IEC TR 61340-5-5:2018-11(en)

IEC IEC TR 61340-5-5

®

Edition 1.0 2018-11

TECHNICAL
REPORT

OD/

/\Q‘b

Q/
N
N2 4

colour
inside

&
S

Pa

Eleftrostatics -
Pa

5-5: Protection of electronic devices fQQ electrostatic phenomena —
kaging systems used in electronic Q@ufacturing

\‘QQ

&Qﬁ



https://iecnorm.com/api/?name=663762205981ba2c6bcba87b6984821a

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2018 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland
About the IEC
The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares and, pullishes

Intern|

Abou

The t4

latest

IEC C
The

t IEC publications

talogue - webstore.iec.ch/catalogue

tand-alone application for consulting the entire

bibliographical information on IEC International Standards,

Technjical

Specifications, Technical Reports and other

docunpents. Available for PC, Mac OS, Android Tablets and

ptional Standards for all electrical, electronic and related technologies.

chnical content of IEC publications is kept under constant review by the IEC. Please make-sure that you ha
edition, a corrigenda or an amendment might have been published.

e the

Electropedia - www.electropedia:org
The world's leading online( " dictionary of electroni¢ and
electrical terms containing.21 000 terms and definitipns in
English and French, with“equivalent terms in 16 additional
languages. Also known as the International Electroteg¢hnical

iPad. Vocabulary (IEV)/Gntine.

IEC ptiblications search - webstore.iec.ch/advsearchform IEC Glossary* std.iec.ch/glossary

The apvanced search enables to find IEC publications by a 67 000 electrotechnical terminology entries in Engligh and
variety of criteria (reference number, text, technical  French-extracted from the Terms and Definitions clapse of

commyjttee,...). It also gives information on projects, replaced
and w(thdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay
details
also o)

p to date on all new IEC publications. Just Published
all new publications released. Available online and
hce a month by email.

IEC jpublications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, §6 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc
If you wish to give us your feedback on this publicafion or
need further assistance, please contact the Customer Jervice
Centre: sales@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:sales@iec.ch
https://iecnorm.com/api/?name=663762205981ba2c6bcba87b6984821a

IEC TR 61340-5-5

Edition 1.0 2018-11

TECHNICAL
REPORT

“col@ur
inside

Electrostatics —
Part 5-5: Protection of electronic devices from electrostatic phenomena —
Pag¢kaging systems used in electronic manufacturing

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 17.220.99; 29.020 ISBN 978-2-8322-6255-9

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=663762205981ba2c6bcba87b6984821a

-2- IEC TR 61340-5-5:2018 © IEC 2018

CONTENTS

FOREWORD ...ttt et ettt et et e e et et ettt et e et et e et e et e e e et e e e anns 5
1N I 2 1 1 L N 1 ] PN 7
1 1T o 1= S 8
2 NOrMative refErENCES .. e 8
3  Terms, definitions and abbreviated terms ... 8
3.1 Terms and definitioNS .. ..o 8
3.2 Abbreviated termsS.......oeuee it 9
4  |Role of electrostatic protective packaging..........oooieiiiiiiiiee ...10
41 Analysis of electrostatic risks (what can cause problems to ESDS) .........an0..... ...10
412 Charge generation (separation) .........ccoooviiiiiiiiiiee e S ...10
413 Reduction of electrostatic charging items in the environment ..........Y0............., ...13
414 Electrostatic attraction and repulsion issues ... N L..13
415 Dissipation of electrostatic charge..............cooooiiiiiii B ... 14
416 Barrier to ESD CUIMENt ... .. Tt ... 14
417 Protection against electrostatic fields ... A0 ... 14
418 Chemical and outgassing iSSUES ........ccvvvviiiiinieiin b ... 14
419 Moisture barrier ... ..o G N ... 15
4{10 Environmental conditions affecting packaging-materials..............c.ccoooiiiiiinnnn. ...15
4{11  Packaging material prinCiples....... oo ... 15
4.11.1 GENETAL .. e e ...15
4.11.2 LOW Charging . ccuueeuneiiie O e ... 15
4.11.3 Electrostatic charge dissipationii. ..o ... 15
4.11.4 Conductive materials ... ... s ...16
4.11.5 Electrostatic field shieldifig ...........cooooiiii i ... 16
4.11.6 Electrostatic discharge shielding.........coiiiiiiii e ... 16
5  JTypes of material ... .ot e ... 16
51 =0 I o T ] 170 4 1= S ... 16
5)2 Intrinsically conductive or dissipative ..o L. 17
5]3 SUMACE COBLBA . .. it ... 17
5l4 Antistat treated .. ..o L. 17

5]5 Anodized.materials (e.g. boats used inside automated handlers, metal tubes)
.......................................................................................................................... A7
56 Material PrOCESSING . .ttt e ... 17
5.6.4 VacCUUM FOMMING ... L. 17
5:6v2 INJECTION MOUIAING ..oiviti e ... 17
5.6.3 B D OS S NG et 18
5.6.4 Vacuum vapour deposition ... ... 18
5.6.5 SUITACE COATING ..iviiiii e 18
5.6.6 =T o 011 0 =1 1 o o P 18
6 Existing standards for packaging materials ...........cccooiiiiiiiiii i, 18
6.1 ] O 7 A0 T PR 18
6.2 AN S E S D SB4T .ot 18
6.3 Military standards and other documents related to packaging ..............ccoeeeiienenn. 19
6.3.1 GBNEIAL L. s 19
6.3.2 MIL PRF 81705 (E) (FilmM) couniieiiie e e 19

6.3.3 MIL STD B0T0 ..t e e eeens 19


https://iecnorm.com/api/?name=663762205981ba2c6bcba87b6984821a

IEC TR 61340-5-5:2018 © IEC 2018 -3-

6.3.4 Y e it 1 e PP 19
7 Existing test methods for packaging materials ... 19
7.1 IEC 61340-2-1 — Ability of materials and products to dissipate static electric
Lo o 1= T e 1Y 19
7.2 IEC TR 61340-2-2 — Measurement of chargeability ............ccooooiii. 20
7.3 IEC 61340-2-3 — Resistance and resistivity ........ccccooiiiiiiiiii e, 20
7.4 IEC 61340-4-8 — Discharge shielding — Bags ........cccooiiiiiiiiiiiiiiieeeeee e 20
8 Choosing a packaging technology ..o 21
8.1 Determining packaging material attributes ... 21
8]2 INSIAE AN E P A o ... 21
8J3 Outside an EPA or between EPAS. ... (i ... 21
8l4 Evaluation of packaging system attributes ... M ... 21
815 Charge dissipation test methods ...........ccooiiiiiii i G ... 21
816 Resistance measurement methods..............ooo i N ... 21
8|7 Shielding test ... S .22
9 Does the packaging system meet the intended purpose?............{& i, ...22
10 |New test method concepts and development plans............... A8 e, ...22
101 General .. ...22
10.2  Single point Probe ... e Y ...23
10.3  Parallel plates ... ...23
10.4  Pin-point Probe ... N e ...24
10.5 Shielding related test methods ... X ... 24
10.6 Charge generation — Triboelectrificationytest methods.................coooiiiiin. ...24
10.7 Triboelectric charging of cover tapei.......ccuviuiiiiiiiii e ...26
10.8 Discharge evaluation method ... . ... 27
10.9  Other resistance test MethodS ... ... 27
Anngx A (informative) Packaging forms and types ..o ...28
A1 Packaging materials for €lectronic deviCes..........ccoooiiiiiiiiiiiii e ...28
Al2 EmMboOSSed 1ape .. s e ...28
Al3 L0701V Z=T g = | oL PPN ...28
Al4 Reel types and imaterialS. ... ..o ... 29
Al5 Injection MEUIded trays ... ...30
Al6 Tubes and rails and other configurations of packaging materials........................ ... 31
Al7 Clam/shell and test SOCKet ... .o ...32
Al8 = 1 .32
Al9 Tote boxes and other rigid containers ... ...33
(2] Lo 1 oXo = 1] /PP PP .34

Figure 1 — Induction charging process — Grounding a conductor in the presence of an

electrical field
Figure 2 — Second part of induction charging process
Figure 3 — First discharge pulse that occurs as shown in Figure 1b
Figure 4 — Second discharge pulse that occurs as shown in Figure 2
Figure 5 — Single point probe test method set—up
Figure 6 — Single point probe on embossed (pocket) tape
Figure 7 — Parallel plate test method set—up
Figure 8 — Set—up of isolated tape reels


https://iecnorm.com/api/?name=663762205981ba2c6bcba87b6984821a

-4 - IEC TR 61340-5-5:2018 © IEC 2018

Figure 9 — Resistance measurements — Reeltoreel ... 25
Figure 10 — Charge drain test — Reel to reel. ... ..o 26
Figure 11 — Cover tape evaluation CONCEPLS ... ..o 26
Figure 12 — Discharge evaluation method ... 27
Figure A.1 — Examples of embossed (pocket) tape.......ccoviiiiiiiiiiiiiii e, 28
FIGUIE A2 — GOV AP ittt ettt 29
FIGUIE A3 — GOV AP ittt e e et et et 29
o O N A 070 )= g €= | o1 PP 29
o [0 LR N R 020 )= o = | o1 PP ... 29
Figule A.B — COVEr taPE . .. e Y e ... 29
FigUPE A7 — COVEI tAPE .o it St e ... 29
Figule A.8 — COVEI tAP .. it e e ... 29
Figule A.9 — RIS ..o e e e ...30
Figule A.10 — ReEEIS ..ot (Gt e e ...30
FIguPe AT — REEIS .ot AT e ...30
FIQUIE A.12 — REEIS o g et e e e ens ...30
FIguPe A 13 — Trays oo A ...30
Figufe Ai14 — Trays .o S ...30
FIiguPe A8 —Trays .o e e ...30
Lo U] T N L T I = Y .. 31
Lo LU N N e N = 1Y T P .. 31
FIGUPE A8 —TraYS coniiiiiiiiie e 0 e e .. 31
o U] (R W R R I = N PSPPI .. 31
Lo LU T N I I = Y e .. 31
Lo LU T N B I = Y .. 31
o [N (R N e I - | S PSPPI .. 31
o U] R N R I = N o s PSPPI .. 31
FIQUIE AL 24 — TUD S it ettt e e et e et e e e e e ans ...32
FIQUIE AL 2D — TUD S e et e e e e ens ...32
FigUIE AL 26 TS . e ... 32
Figure A.27 CC1am Shells ... e ...32
Figure A(28 — Static discharge shielding bag .........ccoooiiiiiii i, ... 33
Figufé\A’29 Moisture barrier — Metal foil bags...........ccoooiiiiiiiiiii ...33
Figure A.30 — Moisture barrier — Metal vapour deposition ... 33
LT LU N B B = T'o P 33
Figure A.32 — Rigid CONtaiNer ... oo r e aaenas 33

Table 1 — Test methods for electrostatic protective packaging .........ccooooviiiiiiiiinn, 22


https://iecnorm.com/api/?name=663762205981ba2c6bcba87b6984821a

IEC TR 61340-5-5:2018 © IEC 2018 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROSTATICS -

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

1

2)

3)

4)

5)

6)

7)

8)

9)

Packaging systems used in electronic manufacturing

THh
al
in
th
T4
P

in
aq
w

ad

TH
cd
in
IE
C

P
m

In
trg
b4
th

IE
ag
sq

Al

N
m
of
ex
P

Af
in
Af
p4

The

tech

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comp

national electrotechnical committees (IEC National Committees). The object of IEC, is|to pr
ernational co-operation on all questions concerning standardization in the electrical and electhonic fieldg
s end and in addition to other activities, IEC publishes International Standards, Technical Specificg
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter(referred to as

the subject dealt with may participate in this preparatory work. International, “governmental and
vernmental organizations liaising with the IEC also participate in this preparation®™ IEC collaborates ¢
th the International Organization for Standardization (ISO) in accordance~with’ conditions determin
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express, @s nearly as possible, an interng
nsensus of opinion on the relevant subjects since each technical/committee has representation frg
erested IEC National Committees.

mmittees in that sense. While all reasonable efforts are made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible for) the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in their national and regional publications. Any diver
tween any IEC Publication and the corresponding‘national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation of<conformity. Independent certification bodies provide conf
sessment services and, in some areas, a@écess to IEC marks of conformity. IEC is not responsible fd
rvices carried out by independent certification bodies.

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

embers of its technical comnmitiees and IEC National Committees for any personal injury, property damd
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the "publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicati
Hispensable for the correct application of this publication.

tention is dfawn to the possibility that some of the elements of this IEC Publication may be the subj
tent rights. IEC shall not be held responsible for identifying any or all such patent rights.

main task of IEC technical committees is to prepare International Standards. Howey

rising
mote
s. To
tions,
"[EC

blication(s)"). Their preparation is entrusted to technical committees; any IEC National ' €ommittee intefested

non-
osely
bd by

tional
m all

IC Publications have the form of recommendations for internatidnal use and are accepted by IEC National

f IEC
I any

htions
jence
ted in

rmity
r any

liability shall attach to IEC ar.its directors, employees, servants or agents including individual experts and

ge or
) and
I IEC

ns is

bct of

er, a

cted

.........

data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 61340-5-5, which is a Technical Report, has been prepared by IEC technical
committee 101: Electrostatics and IEC technical committee 40: Capacitors and resistors for
electronic equipment.

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

Draft TR Report on voting
101/564/DTR 101/575/RVDTR

Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.
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This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61340 series, published under the general title Electrostatics, can
be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

. thdrawr,;

—

bplaced by a revised edition, or

e gmended.

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

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

Packaging materials used within an electrostatic discharge (ESD) control programme often
are defined by an electrical resistance measurement. Packaging material manufacturers rely
on industry standardized test methods to ensure that the materials they supply meet industry
defined specifications. However, other attributes provided by a packaging material often are
difficult to quantify, leading to confusion between packaging material manufacturers and the
end users.

Increased use of automated handling equipment for the manufacture of electronic products

actltad in chanaaoc in tha daocian and form Af nackaaina matariale that ~antain alant
\ >3 te-a——-eHahges—Hte—aesrgi—ahRa—+oHH—6+ HateHarS—trat— ot —e1e 6t

has resu

parts
and

equipment. Small dimension parts require small dimension packaging materials. S
dimgnsion packaging materials cannot be evaluated for electrical properties by_the exi
industry accepted test methods.

Seve

pPooitar gty

styonic

and components. In particular, very small profile parts such as surface mount résistors
capacitors are contained within pocket tape reels that are unloaded by cautorpatic

q

ral types of packaging are used within the electronics industries\that do not have

mall

5ting

the

basi¢ properties generally associated with electrostatic control, such‘@s paper tape. Indpstry
practices involving these standard packaging material forms, are discussed. Other fprms
ckaging for non-ESDS (electrostatic discharge sensitive items) that are brought int¢ the

best
of pa
ESD

desdribed. This document has been prepared by a joiot” working group so that
congliderations of electrostatics and the application of protective measures are comps
with [the concerns of those who provide or use small dimension electronic components.

protected area (EPA) and considerations for handling’such packaging forms

are
the
tible
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ELECTROSTATICS -

Part 5-5: Protection of electronic devices from electrostatic phenomena —
Packaging systems used in electronic manufacturing

1 Scope

This|part of IEC 61340 discusses packaging material requirements for electrostatic dis¢harge
senglitive items (ESDS) as well as non—ESDS which can apply to packaging materials_sugh as
embgpssed carrier tape, trays, tubes (stick magazines), rails and others used in back’end line
procgssing and parts handling where test methods described in other standards)are, fof the
mos{ part, inadequate. Issues related to electrostatic charge generation) electrogtatic
attraction and repulsion are included. The recommendations and discussions within| this
docyment can also be applicable to other types of packaging that cannot be evaluated by
othe[ means.

This|document discusses the issues related to

1) technical considerations for packaging material selectiomand packaging system desig

-

2) packaging material specifications for electrostatic contfol,

3) gxisting test methods and their limitations for packaging materials,

4) duggestions for the evaluation of small dimensionh packaging materials, and
5) ipdustry common practices.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and.abbreviated terms

3.1 Terms and definitions

For fhe purposes ofithis document, the following terms and definitions apply.

ISO pnd IEC—maintain terminological databases for use in standardization at the following
addresses:

o |EC<Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1.1

electrostatic protective packaging

containers and other enclosures that have properties and functionality to limit electrostatic
charge generation, dissipate electrostatic charge, or limit interior electrostatic fields

3.1.2
intimate packaging
materials that come into direct contact with ESD sensitive items

3.1.3
proximity packaging
materials or items that cover or surround intimate packaging materials


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=663762205981ba2c6bcba87b6984821a
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3.1.4

conductive material
material with surface or volume conductive properties generally specified by electrical
resistance lower than dissipative materials

3.1.5
dissipative material
material with surface or volume conductive properties with an electrical resistance greater

than

3.1.6

conductive materials but less than insulative materials

insuiative material

matgrial with electrical resistance high enough to impede charge flow to some degree
3.1.7

low charging

antigtatic

property of a material that limits electrostatic charge transfer by contact and separ

(tribg

3.1.8

electrification)

surface resistance

ratio
that

Note

3.1.9

of DC voltage to the current flowing between two electrodes of specified configur
contact the same side of a material

to entry: Surface resistance is expressed in Q.

surface resistivity

for ¢
surfg

Note
asqu

Note
ohms

3.1.1

lectric current flowing across a surfaee, ratio of DC voltage drop per unit length tg
ce current per unit width

to entry: In effect, the surface resistivity is the resistance between two electrodes on the opposite si
bre and is independent of the size of\the square or its dimensional units.

P to entry: Surface resistivity\is’ expressed in Q. It is common practice to express surface resisti
square to distinguish from surface resistance.
0

volume resistance

ratio
throd

Note

3.1.1

of the DC voltage per unit thickness to the amount of current per unit area pas
gh a materjal

to entrya,~ Volume resistance is expressed in Q.

ption

ation

the

es of

ity in

sing

1

elec

PR T
ariry

materials that attenuate an electrostatic field and limit energy penetration induced by an
electrostatic discharge

3.1.12
electrostatic field shielding
materials that attenuate an electrostatic field

3.2

Abbreviated terms

CDM charged device model

CPM

EPA
ESD

charged plate monitor
ESD protected area

electrostatic discharge
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ESDS electrostatic discharge sensitive item
HBM human body model

4 Role of electrostatic protective packaging

4.1  Analysis of electrostatic risks (what can cause problems to ESDS)

The risk to electronic parts, assemblies and equipment (collectively referred to as "ESDS")
from electrostatic phenomenon takes several forms and can be summarized as direct
electrostatic discharge from a charged conductor to the ESDS or electrostatic discharge from
the ESDS—to—anuther—comductor(at—=adifferent—potentiatyorgrouomd—iftheESDS—bectgmes
excessively charged. Damage to an ESDS will always be the result of an excessive flgw of
currgnt through the ESDS.

It is|necessary to note that the transfer of electrostatic charge (separation{of charge] will
happen every time two materials come into contact and separate. The resulting separatipn of
charge will yield an equal positive and negative charge on the oppeosing surfaces.|The
diffefences in interactions include how much charge is separated and.where the charge poes
after| it is separated, which is controlled by the electrical properties, of’the material. Charged
matgrials with the ability to conduct electricity can be neutralized™(charge dissipatior]) by
contact with ground (earth). The rate of this charge neutralization/dissipation is controllgdd by
the ¢lectrical resistance of the material and the contact resistance between the materiall and
groupd. The higher the resistance of the material and its, centact resistance to ground| the
longer it will take to come to charge neutrality. A positively)charged material will gain migsing
elec{rons from ground while a negatively charged objectwill drain electrons to ground.

The pmount of discharge an ESDS can tolerate isi\determined by a number of factors inclyding
part sensitivity, assembly layout, rate of the charge transfer through the ESDS, total enerpy in
the discharge and environmental influences,

Discharge to an ESDS can occur by.contact from a charged conductor, including a pefson,
machine component, tool or fixture -ar* any other charged conductor involved in a progess.
Reduicing the probability of a damaging discharge to an ESDS is one of the principle methods
of electrostatic control. The risklof damage from charged conductors is reduced when all the
conductive materials and items are electrically bonded to ground. A grounded condtctor
cannot hold an electrostatic\charge.

Discharge from a chdarged ESDS to ground is controlled by reducing the charge accumulation
on the ESDS itself._ Once an ESDS is charged, it is difficult to remove the charge without
someg risk of exeessive current flow through the ESDS. Therefore, one of the key factofs in
packlaging design is to reduce the charge generation propensity between an ESDS and the
contginer used for storage and shipment.

Chaingé<generation cannot be reduced to "zero" but can be limited to below the threshold| that
W|” CaustT U)\bUbbiVU I;bk tU “IC ESDS ILJy tilU dﬁb;gll Uf bUIItdbtillg bulfdbcb, biIUIII;bdi b;ld Iges
or additives placed in materials to alter surface charging characteristics and usually by
providing some level of electrical conductivity to allow charges to dissipate.

4.2 Charge generation (separation)

Triboelectric charging is the primary way that materials become charged. This process is
described by the actions of contact between dissimilar materials and then their separation.
The resulting charge level is influenced by the intimacy of contact, the speed of separation
and any rubbing motions that can be part of the contacting process before separation. The
physical properties of the surfaces of the contacting materials also influence the charging
process. Reducing the surface area of contact is one of the ways that triboelectric charging
can be reduced. Chemical additives to the material surfaces can also reduce charge
generation by decreasing the friction between the surfaces. Adding dissipative agents can
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allow charges to spread out on surfaces or dissipate when in contact with ground thus

reducing the concentration of charge.

Charging by induction occurs when a conductive item is grounded while in the presence of an
electric field. While this is a complex phenomenon, it can occur where ESDS are handled in
both manual and automated processes if the electrical fields on materials in the environment
are not maintained below critical levels (determined by ESDS sensitivity). The first step in the
induction process occurs when an ESDS is brought into an electrical field. Charges realign
within the ESDS by polarization as shown in Figure 1 a). At this point, there is no charge

separation within the ESDS, only polarization.

Free charge

Bound charge

in thexpresence of an electrical field

If the ESDS is connected to;ground while in the electric field, charge will flow to or

IEC

a) lIsolated conductor B polarized in the presence ofelectric field A

IEC

b) Conductor B grounded in the presence of electric field A — resulting in trapped charge on B.

Figure 1 — Induction charging process — Grounding a conductor

from

grouhd depending on the polarity of the charge on the conductive portion of the ESDS. This is

the fljrst discharge thatogceurs as shown in Figure 1 b).

If th¢ ground conneetion is terminated before the electrical field removed from the area
happens when-the part moves along in a process), a charge will be trapped on the ESD
shown in Figurfe 2 a). If another ground contact is made on the charged device, a se
discharge «occurs that neutralizes the charge on the object, as shown in Figure 2 b).

(this
S as
cond
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IEC

Actu
As ¢
each

b) Discharge of charged device B by contact with ground
Figure 2 — Second part of induction charging 'process
8l discharge pulses from an experimental induction process are shown in Figures 3 gnd 4.

An be readily observed, there are nearly equal and opposite polarity discharge everts in
induction charging-discharging process.

IEC

Figure 4 — Second discharge pulse that occurs as shown in Figure 2
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If the structure of an ESDS is very small, the induction from an electric field may result in
internal voltage levels high enough to damage the ESDS. The critical voltage level depends
on the breakdown voltage of the insulating layers within the ESDS.

Charging by contact with a charged object can occur if the previously uncharged conductive
parts of an ESDS contact another conductor at a different potential. Charge sharing will occur
between conductors in this manner. The charge will discharge when the ESDS is connected to
ground, the same as the process shown in Figure 2 or by contact with an item with larger
capacitance and low resistance. There is a risk of damage if the current flow in the discharge
is over the ESDS sensitivity threshold.

4.3 | Reduction of electrostatic charging items in the environment

The [first step in reducing the risk of electrostatic damage in any process environment |is to
make sure that all the electrically conductive or dissipative items and materials, -within| that
envifonment are connected to ground or at least bonded together to sharé charge|and
equdlize electrical potential. ESDS can be handled with low risk from electrésfatic dischafge if
handled within the environment with equalized electrical potential.

The [second step is to remove all unnecessary non-conductors (insulators) from the profcess
envifonment since the electrostatic charge on those materials “cannot be dissipated by
grouphding. If an insulative material is not needed in the process, it should be removed.| The

elecfrical field strength where unprotected ESDS are handied-shall not exceed 5 000 V/m.
Process essential insulators with surface electrostatic fields“greater than 2 000 V at 2,5 cm
sho

cm fpr close proximity applications (< 2,5 cm). It has_bé&en shown experimentally that the|size
of a|charged insulator, the distance of separation¢from an ESDS, and the field strength all
should be considered in any risk assessment.

Id be kept 30 cm away from the ESDS or the electrostatic field reduced to < 125 V ]\ 2,5

The [third and most challenging step in reducing the process risk to ESDS is to reduce the
charge accumulation on the parts themselves. Since the contact and separation of the E[SDS
from|any surface can potentially cause charging, care should be taken in the evaluation| and
selegtion of contacting materials, whicl includes packaging materials used for storage| and
shipment.

The [amount of charge that an|JESDS can tolerate is the subject of much speculation| and
discussion that is likely to~continue for some time. The most logical assumption is|that
charged device model (CDM) testing determines the sensitivity of a given ESDS tq the
defirled CDM discharge.waveform and therefore an equivalent amount of charge measured on
the gctual ESDS should be considered as a risk level for damage. Some relatively simpld and
well lunderstood charge measurements can be made on an ESDS, the capacitance of the
ESDS determined,'and the voltage as well as stored energy calculated to compare tq the
ESDS CDM failure threshold. While the direct relationship between the CDM and the aftual
charge on an/ESDS in a process might not be 1 to 1, the risks for damage can be bjtter
set.
ents

a Faraday cup or pail where the charge in coulombs is measured directly.

4.4  Electrostatic attraction and repulsion issues

One of the most important principles in electrostatics is that opposite sign charges attract and
same sign charges repel. The actual force that is present in attraction and repulsion is
determined by the charge on the involved items or materials and the resulting electric field.
The higher the charge, the stronger the electric field, and the stronger the attraction or
repulsion forces. This basic principle of attraction and repulsion is used throughout industry
and affects almost any activity that comes to mind. The copy machine in an office would not
work without this fundamental principle. Filters that clean the air in industrial processes would
lose efficiency without this principle. There are countless other activities that rely on this
simple law of physics that is learned in primary school around the world.
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This simple and well-known law of physics also is the cause of countless problems in industry
due to unwanted attraction or repulsion. Electrostatic charge and the resulting electric fields
cause dust attraction in a semiconductor wafer fabrication facility that can ruin electronic parts
while they are being imaged. Electrostatic attraction or repulsion can cause parts to not feed
correctly in automated handling equipment during circuit board assembly. Small profile parts
such as capacitors and resistors can be physically influenced by electric fields that would be
considered weak or inconsequential in many other applications.

The electric field requirements stated above in 4.3 might not be sufficient to reduce small part
clinging or attraction. Further reduction of electrostatic field strength can be necessary when
handling very small parts. Fortunately, the proper use of ionized air and the selection of low
charpe generating packaging materials can help mitigate these small parts handling issuep.

4.5 | Dissipation of electrostatic charge

As mentioned in 4.1, electrostatic charge will dissipate or become neutralized by diff¢rent
mechanisms, depending on the materials involved. Materials or items with some levgel of
conductivity will dissipate or lose their net charge by contact with ground. The rate of| this
charge dissipation is controlled by the actual electrical resistance and-capacitance involved in
the qischarging circuit. For the purposes of packaging materials, the electrical resistancqg can
be rglatively high on the surface of the material. Most of the standards call for a sufface
resigtance test method to measure packaging materials. Thesactual methods that are lsed
vary|depending on the shape of the material and are discussed in Clause 6.

Electrostatic decay is one of the forms of charge disgipation that is used to determing the
uppqgr limits of functionality for packaging materialS:y'in concept, electrostatic decay |is a
meagurement of the time it takes for a sample undér test to lose or equalize a defined pdrtion
of charge when the sample is grounded. The electrostatic decay methods are discusse¢d in
Clauge 6.

4.6 Barrier to ESD current

Limifing or ideally preventing an electrostatic discharge from entering a packaging maferial
contgining electrostatic discharge'_sensitive (ESDS) items is a function of an electrical
property known as insulation. Electrical insulation limits current or charge flow by defirjition
and [the importance of insulation in electrical terms cannot be understated. Unfortungtely,
insulating materials are alse/prone to gaining and holding electrostatic charge. One of the
primpry packaging materials used in the protection of electronic items is electrodtatic
discharge shielding. These are generally laminated materials, with one layer being an
insulator or at least a’high resistance dissipative material to limit current flow through the
packiage, a highlysconductive material to provide electrostatic shielding and an interior |ayer
that has low charging properties.

4.7 | Protection against electrostatic fields

) ] ) vent
charging by |nduct|on to susceptlble items that m|ght be contalned W|th|n an insulating
package. Attenuation of an electric field requires an enclosure made from conductive
materials. The actual amount or level of shielding provided by a package is determined by the
conductivity of the material, the thickness of the conductive layer and the separation distance
from the exterior of the package to the contained susceptible item. Shielding is a dynamic
property and therefore the test methods tend to become complicated as discussed in Clause 6.

4.8 Chemical and outgassing issues

Sometimes cleanliness issues are more important than the electrostatic issues, especially for
intimate packaging materials — those that come into direct physical contact with the item being
packaged. Unfortunately, adding the necessary chemicals to provide electrical dissipation or
low charging properties can impact the cleanliness of the packaging material and cause
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unwanted or damaging contamination to the contained items. Balancing the electrostatic and
contamination issues is often difficult.

4.9 Moisture barrier

Some electronic parts are subject to moisture attenuation (device package/body absorption)
and should be stored and transported in moisture barrier materials. Generally, these are bag
type products that have a laminated structure, with one of the layers being metallic foil or very
heavy vapour deposited metal (normally aluminium). Moisture barrier materials should be
sealed to form the impervious barrier, often after evacuation of the contained air and/or
backfilling with specially dried gases such as nitrogen. Desiccant packets or pouches can be
adddd o attenuate moisture trapped Inside the sealed bag-.

4.10( Environmental conditions affecting packaging materials

Protgcting electronic parts and other susceptible items from atmospheric coenditions i an
impdrtant role for packaging materials. The moisture content of the air canchave an influgnce
on the charge generation, charge dissipation and even the insulative preperties of packdging
matgrials. High and low temperature extremes can have deleterious_effects on the physical
and themical characteristics of packaging materials. It is important to‘understand the stgrage
and fransportation situation when selecting or designing packaging materials or systems.

4.11| Packaging material principles
4111 General

A kely to selecting or designing the appropriate packaging material for any given application
involving electrostatic control is to understand\the fundamentals related to the maferial
propgrties. These properties are summarized bélow.

4.11]2 Low charging

Low [charge generation is the main consideration for those packaging materials that will gome
into lintimate contact with the contained items. The low charging property is also the most
diffiqult to specify since there are very few, if any, universally accepted test methods. There
are many demonstrations, application specific procedures and simple manipulations that have
beer prepared and used by practitioners over the years that evaluate the charge genergtion
process. However, there ‘are no intrinsic tests for the low charging property. It is equally
diffiqult to assign an_telectrostatic charge or electric field value that will gain universal
accelptance as a specification. Most often the charge level is intuitively recognized by the
elecfric field emanating from that charge on the surface of a material. A useful specificatipn is
the fljeld strengthilimit set in IEC 61340-5-1 at 5 000 V/m (equal to 50 V/cm). An electric|field
strerjgth of 50.V//cm is a reasonable starting point for establishing a low charging specification.
Somg applications where very small parts are handled can require a lower value but the Jalue
can pe adjusted as needed by the user. However, measuring the electric field on small pgofile
packlaging materials or other items with any defined accuracy is another matter that will be
discussedtater:

4.11.3 Electrostatic charge dissipation

Electrostatic charge dissipation is a major property that has usefulness in packaging materials.
The ability of a package to lose charge by grounding or by contact to a grounded person who
is handling the package is an important property. If the package does not hold a charge and
the interior of the package has not contributed to charge generation then it is unlikely that the
contained items will have any significant charge. It is important for the package to lose charge
before opening the packaging and removing the contents to avoid bringing the contents
through a changing electric field. The upper limit for surface resistance to qualify as a
dissipative material is < 1 x 10" Q as measured by the surface resistance method described
in 7.3. Extreme care is needed when specifying dissipative materials since the electrical
range is huge. The functional performance is vastly different at the extremes of the dissipative
range. Materials with surface resistance at 1 x 10° Q have a very different decay rate than
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materials at 9,9 x 1010 Q. Therefore, care is needed when reading packaging material data
sheets as the term "dissipative" should have an assigned resistance value in order to provide
clarification of where the material falls within the range.

4.11.4 Conductive materials

Conductive materials are used in packaging systems particularly when grounding of the
package is extremely important or the items contained are of an energetic or explosive nature.
Flexible conductive packaging has significant use in chemical, munitions, and other
hazardous material handling applications. Packaging systems for electronic products most
often use conductive polymer-based materials for rigid and semi-rigid containers. Surface and
voluine resistance test methods are discussed in 7.3. Specifications for conductive mafgrials
are pet in standards generally at <1 x 10° Q, although IEC 61340-5-3 sets thehlinfit at
< 10f Q. There is no lower limit so metallic containers with very low electrical resistance fall
into [this category although there is a subset in the conductive range that {s, definefl as
electrostatic field shielding.

4.11(5 Electrostatic field shielding

Elecjrostatic field shielding describes those conductive materials that are gengrally
<1103 Q. Heavily filled polymers (carbon, silver, copper<and some of the npwer
nang-technology fillers) and metal structures are included in this category. Electrostatic|field
shielding will attenuate electric fields but may not protect.@gainst discharge currents [from
pasa:ng through the wall of a container made from the*xhighly conductive materials.| The

thicklness of the wall of the enclosure made from,conductive materials influences| the
discharge current in the event of a direct ESD event.

4.11(6 Electrostatic discharge shielding

Elecfrostatic discharge shielding is the term~that describes a multi-layer, packaging material,
normally in bag form, that includes many of-the previously discussed desirable properties for
protgction of electronic parts. The interior of an electrostatic discharge shielding bgg is
usudlly a low charging and dissipative surface that is intended to limit the charging of the
contained items during contact and)separation that occurs when items are placed insid¢ the
bag pr when they move around in_the bag during shipment. Most often the specification for the
interjor will be electrical resistance based on a surface resistance test. Typically,| the
acceptable value is <1 x40 Q. The electrostatic discharge shielding bag containg an
insulating layer to limit eurrent flow through the wall of the bag. The layer is thin, gengrally
25 um to 50 um so~the dielectric strength is limited but sufficient for most plaugible
elec{rostatic discharge“events a package is likely to experience in transportation or storage. A
thin [layer of metal .is deposited on the insulator surface to form the electrostatic shie|ding
laye. The layer normally will have at least some transparency to allow visual verification of
the ¢ontained)items. Since the shielding layer is thin enough to be transparent, the aftual
levell of shielding is limited. Thicker materials, usually without transparency, are ¢ften
equipped._with an additional layer which has a water vapour barrier for the transport|and
storggevof moisture-sensitive components. Industry experience has shown that well-made
discharge shielding bags will protect even the most sensitive electronic parts through any
expected shipping and storage situation. Specifications call for < 50 nJ interior energy or less
from a 1 kV exterior discharge. Well-made bags allow < 10 nJ in the test procedure described
in7.4.

5 Types of material

5.1 Filled polymers

Many polymeric resins can be filled with a significant loading of conductive or dissipative
materials that impart electrical properties to the base material. While it is somewhat difficult to
control the loading to achieve a specific resistance level in the mid-dissipative range, low
resistance levels are relatively easy to obtain with carbon black, metal flakes, nano-tubes,
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graphite fibres, etc. Filled polymers are used in vacuum forming, injection moulding and film
extrusion.

5.2 Intrinsically conductive or dissipative

Additive elements are reacted with the polymer and become part of the molecular chain,
generally at the ends of the molecules. The conductivity of the matrix is controlled by how
many molecular ends come into contact. The polymer materials can be formulated in a wide
range of electrical properties that are permanent and not readily affected by normal external
and environmental influences.

5.3 | Surface coated

Basg polymers can be coated with conductive or dissipative materials to impartya’levgl of
elecfrical resistance to the exterior surface of a material. Coatings can be in thedorm of gaint,
resin or other curable liquid. Generally, the coating liquid will contain conductive filler similar
to thpse used in filled polymers discussed in 5.1.

5.4 | Antistat treated

Antigtats are a chemical species that generally absorb moisture from the air. Antistatd are
coated on surfaces to provide some level of conductivity and surface lubricity. In contac{ and
sepdration activities, some of the antistat material will trabsfer between surfaces to [limit
elecfrostatic charge separation. Antistat treated surfaces are not considered permanent| and
surfgces can require retreatment to retain low charge generation properties.

5.5 | Anodized materials (e.g. boats used insideautomated handlers, metal tubes)

Anodized surfaces are generally high in surface resistance but impart durable and |hard
coatings to aluminium to reduce wear and.abrasion. Anodized materials are available a} the
high|end of the dissipative electrical range-but are relatively rare and are only available by
spedial order. Many anodized surfaces are charge generators when in contact with produftion
matgrials, so care is needed in process lines where these surfaces are used. While the pase
aluminium can be bonded to machine parts and ultimately earthed (grounded), the anodized
surfgce can be insulating and therefore isolated from the bonding connection to earth.| The
anodized surface can then .become a charge generator. Anodized surfaces can bedqome
damgged and may have pintholes. These surfaces can also break down at moderate voltgges.
Thege limitations can lead to charged devices discharging through the anodization with [high
currgnt. Anodization reSistance can be highly voltage dependent and decay times lengthgn as
the yoltage decreases./This could present a significant hazard for devices with low withgtand
CDM device protection.

5.6 | Material processing

5.6.1 Vacuum forming

Polymeric sheets are heated and placed over a form. A vacuum draws ihe heated sheet into
the form and the sheet takes on the shape of the form. After cooling, the polymer is removed
from the form and trimmed. Simple shapes can be made by vacuum forming although intricate
surface patterns can be formed with many materials. Deep draws of filled polymers can result
in significant changes in the electrical resistance of the finished product, especially at corners
or edges. Complete loss of continuity across edges can occur so it is important to verify the
resistance of the finished item across edges and corners using point-to-point resistance tests
(see 7.3).

5.6.2 Injection moulding

Three dimensional shapes are made by injecting a molten resin into a complex mould.
Intricate shapes can be formed using injection moulding techniques and equipment. Care is
needed in evaluating injection moulded parts formed from dissipative and conductive resins
since the strain on the polymer compound often changes the electrical properties of the
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material, especially at corners. Complete loss of continuity across edges can occur so it is
important to verify the resistance of the finished item across edges and corners using point-
to-point resistance tests (see 7.3).

5.6.3 Embossing

Embossing is a mechanical process that changes the surface topography of a material.
Embossing can help reduce charge generation by reducing the surface contact area.
Evaluation of the charging properties requires developing a technique as discussed in 7.2.

5.6.4

Vacuum vapour deposition

Vaclu
dondg
the H

5.6.5

um vapour deposition is used to form a metal layer on a polymer surface. The proce
under high vacuum so that the molten metal and subsequent vapour does not-dan
ase polymer.

Surface coating

Surface coating is a technique used to apply materials to a flexible substrate. Many of t

proc
carri

bsses are done on a moving web in a roll-to-roll gravure process*where a machine
bs the coating material from a pan or trough and transfer§ the coating material

polymer, paper or other flexible medium by contact. Curing takes place, often in an oven,

to ro
tape

5.6.6

Lam
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case

ling up the finished web. This is a process used in many.ndustries including printing
manufacture.

Lamination

nation is used to combine two or more materials into a single structure. Lamin
bsses can make highly complex structures,”normally in a planar or flat form. In g
s, laminated sheets can be used in vacum forming operations but care should be

since¢ bending can alter the functional properties of individual layers in the lamination
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Existing standards for packaging materials
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volume resistance for planar materials, two-point electrical resistance, and discharge
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ding methods for materials or items beyond bags are not covered by IEC 61340-5-3.

6.2

ANSI/ESD S541

ANSI/ESD S541 provides an overview of typical packaging materials, packaging material
applications, definitions of terms and material specifications. Test methods include surface
and volume resistance for planar materials, two-point electrical resistance, and discharge

shiel

ding for bags.

The ability to measure electrical resistance on shapes other than flat surfaces or materials
where the specified two-point probe will not fit are not covered by ANSI/ESD S541. Discharge
shielding methods for materials or items beyond bags are not covered by ANSI/ESD S541.
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6.3 Military standards and other documents related to packaging
6.3.1 General

Military standards related to packaging materials contain specific information that is useful in
preparing a packaging plan for electronic and other ESDS. USA military standards are part of
the public domain and can be readily accessed for free reference (Assist — Quick Search Data
Base — www.quicksearch.dla.mil).

6.3.2 MIL PRF 81705 (E) (Film)

This ;O \YAR A} Uf thU IIIUOt ;Illpultallt Otalldaldo ;II thU paulr\ay;lly ;Ilduotly IU:GtUd tU U:CUt_OniC
products. It evolved over the years from the 1970's to the 1990's and contained specifigajions
for three types of film material used to form bags. Type | is a metal foil barrier film~usefd for
moisture vapour barrier applications and moderate electromagnetic shielding; Type' I s a
Iochharging and dissipative transparent polymer material; and Type Il is a’transparent
elec{rostatic discharge shielding material. The most recent version of MIL PRF-81705 (E] has
dropped the Type Il materials. The specifications for Type | and Type HI films are|well
documented and have the backing of historical performance. If referencing MIL PRF 81705,
be aware that resistance values are stated in terms of ohms square Wwhich are a factor ¢f 10
higher than the surface resistance as defined in IEC 61340-5-3.

6.3.3 MIL STD 3010

Test|methods (replaces FTMS 101C). This document contains a number of test methods for
physical and mechanical testing of packaging materials/The most often referenced procedure
is Method 4046 — Static decay. Method 4046 uses a;special apparatus to apply a potentfal to
a sample of film held in a fixture. A minimum amount of conductivity is needed by the sample
undgr test in order to accept the charging potential. After the material is charged, the sample
is egrthed (grounded) and the time for the potential to drop measured. Generally, the mdthod
is ugeful for a narrow range of samples with surface resistivity from 1010 Q to 1013 Q| and
applies only to homogeneous film samples. References to Method 4046 often appear in|data
shedts so care should be exercised in:ifaterpreting the claims made by suppliers.

6.3.4 MIL PRF 131

Barrier materials, waterproof, greaseproof. This standard applies to many forms of packdging
matgrials for shipping items™to the military. References to electrical and electronic prodqucts
defe[ to MIL PRF 81705 for electrostatic related specifications. MIL PRF 131 is mentipned
here[since it can apply 10 military contractors who supply to the US military.

7 Existing test methods for packaging materials

71 IEC 61340-2-1 — Ability of materials and products to dissipate static electric
charge

IEC 61340-2-1 describes test methods for measuring the rate of dissipation of static charge of
insulating and static dissipative materials and products. It includes a generic description of
test methods and detailed test procedures for specific applications.

IEC 61340-2-1 describes the use of a corona charging and discharging apparatus, an
electrostatic field meter and a charged plate apparatus. There are descriptions of how to
make decay type measurements for textiles, gloves and finger cots, and tools. Several of the
test procedures can be adapted to packaging materials but there are no specifications given
to aid the end user in determining the relevance of decay measurements on packaging
materials. Concepts and procedures need development.
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7.2 |IEC TR 61340-2-2 — Measurement of chargeability

IEC TR 61340-2-2 describes the equipment, arrangements and procedures for measurement
of electrostatic charge caused by contact and relative motion between materials and presents
examples of model experiments to simulate practical processes.

IEC TR 61340-2-2 describes the Faraday pail, field mill, field meters (several types), charged
plate monitors (several types), non-contact electrostatic voltmeters and contact electrostatic
voltmeters and gives guidance on their use to evaluate electrostatic charging situations.
Generic descriptions of rubbing tests, sliding tests and film passing over rollers are described.
Applications for packaging materials are not specifically mentioned but many of the
techfpiques can be Useful In the evaluation of packaging materials. SKilled practitionerg are
needed to interpret the results of chargeability tests.

7.3 | IEC 61340-2-3 — Resistance and resistivity

IEC $1340-2-3 describes test methods for the determination of the electrical resistance| and
residtivity of solid materials in the range from 104 Q to 1012 Q used toVavoid electrogtatic
chargge accumulation.

A cophcentric ring probe for surface and volume resistance measufement is described as i$ the
probe used for point-to-point resistance and resistance( to ground/groundable point
measurements.

The [concentric ring probe is used on planar solid materials with a minimum size of at |east
80 nMm x 120 mm or 110 mm diameter.

The full size (63,5 mm diameter) point-to-point electrodes are not normally used for packdging
matgrials (application is normally for flooring,owork surfaces, garments, etc.). However, if the
sample or material under investigation is ofia 'size greater than 415 mm x 165 mm, the prpbes
could be used to provide some information about the point-to-point resistance of the matgrial.
This|might be a useful technique for large containers (tote boxes) or wrapping materials.

Point-to-point probe is used as.a test method to measure the resistance between two ppints
on dn item's surface. It is intended for measuring the resistance of items in the rande of
104 2 < R <1072 Q. The pfobe consists of 2-pogo pins, nominally 3 mm in diameter, h¢ld a
fixed distance apart, nominally 3 mm. A consistent force is applied to the pogo pins duriTng a
meagurement so that the' contact force can be controlled. Most of the time, the metal engs of
the gogo pins have a'‘eonductive rubber cover or insert to make a conformable contact sufface.

7.4 | IEC 61340:4-8 — Discharge shielding — Bags

IEC p1340=4-8 provides a test method for evaluating the performance of electrogtatic
discll\arge shielding bags. The design voltage for the test apparatus is 1 000 V.

The purpose of IEC 61340-4-8 is to ensure that material manufacturers, testing laboratories
and end users who use this test method to evaluate a given packaging material will obtain
similar results.

The test procedure uses a human body model (HBM) based discharge simulator to deliver a
defined discharge pulse to a standard size bag. A capacitive probe is placed inside the bag so
that the top and bottom metal plates of the probe are in contact with the inside surfaces of a
bag under test. The plates of the capacitive probe are connected by a defined resistor and a
suitable current probe is placed over the resistor wire on the output side. The current probe is
attached to a suitable storage oscilloscope to capture and record the current pulse through
the resistor after applying a 1 000 V HBM pulse to the top side of the bag. The area under the
observed discharge current pulse is equal to energy in joules (watt-seconds). The method has
been designed and used for bags, pouches and similar packaging materials since the late
1970's so there is a great amount of history. Most of the packaging material suppliers that
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provide electrostatic discharge shielding bags will report their product test results and define
their product specifications using this test method.

8 Choosing a packaging technology

8.1 Determining packaging material attributes

Determining packaging material attributes to meet application requirements: The first step in
deciding what a packaging material needs to do is have an understanding of the logistics that
the shipped material will experience. Fundamentally, a determination of how the packaged
items—wittbe—trandted—shoutd—beTmade—first—fthepackageditem{product)is—onty tandled
inside of an electrostatic protected area (EPA), requirements for packaging materials niight be
reduced. If the product is shipped and moved through unknown or to unprotected areas,| that
incrgases requirements for electrostatic and other protection.

8.2 Inside an EPA

The ffirst consideration inside an EPA is that electrostatic protective packaging might not be
requjred at all. If packaging or some form of container is needed to hald items, the packdging
matgrial should be low charging and dissipative or conductive{~Conventional insulating
matgrials should be excluded from the EPA. Any process essential insulating materials }the

EPA|have certain requirements that should be met in orderto-continue to claim complipnce
with [the ESD control program plan. Low charging and dissipative/conductive materials c
used for carriers, tote boxes, trays, tubes and other forms©f carriers for ESDS.

n be

8.3 Outside an EPA or between EPAs

The [considerations change when ESDS have ‘teobe moved outside an EPA, between BPAs
throygh unprotected areas, or from an EPA; to an unknown receiving environment. [Low
charging and dissipative properties are required for intimate contact with ESDS. It is impojrtant
to rgduce the charging propensity of thetESDS. In addition to the intimate contact material,
the ESDS should be shielded to reducg’the influence of external electric fields. Shieldipg in
this |case can take the form of an air gap for separation of the ESDS from the ouiside
envifonment, or direct shielding using a highly conductive enclosure such as a dischiarge
shielding bag or conductive container.

8.4 | Evaluation of packaging system attributes

As diiscussed in this.-document, the properties related to electrostatic protection of ESD§ are
basig¢ally as follows*-charge generation, charge dissipation and shielding. While test methods
exisfl for each o0fithe properties, some packaging forms (see Annex A for an overview of
packaging forms and types) do not readily lend themselves to the direct measurements so
indirect measurements are needed. Indirect measurements include several forms of elgctric
resigtancetesting. Industry experience has shown that for a large range of resistance| the
measured resistance value can relate very well to charge dissipation rates.

8.5 Charge dissipation test methods

Charge dissipation test methods exist but are generally limited to those materials with high
surface or volume resistance. Most often, the dissipation rate of materials within what is
considered electrostatic dissipative, that is <1 x 1011 Q, is faster than can be reasonably
measured by the conventional timers used in charge dissipation testers. Decay time is a
function of capacitance and resistance so therefore resistance can be used to approximate
decay time for materials with surface or volume resistance < 1 x 1011 Q.

8.6 Resistance measurement methods

Resistance measurement methods are often used to measure and define materials and
finished goods, particularly in packaging. The following Table 1 defines the generally
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accepted resistance limits assigned to packaging materials. The table is similar to Table 1 of

IEC 61340-5-3:2015.

Table 1 — Test methods for electrostatic protective packaging

R, Volume resistance

Material classification Test method © Method description Limits
Conductive IEC 61340-2-3 R; Surface resistance <1x10*Q
ANSI/ESD STM 11.132 R,; Volume resistance
Rpfp; Point-to-point
resistance
Electlostatic field shielding |IEC 61340-2-3° R; Surface resistance <1x103Q

Dissipative IEC 61340-2-3 Rg; Surface resistance 21 x10*Qda <1 x10" Q
ANSI/ESD STM 11.13 @ R ; Volume resistance
Rpfp; Point-to-point
resistance
Insulgtive IEC 61340-2-3 Rg; Surface resistance >1x 10" Q
ANSI/ESD STM 11.13 @ R ; Volume resistance
Rpfp; Point-to-point
resistance

@ IBC 61340-2-3 describes all three test methods R, R, and Rpfp.

b |HC 61340-2-3 describes test methods for the determination of‘the electrical resistance and resistivity of|solid
mlaterials in the range from 10* Q to 10'? Q. When using the‘cohcentric ring probe according to IEC 61340-2-3
fdr surface and volume resistance, the probe can be used te. measure values less than 10% Q. The test vqltage
can be lowered in this case.

¢ Fpr product qualification of packaging materials, the, environmental conditions for preconditioning and tg¢sting
should be 23 °C + 2 °C and 12 % + 3% relative huniidity. The preconditioning before the measurement should
bg¢ = 48 h.

8.7 | Shielding test

A shielding test for bags and.pouches is described in IEC 61340-4-8. In this procedufe, a

human body model (HBM) simulator is used to apply a 1 000 V discharge pulse to a bag or

poudh under test.

9 Does the packaging system meet the intended purpose?

Of importance)is the need to ensure that the packaging system that has been selected will

meef the-intended purpose. This will include an evaluation of the protection ability of the

packlaging/system to make sure it can meet the demands of the shipping or storage conditions.

Tests ean include vibration, heat and cold, moisture barrier protection and any other physical

attribute that are beyond the scope of this document, but nonetheless should be considered.

10 New test method concepts and development plans

10.1

General

As has been pointed out, the existing test methods cannot be used as intended on all
packaging forms. Some of the packaging forms are too small or of an odd shape that will not
allow application of test probes or electrodes. It should be noted that controlling or defining
electrical resistance alone cannot solve all static electricity problems. More work is needed to
develop appropriate evaluation techniques and test method for small profile embossed
(pocket) tape and other packaging materials used for small electrical and electronic parts.
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10.2 Single point probe

A single point test method is being considered by the ESD Association in the USA. The
design of the probe is based on the description of the point-to-point probe in IEC 61340-2-3.
The contacting probe is one of the pogo-pin type contacts used in the same point-to-point
probe discussed in 7.3. The counter electrode will be another portion of the item under test or
a conductive counter electrode that the item under test will rest upon (see Figure 5 and
Figure 6).

IEC

Figure 5 — Single point probe te&t fmethod set-up
u||uulu||||||||||||||||||H\IQQ|IIllllIII

C) IEC

OQ~Figure 6 — Single point probe on embossed (pocket) tape

10.3 {’édllel plates
AN

A concept of placing an item under test such as a strip of embossed (pocket) tape on a metal
plate that acts as one measurement electrode and another metal plate on top of the item
under test that acts as the other measurement electrode was discussed in an EOS/ESD
Symposium paper in 2012 (see Figure 7). The test method will eventually undergo further
evaluation in a new project within the ESD Association Packaging working group 11.
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the conductive reel on one side and the discharge to ground monitored from the other reel as
shown in Figure 10. The same apparatus can be used in measuring resistance between reels
(Figure 9).
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Tribgelectric charging of cover tape removalscan be measured as shown generally
e 11. The test uses a charged plate monitor (CPM). A substrate material or carrier
punted to the CPM. The cover tape is removed from the sample (several samples ne¢d to

Figu
is m

be prepared in advance) at various peeling rates. The rate of cover tape removal sh
simulate the speed of removal in an agtual pick-and-place application. The resulting vo
be captured using various data recording methods depending on the CPM output.

can

Insulative clump
cover tape

Hand peel off speed

I"_—__I

Insulating sleeve

Side view

| |
J L)
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10.8

Discharge evaluation method

An electrostatic field meter with charged plate and charging source (used for evaluating air
ionizers), can be used to provide an indication of packaging material discharging ability (see
Figure 12). One side of the packaging material under test is bonded to the electrostatic field
meter ground, the other side is placed into contact with the charged plate (charged to > 1 kV).
The time for the charge to dissipate through the packaging material gives a good indication
for the material classification. This procedure is similar to the test method described in
IEC 61340-2-1.

10.9
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Figure 12 — Discharge evaluation method
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Annex A
(informative)

Packaging forms and types

A.1 Packaging materials for electronic devices

Annex A contains general information about a variety of packaging forms used with electronic
parts and is limited to the following packaging forms: tape and reel, formed trays, tote boxes
and pthret |iyid contairers—itis cApcutcd thrat-othrer gcllclq: pau'r\ayilly forms—canbeevalyated

using existing techniques or those that will be developed as a result of this document.

A.2| Embossed tape

Embpssed (pocket) tape and cover tape are available in a wide variety of materials and nearly
infinite profiles. Very sensitive components are usually packaged in)conductive embopsed
tape| with some form of dissipative/conductive/shielding cover tape) Some sizes cap be
evaltiated with existing resistance measurement methods such as-described in 7.3. §mall
profile embossed tape made from conductive materials cannot_.beradequately evaluated|with
the gxisting test methods since the probes are too large. More 'work is needed to develop test
methods for small profile embossed tape (see Clause 10). Examples of various small profile
embpssed (pocket) tapes are shown in Figure A.1 alongside rulers marked in millimetrgs to
indigate scale.

IEC

Figure A.1 — Examples of embossed (pocket) tape

A.3 | “Cover tape

Cover tape is used to enclose parts within an embossed tape. There are fewer material
options for the cover tape than the embossed tape. There are also some differences in
material properties available from the different producers of cover tape. It is well known that
some cover tapes can generate enough electrostatic charge when removed to attract small
profile parts to the cover tape. This can cause significant production issues. The small part
attraction can occur beginning at electrostatic field strength on the order of 1 000 V at 2,5 cm
with the small capacitors and resistors commonly used in circuit board manufacturing today.
Fortunately, cover tapes, even the narrowest versions, can be measured with existing test
methods for electrical resistance. Charge generation tests can also be adapted from existing
methods. Of most importance is the measurement of charge or electric fields from the cover
tape when removed from the embossed tape (Figure 11). If the cover tape or the contacting
adhesives to the conductive embossed tape are conductive or dissipative and the cover tape
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