexibility to change ot/eXpand the ionizer installation at|a
later date. Minor changes should be possible using&in-house personnel, and expansiqn
capacity should be part of the original equipment specification. Change or expansion should
bé possible without costly production shutdowns.

a

3.3.4.6.14.4 Monitoring and feedback control

brious feedback and auto-balance metheds$ are available to ensure ionizer performance. Blt
ake sure that enough sensors are included to provide adequate monitoring information fo
e control system. Most ion sensors~have a limited range, usually less than 1,5 m. Unlegs
you can guarantee uniform conditions throughout a large area, many ion sensors may Qe
ng¢eded to monitor large installations. Providing a sensor for each ionizing device can improye
fdedback control. Also, an effective monitoring and control method can reduce the amount pf
mjaintenance required for proper operation of the ionizer device or system.

T3 <

3.3.4.6.15 Testing of air ionizers

3.3.4.6.15.1 Selection testing

e ions @arriving in the work area in the proper quantity and balance to neutralize statjc
arges2»Second, and more important, does ionization reduce or eliminate the proble
caused)by the static charge? The static discharge performance of all air ionization devicgs
should be evaluated using the existing industry standard-ANSHESB-STM-3-4 |IEC 61340-4-f.
Any evaluation should also Iinclude tesfing that IS specific 1o the actual problem 10 be solved.
The user—will should have to identify the static problem, establish a realistic performance
specification, select from among the different types of ionizers and test the ionizers in the
actual location where they will be used.—ANSHESD-STM-3-4 |EC 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.

5
5
Alcomplete evaluation of ionizer performance-must should answer two basic questions. Firgt,
:

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.
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Often the test methods and guidelines of-ANSHESD-STM-3-4 IEC 61340-4-7 are used to ‘
perform this qualification and acceptance testing of ionizers. A standardized test fixture or test
area may be constructed to ensure that all ionizers are tested under repeatable, equal
conditions. The user determines how accurately measurements in this test fixture or test area
shall should correlate with performance 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 required. Sometimes, ionizers will be tested only after they have
been installed in the use location. Acceptance testing standards should then be a part of the
purchasing process.

Testing should be carried out using the charged plate monitor (CPM) and the methods, pf
ANSHESD-STM—34 |EC 61340-4-7. lonizer performance should be compared _to ,th
performance requirements developed by the user for each specific application. Using industf
sfandard tests ensures that ionizers will be compared on an equal basis, even jthough tH
rgquirements of each application will differ. It has been noted that there is a great\variation
tHe discharge performance and the offset voltage balance required from ionizers. In son
cases a small non-standard CPM may be used for evaluation. The performance of the small
CPM should be verified against the standard CPM.

(o= BN ORI}
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Fopr some applications of ionization, particularly point-of-use ionization, it may be difficult
use a CPM, due to physical size constraints. When this problem“is encountered, it may &
bcessary to develop an alternative test methodology. One method uses an electrostatic fie
eter to measure the charge on product or equipment, before and after using ionizatio
Alternatively, a non-conductor may be charged by rubbing-it’against another material, or 3
isplated conductor may be charged by momentarily¢coennecting it to a voltage sourc
onitoring these materials with the electrostatic field meter will demonstrate the ability of th
ignizer to reduce static charge.

>
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5/3.3.4.6.15.2 Confirmation of process improvement

Testing specific to the application—shall .§hould then demonstrate that the presence of gn
ignizer has solved the static problem. The problem may be ESD damage, particle depositign
on product surfaces or production line'downtime. Whatever the problem, testing-shall should |
rify that it is reduced or eliminated by using an air ionizer. In some cases, it will he
necessary to carry out yield studies of all or part of the manufacturing process.

3.3.4.6.15.3 Periodic verification testing

5

Once ionizers have been installed, it is desirable to measure their performance. This providgs
al| baseline againstiwhich to monitor their long term operation. The test methods and
glidelines of -ANSHESD STM-3.1 |IEC 61340-4-7 may be used to perform this periodjc |
verification testing of ionizers.

Ignizers should be tested for discharge time and balance after they have been installed in the
uge location. A certification document detailing the test conditions and test locations should
b¢ generated at that time. The time intervals for subsequent measurements will depend gn
the user requirements. Less critical applications may require only appropriate maintenange
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.

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
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important to set up a routine schedule for ionizer service. Routine service is typically required
to meet quality-audit compliance verification requirements.

5.3.3.4.6.16.1.2 Corona (electrical) ionizers

With electrical ionizers the emitter points-shall should be cleaned regularly and may have to
be replaced periodically. Balance and discharge time should be checked at scheduled
intervals 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 emitter points, set
ion balance to zero (if adjustable) and then perform discharge time testing. If the unit does not
r:]‘eet ion balance specifications or minimum established discharge time limits, further servige

is| indicated. Manufacturers should provide details on service procedures and typical seryige
intervals.

513.3.4.6.16.1.3 Nuclear ionizers

Nuclear ionizers do not use emitter points, but they typically require annual/eakK testing by tH
anufacturer. Although the ionizing element has a predictable life expectancy, routine ig
lance and discharge time testing should be performed to ensure that{the unit is functionin
operly. The ionizing element is usually returned to the manufacturer for replacement ar
sposal.

O T T
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3.3.4.6.16.1.4 X-ray ionizers

Xtray ionizers do not use emitter points, but eventually” the X-ray tube will need to Re
dplaced. The ionizer-must is normally-be returned to the manufacturer for this service to Qe
performed. Routine ion balance and discharge timg testing should be performed to ensufe
that the unit is functioning properly.

-

anufacturers can provide assistance in~specifying the appropriate calibration and
aintenance required. If these services afe needed on a contract basis, make sure they afe
ailable from the manufacturer or an™approved service agency of the ionization devicgs
nder consideration.

cC o3

513.3.4.6.17 Environmental.and humidity ionization considerations

Il general, most air ionizers are designed to work in typical factory environments withjn
tdgmperature and humidity limits specified by the ionizer manufacturer. Condensing humidity,
contamination with bases and acids or-antistatic topical sprays will often create problems with
tHe operation of electrical ionizers. Electrical ionizers typically use high voltage, low current
fgr ionization. If-'these contaminants settle on high voltage insulation, they render the
insulation mildly conductive. This undesired conductivity may allow unwanted currents to flow
wjthin the ionizer resulting in improper operation of the ionizing elements.

The manufacturer should be consulted before installing nuclear ionizers in corrosiye
envifopments.

Flammable and explosive environments pose risks that are outside the scope of this
document. The manufacturer of the ionizing equipment-shall should be consulted for these
installations.

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,
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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.

5.3.3.4.6.18.2 EMI, ozone and particle emissions

There is sometimes a concern about EMI or ozone generation by air ionizers. Manufacturers'
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 strongly recommended that the ionizer be evaluated under normal operating conditions in
that area. The ionizer should meet the same standards applied to other equipment used in the
afrea. Sensitive product or equipment should be placed in the ionized area, and the effect pf
tHe ionizer on them should be evaluated. Most ionizer manufacturers will provide equipment
fgr this type of testing.

Al|l emitter points require periodic cleaning and replacement, the frequency depending on the
aterial used, the design of the ionizer and the environment in which it is used. There has
never been a study linking normal emitter point wear of currently used emitter materials o
increased product defects. On the other hand, many studies have shown fewer produft
defects occur when ionizers are in use.

Ignization devices should meet the same particle emission standards as those that afge
applied to other production equipment used in clean room“areas. If other productign
equipment is checked for particle emission, use the sameest for air ionizers. Although no
sfandards currently exist for measuring particle emission from air ionizers, it is likely that the
erest in this issue will cause them to be proposed in the near future.

513.3.4.7 Garments
513.3.4.7.1 Introductory remarks

Il some cases, for example in clean rooms—usage, use of ESD control garments may he
clearly indicated as over garments if required from a contamination prevention standpoint.-}n»
D

this annlication-the aarment oftean mustthave electrostatic field nreventative nropnerties in-ord
HisappHcatohme-garmentorenuSinave- e e osStatdcHe G prevenathve propetdesiHh-orae

tg—minimize—contamination—by—electrostaticatiraction—of particles: In this application ES
control garments should shield~electrostatic fields from under garments and should npt
tHemselves be a source of electrostatic fields that may lead to contamination by electrostatjc
af{traction of particles.

I other casesjy\garments may be required to be worn over, or in place of non-ESD contrpl
garments té&/protect workers from hazards or for other operational reasons. The ESD risks
bsociated_with such garments may be higher than with non-ESD control garments, and ESD
controt may become a requirement.

oY)
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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:

o the ESD-susceptibility withstand voltage of the ESDS being handled (especially—if for
ESDS with low CDM withstand voltage),

e the cost and consequences of an ESD failure,
o the reliability required of the product and its market,

o the type of facility and handling processes,
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clean room and other operational requirements,
worker protection,
the climate and environmental conditions of the facility,

the culture of the facility.

The ESD risks-provided-by associated with everyday clothing and workwear cannot always be
easily assessed. The current general view of experts is that the main source of ESD risk may
occur where ESDS can reach hlgh mduced voltage due to external fields from the clothing,

CI

D
e

B

choose to use ESD control garments, especially if operators wear long’sleeved clothing that
mjay generate electrostatic fields. Most facilities, however, will fall sonitewhere between thege
extremes and should make their decision based on a technical assessment of their particular
conditions.

5/3.3.4.7.2 Types and selection

5/3.3.4.7.2.1 Types of garments

There are several different types of garments available. Areas in which the garments are to he
wprn and the processes in that area,-shall should be considered as part of the selectign

characterjsties and whether or not they require grounding:-

5t

y low W|thstand voltage ESDS in a high reliability(application may-wgl

iteria for the most suitable garments.

fferent textile technologies can be used to make ESD control garments. The following afe

amples of-the-various-types-of-garments textile technologies available:

limited use (disposable);
re-usable, topically treated;
icdissipative:
ble withidentified i int.

re-usable, permanent ESD control properties.

C 61340-4y9> defines three types of ESD control garments based on resistange

static control garment — a garment that provides ESD control without necessarily being
gfeunded;

groundable static control garment — a garment that has a designated groundable point and
exhibits a low resistance from point-to-point and from any point on the garment to 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
J{ If these garments are reused, an auditable tracking system is recommended to monitorith
egrity of the garment, which should be documented in the ESD control program pIan

Limited use garments are typically made from non-woven fabrics. Woven or knit\ga fabrig
mjay also be used, but are less common. ESD control properties are often o ed by th
application of topical treatments or finishes that are designed to be effch-I'%a or a limitd
period of time or use. In the case of non-woven fabrics, antistatic addltlvgsl

tHe formulation of the fibres or coatings. b‘Q

ay be used

ht

Ly
At

The use of topical treatments or finishes, or antistatic additives is ter the most cost efficie
why of making limited use ESD control garments. However, e?; veness is often humidi
dépendent. Where ESD control is required under low humMidity conditions, fabrics th
ncorporate conductive fibres may be used to make limited@se garments. Another option f
npn-woven fabrics is to use so-called permanent antlsta\l@ ditives or inherently conducti
pplymers in the formulation of the fibres or coatings.

—

mited use garments are commonly used in % such as the application of conform
cpating where the garments can easily beco &ontammated and may need to be replace
frequently. They also provide a cost efficien;\ |on when the use of ESD control garments
only required on an occasional basis. o

&
513.3.4.7.2.3 Re-usable, toplcaIAQtreated

DI’

Tbnicallvy treated aarmants ara de '\3r1 ac aarments that reauire treatment durina or followida

—ppicanytreate - garmemtsare GerRecasgarfmnentstHatfreguireHeathnent GuHnRgor—1oHoWiRg

tHa claanina nrocess Thev arawdanarally humidity denendaent The surfactant that i annlied &r

tHe-C1earHRgProcesSS— ey aregeReay Gy GepenRteR-—Re SuraCahtmatiS appHec—pt

Hde . op nd-dej on-m e-in irfo 8 nt-to-pe oroperhy
0y

N
Tppically treated garmen@require treatment during or following each cleaning cycle. They a
génerally humidity endent in that the surfactants (surface active agents), treatments
fifishes typically @ , are hygroscopic and depend on moisture in the air for garments
erform prop&@k ESD control garments.

Il some s, garments may be made with fabrics containing conductive fibres, but whig
also re topical treatment. Such fabrics may contain lower quantities of conductive fibre

com Q;e to garments with permanent ESD control properties, and hence the cost
aé?acture may be lower. The advantage compared to the use of topical treatment alone
t:] " e eSS, : | ;

longer, and ESD control is less dependent on humidity.

©

s
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5.3.3.4.7.2.4 Re-useable, permanent ESD control properties

Garments with permanent ESD control properties should maintain performance requirements
for at least their expected use life. In general, garments that maintain their ESD control
properties following 50 or more commercial cleaning (laundry) cycles can be considered to be
permanent ESD control garments. These garments are typically constructed from fabrics that
have 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 describgd
above.

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

Il other cases, static control garments that are not grounded may acquiré charge qn
codnductive elements that creates a significant ESD risk. Such garments{ayay not meet the
rgquirements for groundable static control garments as defined in(CNEC 61340-4-9, bpt
n¢vertheless require grounding in order to eliminate ESD risks. In these*cases, it is importapt
tHat wearers understand how the garments should be grounhded according to the
mianufacturers’ instructions.

3.3.4.7.2.6 Electrically Groundable static control garments

5

Fpr—electrically groundable static control garments, the maximum resistance between ar
point of the garment and the groundable point of,the garment-shall should be less tha
19
d
t

O O

k1090 specified in IEC 61340-5-1. These garments-typically have-an-identified one or mo
psignated groundable points, which will make it p0ssible to ground all panels of the garmen
Hrough one electrically conductive grounding:means such as a ground cord or via footwe

and flooring.-— This feature makes it possible to continuously monitor-and verify that

—

o =

?

Groundable static control garments @gay be constructed using any of the textile technologigs
deéscribed above, with some limitations. Topical treatments and non-permanent antistaffc
aglditives may degrade in a ne@n*uniform way, such that electrical continuity to groundable
ppints becomes compromiségd- even though large areas of fabric may retain their originpl
properties. Continuous monitoring may not necessarily detect this.

Il general, fabrics ingerporating core conductive fibres cannot be used to make groundable
sfatic control garmlents, unless a topical treatment is also used.

Fabrics thatSNihcorporate conductive fibres in stripe patterns will either require topichl
treatments;\0r the inclusion of additional conductive material in the seams between panels o
maintaip>eteéctrical continuity in groundable static control garments.

Fabrics that incorporate surface conductive fibres in grid patterns may be used to construft
groundable static control garments with the most reliable performance, particularly if
additional conductive material is included in the seams between panels.

After verifying that the garment has electrical-cenductivity continuity through all panels, the
garment should be electrically bonded to the grounding system of the wearer so as not to act
as a floating conductor. This can be accomplished either by-several-means:

e grounding the garment through a conductive wrist cuff or other suitable section of the
garment in direct contact with the skin of a grounded operator, or

e grounding the garment through a separate ground cord, directly attached to-an-identified a
designated groundable point on the garment.
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5.3.3.4.7.3 Proper use

ESD control garments should be properly fastened to avoid exposure of possible charges on
personal clothing worn under the ESD control garments.

GJ)roundabIe static control garments and groundable static control garment systems shoque

cpnnected to ground before ESDS are handled and should remain grounded whilst handlirlg
EPDS.

O
5]3.3.4.7.4 Testing and qualification (19
=
a
in

Procedures that can be used to test the electrical resistance garments can be found
ANSHESD-STM-214 IEC 61340-4-9. For situations where the ‘&s'stance testing as describg
il IEC 61340-4-9 is not applicable, the user of static contr @arments should select alterna
tdst methods for product qualification and periodic verification. In these cases, the procedurg
tHat are chosen for use as well as the pass/fail critesg should be documented in the ES
control program plan. IEC TS 61340-4-2 describes sQ‘n test methods that may be suitable.

Owoas

5{3.3.4.7.5 Evaluation Qualification \\Q

L
-

<

0 0O

Qualificati esting on static control garments that do not require grounding may be carrigd
ofit on lete garments or, if electrical continuity across seams is not required, testing mgy
b¢ cafried out on samples of fabric. Resistance testing as required by IEC 61340-4-9 is dorje
o %éynplete garments.

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.
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3.3.4.7.6 Periodic verification tests

nce garments have been placed into service it is recommended that they are checked on a

periodic basis to ensure that they still meet the required specifications. This can be done as
part of a random test of employees as part of the compliance verification-audit measurements
or a cleaning service (if used) can perform the checks after every cleaning cycle.

Consideration should be given to the frequency of testing based on the technology used to
achieve ESD control performance, and the cost of testing relative to the cost and
consequences of ESD failure.

5D control garments that rely on topical treatment or non-permanent antistatic additiwes-afe
ely to require more frequent periodic testing than ESD control garments that are made from
brics with conductive fibres or permanent antistatic additives, and should, as @& ‘minimum
quirement, be tested before being put back into service after cleaning.

3.3.4.7.7 Maintenance and cleaning

3.3.4.7.71 Repairs

arments that become worn or damaged should be-repaired replaced on a like-for-like basip,
—replaced repaired by a qualified source in accerdance with manufacturers’

commendations to ensure the—eleetrical integrity of ESD “control properties, including
ectrical continuity across seams where required. Once & repair is made, periodic testing gs
escribed above should be conducted to validate the integrity of the repair before the garmept
put back into service.

3.3.4.7.7.2 Laundry services

is important to select an acceptable laundry~.service that has the ability to launder garmen
ccording to the garment manufacturer’'s (prescribed laundry methods.—H—a-tepicallytreatq

gr#men##s—used—@he—#ea#nen#may—be#eﬁmed—by—an—eleeuw—tes{— Laundering should cled
garments of all unwanted matter without unduly affecting ESD control properties. Thoroug

insing should be included in the {aundering process to ensure that residual detergent ar

0_3'3 o n

her laundering chemicals are removed.

topical treatments are_{e\-be applied, launderers should be advised of the performange
quirements, including the range of humidity conditions in which garments are intended to Qe
bed, and the total duration of wear between cleaning cycles, so that appropriate treatmengs
e used. An auditabte tracking system is recommended to monitor cleaning, which should Qe
bcumented in theNESD control program plan.

3.3.4.7.73 Home laundering

garments are being laundered at home by individual employees, it is important that th
anufacturer’s home laundering instructions be prowded and followed. 4es&ng4h&ga¥me

AAKNISIH/ESD STM 2 1 the pointto-pointand-s

P~ YO OO v tHC—P O It tOPpPoHtart rota

PP Eo

leeve resistance-test accordin
rteeveres ce—test CCOraH

Per|od|c testmg as descrlbed above should be conducted to verify the integrity of ESD control
properties before the garments are put back into service.

5.

3.3.4.7.8 Environmental and humidity
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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 increage
tHe conductivity of topical treatments and antistatic additives. For these reasongy it [is
aglvisable to test garment performance in the full range of relative humidity and temperdture |n
which garments will be used.

3.3.4.7.9 Other considerations

5

The procedures and equipment described in this user guide may expose personnel o
hazardous electrical conditions. Users of this document are responsible for selecting
eqiluipment that complies with applicable laws, regulatory codes and both external and internpl
poplicy. Users are cautioned that this document cannot replace or_s¥persede any requiremenfs
fdr personnel safety.

Electrical hazard reduction practices shall be exercised afid,proper grounding instructions fpr
equipment shall be followed.

Personnel safety should be considered before allowing-static ESD control garments to he
wprn where there is the possibility of exposure t0-high—veltage mains electricity. Follow yopr
ofganization’s safety regulations or national rules.

T
=h

Staple fibres may be released frgm woven or knitted fabrics, causing potential contaminatiqn
issues, for example metallic fibfes causing shorts. In such cases, consideration should he
glven to using continuous filament synthetic fabrics or non-woven fabrics.

513.3.4.8 Storage.racks and shelving
513.3.4.8.1 Types of storage racks
S

orage rackisystems are used to store products and materials. Various styles and
Tnfigurations are available but for the purposes of this user guide, two generic types pf
orage_systems will be described.

5/3:3.4.8.2 Workstation shelving

Shelving systems are frequently included as part of an ESD protective workstation. The
shelves in these systems can be used to store ESD sensitive products (both packaged and
unpackaged), documentation, manufacturing tools, computer/printing equipment and test
equipment such as oscilloscopes. If the shelving system is used to store unpackaged ESD
sensitive products, then it should be treated as an ESD control worksurface. This means that
the surface-shal 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-
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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.

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 degk

ounted, multi-level shelving units that are used for the storing of parts in a warehgusé ¢r
parts kitting area. The user-shal should decide whether or not this type of shelving requires|a
grfounded, ESD control surface. Some of the factors to consider are as follows.

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

| How are products dispersed to and received from production?

o| Is the packaged product moved to an ESD protective workstation where trained and
grounded operators safely handle the parts?

e| Are parts removed from their original packaging at the shelving units and are proper ESD
handling procedures being followed?

nce a strategy has been decided upon and implemented, the testing of ESD control shelving
nits needs to be included as part of the regular{process—auditing compliance verificatign
ogram. The resistance to ground and resistance) point-to-point test methods required hy
C 61340-2-3 are used to make the required-auditing compliance verification measurementg.
enerally, the same requirements as establisited for worksurfaces are applied to shelving
stems.

L OmB SO

3.3.4.9 Mobile equipment

5 the name implies, mobile equipment are items that are capable of being moved from or
ocess step to another as thexneed arises. Examples of mobile equipment are portable tag
arts, in-process storage carts and mechanized skids that are used to move hea
ssemblies. When mobile‘equipment is used to transport ESD sensitive items it-shal shou
e capable of being grounded as products are loaded and unloaded from it. When the mobile
luipment is in an ungrounded state (i.e. between ESD protected areas), care-shall should Qe
ken to ensure that'personnel do not handle the products unless they first bring all items o
equipotential balance by bonding together the product, mobile equipment and the
personnel that'handle the ESD sensitive products.

oT > O

o< X 0O
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obile equipment can be grounded directly to ESD control floor materials via drag chain
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method is chosen. One of the benefits of this type of system is that the connection to ground
is constant and normally does not require operator intervention. One of the drawbacks is that
the connection to ground can be lost if a reliable contact with the ESD control floor material is
not achieved. Dust and dirt build-up (i.e. on the surface that contains ESDS parts, the floor
and/or 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.
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In both of the above cases, it will be necessary to include all pieces of mobile equipment in
periodic-process—audits 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 109 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.

5.3.4 Packaging electronic products for shipment and storage

513.41 Introduetion Introductory remarks and purpose

The purpose of subclause 5.3.4 is to provide general guidance for the desigh-"and
specification of ESD protective packaging systems. Packaging refers to those, items and

aterials that provide intimate protection for ESDS parts during all phases cof “*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 arnd

aterials that are considered appropriate for packaging. Subclause 5.3.4 provides basjc
information to guide the reader to a better understanding of this complex area of packaging pf
EBD sensitive parts for shipment. While our principal concern is with électrical considerationg,
other factors related to physical properties are mentioned.

3.4.2 Definitions
3.4.21 General

5

5

The definitions used in this subclause follow the definitions of IEC-64340-14-2 61340-5-3. The
definitions as explained here provide an overview 6fjthe terms used.

3.4.2.2 Conductive

5

Cpnductive materials are generally composed of several components, including a bage
myaterial that may be a polymer of soeme type. Additives to the base material or polymer
génerally make materials volume.and surface conductive. Treatments, plating or coatings
génerally result in the formation~of the so-called surface conductive materials which afe
tylpically not volume conductive! In some cases foils are also used to produce surfage
conductive materials.

5]3.4.2.3 Shielding (electrostatic)

Electrostatic field shielding, as produced with thin conductive ESD protective materials, tends
td spread or reduce the electrostatic field inside the container due to external electrostatic

fiplds-or-discharges-to-the surface.

Spme designs of shielding materials, such as those incorporating a dielectric layer within the
system,,*may also limit electrical current from penetrating the surface during a direft
dischiarge. These types of products would be classified as electrostatic discharge shielding

4 H. |
atcTTarsy,

5.3.4.2.4 Dissipative

Dissipative materials provide charge dissipation. They also reduce areas of high charge
concentration by allowing charges to spread out over the entire surface. Dissipative materials
are not necessarily low charging. Additives to the base material or polymer generally make
materials volume and surface dissipative. Treatments, plating or coatings generally result 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.
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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

m

aterials. 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

©aFxFozE o

= O

O T S

be an important consideration for packaging material selection. Users of packaging materials

ackaging materials. The choice of whether the -product isshipped ineither a stafjc

ill
arge in the end use environment.

3.4.2.6 Insulative Insulating

sutative Insulating materials have a very high resistance and this limits thé |ability of the
aterial to conduct current. In general,—insulative insulating materials can [become highly

harged through contact and separation with other materials. The dissipation of charge fro

stlative insulating materials via grounding may take a long time(i.e. hours or weeks
bpending on the environmental conditions). This makes—insulative insulating materials
enerally unacceptable for use near ESD sensitive products.

3.4.3 Selecting/designing the right package

hat is the right packaging choice for a given application? How do you know? The vapt
imber of packaging options available often causes~confusion with uninformed users pf

cci tive
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cIntact. Outside thé-EPA IEC 61340-5-3 requires for transportation of sensitive products |a

o D9
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hckaging used within an EPA shall consist of dissipative or conductive materials for intimate
ckaging that provides both

dissipative-or conductive materials for intimate contact and

a structyre that provides electrostatic discharge shielding.

he following six steps can be used as a guide for the development of an ESD protectiye

packaging system.

1) Understand the product’s sensitivity.

2) Determine the distribution environment for the packaged product (i.e. usage inside an

EPA 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 qualify the materials according to IEC 61340-5-3.

5) Design a packaging system based on input considerations obtained in steps 1) to 4)

above.

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

Components are evaluated for ESD susceptibility by several different methods. The principle
method is based on the human body model (HBM) in which a discharge is applied in steps
through an RC (resistor-capacitor) network to all pins or connectors of the device under test
(DUT). The DUT is evaluated for parametric shifts after each discharge. The level at which the
device 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
purposes. Product ESD sensitivity information can be obtained by performing in-house
evaluations, contacting the product manufacturer or by reviewing published ESD sensitivity
data;

5{3.4.5 Understand the distribution environment

A

3.4.51 Factors for consideration

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

Spme of the questions that should be considered are:

| What is the distribution mode for the product?

— within an ESD-centrolled-facility protected area (EPA);
— between ESD-contrelledfacilities{uncontroled-environment) protected areas (UPA’s)

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

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

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

| What is the expected distribution*environment?
— temperature extremes (¢ald and/or hot);

— moisture extremes (product exposed to high humidity or even outside threats such gs
rain).

¢| Who will handle the product at delivery?
— employees ‘trained in ESD handling techniques;
— untrained-individuals (customers, parts distribution companies).

o| What measured ESD threats exist in the shipping environment?

513.4.5.2 Humidity

Hiaht ity is | ltiol . : he | £ whidh

is enhanced corrosion. Difficulties with soldering are also well known and documented.

Preventing excessive humidity exposure to parts requires enclosing the parts in a barrier

material and the package itself should have a low moisture vapour transmission rate (MVTR).
i e ari issi e (\AL\ e

5.3.4.5.3 Temperature

While only specialized materials and structures can control the interior temperature of a
package, it is important to take possible temperature exposure into account when shipping
electronic parts. It is particularly important to consider what happens to the interior of a
package if the environment has high humidity. If the temperature varies across the dew point
of the established interior environment of the package, condensation may occur. The interior
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of a package should either contain desiccant or the air should be evacuated from the package
during the sealing process. The package itself should have a low—-\A\/TR moisture vapour
transmission rate (MVTR).

5.3.4.6 Determine the type of packaging system that is best suited for the intended
application

5.3.4.6.1 General considerations for packaging types
The marketplace provides numerous options for packaging of electronic products for

shipment. The initial consideration I1s to have low charging or electrostatic dISSIpatI\ie
aterials in contact with ESD sensitive items. An additional benefit of low charging materia

s
is| the reduction of static charge carrying materials in the environment where sensitive~items

ay 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 dissipatiJe
and discharge protection, and electrostatic field suppression.

Spbclauses 5.3.4.6.2 to 5.3.4.6.4 provides a description of some of thé)packaging types that
afe available to the packaging designer. It is not intended to be an all-inclusive list but it dogs
afldress the major categories.

5]3.4.6.2 Returnable and reusable packaging

I some situations, packaging may be designed for reuse or return to the original supplier.
tHis way the package may be reused numerous time€s. Examples of these types of ES
protective packaging are hinged containers, toté{ boxes, and other rigid or semi-rig
cEntainers. The initial cost of these packages may be relatively expensive. However, if th

oo US>

appropriate collection and recycling system is.used, the container may be the least expensi
choice over time.

L2
—

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

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

o | costs for cleaning prior toNteuse,

o| testing costs (i.e. surface resistance or point-to-point resistance) prior to re-introducing the
packaging into the process,

¢ | freight charges:

0

hgs and pouches may also be used in a returnable situation if the functional and
performanceg)characteristics continue to meet the original specifications.

Spmespackaging can be evaluated by the user in relatively simple ways to determine whether
of notit is suitable for reuse. For example, the conductive or dissipative properties and other
ohysi i ‘ | . SR I | I iy
measured 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, integrity, or
shielding performance.

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 reusable products, a cost/benefit analysis should be made in evaluating the overall
performance of the packaging material for the intended purpose.
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5.3.4.6.4 Point-of-sale or display

Computer dealers and other retail and wholesale outlets provide upgrade and replacement
parts to the general public. While durability may not be a prime consideration for these
applications, attractiveness and aesthetics generally appeal to the consumer. Such packaging
usually 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 packaging

aterials are widely available in the industry. Electrical properties are used to define materigl
tyjpes. The test methods described in IEC-64340-5-14 61340-5-3 will allow the wser pf
packaging materials to classify the materials as conductive, static dissipative origsulatiye
insulating. Once materials have been classified the design of the packaging can he, started.

a

3.4.8 Design the packaging

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

The following general rules can be applied to packaging desjgns:

o| If the package is primarily used to transport product in"an ESD protected environment thgn
a low charging or electrostatic dissipative package may suffice.

o| If the product is moving between ESD protected*areas—{uncontroled-environment) a low

charging, discharge shielding package might‘e required.

| When the package is-shipped-intoa-totalymncontrolled-environment 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
C

pst of packaging versus the_total value of the system is an important consideration. Mopt
ofganizations that build eleetronic parts categorize their items on a cost/value basis. The
tgndency is to use less costly packaging for the less costly or less valuable parts. While thjis
s¢ems 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 pf
'rIpIementing the 'system. Multiple packaging systems should be evaluated in a thorough
cost/benefit analysis.

5/3.4.9.2 Handling

Anticipated rigorous handling for vibration sensitive parts requires packaging systems that
provide cushioning or reduced stress from physical shock. Durable exterior or primafy
packaging is of prime importance. Packaging engineers normally design the shipping
container to meet the maximum expected physical trauma. From an ESD perspective, the
interior of the shipping container or the intimate package should also provide the required
ESD protection. The primary container may or may not incorporate 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
package for the intended application. Cleanliness, chemical transfer, plastic compatibility, bar
code reading, transparency, testability, strength, and protection for shock and vibration are
some of these additional characteristics that a specifier may need to consider.
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3.4.10 Simulated use testing

There may be occasions where it is necessary to demonstrate that the product will not be
damaged during transit to the customer. In these situations it is highly recommended that the
packaged product be subjected to the types of hazards that it can be expected to see during
shipment. Possible tests include but are not limited to the following.

High voltage discharges to the exterior of the package. The discharge waveform shape
and the voltage level selected should be based on the expected threats that the packaged
product will be exposed to during shipment.

L =

a0

A

-~ 0

e
ymbol shown in Figure 9..Marking of hardware is dependent on space available on the item
e
e

ymbol in Figure 9.

Simulated over the road vibration. This test not only helps to ensure that the vibration 'w
not adversely affect the product physically but can also check the charging relationshjp
between the product and the package.

Drop tests will ensure that the package provides adequate mechanical protection for the
packaged product.

Environmental exposure (rain, temperature and humidity extremes).

ne product should be examined as well as functionally tested to ensure-that it still meets 3
nctional parameters. The user should establish pass/fail criteria as,part of a test plan befofe
ny testing is initiated.

3.5 Marking
3.5.1 General
C 61340-5-1 requires that the organization matk ESDS assemblies and equipment |n

ccordance with customer requirements. When{ marking is not specifically required the
ganization-shal should determine whether a marking strategy is required.

arkings on ESDS and ESD packaging materials exist to inform users that the devices or the
bvices within packages are susceptiblexto’ESD.

3.5.2 Marking of assemblies and equipment
arking of hardware items (asseémblies and equipment) can be accomplished by using th

belf as well as the envifopnment the item will operate in and whether marking will hinder th
peration of the item.- Some hardware labels might contain nomenclature along with th
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Background colour yellow

IEC

Figure 9 — ESD sensitive part or assembly

Wording such as, “ATTENTION, STATIC SENSITIVE DEVICES, Handle~Only at Static Sa
Workstations” or “ATTENTION — Sensitive Electronic Devices” may be-in¢luded, depending d
ayailable space. An example of a warning label 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

513.5.3 Marking of packaging

Marking .of packaging materials, when ESD sensitive parts or assemblies are packaged insig
(ile. bags; pouches, fast packs, shipping containers, totes, etc.), can be accomplished [
using the same symbol shown in Figure 10. Typically, if multiple packaging materials are usq

far'each ESDS item (i.e. wrap and pouch or fast pack), the outermost package should hav

e

e
y
d
e

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.

In addition, it is strongly recommended that, where possible, the packaging be identified as

ESD protective by using the label in Figure 11.
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*

IEC 60417-6202:2013-06

Key

* Primary function codes:

S electrostatic discharge shielding
F electrostatic field shielding

C electrostatic conductive

D electrostatic dissipative

Figure 11 — Example of a packaging label

5]3.5.4 Other marking considerations

Marking is sometimes used on other items that may-be deemed a package, container
sforage device by the organization. Iltems like storage-cabinets or bins, shelving, and oth
ittms may be marked. The extent to which the_organization wishes to mark hardware ar
packaging materials should be included in the{organization’s ESD control program pla
Apain, some contractual agreements may dictate marking requirements by an organization.

SD protective materials and equipment:fmay also be marked. The organization should alway
e sure that the materials being marked have met qualification, acceptance and in-use criter,
efore utilizing such marking techniques. Marking of incoming materials and equipment doé

r ESD process control are used, the symbol should be the same as the one identified
gure 12. Other material testing standards may already include marking requirements th
€ necessary prior to aceeptance.

E
b
b
not always mean they meet requirements set forth by the organization. If marking of materials
fa
F
a

S
a
S

n
At

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,
constroctomand-testing: A

NPTE With today’s technology many plastics can be made dissipative with the addition of suitable co@ﬁnas,
wlich can then be grounded. cb

o | All conductive and static dissipative materials should be bonded to the macml/% ground.

e| All insulating materials within 30 cm of a device’s critical path should be@ﬁélded coated,
plated, or otherwise rendered static safe. ’

| Equipment handling sensitive devices should have designated ope'rg%r ground point(s).

o| Where possible, all machine components that contact device Ie@s should be static
dissipative and grounded so as to prevent CDM (charged d&@e model) type damage.

e| Where possible, all machine components separated fro e chassis by bearings of any

kind (solid, rolling, radial linear, etc.) should be groun in a manner that will provide a
constant connection to ground regardless of rotary of\transitional rate. This may include
but is not limited to: flexible ground conductors (ize.*braided cables), metal brushes,
graphite commutators, beryllium copper comm@ ors, conductive greases, etc.

e | Any surfaces on which operators may be p«‘Q\n to place devices should be static
dissipative and grounded. s\

e| Device pick-up mechanisms such a%%%UU"‘ cups, nozzles and grippers should be
conductive or static dissipative an$q unded.

e | Designated ESD ground pomts@gbuld all be directly connected to the equipment ground,

o| Where possible, all machin\@;nductors (wires and components), which are relied upon t
provide a ground pat%wuld be connected to the machine’s primary ground point in a

O

manner which will pr sufficient strength such that it may not be inadvertently
disconnected.

| For anodized s&(&es — ensure that the underlying conductive substrate is directly
connected t equipment ground point.

7| ESD CQSMI gloves and finger cots

7 é@?ductory remarks

Maﬁg/of the electronic products that are handled by personnel during the manufacturirg
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.

any cases the gloves and finger cots used are statlc generatlng The static chak_e
agsociated with the use of these products can potentially lead to ESD damage @ESD
¢nsitive devices.

Ahother concern is that the wearing of gloves may increase the resistance té’[%ound from
hand tools and other conductors that are required to be grounded. <Q'
7/

Il order to properly select gloves and/or finger cots for use with ESD sitive products the
user should address ESD control properties as well as product ¢ mination, ergonomig¢s
and personnel protection during the selection process. Clause 7 wi@ dress some of the ESD
considerations related to gloves and finger cots. The test meth described may be used fpr
gtialification, acceptance or periodic verification testing.

O
7|12 Types g\\<</

There are a variety of gloves and finger cots on market made from different materialp.
The major types of materials used to make ESD rol gloves and finger cots are:

o latex; g\\§\
° invl:
V|.n3./ : | \\(\Q)
o| nitrile; $
o| textile (uncoated); A‘\Q’
¢ | coated textile. \O

1%

Latex, vinyl and nitrile glg;eg)and all types of finger cots are typically intended for limited us
i.¢. to be worn a predetermined number of times, often only once, and then disposed g
Textile gloves may also *be for limited use, but are more often re-usable. If any gloves are
b¢ re-used, an a ble tracking system is recommended to monitor the integrity of th
gloves, which s be documented in the ESD control program plan.

® o™

ents or the use of antistatic additives in the polymer formulation are the mo
cpmmo ans of providing ESD control properties in latex, vinyl and nitrile gloves and fing
cots, in the coatings on coated textile gloves. Topical treatments are also used on sonje

e gloves and finger cots Care should be taken when seIectmg gloves and f|nger cots th O t

W
= e~

used are not a pOSSIble source of product contammat|on

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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7.3 Testing and qualification

7.3.1 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

conductor 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

rr]‘ethods described below can be used to measure resistance to ground. However,ac:s<
should be taken when using resistance measurements to test product charging be{/ 9
agcurate correlation may not be possible, i.e. low resistance does not always m lo
product charging. A direct measurement of charge generated when handling produ’c\ﬁbis like
td be a more accurate way of testing product charging. (19

The ability of gloves and finger cots to dissipate charge from hand-held uctors can f
tdsted by resistance measurements, or by charge decay time measure s as specified
IHC 61340-2-1. ™

N

Fpr resistance, decay time and product charging test methg s(,.othe user should speci
agceptance criteria until such time as industry agreed limits are& ablished.

713.2 Resistance measurements \<(/C)

N

There is no specific test method in I[EC 61340 (all %arQ) to measure resistance of gloves
fihger cots. However, the test methods describedq’D EC 61340-2-3 can be modified to mak
syirface and volume resistance measurement gloves and finger cots. The resistang
between the outside surface of gloves or {@er cots and the body of the wearer can k
measured, which in effect is the resistance t0“/ground. An example of a resistance to grour
tdst made while a glove or finger cot is _b&ng worn is shown in Figure 13 (according to e.
ANSI/ESD SP15.1 For the Protection ofoElectrostatic Discharge Susceptible Items — In-Us
Resistance Testing of Gloves and @ger Cots). In this example, a simple rig is used

produce a defined pressure betwe he contact electrode and the finger. Another example
hew this measurement can b ade is based on the wrist strap system continuity te
sppecified in [IEC 61340-4-6, E\iﬁ own in Figure 14.

O

R
C)O
&
O
o

e

e
W
y

SO oD DS

O
~ —h

u)
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\@C} - o IEC

ohmmeter 5 gpouhd cord
contact electrode 6, @ass (used to control applied pressure)
ohmmeter lead \\7 insulator

4 band ‘\\) 8 glove (or finger cot) under test

Figure 13 — Glove or fil@r cot resistance testing (as worn)

D
N\ 3

IEC

a) — Test using ohmmeter

When using this method for testing finger cots, ensure that the stainless steel electrode does not touch any part of
the hand not covered by the finger cots under test.
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7
IE

Q/
IEC y\(bb‘
b) — test using integrated checker Q)
by &Q~
band 5 ground cor:
hand-held stainless steel electrode 6 glove o‘\%ger cot under test
ohmmeter 7 inte% d checker
ohmmeter lead 8 tact plate

Figure 14 — Testing glove or finger C{{Qesistance via a wrist strap system
QO

3.3 Charge decay time measurements

u

ed to measure decay time viaQ nd-tools, see 8.2.2, but instead of the operator holding
nd-tool, a glove or finger cots;

Eing this method to measure\’lrhe decay time from the charged plate via a hand-tool, gloves
hger cots, person and v@}strap system.

-

3.4 Product c@gi’ng test

here is no s&‘)fic test method in IEC 61340 (all parts) to specifically measure produ

N\

C 61340-2-1 specifies a test met for measuring decay of charge from an isolatgd
cEnductive plate via gloves and fi @r cots. In principle, the test method is the same as th

re worn. It is also possible to carry out a full system cheg¢k
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glove

Key h
grounde&ator

inger cots) under test 5 shield ground connection

@)

Qﬁl} e of actual product
N\

IEC

a) — Product charging test using Faraday pail

4 Faraday pail

6 connection from inner container to measuring instrument
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3 &Q‘ IEC

b) — Product charging test using charge@le monitor

K¢ \
' S

grounded operator

2 glove (or finger cots) under test QOQ
sample of actual product \\
4 charged plate monitor \0‘

: <& :
Figure 15 -\‘ﬁ'oduct charging tests
A\Q)
O
1 1 -
ntroductory remar\l&g

8| Handtools

8

Hlfndtools is a topic are that covers a wide range of products such as screwdrivers, ledd
clitters, tweezers, um pick up tools. Depending on the tool design, these products cgdn
become charged @ ing handling. If the charged part of the tool that contacts the ESD
sensitive devi eqs highly conductive an ESD event between the tool and the ESD sensitiJe
pgrt might (@\‘

Tpols t@ontact ESD sensitive devices should be tested for their ability to charge due

han I@. They also need to be evaluated to determine whether or not the charge can f
r d when handled by a grounded operator or placed on a grounded surface. Th
rﬂ ‘ ¢ A I vdoT : o (

a decay time test, using a CPM (see IEC 6134':0-2-1).

Q »n ® O

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

/\\_\

—

Figure 16 — Tool resjstance test

1EC

Almore convenient resistance to ground system\téest can be done by a grounded user holdirg
tHe tool in their hand. A resistance meter isntonnected to ground, with its second terminpl
connected to a touch plate. This touch platé should be insulated well from ground. To test the
tdol system resistance to ground, the user holds the tool handle and touches the bit to the
tdquch plate, and reads the resistance to ground from the meter (Figure 17a). The same
system test can be used to test grouding of a tool held in a gloved hand (Figure 17b).
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a) — Tool resistance to ground system )KQ‘

Key
resistance meter 6 groundc ound to instrument)
2 metal plate 7 groundlré%omt
insulator 8 to @dertest
4 ground cord (operator to ground) 9 erator
% test lead (metal plate to instrument) $\\§\

9

o.:"""-

8 2

IEC

b) — Tool resistance to ground system test with glove

Key
1 resistance meter 6 ground cord (ground to instrument)
2 metal plate 7 grounding point
3 insulator 8 tool under test
4 ground cord (operator to ground) 9 operator with glove
5 test lead (metal plate to instrument)

Figure 17 — Tool resistance to ground system
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8.2.3 Charge decay

A charged plate monitor (CPM) can be used to indicate the charge dissipation characteristics
of tools. This test is a standard test included in IEC 61340-2-1.

For a hand-held tool touching the CPM plate, see Figure 18. If the decay time is long (>2 s),
the tool may be unsuitable for use in an EPA.

A tool with a high resistance or insulating handle may sometimes give an initial apparent fast
d"""‘/ to_an intermediate \/nl'fﬂgn’ followed h\/ Inng dnr‘n\ll time for the rnmaining \/nlface
(Higure 19 b and Figure 19c). The initial decay is in this case due to discharging of the @M
plate into the capacitance between the tool bit and hand, rather than dissipation égﬁgugh
rgsistance. If the CPM plate voltage does not reduce to zero in the required time ool |s
unsuitable for use with ESDS (Figure 19c¢). N
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IEC

Z TEC

b) — Tool and glove charge decay test

Key
1 CPM 4 tool under test
2 ground cord (ground to instrument) 5 operator with glove
3 ground cord (operator to ground) 6 grounding point

Figure 18 — Charge decay test
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Figure 19 — Tool CPM waveforms
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Annex A
(informative)

Example ESD control-decument program plan based on IEC 61340-5-1

A.1 Introductory remarks (Not part of the example)

The purpose of this example ESD control-decument program plan is to demonstrate the flow

prog
is| based on one of the most basic ESD control programs that can be |mplemented In mopt
cases, an actual ESD control program will utilize more ESD control-elements items. Personngl
afe grounded by a wrist strap. Handling operations are performed at a grounded weérksurfage
and ESD sensitive devices are moved from operation to operation inside @, metallizgd
shielding bag. The fictitious organization’s name for the purposes of this example is ACME
Electronics Factory Ltd. The example ESD control program plan begins with Clatuse A.2.

A2 Purpose

The purpose of this—precedure plan is to document the key{administrative and technicpl
rgquirements of the ESD control program used by ACME”Electronics Factory Ltd. Thjs
ptogram plan has been developed to comply with the ESD control program requirements pf
IHC 61340-5-1.

A3 Range

This procedure applies to all manufacturing' areas and the associated manufacturing
operations where unprotected ESD sensitive products are handled.

A4 Responsibilities

ACME Electronics Factory Limited has assigned an ESD coordinator who is the owner of thjs
dpcument and shall be responsible for ensuring compliance with this-procedure plan.

A5 References

BC 61340-5-1—-Anpex~A4
BC 61340-2-3
BC 61340~4-6
C 64340-4-7

E__

A rad NDafiais:
U JTIITNIvIio

ESD protected area
EPA - area in which ESD sensitive devices (ESDS) can be handled with accepted risk of
damage as a result of electrostatic discharge or fields.

A.7 ESD control program plan

This-precedure plan meets the requirements of IEC 61340-5-1. The controls referenced in this
document have been selected to ensure that ESD sensitive devices (ESDS) that are
susceptible to human body model discharges of 100 V and charged device model discharges
of 200 V or greater will not be damaged. For the purposes of this ESD control program, it is
assumed that all ESDS have a human body model ESD sensitivity of greater than or equal to
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100 V and a charged device model ESD sensitivity of greater than or equal to 200 V. ESDS
devices that are more sensitive may require additional control measures.

The basic guidelines that comprise the local ESD control program are as follows:

e All semi-conductor electronic devices are considered to be ESD sensitive.

e Any employees that handle unprotected ESD sensitive products shall have obtained ESD
training and undergone re-certification training every 24 months.

e All employees shall be grounded when handling unprotected ESD sensitive devices.

| ESD sensitive products shall be moved between grounded workstations in metaltizgd
shielding bags. ESD sensitive products are only to be handled at an ESD protectgd
workstation by grounded employees.

o| All ESD control elements—must should be periodically verified as per theé ‘compliange
verification plan.

o| All Non-essential insulators—must should be removed from the wdrkstation and any
operation where unprotected-the ESDS-Protected-Area{ERPA) are handfed.

e| The absolute value of the voltage on all isolated conductors that-are likely to come injo
contact with ESD sensitive devices will be verified to be less tlran or equal to 35 V. Thjis
will be done when any new production area is defined. See XA46.3.

A.8 Training plan

Al8.1 Initial training
A

I ACME Electronics Factory Ltd. employees whio handle ESD sensitive products (whether gn
a|continual or intermittent basis)-must shouldyattend initial ESD orientation training befofe
handling ESD sensitive products.

The initial training classes are provided by the ACME Electronics Factory Ltd. training
department personnel. The initial ESD class covers ESD basics as well as a description of the
ACME Electronics Factory Ltd. ESD controls. At the conclusion of the ESD training class eagh
employee shall write an ESDw€omprehension test. The test will be marked by the ACME
training department and in order to pass, the employee-must should obtain a score of 80 %.

Iflan employee passes the’test, a training record will be set up in the training database that |s
controlled by the training department. If the employee fails to obtain a score of 80 % the
ekployee will haveyto attend a supplemental class held by the training department. The
e 5

e

ployee will be_required to write a second test and obtain a score of 80 % in order to pasp.
flthe employeg-passes the second test a record will be set up in the training database. If th
employee fails' to obtain a score of 80 % on the second test the human resources manager
wjll need.to make a determination on whether or not the employee will continue thdgir
employment with ACME.

A:GTZ—Re‘Fres-hef-tfai--iuu

All ACME Electronics Factory Ltd. employees who handle ESD sensitive products-must should
receive refresher training once every 24 months. On a monthly basis, the training department
shall prepare a list of employees who require re-training in the next two months. The
employees on the list as well as their immediate supervisor will be notified that re-training is
required and the affected employee will be invited to attend a re-training session held by the
training department. At the conclusion of the re-training session the employee-must should
pass a written test and obtain a score of at least 80 %. The records for the employees who
pass the test will be updated by the training department. If the employee fails to obtain a
score of 80 % the procedure outlined in the initial training session will be followed.
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an employee fails to attend a re-training session before the 24 month certification period

expires, the employee will not be allowed to have access to the manufacturing areas until the
re-training session has been successfully completed.

A.9

Product qualification

ESD control items selected shall be qualified before use. Manufacturing data sheets shall be
used to demonstrate that the ESD control items meet the required limits and applicable test

m

ethods listed in IEC 61340-5-1.

A
T
E

T
\"
Cc
=y

T

.10 Compliance verification plan

he ESD control program-audits compliance verification requirements established by ACME
ectronics Factory Ltd. to control ESD can be found in Table A.1.

ne ESD coordinator is responsible for defining the ESD control itemscthiat require periodjc
rification. The ESD coordinator is also responsible for the deyelopment of the—augit
mpliance verification procedures as well as the training of any“person performing ESD
idits compliance verification.

he ESD coordinator will ensure that all

management.

NOTE The-audit compliance verification test methods can be found in Clause A.16.

non-conformances found during the—audits
cpmpliance verification have been closed prior to publishing the quarterly—audit report

Table A.1 — ESD control program-audits.compliance verification requirements

IEC 61340-4-6 and
A.11.3 of this plan

Technl_cal control Limits Test procedure Test frequency Checked

item by
Vrist straps R<35x107Q {EC 61340-5-1 Daily (before use) Operator
system test) s

Vork surface Rg < 1,0%10° Q IEC 61340-2-3 Once every 3 ESD coordinator
months
[Vrist strap Rg <1Q Clause A.1 of this Once every 3 Quality department
onnection point procedure months
A.16.1 of this plan
Btatic generators < 40600 5 000 V/Im | Clause-A2ofthis Once every 3 Quality department
procedure months
IEC 61340-5-1

bhielding bags

Visual indications of
damage

Random visual
inspection

Once every 3
months

Quality department

lonization

(if required)

+1 000 V to +100 V
10s

-1 000 V to -100 V
10s

Offset £15 V

IEC 61340-4-7

Once every 3
months

Quality department

Rg refers to resistance to protective earth.
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A.11 ESD protected area requirements

A.11.1 General requirements

For the purposes of the ESD control program at ACME Electronics Factory Ltd. the ESD
protected area (EPA) is defined as any workstation that is equipped with a grounding
receptacle for personnel and is covered with a grounded work surface. The ESD protected
workstations are identified with a sign indicating that the workstation is ESD protected.
Unprotected ESD sensitive devices shall only be handled at an ESD protective workstation by
grounded, ESD certified employees.

V|sitors to the manufacturing areas as well as untrained employees shall be escorted by~-ESD
certified employees. In no instance shall untrained visitors or employees handle unprotectgd
EBD sensitive devices.

Npn-essential insulators (irsulative insulating items not required in the|,manufacturin
process), including packaging materials, shall be removed from all) ESD protecte
wprkstations. Process required insulators are permitted at an ESD protective workstation 3
lang as the measured electrostatic field does not exceed-10-000 5 000°W/m (see measureme
procedure in A.16.2). If the measured field exceeds—40000 5 000-V/m the process require
insulator-must should be moved away from the ESD sensitive device handling area until th
easured field is less than-40-000 5 000 V/m.

D Qo nmaQ

11.2 Grounding plan

A

Protective earth shall be used as the ESD ground-reference for all ESD control items used by
ACME Electronics Factory Ltd. All wrist strap conhection points as well as all work surfacgs
shall be connected to protective earth.

All newly installed work surfaces and wrist-strap connection points shall be tested before uge
tq ensure that they are connected to protéctive earth.

11.3 Personnel grounding plan

protected ESD sensitive devices. The wrist band-must should be worn such that there jis

A

A|l personnel shall be connected’to protective earth with a wrist strap system when handling
u

360° of contact with the employee’s skin.

Employees shall test:their wrist straps at least once per day (before use) using the wrist strgp
tdsters located ,at._the entrance to the manufacturing area. If the tester gives a “pasp”
indication, the.employee shall initial the log sheet located next to the wrist strap tester. If the
tdster gives+'ar“fail” indication, the employee shall contact their supervisor or the ESD
coordinater,"The ESD coordinator or the supervisor will help to determine the cause of the

s

]

o7

fgilure and” will issue a new wrist strap system, if needed. If a new wrist strap system
issued, jthe employee shall test their wrist strap and only proceed to his/her assigned tas
oheela “pass” indication is achieved.

Employees who only visit the manufacturing lines periodically shall test their wrist strap
systems on the days when they handle ESD sensitive devices. The testing shall be made
before ESD sensitive devices are handled. The wrist strap test log sheet shall be-initialied
signed (pass indication received) before the employee handles ESD sensitive devices.

A.12 Tailoring statement

ACME Electronics Factory Ltd. has one process step where the personnel grounding rules do
not apply. The operation involves personnel who work on repairs and who are in contact with
exposed, powered products. Since there is a risk that the operators might come into contact
with dangerous voltages, management has decided that any person working on this operation
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shall not wear their wrist strap. The final product shall be handled by the edges and contact
with ESDS avoided where possible. As an additional protective measure, an air ionizer has

been installed at this location in order to reduce charge levels. The sign shown in Figure A.

is posted above the workstation to inform personnel of the special handling conditions.

/ ATTENTION \
HIGH VOLTAGE

1

Operation
‘ WRIST STRAPS SHALL
NOT BE WORN IN THIS

N N
\‘fA Alad J

IEC

Figure A.1 — Sign indicating special handling conditions

A.13 Work surfaces

A|l work surfaces within the EPA on which ESDS may be placed shall have a grounds
slirface that is compliant with Table A.1. Any surfaces which do not comply shall be marked
ndicate that they are not suitable for holding unprotected ESDS.

A.14 Packaging

Only new and approved metallized shielding bags shall be used to transport ESD sensiti
products from one ESD protected workstation to another. ESD sensitive products shall §
c
p

mpletely enclosed by the shielding bag. ESD sensitive products shall be removed from th
ckaging only at an ESD-protected work surface by grounded employees.

Once the ESD sensitive product has been tested it will be returned to the shielding bag ar
s¢aled. The sealed_shielding bag will then be placed in a protective container for shipment
tHe customer.

I the caseywhere specific ESD protective packaging is specified by the customer, by eith
contract-or purchase order, these materials shall be used.

(o]

WV
-

A-t5—harking

ACME Electronics Factory Ltd. has not received any specific marking requirements from its

customers. However, in order to ensure that the customer is aware that the product is ES
sensitive the label shown in Figure A.2 will be used to seal the metallized shielding bag that
used to ship all products to the customer.

D
is
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/ ATTENTION \

CONTENTS STATIC SENSITIVE

OBSERVE PRECAUTIONS
FOR HANDLING
ELECTROSTATIC

y 4

.16 Audit Compliance verification procedures

16.1 Testing of wrist strap connection point

nuipment:  Calibrated multimeter

16.2 Checking for static generators

nuipment:  Calibrated electrostatic fieldmeter

163 Checking isolated conductors

2 DISCHARGE
\ SENSITIVE \
\ DEVICES /

IEC

Figure A.2 — Label indicating product is ESD sensitive

Connect one lead of the multimeter to protective earth.

Connect the second lead to the wrist strap connéction point.

Turn on the multi-meter and read the resistance.

If less than 1 Q, then the reading is acceptable.

If greater than 1 Q, have the wiring connéction checked and fixed if necessary.

Turn on and zero the electrostatic fieldmeter.

Scan the work area (where the ESD sensitive devices are handled) with the fieldmeter.|If

the reading exceeds-40-0080 5 000 V/m then the non-compliant material shall be either:

— moved away) from the area where ESD sensitive products are handled until the
measured.electrostatic field (where the product is actually handled) is less than-48-046
5 000+/m; or

— removed from the area completely.
If the.readings are less than-40-000 5 000 V/m, then no further action is required.

Equipment:  Calibrated electrostatic noncontacting voltmeter or high impedance contact

voltmeter

Identify if there exists any isolated conductors that make contact with ESDS.
If there are none, then no further action is required.

For the isolated conductors that are identified, measure the voltage on the isolated
conductor just before contact with the ESDS.

If the readings are within £35 V, then no further action is required.

If the readings exceed +35 V or are lower than -35 V, then action will be needed to reduce
the voltage. This can be accomplished if bonding to a ground is possible or with ionization.
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Annex B
(informative)

ESD control element considerations

B.1 General remarks

The ESD control program plan described in this document is based on a simple ESD control

pfogram In order t0 demonsiraie how a program could be written to meet the requirements
IBC 61340-5-1. However, there are many other ESD control elements that are in use
electronics factories around the world. Annex B will discuss some of the issues around-whg
a@lditional ESD controls might or should be considered.

The example ESD control program described in this document contains a basic’/ESD contr|
program consisting of personnel grounded with wrist straps, grounded, work surface
metallized shielding bags and a plan for process required insulators. that uses distang
(9eparation between ESDS and the insulator) to safely use required instlators when the fielg
have measured electrostatic fields of greater than-40-6686 5 000 V/mpatithe location where th
EBDS are being handled. This program, as stated in Clause A.7,(is more than adequate f
handling ESDS with a sensitivity of 100 V human body model orgreater.

Opne of the most difficult questions to answer is “When/do’ | need to use additional ES|
controls in my program, such as smocks, ionizers, constant wrist strap monitors, ESD contr
fdotwear, ESD control flooring or floor mats, ESD contrg) chairs and ESD control trolleys?”

The use of additional ESD control measures/can be a decision that is made by tH
ofganization that implements the ESD control\program in order to enhance the ESD contr
program’s effectiveness or the additional ESDcontrols might be a customer requirement.

The following subclause describes some of the common, additional ESD controls that a
sed throughout the electronics industry along with some considerations concerning when
bw they should be used.

o C

B.2 ESD control-floors footwear and flooring

Bl2.1 General

I a factory assembly process where employee mobility is important to the organization thg
tHe installationtof ESD control floors (or floor mats) along with ESD control footwear might K
béneficial. £SD control flooring and footwear will give employees the freedom to mo
tHroughout the manufacturing process without damaging ESDS.

NDTE- Special care should be taken to ensure that footwear-flooring combinations will keep

bf
n
n

UJ

® »n O

a

p:rqnn’q hndy \/nl’ragp below the 100 \/ threshold rpquirpd hy IEC 61340-5-1__The grapf

S

shown in Figure B.1 show that even with acceptable flooring, the required control of body

voltage is only achieved by also selecting acceptable footwear.

The following graphs show the voltage generated when three types of footwear, all on the
same flooring system, are used. Examples 1 and 3 (Figure B.1a and Figure B.1c) would not

be acceptable for an IEC 61340-5-1 compliant program since the average of the five highe

st

peak voltages generated exceed the 100 V limit. Example 2 (Figure B.1b) shows a flooring

footwear combination that would be acceptable.
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c) — Example 3

Figure B.1 — Voltage generated for three types of footwear
all'on the same flooring system

Bl2.2 lonizers

=1

the sample ESD control program, process required insulators that caused the measure
ectrostatic field pear ESDS to be greater than—40-000 5 000 V/m was handled by simp
oving the charged’objects away from the ESDS. However, it needs to be asked what wou
appen if these niaterials had to be located next to ESDS? In these situations an air ionizer,
operly used;»would lower the charge on the insulators to allow them to be located very ne
SDS. Theydecision to use air ionizers is very much dependent on the requirements of th
0Cess:

D'BCD

T Mo

8

Bl2.3* Constant monitors

Many people believe that constant monitors are required for ultra-sensitive devices. However,

from a process point of view, what is the main difference between a constant monitor and

a

plain wrist strap system? The ESD performances of the two systems are exactly the same.
The benefit of using constant monitors is that they are not dependent on ESD sensitivity of

the devices being handled.

A properly grounded wrist strap will keep a person’s body voltage to approximately + 10 V.
The main advantage to a constant monitor is the immediate indication that the employee
receives if the wrist strap falls open. With an unmonitored system, the employee will not be
aware of a wrist strap failure until the start of the next shift. This has reliability benefits for an

ESD control program as it might help reduce or eliminate ESD damage.


https://iecnorm.com/api/?name=4f0d1586af7a07a5e95f8179805d4a3a

IEC TR 61340-5-2:2018 RLV © IEC 2018 —99 —

There are also other process benefits from using constant monitors such as the elimination of
the need to maintain daily test logs and a reduction in the time for employees to make the
daily test. For units that also monitor the connection of a work surface to protective earth, it is
also possible to reduce or eliminate the checking of the work surface as part of the periodic

audit compliance verification of the process.

Constant monitors might be implemented by an organization due to high reliability
requirements imposed by customers.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROSTATICS -

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh/{comprising
all national electrotechnical committees (IEC National Committees). The object of IEC ~is “to promgte
international co-operation on all questions concerning standardization in the electrical and elé€gtronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical’ Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter, referred to as “IHC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National.Committee interestéed
in the subject dealt with may participate in this preparatory work. International,_governmental and non-
governmental organizations liaising with the IEC also participate in this preparation™ IEC collaborates closgly
with the International Organization for Standardization (ISO) in accordance Wwith' conditions determined py
agreement between the two organizations.

2)| The formal decisions or agreements of IEC on technical matters express, as{nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3)| IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made. to ensure that the technical content of IHC
Publications is accurate, IEC cannot be held responsible/for-the way in which they are used or for apy
misinterpretation by any end user.

4)| In order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publicatiops
transparently to the maximum extent possible in their national and regional publications. Any divergenge
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated|in
the latter.

5)| IEC itself does not provide any attestation of ‘conformity. Independent certification bodies provide conformity
assessment services and, in some areas, \access to IEC marks of conformity. IEC is not responsible for apy
services 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 or, its directors, employees, servants or agents including individual experts aphd
members of its technical committées and IEC National Committees for any personal injury, property damage for
other damage of any naturée whatsoever, whether direct or indirect, or for costs (including legal fees) apd
expenses arising out of the' publication, use of, or reliance upon, this IEC Publication or any other IHC
Publications.

8)| Attention is drawn o the Normative references cited in this publication. Use of the referenced publications |is
indispensable forthe/correct application of this publication.

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

The mainh.task of IEC technical committees is to prepare International Standards. However,|a
tdchnical committee may propose the publication of a technical report when it has collectgd
datacof a different kind from that which is normally published as an International Standard, for

1 Vodod £ Ll Fall
e)\dIIIpIU olalc Ul uic 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:

T

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

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

b found on the IEC website.

ne committee has decided that the contents of this document will remain-unchanged until the
sfability date indicated on the IEC website under "http://webstore.iec:ch” in the data related o
th

Ul information on the vating for the approval of this technical report can he found in the
port on voting indicated in the above table.

list of all parts in the IEC 61340 series, published under the general title Electrostatics, can

e specific document. At this date, the document will be

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

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

hat it contains colours which are considered to be useful for the correc

1MPORTANT — The 'colour inside’”logo on the cover page of this publication indicatel

nderstanding of its contents. Users should therefore print this document using
colour printer.



https://iecnorm.com/api/?name=4f0d1586af7a07a5e95f8179805d4a3a

IEC TR 61340-5-2:2018 © IEC 2018 -7 -

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
caut : N v
uging the human body model (HBM), 200 V charged device model (CDM) or 35 V on isotatgd
nductors. Isolated conductors were historically represented by the machine model (MM).
The MM test is no longer used for qualification of devices, only HBM and CDM. The*MM js
rgtained in this document for process control of isolated conductors. These three-levels were
selected for IEC 61340-5-1 as the baseline susceptibility threshold, since a lafge’majority pf
tHe ESD products on the market have a sensitivity of greater than 100 V HBM, 200 V CDM
and 35 V for isolated conductors. If ESD sensitive devices (ESDS) of lessvthan these valugs
afe being handled, additional controls can be implemented or some of(the technical contrpl
tém requirements can be adjusted.

The requirements established for each of the ESD control items are specified for an ESD
control program designed for 100 V HBM, 200 V CDM and 35V for isolated conductors. The
100 V HBM value is predicated on maximum voltage levels attainable on an individual whgn
tHey are grounded via techniques accepted throughout th& electronics industry as outlined |n
IHC 61340-5-1.

For organizations concerned with charged devicemodel damage, IEC 61340-5-1 establishgs
rgquirements concerning the use of insulators_in the ESD protected area (EPA) based gn
mlaximum electrostatic field limits.

Ahy contact and physical separation of\materials or flow of solids, liquids, or particle-ladgn
gases can generate electrostatic charges. Common sources of ESD include charge
personnel, conductors, common_ polymeric materials, and processing equipment. ESD
damage can occur when:

L

e| a charged person or object comes into contact with an ESDS;

| an ESDS comes into\direct contact with a highly conductive surface while exposed to gn
electrostatic field;

¢| a charged ESDS)comes into contact with another conductive surface which is at a differept
electrical potential. This surface may or may not be grounded.

Ekamples o6f“ESDS are microcircuits, discrete semiconductors, thick and thin film resistorg,
hybrid devices, printed circuit boards and piezoelectric crystals. It is possible to determirje
device and item susceptibility by exposing the device to simulated ESD events. The level pf
sénsitivity, determined by test using simulated ESD events, may not necessarily relate to the

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)

E

T
in

a
E

sensitive device:

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

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

or—-oB-—aleers 1\ _Thic attochiaant ~raatac Al haolonan

p
sTIected, based on technigal necessity and carefully documented in an ESD control progra
p

complianceswith the ESD control program plan. Training is also essential in raising awareneg

chinhaard aotonti bafa
of ulllr/uuulu oo unuuuu, HRHS—attaeRmehRtefreates—ah uqunyuuuuuu: parahee-Betweerj

items and personnel. Electrostatic protection can be maintained at a potential differe
from “zero” voltage ground potential, as long as all items in the system are at the ‘sam
potential. If a conductor that cannot be grounded (e.g. isolated conductor) comes in
contact with an ESDS, the ESD risk should be evaluated and if necessary mitigated.

Avoid a discharge from any charged ESD sensitive device (the charging process that c3
lead to a discharge can result from direct contact and separation or can be field induced)

Insulators cannot lose their electrostatic charge by grounding. (itis preferred th
insulators should be removed from the vicinity of ESDS. Some insulators are essential
the process or product and cannot be removed from the vicinity of the ESDS. lonization
other mitigating techniques can provide neutralization of charges on these essenti
insulators (circuit board materials and some device packages are examples of essenti
insulators). Assessment of the ESD hazard created by ‘electrostatic charges on th
essential insulators in the work place is done to ensure that appropriate actions a
implemented, according to the risk.

Once outside of an electrostatic discharge protected area (hereafter referred to as 3
EPA) it is generally not possible to control therabove items, therefore, ESD protecti
packaging can be used. ESD protection can be achieved by enclosing ESD sensiti
products in static protective materials, although the type of material depends on th
situation and destination. Inside an EPA, static dissipative materials may provig
adequate protection. Outside an EPRA, low charging and static discharge shieldin

document, it is important to recognize the differences in their application. Requiremen
and associated test methods for ESD protective packaging are specified in IEC 61340-5-

ach organization has different processes, and so there will be a different blend of ES
evention measures for an ©ptimum ESD control program. It is vital that these measures a

an, so that all concerned can be sure of the program requirements.

raining is an essential part of an ESD control program in order to ensure that the personn
volved understand the equipment and procedures they are to use in order to be

nd undefstanding of ESD issues. Without training, personnel are often a major source
SD risk=With training, they become an effective first line of defence against ESD damage.

Nt
e
o]

At
o
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B
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e
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n
e
e
e
e
g

materials are recommended. Whilevall of these materials are not discussed in thjs

s
B

D
e
m

R

gular compliance verification checks and tests are essential to ensure that equipme

ht

remains effective and that the ESD control program is correctly implemented in compliance
with the ESD control program plan.
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ELECTROSTATICS -

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

1_ Scope

This part of IEC 61340, which has been developed to support IEC 61340-5-1, applies
agtivities that: manufacture, process, assemble, install, package, label, service, test; insped
transport or otherwise handle electrical or electronic parts, assemblies and equipment wi
wjthstand voltages greater than or equal to 100 V HBM, 200 V CDM and 35¢V\for isolate
conductors. Additional control elements or adjusted limits can be applicable)for ESDS wi
logwer withstand voltages.

NOTE Isolated conductors were historically represented by MM.

2| Normative references

cTntent constitutes requirements of this document. Fer~dated references, only the editid
ited applies. For undated references, the latest edition_of the referenced document (includin
any amendments) applies.

IHC 61340-5-1:2016, Electrostatics — Part ~\5-1: Protection of electronic devices fro
electrostatic phenomena — General requirements

3| Terms, definitions and abbreviated terms

31 Terms and definitions

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

IO and IEC maintain terminological databases for use in standardization at the followirn
agldresses:

o| |IEC Electropedia: available at http://www.electropedia.org/
¢| ISO Online browsing platform: available at http://www.iso.org/obp

3{2 Abbreviated terms
AHE automated handling equipment

The following documents are referred to in the text in such“a way that some or all of thqi

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

=

m

g


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=4f0d1586af7a07a5e95f8179805d4a3a

-10 - IEC TR 61340-5-2:2018 © |IEC 2018

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.

M

ectrical hazard reduction practices should be exercised and proper grounding instructions
fgr equipment should be followed.

5 ESD control program

51 General
5(1.1 ESD control program requirements

The program includes both administrative and technical requirements as described |n
IHC 61340-5-1, which requires the organization to establish, document, implement, maintajn
and verify the compliance of the program.

5/1.2 ESD coordinator

Ah ESD coordinator is a person appointed by the-organization to be responsible for organizing
and maintaining the ESD control program.:ln order to have a well thought out and
implemented ESD control program, IEC 64340-5-1 requires that an ESD coordinator he
as$signed. The ESD coordinator is responsibje for all aspects of ESD in the facility. In order o
b¢ effective the ESD coordinator needs:

the full support of management;

a good understanding of eleetrostatics and how ESD sensitive devices can be damagef;
the ESD coordinator will .often need to attend educational classes or seminars related {o
ESD in order to maintajn(or update knowledge;

c) a thorough understanding of IEC 61340-5-1 and all of the organization’s processes relatgd
to the handling of ESD sensitive devices.

d] access to measuring equipment for the purposes of performing compliance verificatign
measurements’ as well as testing new ESD products and materials for use in the ESD
control pregram;

e] depending on the size of the facility, the ESD coordinator might also need to have auditofs
assighed 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 step in developing an ESD control program plan is to determine the part, assembly
equipment sensitivity level under which the plan is to be developed. Althoughv th
rgquirements outlined in IEC 61340-5-1 are effective for handling parts sensitivento® 100
HBM or 200 V CDM or higher, the organization may choose to develop an ESD contr,
program based on ESD sensitivities that are greater or less than these limits. Inthis situatio
the organization should develop an ESD control program plan that clearlyf states the ES
se¢nsitivity that the program is based on.

The organization can use various methods to determine the ESD sensitivity of the produc
that are to be handled. Any of the following methods may be used:

e | assumption that all ESDS products have an HBM withstafid ‘voltage of 100 V and 200
CDWM;

o | actual testing of ESD sensitive devices to establishithe ESD withstand voltage usir
IEC standards (see Bibliography);

o| referencing ESD withstand voltage data in published documents such as manufacturer
published data sheets.

(www.esdindustrycouncil.org).

2.1.3 Initial process and organijzational assessment

5
Before the ESD control program plan can be developed, an initial assessment of th
pfocesses and organizationsiimpacted by an ESD control program should be conducte
Organizations and processes’ that might be affected include (this list represents examples
afeas involved):

e | purchasing (purchasing the qualified ESD control items);

¢ | design engineering (selecting components/materials with consideration of ESD issues);

e| receivingyand inspection (taking care of handling ESD susceptible components as well §
secondary packaging);

e | quality assurance;

o | \manufacturing (design and operation of manufacturing lines);

For more information see the Industry “Council on ESD target levels white papef

S

\Y%

g

S

e

S

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/
https://iecnorm.com/api/?name=4f0d1586af7a07a5e95f8179805d4a3a

-12 - IEC TR 61340-5-2:2018 © |IEC 2018

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 thdn
assume the product is ESD sensitive. Even PCBs or modules that are fully contained withjn
an enclosure may have some susceptibility to ESD that may enter via a connector or-flyirg
lelads.

The second step is to identify the processes in which ESDS should beyhandled in §
unprotected state. These processes may be manual or automated. A major“contribution

EBD protection may be made by minimizing handling of ESDS in an unprotected state. Whe
handling is necessary, some form of ESD control is required — thesexare defined as ES
protected areas (EPA) in IEC 61340-5-1. All areas in which ESD conirols are not applied a
unprotected areas. Any ESDS in unprotected areas should be protected within ESD protecti
packaging of some form.

oo UOmo o >

The third step is to identify the potential ESD sources in.€ach process. The most common pf
tHese are;

e| a charged person touching the ESDS;

e | a charged metal or conductive object, tool or ather item touching the ESDS;

e| the ESDS becoming charged and tobching a conductive item (e.g. metal part or
equipment).

Electrostatic fields are not usually in themselves damaging (with a few exceptions). However
electrostatic fields help set up the¢onditions in which ESD can occur because any isolatgd
conductor (e.g. metal parts or the device itself) within the electrostatic field will attain |a
voltage. If two conductors totch (or become sufficiently close to each other) within gn
electrostatic field, and at least-one is isolated, then ESD will probably occur between them.

Alparticularly damaging form of ESD can occur when an ESDS comes into contact with a high
conductivity (low reSistance, e.g. metal) item. An ESD event occurring in this circumstange
can have a very short duration high discharge current. The susceptibility of the ESDS to thjs
tyjpe of event is_Characterized by its charged device model (CDM) withstand voltage. This tyge
ol damage can often be avoided where the device instead makes contact with a higher
rgsistance~(> 104 Q) resistance material.

5/2.1,5 How to determine appropriate ESD measures

It follows that the Tirst siep in defermining the appropriate ESD conirol 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 includgs
e
o}

tHe tasks, activities and procedures necessary to protect the ESD sensitive items at or.:abo
tHe ESD sensitivity level chosen for the plan. Although the primary focus of the plafn™is
olitline strategies for meeting the administrative and technical elements of IEC;61840-5-/,
ofher items may be beneficial to incorporate as well. These additional items might.include:
e | organizational responsibilities;

o| defined roles and responsibilities between the organization and(‘subcontractors ard
suppliers;

o| strategies for monitoring product yields and processes thaty might be important |n
determining the effectiveness of ESD control measures curréently in place or in assessing
whether additional measures should be taken;

e | approaches for ensuring continual improvement of the £SD control program;

o| a list of approved ESD control products and materials:

The administrative and technical elements of IEC ©%340-5-1 that need to be addressed in the
plan include:

¢ | training plan;

o | product qualification;

e | compliance verification plan;
e | grounding/bonding systems;
o | personnel grounding;

o | protected areas;

e | packaging;

marking.

2.2 Training plan

>

5
Training of personnel is a critical element in the implementation of an ESD control program.
s:i:stained commitment and attitude among all personnel that ESD prevention is a valuabl
c

w

ntinuing effort by everyone is one of the primary goals of training.

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.

Although personnel training can take several forms (i.e. instructor, computer based, etc.),, th
preferred technique for initial training is through the use of an instructor. Special caré<hou
bé exercised in finding a "suitable" instructor. The instructor should havea gog
unhderstanding of ESD theory and the organization’s ESD control program and the\processe
procedures and materials prescribed within. In addition, if manufacturing spans-more than or
clilture, careful consideration should be given to customs and religious beliefs. Besidg
c
:

onw o aaoo

ltural differences, other factors such as education, experience and” age should &
nsidered. 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 be
fdr the organization. Some possible training methods include:

e | in-house, instructor-led ESD class;

e | in-house, consultant-led class;

e | computer based training;

e | industry symposia, tutorials and workshops;

¢| on the job training.

ne initial training program should cover the fundamentals of ESD, the details of the

T
ofganization’s ESD control program plan, and each person's role in the ESD control program.
The training program should answer®he following basic questions:

=)

¢ | what is static electricity?

| how does it occur?

¢| how does ESD affect'product quality?

A| careful explanation® of the protection process as part of organizations policy should h

e
included. No matter“which type of training method is chosen, the program should be designgd
¢ that all trainee questions that arise can be answered. In addition, a knowledgeable persgn
n
9

]

in the organization should be available to answer trainee questions once they have begy
wprking. Opening the lines of communication is the beginning of a successful ESD trainin
program==This type of communication should continue in the workplace and form the basis fpr
an ongoing education process. It is a requirement in IEC 61340-5-1 that initial ESD training |s
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. guestion and answer sessions with an instructor or multiple choice
gliestions at the conclusion of a computer based training session. Regardless of the methqd
s¢lected, the organization should establish a pass/fail criterion for the testing to ensure
aflequate training has been accomplished. Records of all test results should be maintaineg.
The test records should be stored such that they are readily available to management arnd
curstomers who want objective evidence that the training portion of the ESD control program
plan is being adhered to.

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

Alrepository or central information source of educational ESD control materials should be kept
fgr reference at any time by organization employees. This repoSitory might include:
e | material from initial and recurring training sessions;

e| ESD bulletins or newsletters;

e | videos or CDs;

e | computer-based training materials;

o | technical papers, studies, standards and specifications;

| ESD control material and equipment.product sheets.

5]2.3 Product qualification

—

is of great importance for the_organization that new ESD control items have the requirgd
properties before being allowed into the EPA.

Libclause 5.2.3 will discuss different ways of handling the product qualification procedure pf
SD control items that.the organization is required to undertake.

m

The product qualification requirements of the ESD control items are all present in IEC 61340-
511 and IECs6:1340-5-3 with the appropriate references to the test methods; however |a
tdiloring statement might be present in the ESD control program plan that changgs
agceptance’levels or test methods, as well as adding or subtracting ESD control items to the
ligt. If"an ESD control item is added to the list, an appropriate test method and acceptange
Iirlnit should be stated in the ESD control program plan.

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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b) Test reports from an independent test laboratory. The test report should follow the

c)

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.

d) 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 24——C€ompiiance-verificationpian

5]2.41 General

Alcompliance verification plan (ensuring that the ESD control items are still functiohal) is gn

essential part of any ESD control program. While the compliance verification may)occur onj|a

periodic basis, it is considered part of the overall program. However ityshould not he

considered an audit or assessment of the process.

NPTE An assessment or audit of the process is used to confirm that the ESD control’program complies with all

the requirements 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 ¢ould lead to certification that the

E$D control process complies with IEC 61340-5-1. This type of assessment not only reviews the techniqal

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

the requirements.

5/2.4.2 Development of a compliance verification plan

Subclause 5.2.4.2 will discuss the importance of having a properly implemented compliange

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

I order for the ESD control program to be successful it is essential to develop a plan for op-

going surveillance. The plan should identify:

o| the ESD control items that will be used,

e | how often the item will be checked to ensure that it meets specification,

o | the acceptable limits for each"ESD control item used,

o| the test methods that-will be used to verify that each ESD control item is withjn
established parameters),

o | the equipment that\will be used to check the various ESD control items,

o | who will make the measurements,

¢ | what will be'done if an out of compliance situation occurs.

Cpmpliance verification should be done after an ESD control item is installed and before it |s

used.

524-3—FESPb-econtrolitems

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) grounded work surfaces;

2) personnel grounded through constant wrist strap monitor;

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

5) air ionization at each workstation.

develop a compliance verification plan. In order to establish meaningfalydata concernir
inmproving or deteriorating ESD control program trends, it is necessary to\evaluate each are
consistently every time. Many organizations find that properly).designed compliandg
verification plan helps improve consistency.

5]2.4.4 Verification frequency

The frequency for checking the function of ESD control eléments is dependent on a number
fgctors such as how often the item is used, the item’s_durability and the impact on the ES
control program if the control item were to fail. As an,example, wrist straps are often used
tHe primary ground for personnel. A ground cord, whilst being worn, is subjected to thousand

bteak. The typical verification frequency, used\by industry, for ground cords is once per sh
dlie to the ground cord’s importance to thé.success of the program and the likelihood
fgilure.

Spme organizations may want to inGrease the time between verifications of an ESD contr
item after it has been in use for-a period of time. This is typically done by monitoring th
fgilures of the ESD control item. Once the organization has evidence that there is 3
atceptable period of time where no failures were found, the time between verifications can K
increased. The new verification interval is then monitored. If an unacceptable level of failure
s| identified, then the verification frequency should revert back to the previous level.

2.4.5 Verifications

nere arg several types of verifications in use by industry today. These verifications are oftg

5

512.4.5.1 Types of verifications

T

used in“combination to maximize the effectiveness of the ESD control program.

ol stretch/bend cycles each day and the conductive wire(s) in the ground cord will eventually

D

ity

Df
D

d4s

S

ft
Df

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 ES
control footwear. A visual verification is often a good indication of whether or not an ES
control program is being followed.

D
D
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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

Il the past, many organizations were forced to develop their own test procedures “and
establish the requirements for the ESD control items that they used. However, ESD{_contrp
has advanced to the point where there are generally accepted requirements for many of the
EBD control items that are used. Establishing an ESD control programcaround the
rgquirements found in IEC 61340-5-1 will drastically reduce the possibility  that ESD
slisceptible devices will be damaged by an ESD event.

There might be instances where it is necessary to tighten the requirements. An example pf
tHis situation occurs when the organization designs an ESD control program around a devige
wjth an ESD withstand voltage of less than the levels specified in thé) scope of IEC 61340-5-1.

512.4.7 Test methods

n order to implement IEC 61340-5-1, it is a requirement that the organization follows the tept
ethods or standards specified in IEC 61340-5-1:2016) Table 1 to Table 3. It is recognizgd
that some organizations have developed their own test methods or use other standard
ethods for verifying some of the ESD control items. This is allowed under IEC 61340-5-1.(If
the organization does not use the standards" referenced in IEC 61340-5-1, a tailoring
sfatement should be included in the ESD control program plan that describes the technicpl
justification for not using the referenced standards.

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

tlis very important that everyone involved in measuring the ESD control items understands
how the measurements.are to be made. The organization should select and document
procedures for making each of the measurements. The organization should also ensure that
eyeryone involved ntaking measurements understands the testing procedures.

5/2.4.8 Test.equipment

tlis very important that the organization selects the proper equipment for making compliange
virification measurements. It is best to select equipment that complies with the equipme

=)
—

specified in the individual IEC test methods or standards referenced in IEC 61340-5-1:201
Table” 1 to Table 3. Each of the technicians should be trained in how to properly use the
measuring equipment.

O

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?

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

The ESD assessor should have a good understanding of the processes that they will be

assessing.
2.4.9.2 Reporting of assessment findings
is important to keep management informed about the status of the ESD congroh program.

his can be accomplished through issuing reports at the completion of an assessment. The
SD coordinator will need to classify the severity of each non-conformahce. Major non-

-

cpnformances should be addressed before those considered to be mifor in nature. For

Si
p

T
a

gnificant ESD non-compliance issues, management should be notified immediately so that
oper resources can be assigned to correct the problem.

nere are many ways to make management aware of the ESD findings. Assessment charfs
e commonly used to report the assessment results. The chartjat a minimum should identify:

the number of findings;
the type of finding;
the area assessed.

5> A Manufacturing\ine #1, 2012
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I Equipment function —— Static generators
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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 control
program and the items that are the largest source of non-conformances, as well as the fact
that the ESD control program is decreasing the number of findings. However the target level

is

not reached by October.
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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

e-u.nli—:nn thao volinaao acraco All tamec and ~arcanna L and oliminatac tha ~chaonecno ~Af A0 O
ooz ot eV oo gt CTroso—Tarm— teriro—ara— P CTroorm e oo C o tc ot~ oot Co— oo

eyent to ESD sensitive devices from those items in the bonded and grounded environment.
Electrostatic protection can be maintained at a potential different from a "zero" voltage-grour|d
rgference 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 placed |n
IHC 61340-5-1, is less than the upper limit of resistance of some packaging material. Some
myaterials, which are acceptable for packaging applications should ne} be used as |a
grfoundable surface when working on unprotected ESDS.

It|] is important to understand that insulators cannot lose theiry électrostatic charge by
connection to ground. The handling of insulators is dealt with in,§/3.3 d).

The following subclauses are provides guidance and procedures needed to establish gn
effective path to ground. This discussion is limited to graunding for ESD purposes.

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 ¢n an EPA is at the same electrical potential is o
electrically bond all conductive components of the work area (work surfaces, peoplg
equipment, etc.) to one of the following-points:

a] common ground point connected to protective earth or functional ground, or

b} common connection point.

The layout and terminalogy used to define electrical power systems may vary betwegn
dFerent regulations, and standards, but the general principles should be similar.
N

vertheless, organizations should consult |IEC 60364-1 and national electricpl
des/regulations.before connecting any ESD control items to electrical power systems.

3.1.2.2 Grounding using protective earth

5

The preferred ESD ground utilizes the protective earth, also known as equipment grounding
conductor, which is a part of the electrical power system. Using protective earth as ESD
grfound for ESD control items ensures that the ESD control items and all powered electricpl
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.

Alreal life example of this is often observed in office equipment field service operations. F
safety reasons, the service technician will often disconnect the AC power cord which detachyg
tHe equipment from ground. In order to install ESD sensitive boards or components ‘into th
equipment it is necessary to electrically connect or bond together the service technician, tH

npt occur between bonded items when the technician handles the product or_installs it in th
office equipment.

513.1.3 Additional grounding considerations

Alrcraft, ships and surface vehicles typically have a ground bus of)ground conductor that
su‘itable for use as an ESD ground. This scenario is similap<to- the equipotential bondin
situation.

It|is a good practice for each grounded work surface«to:be directly connected to commg
ground point. Figure 2 is an example of the recomimended method. Many organization
hpwever connect work surfaces to ground in series-as shown in Figure 3. Connecting the wo
slirfaces together in series can lead to a situation where multiple work surfaces beconi
detached from ground if the single grounding wire breaks and therefore this type of groundirn
method is not recommended.

equipment frame and the ESD sensitive product. Once bonded together, an ESD ‘event wj

IEC

Figure 2 — Example of individually grounded benches - Recommended
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Figure 3 — Example of a series ground connection of benches.—-Not recommended
3.1.4 Verification of ESD grounding system
3.1.41 Protective earth
bcessary to verify the integrity of the electrical systém. The values used can vary depending

h the electrical code requirements in each country. However, there are certain items that

5

5

Fopr ESD control programs that use the protective earth)to ground the ESD control items it |is
o

should be checked for any ESD control program that uses the protective earth.

The impedance of the protective earth should meet national electrical code requirements

o | The electrical system is correctly wired to ensure that the ESD control items are attachgd
to ground and not to an energized;portion of the electrical system.

3.1.4.2 Functional ground

5

When a functional ground_.is"used it is necessary to verify that the ground rod system mee}s
national electrical codes for such systems. If no code exists then measure the resistange
between functional ground and protective earth and check that it complies with the specifigd
value of IEC 61340-5-.

5/3.1.4.3 Equipotential bonding

Where ap~equipotential bonding system is used, it is important to verify the electricpl
connection“between common connection points.

513:1v5 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 proteft
devices sensitive to human body model voltages of 100 V or greater. To maintain a persons
bpdy voltage to less than 100 V, the body should be electrically connected to gretnd ¢r
differences in potential should be eliminated by bonding all of the ESD control*elements
tqgether.

With a grounded system, there should be some degree of assurance that-thé body voltag
rgmains below 100 V when connected in series with a resistance to ground: This resistance
a|key factor in limiting the voltage observed on the body. For a givenxbody movement, tH
voltage achieved increases with resistance. Tests have shown that a'resistance of 3,5 x 107
or less is necessary to limit body voltage for personnel using a wrist'strap system to less thg
100 V. Figure 4 shows the relationship between body voltage.@and resistance to ground for
given experimental setup. For an ESD control program that uses ESD control footwear ar
flporing to ground personnel, the situation is more compléx:“As people walk across an ES
control floor while wearing ESD control footwear, it is, difficult to predict the voltage on
person's body due to the constantly changing body capacitance and the continuous chargir
and discharging of the person.

Qo U0 >0 0n 0

100

Voltage (V)

50

0 >
0 10 20 30
Resistance (MQ)
IEC

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
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 w
become a physical impediment to the wearer. In these situations, organizations will often re
on a footwear-flooring system to ground their employees.

5.3.2.4 Footwear-flooring system

's

ill
ly

Personnel may also be grounded through use of a flooring and footwear system. This methg
s| useful when personnel require mobility or stand in areas where wrist straps are not feasib
and ESDS items should be handled or transported. The ground path is maintained throtigh th

u
flporing systems may be installed to provide a back-up ESD control item Afep personn
grounded with a wrist strap system.

When footwear-flooring systems are used as the only grounding systeny for personnel, tH
rgsistance to ground including the person, footwear, floor and body voltage generation neeq
tq be less than specified in IEC 61340-5-1, under worst case environmental conditions. F
tHis reason it is good practice to test at different times of the year when different humidi
conditions may be experienced so that worst case conditions can‘be found.

For reasons such as safety, minimum resistance limits shoduld be considered with reference
cal regulations.

Q

Spme of the ESD control footwear options include ESD control shoes, sole and he
grounding straps and shoe covers. If the ESD.control footwear does not completely cover tH
underside of the foot, charge generation may.'occur, especially when a person is walking. A
example of this occurs with the use of heelstraps. The following chart (Figure 5) shows tH
voltage on a person’s body as they walkacross a grounded conductive floor while wearin
two heelstraps. The voltage on the pekson’s body is not controlled because the heelstrap
not in continuous contact with the conductive flooring surface.

te of dissipative or conductive floors and dissipative or conductive footwear.n\Footwea-

d
e
e

a)

el

e
S
DI

Ly



https://iecnorm.com/api/?name=4f0d1586af7a07a5e95f8179805d4a3a

IEC TR 61340-5-2:2018 © IEC 2018 - 25—

250

225 A

200 A

175 -

150 A

125 A
100 A
75 -

50 -

I -

-25 4

Voltage

—-50 4

-75 4

-100 1 | 1 1 1 1 | 1 1 1 1 1

v Time (s)

IEC

Figure 5 — Voltage reading on person walking across grounded conductive floor
whilst wearing two heelstraps

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

TWwo complementary test methods are used to measure the footwear-flooring system
cpmbination with'a person and described in IEC 61340-4-5.

a] The {first test method was developed to measure the electrical system resistance of flo

DI
e

materials in combination with a person wearing ESD control footwear. This test can |

test method can bhe used to characterize any ESD cantrol floar material These include

Used to evaluate systems prior to installation or it can be used with installed floors. Thls
Il

floor coverings (e.g. tiles, carpets, epoxies, laminates, mats, paints/coatings or floor
finishes).

b) The second test method provides a way to characterize the ESD behaviour of floor
materials and footwear by measuring the charge generation of the floor, 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=4f0d1586af7a07a5e95f8179805d4a3a

- 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
net available) to equalize electrical potential among the items. The size of an EPA can vafy
greatly. An EPA may be a permanent workstation within a room or an entire factory flopr
encompassing thousands of workstations. An EPA may also be a portable worksurface/or mat
as used in a field service situation.

HC 61340-5-1 places several requirements on the handling of ESDS as follows:

1) ESD sensitive devices should be handled inside an EPA. This meansthat at any operatign
where unprotected ESDS are handled, all of the items that potentially could come injo
contact with ESDS should either be connected to the defined ESD ground or connectdd
together to form an equipotential bond. If the ESD sensitive device should leave the EPA
it should be protected from damage. ESD protective packaging or specially designgd
carriers can be used to transport ESDS from one EPA to another.

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

identify protected areas so that all people entering the area, including visitors, are awafge
that special precautions are needed. Some examples of appropriate signs/markings afre
physical signs, floor tape outlining the border of<the EPA, different coloured floor tiles pr
any other method that defines the border of @n~EPA. The organization should ensure thpat
ESD awareness training clearly describes to.the new employees the rules for the EPA arnd
how it is identified.

3] Access to the EPA is restricted to“personnel who have trained on EPA protocols
appropriate to their role in the ERA}.for example cleaning personnel are trained not o
handle ESDS when inside the ERA® This is sufficient training to enter the EPA in this casg.
In situations where suppliers,-gustomers, new employees or other visitors need to entge
into the EPA, they should.(be escorted by a person who has completed appropriaje
training.

4] The organization should ensure that the electrical potential on any isolated conductofs
that come into contact'with ESDS will not exceed 35 V with respect to the ESDS.

5) All non-essentjaliinsulators need to be removed from the workstation or any operatign
where unprotected ESDS are handled. Insulators required as part of the manufacturing
process need”to be checked to determine whether or not they pose a threat to ESD
sensitiveydevices.

5]3.3.2 Insulators

All.mon-essential insulators (plastlcs and paper) such as coffee cups, food wrappers arnd

[ Y ol Ha b fronma +h rleatati AL 1 hara tinn e 4 $ d
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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.

513.3.3 Isolated conductors

ISolated conductors that come into contact with ESDS should be avoided when pessible. An
EBD control item should not have ungrounded conducting parts or insulators. When
establishing an ESD control program plan, if a conductor that comes intoccontact with gn
EBDS cannot be grounded or equipotentially bonded together, then thesprocess should
ensure that the difference in potential between the conductor and the coentact of the ESDS |s
leiss than 35 V.

oz

DTE The 35 V limit is related to the level achievable using the ionizers specified in IEC 61340-5-1 (see al§o
3.3.4.6 in this document).

This can be accomplished by measuring the ESDS and the eonductor by using: a non-contapt
electrostatic voltmeter or a high impedance contact electrostatic voltmeter.

Ekamples of possible isolated conductors are; test probes, bond wires, hand tools ard
transport rollers,

5{3.3.4 ESD control items

NOTE Subclauses 5.3.3.4.1 to 5.3.3.4.9 describesnsome of the various ESD control items that can be used whe¢n
dgveloping an ESD control program that is compliant with IEC 61340-5-1.

3.3.41 Work surfaces
3.3.411 Introductory.remarks

5

5

Work surfaces play a critical role in the design and implementation of an EPA. Work surfacgs
designed for ESD control are used in production and repair areas as well as in field servicg.
Most areas where unprotected ESDS are handled, repaired or tested require some form of|a
wprk surface desighed to dissipate electrostatic charges. The work surface is a majpr
component ing establishing a local static safe work environment. The work surface |s
considered hby:*most of the industry to be the second most important element of an ESD
control program, personnel grounding being most important.

Thesmain purpose of a properly grounded work surface is to ensure that the items being
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.

513.3.4.1.3 Work area activities

The type of work being performed at the location will determine the type of work surnface th
required. If the items being handled are sensitive to mechanical shock, then a'eushionirn
wprk surface material may be required. If heavy products with sharp edges are foved arour
tHe work surface, then a more durable surface may be necessary. Opgrations whe
ersonnel are exposed to high voltages may require the use of work surfaces/that will limit th
lrerrent if the power source comes into contact with the work surface. Wofk surfaces used
cleanrooms may also require special consideration, including particulate contamination ar
olitgassing properties. Flammability of work surface materials may need investigation
satisfy corporate requirements, insurance carriers, or safety ratings.

&

QT

5/3.3.4.1.4 Permanency of the work area

n selecting work surface materials, a good understanding of the operation is necessary
sure that the correct materials are selected. Consjderations include the following:

@

o| Field service activities often necessitate a completely portable work surface that may fit
a tool kit or pocket of a field service engiheer. This work surface should be designed g
that it can withstand continual handling ‘and frequent connection and disconnection fro
ground. The work surface might also néed to last for years in the service engineer’s to
kit.

o| Overspray or spillage of conformyal coating chemicals, which may be applied to PCB f

surface may no longer func¢tion. For these situations a disposable work surface might f
more cost effective.

3.3.4.1.5 Physical.considerations

5

Most work surfaces~require a degree of durability. Durability factors that should be considere
are hardness, abrasion resistance and tear resistance. Some work surfaces may requi
special heat-resistant materials. Soldering stations, for example, may need work surfacg
designed toresist heat.

Appearance is often an important factor in selecting a work surface. Colours also may |
used to’ distinguish specific operations or establish corporate identity. Light reflection may &

example, can increase the workisurface’s resistance to ground to the point where the wof

O Q>0 QaQ

(0]

e
e

an_important ergonomic consideration. Portable work surfaces should lay flat on the substrat

:I

Curlmg with age should be a characteristic that is investigated during the quallﬂcatlon
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.
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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_electricp
properties. The resistance to ground and point-to-point resistance values may need to Qe
creased where line voltage is present.

=

NPTE DC resistance measurements might not be adequate for making electrical safety decisions.
5]3.3.4.1.9 Types of work surface materials
513.3.4.1.91 General

Alwide variety of work surface materials and forms exist, with\more being developed all the
e. The properties of these different materials vary (mechanical, physical, and electrical).

Spme work surfaces, particularly mono-layer and high“pressure laminates, may have soni

degree of humidity dependence. These materials should be tested for acceptable performang
al low humidity prior to selection and installation{ If a minimum resistance is specified, either
fgr electrical safety reasons or because CDM-damage is a concern, additional testing shou|d
b¢ done at high humidity.

5/3.3.4.1.9.2 Mono-layer work surface materials

ono-layer or homogeneous work-surface materials are those that have the same electricpl
and physical properties throughout the bulk of the material. Rigid surfaces and flexible mpat
tyjpe materials are available in-different resistance ranges. Point-to-point resistance (R,_,) and
rgsistance to ground (R,)-measurements may change with distance between the electrodes or
beétween the electrode and’the groundable point of the work surface.

513.3.4.1.9.3 Multi-layer worksurface materials

ulti-layer weorksurface materials typically consist of two or three distinct layers. The tqp
slirface is ‘@ormally a layer of dissipative material, varying, by product, in thickness and
electrical'\properties. The next layer is generally highly conductive. Some forms have a bottom
Iayer that is made from either insulating or dissipative materials. Electrical resistance from
point-to-point and resistance to ground are generally consistent, regardless of the distange
between electrodes or between a Qinglp electrode and the worksurface’s grnlmdahlp pnirt_
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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resistance is specified, either for electrical safety reasons or because CDM damage is
concern, additional testing should be done at high humidity.

5.3.3.4.1.9.5 Mat and runner (rolled) materials

a

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

3.3.4.1.9.6 Field service/portable work surfaces

5

Pprtable work surfaces in a variety of forms (mono-layered or multi-layered) are available
meet established requirements and the same ESD control needs as those used_ if_non-remo
afeas. Typically, field service work surfaces are designed to fold up and fit i a’tool kit or
pocket of a field service engineer.

513.3.4.1.10 Testing
A| procedure that can be used for testing the electrical resistanceof work surface materia

can be found in IEC 61340-2-3. Use the test method describéd for making point-to-poi
rgsistance and resistance to ground or groundable point measurements.

3.3.4.1.11 Qualification

5

Ap part of the selection process, work surface samples are often qualified under laborato
conditions where parameters such as humidity,({femperature and test voltage are controlle
Upless otherwise specified, test parameters specified in IEC 61340-2-3 and IEC 61340-5
should be used.

513.3.4.1.12 Initial installation or acceptance

hen first installed, work surfaces\should be tested to make certain that they are function
and meet specifications. Typically, the resistance from the top of the work surface to ground

syirface is connected to ground should be carried out before ESD sensitive devices a

handled on the work surface. It is recommended that point-to-point resistance measuremen
bé made after installation in order to understand the characteristics of the material.

513.3.4.1.13 Periodic tests

Periodic testing of work surfaces is necessary to ensure that they continue to me
ecifications. Resistance to ground measurements are typically used to verify that the pa

sistance readings:

easured to ensure that the.work surface has been properly installed. Verifying that the wof

h
ground is intact. In cases where the resistance to ground measurement exceeds the
tablished resistance limits, the following steps can be taken to identify the cause of the high

a

Is
ht

Y

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

e 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 th

is

might lead to a further investigation concerning the cleaning practices used by the

organization.

e 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.
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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 maintajn
proper electrical function of all work surfaces. Ensure that the cleaning products used do npt
Tve an electrically insulating residue which is common with some household cleaners” that
contain silicone.

5/3.3.4.2 Wrist straps
513.3.4.2.1 General description
T

he wrist strap is a device used to keep personnel at the same electrical potential as the ESD
sensitive item(s) they are handling. In most cases this is affected by, a connection of both the
person and ESDS to ground or to a common connection point when an equipotential bondirg
system is used. Subclause 5.3.3.4.2 covers practical information for the use, care and
periodic checking of wrist straps.

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

a

3.3.4.2.2 Band

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

—
o

Bpnds almost always have a hypgallergenic metal plate, usually stainless steel, under the
buckle or snap head to ensure_good skin contact. The remainder of the band generally has|a
conductive skin-contacting surface. This ensures that there is complete 360° of contaft
be¢tween the band and the.person’s skin with this type of band. While other designs also exipt
that may not have 360° of contact, those that do are the most prevalent in use today.

Bands may have™a  quick-parting, electrical-mechanical connector that mates with
corresponding connector on the head of the ground cord. This connector serves tw
plrposes. Firsty. it is a physical connection for attaching the ground cord. Second, it is th
groundable{point on the band. Quick release is an important feature of the connector. TH
b
u
b

® ® OO

=
—

eakawaly force should be low enough to allow easy release, but high enough to preve
hintentional disconnection. If the breakaway force is too light, the ground connection cou
e Jost/without the knowledge of the wearer. Experience has shown that for conventiona
single-conductor wrist straps, connectors that part with a force of 13 N to 36 N a
satisfactory.

TQ

(0]

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

Flectrode 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 groundcor.-to a commqgn
connection point. It usually consists of an insulated wire with a connector ft¢ad that attachgs
tq the band on one end and a termination device on the other end for connecting to groungd.
Ground cords usually contain a current-limiting resistor at the band-connécting end.
At first glance, the ground cord appears to be a relatively simple” assembly. However, the
deésign requirements are considerable, given the wide range\of user applications and the
durability requirements of constant tugging, flexing and dragging over the edge of workstatign
tdps and equipment chassis.
Ground cords are available in varying lengths, straight wire or retractable coil cords, resistofs
il one end or both ends, various colours and seveta) types of ground termination devices. The
wjre can be multi-stranded linear or helical wolUnd tinsel. The insulation can consist of |a
dluirable polymer, a tough synthetic rubber or, vityl.
Ahy electrical connector that can be “attached to ground is acceptable as long as it |s
miechanically durable. The preferred grounding point for the groundable end of the cord is|a
common ground point or common cennhection point (see 5.3.1 for further information).
Many wrist strap users have_been observed to clip the ground cord to the edge of an ESD
protective mat. This process is not recommended as it can increase the total system
rgsistance to ground to over the 3,5 x 107 Q limit required by IEC 61340-5-1.
5]3.3.4.2.4 Wrist strap use and selection
513.3.4.2.41 Limitations of use
The wrist~strap is an effective system for grounding people who handle ESD sensitiye
myaterialss However, it is important to emphasize that while the wrist strap grounds the skin,|it
does hot' provide a means to eliminate static charges from clothing and footwear, unless thege

téems 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;

® [ STTdp uunfigwaiiun,
e| ground termination connector;

comfort.

Human comfort plays a major part in the selection of a wrist strap design since the’ wrist stra
has to be worn continuously. It should not detract from the efficiency of any work functio
There are numerous designs that incorporate various techniques for providing reliable sk
:Entact. These wrist straps range from fabric woven with conductive fibrés to metal flexib

0 5 OO

—

c
bands or other special use designs. The ultimate selection will beup*to the user since
should be compatible with the process.

3.3.4.2.5 Wrist strap testing

ogram not only tests the wrist strap itself, but also indicates the quality of the skin contapt
hen performing a system test. Wrist strap bands‘that are soiled, incorrectly sized o¢r
rIproperIy worn will show resistance higher than acceptable. Changes in weather and people
can affect ground resistance. Dry skin often lead§’t0" high resistance indications.

5
Because wrist straps do not last forever, they should beltested periodically. A good testing
p
w

a

3.3.4.2.6 Reliability testing

A| major factor in selecting and using “wrist straps is reliability. Stress testing to predict
rgliability is expensive and best perfofmed by a qualified laboratory.

Apalysis of the wrist strap toxdetermine the nature of the failure can be useful. Areas pf
concern include skin contactfailure, ground cord failure and connector failure. By collating the
data on a periodic basis,-it\is possible to determine trends for particular manufacturers and
sfyles. This information will be useful when making further purchasing decisions. Use of wrist
sfraps that exhibit inadequate life span should be discontinued, regardless of the failufe
mlode.

513.3.4.2.7 Additional user wrist strap testing

The testing/described here is more than a test of a wrist strap; it is also a test of the quality pf
the connection the band makes with the wrist. It is a test of the wrist strap in an ‘as usep’
configuration, referred to as a system test. The purpose of testing the wrist strap as a system
isLto-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.

a

3.3.4.2.8 Test procedure

While wearing the wrist strap, connect the loose end of the ground cord to the tester terminpl
and depress the test button or touch the metal test surface with a finger or hand. If the
rgsistance is over 3,5 x 107 Q, test the cord alone for continuity. If the resistange’of the cofd
alone is approximately 1,0 x 108 Q, check the fit of the band around the wrist-and adjust it for
a([snug fit. Snap the cord back on the cuff and retest. If the resistance is stil6ver 3,5 x 107 @,
sIbstitute a new band. Electrical breakages within the cord can be chéecked by flexing the
cord during measurement.

If[the resistance is still too high, dry skin might be the problem) Dry skin conditions can he
rgsolved by applying moisturizing lotion on the wrist and repeating the resistance test agai
The moisturizing lotion should be one that is compatible with process requirements and dogs
npt cause contamination.

-

P4

DTE Metal expansion bracelet style wrist bands can trap moisture underneath and can be more effective flor
pgople with dry skin.

3.3.4.29 Test frequency

5

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

Because wrist straps have a finite life, it is important to develop a test frequency that wjll
gliarantee integrity of the system. Typical test programs recommend that wrist straps that afe
used daily should be tested_daily. However, if the products that are being produced are pf
syich value that a guarantee of a continuous, reliable ground is needed then continuous
onitoring should be considered or even required.

513.3.4.2.10 Current limiting

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
gfounding point, ground cord, band and body during normal operations. Audible and/or visupl
arms indicate possible failures are brought to the attention of the operator.

a

3.3.4.2.12 Different type of wrist strap monitors

a

3.3.4.2.12.1 General

nere are different types of constant monitors sold in the market today. All-are designed with
e intention of notifying the operator of a wrist strap system) failure. Subclassgs
3.3.4.2.12.2 t0 5.3.3.4.2.12.5 describe the various monitors that are being marketed today.

S

3.3.4.2.12.2 Capacitance constant monitor (single wire)

5

When a person is connected with a single wire wrist &trap to the capacitance constant
myonitor, the monitor circuits detect the person and his celation to ground. The person’s bodqy
capacitance to ground is used as a return path for, af)AC sensing signal. A benefit of thjs
approach is that both the wrist strap—body connéction as well as the monitor ground
crInnection are tested. Disadvantages are that the\monitor may have to be adjusted for eagh

individual and that false alarms can be produced by changes other than a poor fitting wript

band or broken wire.

3.3.4.2.12.3 Impedance constant ' monitor (single wire)

5

This type of monitor is working on thé’same principles as the capacitance monitor, however
oyercome the disadvantage of-the capacitive monitor a detection circuit is imbedded
eliminate adjustments and to reduce false alarms. The phase difference between current ar
viltage of a very low AC current is used to detect impedance changes in the loop: groun
cord, band and wearer.

O 0 00

3.3.4.212.4 Resistance constant monitor (dual wire)

5

The principle of operation of these monitors is based on observing the resistance of the log
ground cord;,ene part of the wrist band, operator skin, other part of the wrist band and secor
ground cord: If one of the parts in this loop comes outside the specified limits, or even worg
opens, an-alarm is given. To avoid skin irritation due to the constant application of DC voltag
(which is used for sensing) some DC wrist strap monitors utilize a pulsed signal. The applig

vopltage to the wrist strap can vary from <1 V DC to 16 V DC depending on the monitor
d&@ﬁﬂrmmmmvmmm —ThisT f f f f ' fti SDS:

5.3.3.4.2.12.5 Body voltage constant monitor (dual wire)

nw o d® d® AT

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.


https://iecnorm.com/api/?name=4f0d1586af7a07a5e95f8179805d4a3a

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

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.

o| Measure the open circuit voltage on the wrist strap when installed according/te” the
manufacturer’s instructions.

¢| In case of a dual wire wrist strap both halves of the wrist strap band have torbe’ measuref;
measure the induced voltage of the constant monitor on the wearer, wheh the persgn
under test is standing on an insulator and holding an electrode which is~¢onnected to the
measurement equipment.

513.3.4.2.14 Summary

o | Wrist straps provide an effective means for maintaining persennél at ground potential or gt
the same potential as the item(s) being handled. People who*are at ground potential or|a
potential the same as the ESDS they are handling, cannoty discharge to the ESDS whenl|it
is handled or touched.

o| Wrist straps usually have a current-limiting resistor_typically 1,0 x 106 Q, molded into the
ground cord near the point where the cord attachés to the cuff. The resistor usually has|a
working voltage rating of 250 V.

e| Wrist straps are sometimes supplied with 4,0 x 108 Q resistor molded into both ends pf
the ground cord when both ends of the cord have the same type snap connector.

o| Wrist straps should not be worn by personnel where they could come into contact with
voltage over 250 V.

eo| The ground cord of the wrist strap should have a quick release connector to the cuff §o
personnel will not be tied to_the workstation.

e| The band of the wrist strap should be worn comfortably snug around the wrist while
making full skin contact:

e| The ground cord of the wrist strap should be connected to a common ground point or|a
common connection point. Do not connect to a snap on a dissipative mat unless it is the
groundable peint'for the mat. Do not clip a wrist strap to the edge of a dissipative mat.

o | Wrist straps'should be tested on a regular basis with daily testing being recommended.
5/3.3.4.3 Static protective floor materials

5/3.3,4.3.1 Introductory remarks

A common cause of stafic 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

straps in critical processes),
e grounding of ESD control items such as:
— mobile carts,
— ergonomic stands used to raise the product to an employee’s working height,
— workstations,
— seating.

Floor coverings, mats, paints and coatings help control static charge by providing a path

mloderate electrical conductivity from the human body or ESD control item to ground:~Mar
flporing products use a conductive material, such as carbon, metal or other additives, th
extends from the surface of the material to an underlying substrate such as“\conductiy
adlhesive. The floor material is then connected directly to ground.

Floor finishes and topical anti-stats, on the other hand, function by two separate mechanism
First, they reduce the surface's tendency to generate a static charge.-Second, they provide
path for the dissipation of charge. If the floor finish or topical anti-stat is used for prima
grounding it needs to limit charging while dissipating it to ground,

513.3.4.3.3 Grounding personnel using footwear-flooring

Grounding through the floor is dependent on the type of footwear that is in contact with th
flpor. Typical street or industrial footwear have insulating rubber, crepe, or polyurethane shg
sples. These materials insulate the wearer from~the floor and generated charges cann
rgadily flow from the body, through the insulating’shoe sole and the floor material to ground.

Studies of ESD control floor materials indicate that charge generation and dissipation ratg
mleasured on a person's body vary with thedype of footwear worn as well as the floor materig
The levels of performance depend upan‘the combination of floor material and footwear. Th
proper selection of footwear flooring combination is critical to achieving the requirg
performance of static protective flogr materials.

513.3.4.3.4 Benefits of floor materials

The main benefit with floor/footwear systems is to give the operator continuous, reliab
grounding with freedem -of movement within the working area. The floor helps to incorpora
s¢veral independentiEPA workstations to a single working area. It provides a means
grounding chairs; trolleys and other mobile equipment.

513.3.4.3.5 Limitations of floor materials

Floor miaterials also have some limitations. When used to ground people, it is important th
the person maintains electrical contact with the ESD control floor at all times. In order to g

Df

y
At

e

<o 7

(o]

this\the person _should have foot contact with the floor. This is the primary reason th

At

IEC 61340-5-1 requires a wrist strap for seated operations.

The use of floor materials may be limited by installation considerations. For example,
concrete floors may contain excessive amounts of moisture which may restrict the installation
of resilient floor coverings. ESD control carpets might not be practical for processes where

there is excessive water spillage.

Some static protective flooring materials cannot withstand the weight of heavy vehicles such

as forklift trucks.
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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.

When selecting static protective flooring, it is important to consider the needs of the entife
process.

a

3.3.4.3.6 Types of floor materials

n

oor material options can generally be classified into permanent and sefMi-permanent ¢r
bn-permanent materials. Some of the major advantages and disadvantagées) of each materipl

>

type are discussed below. These following floor material types are exarmples that are on the
miarket. Other types might be available or developed in the future.

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 tile ard
sheet goods, epoxy coatings, high-pressure lamjnates, and carpet. As a group, thege

myaterials have an extended use life and provide protection over a broad physical area.

3.3.4.3.7.2 Rubber and vinyl tile and sheet goods

5
REesilient floor coverings are the most freguently used permanent floor materials. The materigl
cImposition is usually rubber, vinyl, or winyl composition. Material form can be either tile or
sheet. Resistance ranges are typically from 104 Q to 102 Q point-to-point or resistance o
ground. Resilient floor coverings -offer resistance to many commonly used chemicals. Mopt
mjaterials can be welded and selfscoved for seamless installation in clean rooms. They can he
applied to raised floors. Vinyl floor materials may require more maintenance than othér
permanent flooring alternatives; rubber flooring requires somewhat less maintenance thgn
vinyl. Some resilient floars may be slippery, particularly when wet. They may be adverse]y
alfected by heavy vehicular traffic. The presence of carbon in some of these materials may
rgstrict their use in~some clean room applications, although the abrasion resistance of thege
aterials is quite;~good. Additionally, vinyl flooring systems may outgas and may not Qe
applicable in seme 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 mofe
in thickness, but also can be installed in a thinner gauge (see 5.3.3.4.3.8.5). They have goqd
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
véhicular 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

ncludes interlocking tiles, mats, floor finishes, topical anti-stats, and jpaints and coatingp.
Their life expectancy is less than that for permanent materials and they-require periodic r¢
treatment or replacement. The single most striking characteristic of these materials is thgir
flexibility and ease of use.

5]3.3.4.3.8.2 Floor mats

Floor mats are available in a variety of types and styles ranging from soft dissipative mats o
hard conductive mats. Their portability and ease aofyuse provide for customization and
flexibility of work space design, particularly when ESD control requires protection in limitgd
afeas. Easy replacement of mats allows their use’ around wave solder machines or other
equipment where major chemical spillage canndamage many floor materials. However, mats
tgnd to curl, create tripping hazards and.complicate floor maintenance. They are algo
expensive if ESD control flooring is required, throughout a complete area. Their applicability |jn
clean rooms is limited due to contamination of the clean environment. Additional attention fis
rgquired to ensure a mat is continuously connected to ground.

5]3.3.4.3.8.3 Floor finishes

Siatic-limiting floor finishes cmay be applied to a variety of non-ESD control floors: standa
vinyl, rubber, or vinyl composition tile, or existing ESD control flooring, to reduce th
géneration of electrostatic charges. As a floor finish, they protect and they improve tH
appearance of the floor, and make floor maintenance easier. Floor finishes have flexibility
use, can be applied throughout a facility, and can provide whole area protection. Theg
mjaterials also have some disadvantages:

® 300 Q

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

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

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

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
r%ethod is designed to operate in the range of 1,0 x 10% Q to 1,0 x 10"° Q. IEC 613404511
c

rgquires that the maximum test voltage used for flooring systems used as part of an. ESD
ntrol program does not exceed 100 V.

3.3.4.3.9.2 Product qualification

5

For product qualification test, floor material samples are evaluated, under laboratofy
conditions where humidity, temperature, and resistance meter test voltage’s are controllef.
Resistance 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

When first installed, the floor materials should be tested- to* make certain that they afe
functional and meet specifications. Typically, the resistange‘from the top of the floor materip
td ground is measured to ensure that the floor materialchas”been properly installed. Verifying
tHat the floor material is connected to ground should be' done before ESD sensitive devicgs
afe handled.

3.3.4.3.9.4 Compliance verification

5

Cpmpliance verification testing of floor materials is necessary to ensure that they continue fo
meet specifications. Resistance-to-ground measurements are typically used to verify that the
path to ground is intact. In cases where the resistance to ground measurement exceeds the
established resistance limits, the foléWwing steps can be taken to identify the cause of the high
gsistance readings:

—

o | Verify visually (if possible)that the floor material is connected to ground.
o | Clean the resistance ‘measuring electrode.

o| Clean the surface. of the floor material. Sometimes a dirty surface can cause the
resistance to exceed acceptable limits. Once the surface has been cleaned and allowed {o
dry if a liquid_cleaner is used, repeat the measurement. If the second measurement |s
within specification this might lead to a further investigation concerning the cleaning
practices‘used by the organization.

The frequency of periodic testing is normally specified in the ESD control program
planlcompliance verification plan. However, a common guide would be to conduct thege
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
dﬁscrlptlon of ESD control footwear and its proper application in conjunction with other ESD
control mechanisms. Suggestions for testing and evaluating footwear for use in_ ESD
protective environments are included. Considerations in subclause 5.3.3.4.4 are restficted fo
fdctors relating to ESD control. It may be necessary to also consider other factors-such 3s
safety issues.

The wrist strap is the first line of defence in personnel grounding. Many”manufacturing
operations are inhibited and production processes slowed by the use of-wrist straps. Mobile
personnel can be difficult or inconvenient to ground, with a wrist strap,.In<these cases wearing
EBD control footwear on ESD control flooring can provide an alternative’ grounding method.

There is a wide variety of footwear grounding devices availableXSelection of the appropria
device needs to be based on ESD control requirements, organizations safety requirement
and cost effectiveness. Just as there are many choiceslin“footwear, there are also mar
c
a

s< o

hoices in ESD control flooring and floor treatments. It is important to consider floor, footwea
nd individual as three distinct components functioning‘as a complete system.

3.3.4.4.2 Types of footwear

3.3.4.4.2.1 Factors influencing choice’of footwear

=3

hysical make-up and cultural profilesiof personnel, visitors, job descriptions, and budget. It |s
ntirely possible that multiple types”of footwear will be incorporated into an ESD contrp
ogram.

5
5
The type of footwear that is used may>be influenced by the following: facilities, gend¢
p
e
p

3.3.4.4.2.2 Heel and.toe grounders

5

Heel and toe grounders .are used for employees and visitors in an ESD controlled area. Hegl
and toe grounders_should be worn on each foot. If worn improperly, heel and toe groundefs
bécome ineffective..Heel grounders can easily lose contact with the floor and therefore, may
rgquire more monitoring than other types of footwear. It is important that the conductiye
ribbon has geod electrical contact with the person’s body through direct contact with the

person’s skin or by connection through the person’s socks.

513.3,4.4.2.3 Booties and shoe covers

Booties and shoe covers are often used in environmenis 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 unprétectgd
afea to a protected one, or moves about on an ESD control floor, should be evaluated. As|a
person contacts an ESD control floor material with ESD control footwear, theyhody charge
should dissipate within a few seconds.

5/3.3.4.4.4 Testing
5]3.3.4.4.41 General requirements for testing

Fpotwear testing should include an initial product qualification test, preferably laborato
tgsting under controlled conditions (see IEC 61340-4-3). Onge products are found to meet tH
existing standards, a system test of the footwear in combination with the existing or proposg
flpor materials in the plant should be made to ensure that'the criteria for the facility are msg
Ifcoming inspection on a lot sampling basis should be performed for all ESD control footwea

o<

IHC 61340-4-3 is used for evaluating ESD control footwear. The test method describgs
procedures for initial laboratory evaluations asiwell as acceptance testing.

IHC 61340-4-5 was developed for measuring the system resistance of the person, footwear
and flooring combination as well as chargeability testing of people walking on ESD contrpl
flporing while wearing ESD control feotwear.

513.3.4.4.4.2 Common testing problems

Often, testers used for ipn~plant monitoring indicate only that the resistance of the system |s
between two set points. ‘Many testers, such as wrist strap testers, do not have set points o
agccommodate the acétual resistance ranges of ESD control footwear. The recommendgd
approach is to useaytester designed specifically for footwear.

Ofccasionallysfootwear may indicate a high resistance. Outside of the shoe material itsglf
being a cohfributor to high resistance, the wearer’s skin (if dry), thick insulating socks, the
albsence of/a sweat layer due to differences in temperature between the inner surfaces of the
shoes and the wearer’s feet or contaminants such as wax build up from office area flooring
canfeause the resistance to exceed acceptable levels.

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 mofe

echanical parts, a variety of constituent materials and several connection points betwegn
these materials and parts, it is not relied on as heavily as the wrist strap or flooring/fectwear
combination in grounding personnel. Yet, if tested to resistance specifications, thege
interfaces can be checked to ensure that grounding is achieved. As with footwear, seating |is
not effective unless used in conjunction with a static protective floor.

3.3.45.3 Benefits

5

There are some benefits associated with the use of static protectiveseating. Standard chairp,
particularly those with plastic castors may induce significant voltagée)levels on the user if thgy
are not wearing a wrist strap in areas without protective flooringiand footwear. Seating whoge
wheels, structure and cushions are adequately bonded between each other and whigh
ppssess adequate resistance properties may help to reduce these voltages to safe levelp.
Hpwever, in the absence of a ground connection via the flooring, seating should not be religd
onh to keep body voltages below the required limit.

5]3.3.4.5.4 Types and selection

Spating comes in various styles; desk height chairs, bench height chairs, stools ar
sit/stands. ESD control seating surfacesgthat contact the body (including arm, foot ar
backrest) should be capable of dissipating ‘charge from all surfaces of the seating through th
components of the chair/stool to ground. Fabric upholstered chairs accomplish this by usir
conductive fibres woven into the fabric. The fabric is then connected through the component
ol the chair, through the cylinder, base and casters (or drag chain) to the floor.

® Qo Q

" Q

Spme environments, such-.as' clean rooms, require the use of vinyl upholstery in place pf
fgbric. ESD vinyl upholstery is manufactured with a thin conductive layer below the surface pf
tHe vinyl. Vinyl upholstered chairs may have a slightly higher resistance measurement thgn
fgbric chairs; however, they should still meet the resistance requirements listed |n
IgC 61340-5-1.

513.3.4.5.5 Testing

Al procedure that can be used for testing the electrical resistance of seating can be found |n
IHC 61340-2-3. Use the general test method described for making resistance to ground or
groundable point measurements. The seating surfaces to the chair’s groundable point (castér
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
spme static dissipative materials are not usable.

AJr ionization is not a replacement for grounding methods. It is one component of 'a 'compleie
EBD control program. lonizers are used when it is not possible to properly ground everything
and as backup to other ESD control methods. In clean rooms, air ionization may-be one of the
fdgw methods of ESD control available.

IHC 61340-4-7 defines test methods and procedures for evaluating‘ttie performance of gir
ignization equipment. Included in the standard are three annexes ‘that briefly discuss the
processes of air ionization and charge neutralization, design of the charged plate monitor (the
rgcommended measuring instrument) and other issues related to the use and testing pf
ignizers.

The purpose of Subclause 5.3.3.4.6 is to supplement the information presented in the
sfandard test method in IEC 61340-4-7. It discusses(how ionizers operate, how their electricpl
performance is measured, the major types of ionizers and their use environments, importapt
elements of a performance specification, testing methods, safety, maintenance, ard
contamination issues.

5]3.3.4.6.2 Contamination control

Ahother application of air ionization.is)to improve contamination control.

Bhlanced air ionization can enhance the ability of the air filtration system to remove particlgs
from the clean room environment. lonization neutralizes charges on critical surfaces and
rgduces the attraction of particles to these surfaces. Particles have a greater tendency o
gmain in the laminar airflow and then be removed by the air filtration system.

—

3.3.4.6.3 What is air ionization?

n

nitrogen,‘molecule. The ion may have a positive charge (deficiency of electrons) or |a
pgative chiarge (excess of electrons). The natural concentration of ions in air is low, typically
ss_ than 1 000 per cubic centimetre. These "natural" ions are usually formed during the
deeay of natural radioactive elements in the air, in the ground or in building materials.

5
AJlr ions are~nolecular clusters of about 10 molecules (often water) around a charged oxygs
o
n
€

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

other situations, the most common ion production method is by interaction-between neutr
alr molecules and electrons accelerated in an electric field with field strengths exceedir
3|MV/m (at atmospheric pressure). This is generally referred to asxhigh-voltage coror
nization 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 a
depletion of ions in the vicinity of the charged object, non-homogeneity of the ionized air, ar
non-uniform fields due to nearby objects will all cause variations in the rate of charge deca
aking corrections for all deviations from the simple case to calculate the time constant
practical. It is more reasonable to measure the neutralizing properties of ja ionizer
experimentally using a charged plate monitor.

»w - a’

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
ignizing installation. The charged plate monitor consists of an isolated eonductive plate, whigh
mlay be charged to a fixed initial voltage by a suitable external device. The voltage of the plaje
is| monitored either by coupling it to an electrometer or by measdring the field from the plaje
using a non-contacting field meter.

If| the charged plate monitor is placed in an ionizéd “*environment, the rate of charge
ne¢utralization by the ionizer may be characterized by the discharge time. This has begn
defined as the time it takes for the plate voltage to“drop from its initial value to 10 % of ifs
initial value (for example 1 000V to 100 V). The” ionizer balance may be determined by

omentarily grounding the isolated plate, and then noting any voltage induced on the plate Qy
tHe ionizer operation. This voltage is known“as’the offset voltage. Detailed information on the
charged plate monitor and the measuremehf?t technique are contained in IEC 61340-4-7.

3.3.4.6.6 Purpose of ionization

esides the ability of the ionizer'to neutralize a static charge. In general, ionization should he

5

Sglecting an ionizer to solve atatic problem will often involve a number of considerations
b

engineered for a particular.@pplication, and then evaluated in the actual area it will be used.

t[should be remembeéred that air ionization is installed because there is a static problem. |n
mlost cases the airionization is installed to neutralize static charges on process-essentipl
insulators and isolated conductors. Often, these insulators and isolated conductors are part pf
the product being manufactured. lonization, working alone or in addition to passive ESD
control methods, should demonstrate that it can reduce or eliminate the static problem. Thefe
are many(different technologies and types of equipment for making air ions. There is no be
onizer-for all applications. But, by carefully understanding the requirements of one’s own
application, it may be possible to determine the best ionizer for that specific application.

L2
—

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.

3.3.4.6.7.3 AC ionizers

5

AL systems utilize emitters that are switched rapidly between positive and negative hig
voltage, usually at the power line frequency. lon recombination is high, as both pelarities a
produced in rapid succession at each emitter point. The electrostatic field from the emitt
points also changes direction rapidly. In some situations, it may not be desirable to plaq
s
f

o =

N4
-

g¢nsitive components close to the emitter points. For these applications, 'moving ions awad
rbm the emitter points will require airflow. AC systems are often mounted at the output of &
air delivery system.

o< O

3.3.4.6.7.4 Steady-state DC ionizers

pair of high voltage cables to their respective high veltage power supplies. The spacing
btween emitters will vary depending on the design, and DC power is constantly applied o
tHe emitter points.

5
Steady-state DC systems consist of separate negative and positive ion emitters connected by
a
b

Emitters of opposite polarities are spaced farther apart in the DC systems than in the A
systems. lon recombination occurs at a lower rate and steady state DC systems will opera
al a lower airflow than AC systems. In some situations, it may not be desirable to plag
se¢nsitive components close to the emitter points. The electric field of the ionizer is used

ove ions in the absence of high airflow. Care should be taken that the emitters are n
spaced so far apart that ion hot spots’are created. lon hot spots contain an oversupply of ior
ol one polarity and any objects brought into these areas may be charged by this ig
imbalance.

Snu 2000 O

(5]

3.3.4.6.7.5 Pulsed DC ionizers

Plulsed DC systemssgenerate both polarities of ions at a single emitter unit using a single ¢r
closely spaced pairs of emitter points. Power distribution may be by high-voltage cables from
a| central high-veltage power supply, or by low-voltage cable from a central controler {o
rgmotely located high-voltage power supplies. By alternating relatively slowly betwegn
polarities (usutally at a pulse rate of 10 Hz or less), the recombination rate is loweref;
however, offset voltage cycling does occur. Generating both polarities at a single locatign
eliminates ion hot spots and allows the electric fields to move ions in low airflow applicationp.
In seme situations, it may not be desirable to place sensitive components close to the emittg
points—By—varying—the—ptise—rate.tonrs—ean—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

Rpom lonization devices are used when static problems occur over a wide production arga
and it is difficult to localize the problem to a particular workstation. Room ionization devicgs
include AC powered grid systems, spaced pairs of steady DC emitters, steady D€ bar
systems, pulsed DC bar systems, and individual pulsed DC emitters. Nuclear ionize€rs are npt
commonly used in room systems because of the quantity of radioactive material that would Qe
rgquired.

Regardless of the type of room ionizer chosen, a number of environmental and equipmept
issues should be addressed when large areas are to be ionized. Consideration should &
given to the ceiling height and airflow present in the area. Any large abjects in the area w|
change both the airflow and the operation of the ionizers. Methods'of power distribution to th
iognizers as well as other installation requirements need to be‘considered. After installatio
tHese large systems will require periodic maintenance to ensure the desired performance. |n
contrast to other ionizer applications, room ionization often.involves an engineered syster
rgther than an off-the-shelf product.

=00

i)
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513.3.4.6.10 Laminar flow bench ionization

-

Laminar airflow benches are in common use.in ‘the electronics industry and in many oth
applications. They are used to create a contamination controlled workstation within a larg
uncontrolled production area. Within the area of these laminar airflow benches, static charge
cIn cause both ESD and particle contamination problems. AC grids, steady DC, pulsed DIC
bars and nuclear bars are used to prowide ionization in laminar airflow benches. The level and
y
r.
e
n

WU

=

direction of the airflow available inthese benches may affect the type of ionizer chosen. Ar
drge objects in the bench area will affect both the airflow and the operation of the ionizg
Ppwer distribution may need to‘be considered if large numbers of electrical ionizers are to
used. As with all ionizers, petiodic maintenance will be needed to provide optimum ionizatid
capabilities.

3.3.4.6.11 Worksurface ionization

5

The type of iqnizer used to provide ESD control on any work surface depends to a larg
extent on thetarea in which the worksurface is located and the amount of airflow available.
contamination-controlled areas, and other areas with significant amounts of airflow, tH
productsidescribed under room ionization, or laminar flow bench ionization, may be usable.
areas(where there is little ambient airflow, other types of ionizers may be used. These a
bmmeonly known as bench top blowers or overhead workstation ionizers, and include fans

NEIEE

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.

Table 2 — lonizer selection checklist

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

3. Operating and maintenance costs

Installation considerations

Conformity with safety codes
2. Power distribution

Power control

4. Compressed gas needs

%. Expansion capability

6. Cleanroom compatibility

Eyaluating an ionizer in the actual area of use is the preferred practice. This will provide data
on ESD control performance, the effect of ionization on the static problem, and demonstraje
other ionizer devicefeatures which may be important to the selection process.

Choosing an air ionizer to solve a static charge problem often requires compromises betwegn
conflicting €quipment and performance requirements. Often an evaluation system installed |n
your actual)area is the only way to determine the functionality and effectiveness, to analyge
other équipment evaluation criteria and consider installation techniques and determirne
aintenance 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
uger will have to determine if the static neutralization capabilities are sufficient to salve,the
atic problem.

5]13.3.4.6.13.4 Other selection issues

Depending on the application, there may be additional issues that need to be”addressed. All
nizers will need some type of maintenance or periodic certification and~this may need to he
a|part of the performance specification. Since most ionizers operate continuously, there may
b¢ significant demands for equipment reliability. Operation in cleanntooms or other sensitiye
afeas may require attention to the issues of ozone, EMI and particleé_emissions.

5

3.3.4.6.13.5 Cost considerations

5

System cost is an obvious criterion for selection. A thorough cost/benefit analysis should Qe
performed. This analysis should include initial purfchase cost, as well as installatio
m
a

=)

aintenance and replacement cost over a defined¥period. These costs should be weighgd
jainst the benefits such as improved yields/threUghput and improved quality.

Along with the initial system cost, the operating cost of electrical power and in some instances
(rozzles and blow-off guns) the cost of cempressed air should be considered. Other items fo
consider are the cost of required maintenance and calibration. These costs will be affected by
tHeir level of complexity and frequengy:required.

5/3.3.4.6.14 Installation of:air ionization equipment
513.3.4.6.14.1 Generalinstallation considerations
The installation of ionizers should conform to applicable electrical, mechanical, and safely

codes, as well as individual facility standards. Electrical power distribution, cabling, mounting

ethods, and materials need to be appropriate. Contamination controlled areas often requife
specialized instatlation techniques and materials. Installation methods should considér
possible future' changes in the work area as well as present needs. The installation pf
electrical jonizers should comply with all local and national electric codes.

Ppwer-should be supplied to most ionizers. Some ionizers use a separate power supply
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 wjill
uge the existing airflow, while others include fans in the product design. Still others use-cleap,
dry compressed gases such as air or nitrogen.

Performance requirements for the ionizer should take into account the type and) amount pf
airflow available. It is not reasonable to expect the same performance from an’iognizer in both
tHe turbulent airflow of an assembly area and in the 30 m/min laminar airflow-of a clean room.
I applications with inadequate airflow, fans may be used for distributingcair ions. Determine|i
tHese fans are compatible with the cleanliness of the work enyvironment. If not, the
performance of an ionizer that operates with the existing airflow may’have to be acceptef.
Whatever method is used to distribute the ions, there should be_ne obstructions between the
gnizer and the work area.

=

3.3.4.6.14.3 Zoning and flexibility to change

5

The need to control the ionizers varies depending on the application. Less critical situations
mjay be satisfied by factory control settings or adjustment of a large ionized area by a sing|e
central controler. More critical applications may“require adjustability to be part of the
performance specification. Small control zones. may be required, or even the ability to fing-
tune the ion output at each individual ionemitter point. Some devices, such as nuclear
ionizers and X-ray ionizers are intrinsically balanced and provide no adjustment of thdgir
operation.

Il most production facilities the equipment layout rarely remains the same for long periods pf
time. It is important to determingthe flexibility to change or expand the ionizer installation at|a
later date. Minor changes should be possible using in-house personnel, and expansign
capacity should be part of.the original equipment specification. Change or expansion should
bé possible without costly production shutdowns.

513.3.4.6.14.4 Monitoring and feedback control

Various feedback and auto-balance methods are available to ensure ionizer performance. But
make sure hat enough sensors are included to provide adequate monitoring information {o
tHe controlsystem. Most ion sensors have a limited range, usually less than 1,5 m. Unlegs
y}u can—-guarantee uniform conditions throughout a large area, many ion sensors may Qe

ng¢eded’to monitor large installations. Providing a sensor for each ionizing device can improye
fgedback control. Also, an effective monitoring and control method can reduce the amount pf
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 qualificatign
and acceptance testing of ionizers. A standardized test fixture or test areaymay Qe
constructed to ensure that all ionizers are tested under repeatable, equal conditions. The user
deétermines how accurately measurements in this test fixture or test area should-correlate with
performance in the actual area the ionizer is used. If more than one type ofyjionizer is to he
glialified for use or if different types of areas are to be ionized, multiple test fixtures may e
rgquired. Sometimes, ionizers will be tested only after they have beeninstalled in the uge
lgcation. Acceptance testing standards should then be a part of the purchiasing process.

Testing should be carried out using the charged plate monitory)(CPM) and the methods pf
IHC 61340-4-7. lonizer performance should be compared to“the performance requirements
developed by the user for each specific application. Using industry standard tests ensurgs
that ionizers will be compared on an equal basis, even¢though the requirements of eagh
application will differ. It has been noted that there is_a great variation in the discharge
performance and the offset voltage balance required from ionizers. In some cases a small
npn-standard CPM may be used for evaluation. The performance of the smaller CPM should
bé¢ verified against the standard CPM.

For some applications of ionization, particularly point-of-use ionization, it may be difficult
use a CPM, due to physical size constraints. When this problem is encountered, it may K
necessary to develop an alternative test methodology. One method uses an electrostatic fie
eter to measure the charge on .product or equipment, before and after using ionizatio
Alternatively, a non-conductor may. be charged by rubbing it against another material, or 3
isplated conductor may be charged by momentarily connecting it to a voltage sourc

onitoring these materials with the electrostatic field meter will demonstrate the ability of tH
iognizer to reduce static chatge.

oY sSamo

5]3.3.4.6.15.2 Confirmation of process improvement

Testing specific(to the application should then demonstrate that the presence of an ionizér
has solved the\static problem. The problem may be ESD damage, particle deposition gn
product surfaces or production line downtime. Whatever the problem, testing should verify
that it is\reduced or eliminated by using an air ionizer. In some cases, it will be necessary {o
carry putyield studies of all or part of the manufacturing process.

$i
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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
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3.3.4.6.16.1.2 Corona (electrical) ionizers

With electrical ionizers the emitter points should be cleaned regularly and may.have to he
rgplaced periodically. Balance and discharge time should be checked at schedujed intervals
using a charged plate monitor. Some electrical ionizers will require adjustment of the ign
iFIance at this time. The typical sequence is to clean the unit, including emitter points, set ign
b

lance to zero (if adjustable) and then perform discharge time testing' If the unit does npt
eet ion balance specifications or minimum established discharge time‘limits, further servige
is| indicated. Manufacturers should provide details on service procedures and typical servige
intervals.

3.3.4.6.16.1.3 Nuclear ionizers

5

Nuclear ionizers do not use emitter points, but they typically require annual leak testing by th
anufacturer. Although the ionizing element has & predictable life expectancy, routine iqg
lance and discharge time testing should be performed to ensure that the unit is functionin
operly. The ionizing element is usually returned to the manufacturer for replacement ar
sposal.
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3.3.4.6.16.1.4 X-ray ionizers

Xtray ionizers do not use emitter cpoints, but eventually the X-ray tube will need to he
rgplaced. The ionizer is normally* returned to the manufacturer for this service to Qe
performed. Routine ion balance_and discharge time testing should be performed to ensufe
tHat the unit is functioning preperly.

Manufacturers can provide assistance in specifying the appropriate calibration and
miaintenance required\\If these services are needed on a contract basis, make sure they afe
ayailable from the manufacturer or an approved service agency of the ionization devicgs
under consideration.

5/3.3.4.6. 47 Environmental and humidity ionization considerations

Il general, most air ionizers are designed to work in typical factory environments withjn
mperature and humldlty limits speC|f|ed by the ionizer manufacturer Condensing humldlty,

operatlon of electrlcal ionizers. Electr|cal ionizers typlcally use hlgh 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.

3.3.4.6.18.2 EMI, ozone and particle emissions

5

There is sometimes a concern about EMI or ozone generation by air ionizers. Manudfacturens
dxta for specifications in these areas should be consulted, but note that test metheds and tept
conditions vary widely. If ionizers are to be used in an area that is sensitive to‘EMI or ozong,
itlis strongly recommended that the ionizer be evaluated under normal operating conditions |n
tHat area. 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 effect pf
tHe ionizer on them should be evaluated. Most ionizer manufacturers»will provide equipment
fdr this type of testing.

I emitter points require periodic cleaning and replacement, the frequency depending on the
aterial used, the design of the ionizer and the environment in which it is used. There has
bver been a study linking normal emitter point wear of\edrrently used emitter materials o
creased product defects. On the other hand, many,studies have shown fewer produft
efects occur when ionizers are in use.

dnization devices should meet the same particle emission standards as those that are
applied to other production equipment used in clean room areas. If other productign
equipment is checked for particle emission, use the same test for air ionizers. Although no
srlandards currently exist for measuringparticle emission from air ionizers, it is likely that the
erest in this issue will cause them to:be proposed in the near future.

513.3.4.7 Garments

513.3.4.7.1 Introductory remarks

=1

some cases, for example in clean rooms, use of ESD control garments may be clearly
dicated as over garments if required from a contamination prevention standpoint. In thfs
bplication ESD control garments should shield electrostatic fields from under garments and
lrould not themselves be a source of electrostatic fields that may lead to contamination by
ectrostatic_attraction of particles.

n QO I
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I other_cases, garments may be required to be worn over, or in place of non-ESD contrpl
garmeénis to protect workers from hazards or for other operational reasons. The ESD risks
agsociated with such garments may be higher than with non-ESD control garments, and ES|D
controf mmay 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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o the type of facility and handling processes,

e clean room and other operational requirements,

e worker protection,

e the climate and environmental conditions of the facility,

o the culture of the facility.

The ESD risks associated with everyday clothing and workwear cannot always be easily
assessed. The current general view of experts is that the main source of ESD risk may occur

voltage ESDS in a high reliability application may choose to use ESD control garmentg,
especially if operators wear long sleeved clothing that may generate electrostatic fields. Mopt
fgcilities, however, will fall somewhere between these extretmes and should make thgir
dgcision based on a technical assessment of their particular conditions.

3.3.4.7.2 Types and selection
3.3.4.7.21 Types of garments

5
5
There are several different types of garments ayailable. Areas in which the garments are to Qe
wprn and the processes in that area, should.be considered as part of the selection criteria for
the most suitable garments.

Dijfferent textile technologies can be .used to make ESD control garments. The following are
examples of textile technologies available:

limited use (disposable);

re-usable, topically treated;

re-usable, permanent'ESD control properties.

HC 61340-4-9 defines three types of ESD control garments based on resistange
characteristics and whether or not they require grounding:-

o | static conirol garment — a garment that provides ESD control without necessarily being
grounded;

e | groundable static control garment — a garment that has a designated groundable point and
exhibits a low resistance from point-to-point and from any point on the garment to the

| HS
yruuridavic Pultit,

e 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 éfficient
why of making limited use ESD control garments. However, effectiveness is often“humidity
deépendent. Where ESD control is required under low humidity conditions;\fabrics that
incorporate conductive fibres may be used to make limited use garments. Another option fpr
npn-woven fabrics is to use so-called permanent antistatic additives or inherently conductiye
polymers in the formulation of the fibres or coatings.

—

mited use garments are commonly used in areas such as the 'application of conformp
cpating where the garments can easily become contaminated and-may need to be replacgd
requently. They also provide a cost efficient option when the 4dse of ESD control garments |s
only required on an occasional basis.

—h

a

3.3.4.7.2.3 Re-usable, topically treated

Topically treated garments require treatment during or following each cleaning cycle. They afe
génerally humidity dependent in that the surfagtants (surface active agents), treatments pr
finishes typically used, are hygroscopic and depend on moisture in the air for garments {o
erform properly as ESD control garments.

©

If some cases, garments may be made ‘with fabrics containing conductive fibres, but whigh
also require topical treatment. Such(fabrics may contain lower quantities of conductive fibrgs
compared to garments with permanent ESD control properties, and hence the cost pf

anufacture may be lower. Theladvantage compared to the use of topical treatment alone |s
tHat the amount of treatmenttequired may be less, the wear time between treatments may e
langer, and ESD control is\less dependent on humidity.

513.3.4.7.2.4 Re-useable, permanent ESD control properties

Garments with pepmanent ESD control properties should maintain performance requirements
fdr at least their expected use life. In general, garments that maintain their ESD contrpl
properties_following 50 or more commercial cleaning (laundry) cycles can be considered to Qe
permanent ESD control garments. These garments are typically constructed from fabrics that
have eonductive fibres placed in a grid or stripe pattern throughout the garment.

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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