IEC 62341-5-2:2019-03(en)

IEC 62341-5-2

Edition 2.0 2019-03

INTERNATIONAL
STANDARD

Orgahic light emitting diode (OLED) displaysQQ
Part p-2: Mechanical endurance test metho§§



https://iecnorm.com/api/?name=1da655a8a48ffb56d2b72b0f58331f75

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2019 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

IEC Central Office

your local IEC member National Committee for further information.

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 Intgrnational Electrotechnical Commission (IEC) is the leading global organization that prepares and-gublishes
Internatipnal Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please makessure’that you
latest edjtion, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advgnced search enables to find IEC publications by a
variety [of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just|Published - webstore.iec.ch/justpublished

Stay up fo date on all new IEC publications. Just Published
details ajl new publications released. Available online and
once a nfonth by email.

IEC Cusfomer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
er assistance, please contact the Customer Service
les@iec.ch.

Electropedia - www.electropedia.org
The world's leading online( dictionary on electrote
containing more than 22 000 ‘terminological entries i

have the

thnology,
h English

and French, with equivalent terms in 16 additional lahguages.

Also known as thedntérnational Electrotechnical Vi
(IEV) online.

IEC Glossary -'std.iec.ch/glossary

67 000 electrotechnical terminology entries in En
French-extracted from the Terms and Definitions
IEC publications issued since 2002. Some entries h

cabulary

plish and
tlause of
Bve been

collected from earlier publications of IEC TC 37, 71, 86 and

CISPR.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=1da655a8a48ffb56d2b72b0f58331f75

IN
STANDARD

TERNATIONAL

IEC 62341-5-2

Edition 2.0 2019-03

colour
inside

Orgahic light emitting diode (OLED) displays~

Part

b-2: Mechanical endurance test methods

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 31.260

ISBN 978-2-8322-6603-8

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

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=1da655a8a48ffb56d2b72b0f58331f75

-2- IEC 62341-5-2:2019 © |IEC 2019

CONTENTS

FOREWORD ...ttt e e et et e e et et e e et et e e e e e e e e e e e e e e e e eanneenns 4
1 ST e o] o 1Y OO SPRPRN 6
2 NOIMALIVE FEFEIENCES ...ttt 6
3 Terms and definitioNs ... 7
4 ADDBreVvIiated termMS oo 7
5 Standard atmospheric CoNditioNS ... 7
6 Eyalation 0000000000000 7
6.1 Visual examination and verification of dimensions.............ccoocovii e 7
6.2 ReEPOIING .o O e 8

7 Mgchanical endurance test methods...........coooiii 8
7.1 GENEIAl. .. g A T e 8
7.2 Vibration (sinusoidal) .........ccooiiiiiii e m e e 8
7.1 GENETAl e P 8
7.R.2 PUrpoSe ... e e 8
7.2.3 Testapparatus ......cccooveiiiiiiiiii e A e 8
7.p.4 Test procedure ... O e e 8
7.R.5 Evaluation ... e 12

7.3 ShOCK i S i 12
7.8.1 (7= a1 Y D PP PR 12
7.8.2 U oo 1= PP S 12
7.B.3 Test apparatus ... e 12
7.8.4 BLICES L o e L7 =Y [ - e PR R 12
7.B.5 Evaluation ... s e 13

7.4 Quasistatic strength ... . 00 e 13
7.4.1 General .o s e 13
7.4.2 PUIPOSE .. e e 13
7.4.3 ST oX=Yod 142 =T o TR PSPPSRI P 14
7.4.4 Test apPanatus ..o e 14
7.4.5 LIS Y o] e Yo7 =Y [ - PRI R 14
7.4.6 Evalliation ... e 15

7.5 Four-point bending test ... e 15
7.6.1 GENEIAI .. e 15
7.p2 P UMD OSE .. e e 15
7.9.3 ST LYo T = 15
7.5.4 T eSSt APPAratUS ..o e 16
7.5.5 LI o e Yo7 =Y o [ = PP 17
7.5.6 Post-testing analySiS. ..o 17
7.5.7 EValuation ... 18

7.6 Transportation drop teSt ... 18
7.6.1 GBNEIAl e 18
7.6.2 U oo 1= S 18
7.6.3 T eSSt SAMPIE e 18
7.6.4 T eSSt PrOCEAUIE . e 18
7.6.5 EValUatioN ..o 19

7.7 Peel strength test. ... o 19

7.7.1 U oo 1= - S 19


https://iecnorm.com/api/?name=1da655a8a48ffb56d2b72b0f58331f75

IEC 62341-5-2:2019 © IEC 2019 -3-

7.7.2 LI o e Yo7 =Y o [ = P 19
7.7.3 EValUatioN .o 20

7.8 Shock test for large size disSplay......c..oveiiiiiii 20
7.8.1 U oo 1= = S 20
7.8.2 T eSSt PrOCEAUIE . 20
Annex A (informative) Example of raw test data reduction for four-point bending test........... 21
A1 P U PO e 21
A.2 Sample tESt rESUILS v 21
A.3 Finite element @analysis .......ooouiii 22
A.4 Use of conversion factor ... 26
A5 Evaluation. .. .o 27
BiDI OgIraP Y . e N e e 29
Figure|1 — Example of the specimen and jig.......ccccooiiiiiiiiiiiiii gt e e 9
Figure|2 — Directions of vibration test...........c.cooiiiiii @ e 9
Figure|3 — Configuration of OLED shock test set-up.......cc.ocooeev @ 12
Figure|4 — Schematic of quasistatic strength measurement apparatus example .............J...... 14
Figure|5 — Schematics of test apparatus and pinned bearing édges............cocceeveevenfonns 16
Figure|6 — Specimen configuration under four-point bendigg test................oooo ol 16
Figure|7 — Order of transportation package drop........<). i e 19
Figure|8 — Example of peeling strength test ......... . axt e 20
Figure|A.1 — Specimen dimensions used for sample test..........cocoiiiiiiiiiiiiii e 21
Figure|A.2 — Examples of test results: Load-displacement curves ...........ccooovvvveeeeeeennnn ol 22
Figure|A.3 — Finite element model of test@pecimen ..o e 23
Figure|A.4 — Displacement contour map after moving the loading bar down by 2 mm.....|...... 24
Figure|A.5 — Contour map of maxjimum principal stress distribution............................. 24
Figure|A.6 — Maximum principal,stress and maximum stress along the edge.................|...... 25
Figure|A.7 — Final relationship between panel strength and failure load ........................ |, 25
Figure|A.8 — Extraction(oficonversion factor by linear fitting ...........c..cooo s 26
Figure|A.9 — Example of Weibull distribution of strength data and statistical outputs......|...... 28
Figure[A.10 — Fitted failure probability distribution of strength data and Bq( strength.....{...... 28
Table | #Frequency range — LoOwer eNnd .........coiiiiiiiiiiiiiiie e e 10
Table 2=Frequencyrange—=Ypperend———— 10
Table 3 — Recommended freQUENCY FANGES ....ouiuiiiiiiiie e e e eneees 11
Table 4 — Recommended vibration amplitudes ... 11
Table 5 — Conditions for shock test ... ..o 13
Table 6 — Examples of test parameter combinations ... 17
Table 7 — Example of package drop SEQUENCE .........coviiniiiei e 19
Table A.1 — Results of raw test data .........ooooiiiiii 22
Table A.2 — Example of conversion factor (r = 0,4mm, test span = 20mm/40mm) .................. 26

Table A.3 — Failure load and converted strength data ... 27


https://iecnorm.com/api/?name=1da655a8a48ffb56d2b72b0f58331f75

1)

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC 62341-5-2:2019 © |IEC 2019

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -
Part 5-2: Mechanical endurance test methods

FOREWORD

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization co
all national electrotechnical committees (IEC National Committees). The object of IEC ishio
interhational co-operation on all questions concerning standardization in the electrical and electronic f
this end and in addition to other activities, IEC publishes International Standards, Technical| Specifi
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC National,€ommittee in
in the subject dealt with may participate in this preparatory work. International,” governmer
non-povernmental organizations liaising with the IEC also participate in this preparation. IEC coll
closg¢ly with the International Organization for Standardization (ISO) in accordance’with conditions de
by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as(nearly as possible, an inte
consfensus of opinion on the relevant subjects since each technical cammittee has representation
interpsted IEC National Committees.

IEC [Publications have the form of recommendations for internationaluse and are accepted by IEC
Compmittees in that sense. While all reasonable efforts are madefo ensure that the technical conten
Publ|cations is accurate, IEC cannot be held responsible for\the way in which they are used or
misipterpretation by any end user.

In ofder to promote international uniformity, IEC NatiopalyCommittees undertake to apply IEC Pub
trangparently to the maximum extent possible in their ‘national and regional publications. Any di
betwleen any IEC Publication and the corresponding.national or regional publication shall be clearly ind
the Iatter.

IEC |tself does not provide any attestation of gonhformity. Independent certification bodies provide cg
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg

members of its technical commitfees and IEC National Committees for any personal injury, property da
othe[ damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fg
expenses arising out of the\publication, use of, or reliance upon, this IEC Publication or any of
Publ|cations.

Attention is drawn to thel Normative references cited in this publication. Use of the referenced public
indispensable for the'correct application of this publication.

Attention is drawn~to the possibility that some of the elements of this IEC Publication may be the sl
patept rights. IEC shall not be held responsible for identifying any or all such patent rights.

Interngtional’ Standard |IEC 62341-5-2 has been prepared by IEC technical committe
Electrgnic-display devices.
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This second edition replaces the first edition published in 2013. This edition constitutes a
technical revision.

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

a) Vibration and shock tests for large displays (for example, TVs and monitors) are added.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
110/1069/FDIS 110/1083/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

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

A list

, mitting
diode (OLED) displays, can be found on the IEC website.

The cdmmittee has decided that the contents of this document will remain unchanged uptil 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 recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e amgnded.

A bilingual version of this publication may be issued at)aater date.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which arée’ considered to be useful for the correct
understanding of its contents. Users should therefore print this document usfing a
colourn printer.
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ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

Part 5-2: Mechanical endurance test methods

1 Scope

This part of IEC 62341 defmes test methods for evaluating the mechanlcal endurance

quality

pferred

to the
tkaged

form. Quasistatic strength, four-point bending and peel strength tests,'are introduced here for
usage lenvironment, while vibration, shock and transportation drop tests are applicable| to the

transportation environment. Mechanical endurance tests can (be categorized into

mobile

applicdtions, notebook computer or monitor applications and/large size TV applicjations.
Special considerations or limitations of test methods according to the size or application of the

specinfen are noted.

In casg of contradiction between this document and<a relevant specification, the lat
govern|.

NOTE [This document is established separately from¥IEC 61747-5-3, because the technology of orga
emitting|diodes is considerably different from that of liquid crystal devices in such matters as:

— usefl materials and structure
— opefation principles

— medgsuring methods

2 Ngrmative references

er will

hic light

The foJlowing documernts) are referred to in the text in such a way that some or all ¢f their

cited applies. For undated references, the latest edition of the referenced document (in

conte’r} constitutes_ requirements of this document. For dated references, only the
any ampjendments)-applies.

IEC 60068£2:6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal

edition
cluding

IEC 60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and gu
Shock

dance:

IEC 61747-1-1:2014, Liquid crystal and solid-state display devices — Part 1-1: Generic —

Generic specification

IEC 61747-5-3:2009, Liquid crystal display devices — Part 5-3: Environmental, enduran
mechanical test methods — Glass strength and reliability

IEC 61747-10-1:2013, Liquid crystal display devices — Part 10-1: Environmental, end
and mechanical test methods — Mechanical

IEC 62341-5:2009, Organic light emitting diode (OLED) displays — Part 5: Environ
testing methods

ce and

urance

mental
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IEC 62341-6-1, Organic light emitting diode (OLED) displays — Part 6-1: Measuring methods
of optical and electro-optical parameters

IEC 62341-6-2:2015, Organic light emitting diode (OLED) displays — Part 6-2: Measuring
methods of visual quality and ambient performance

ISO 2206, Packaging — Complete, filled transport packages — Identification of parts when
testing

ISO 2248:1985, Packaging — Complete, filled transport packages — Vertical impact test by
dropping

3 Terms and definitions
For thg purposes of this document, the following terms and definitions apply

ISO and IEC maintain terminological databases for use in standardization at the fol|lowing
addresses:

e |EQ Electropedia: available at http://www.electropedia.org/

e |SQ Online browsing platform: available at http://www.iso.erg/obp

NOTE Most of the definitions used comply with IEC 62341-1-2.

strength
stress |pt which a sample fails for a given loading>-condition

3.2
glass edge strength
measufed stress at failure where the failure origin is known to have occurred at an edggq

4 Abbreviated terms

Bio the value at theNower 10 % position in the Weibull distribution [1]1
FEA finite elementanalysis

FPCB flexible _printed circuit board

TSP touehiscreen panel

5 Stpndard atmospheric conditions

The standard atmospheric conditions in IEC 62341-5:2009, 5.3, shall apply unless otherwise
specifically agreed between customer and supplier.

6 Evaluation

6.1 Visual examination and verification of dimensions

The specimen shall be submitted to the visual and dimensional checks in non-operation
conditions and functional checks in operational conditions specified by the following:

1 Numbers in square brackets refer to the Bibliography.
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a) visual checks of damage to the exterior body of the specimen including marking,
encapsulation and terminals shall be done as specified in IEC 61747-1-1:2014, 4.3;

b) dimensions given in the relevant specification shall be verified;

c) visual and optical performance shall be checked as specified in IEC 62341-6-1.

Unless otherwise specified, visual inspection shall be performed under the conditions and
methods specified in IEC 62341-6-2:2015, 6.2.

6.2 Reporting

For the main results in each test, generally the minimum and averaged values or B4, value

insteag
the te
accept

7 Mechanical endurance test methods

7.1

Choiceg
shall s

7.2
7.2.1

Test H
followi
IEC 61

7.2.2

The p

enviropment such as transportation or in actual use.

7.2.3

The ed
vibratiq
The re
amplifi

of theTmimimum vatuestatt-beTeportedover the mumberof specimensdepeng
5t purposes. The relevant specification shall provide the criteria upon whi
ance or rejection of the specimen is to be based.

General

ate which tests are applicable.

Vibration (sinusoidal)
General

c, specified in IEC 60068-2-6 and IEC 61747-10-1:2013, 5.4, is applicable wj|
ng specific conditions. In case gof\“contradiction between these docu
747-10-1:2013, 5.4, shall prevail.

Purpose

irpose of this test is to investigate the behaviour of the specimen in a vi

Test apparatus

uipment shallbe capable of maintaining the test conditions specified in 7.2.4.
n testing table‘should not resonate within the test condition vibration frequency
nuired characteristics apply to the complete vibration system, which includes the
br, vibrator, test fixture, specimen and control system when loaded for testin

body d
metho

under the nnn-npprafinnal condition

f the- device shall be securely clamped during the test. If the device has a sp
of installation, it shall be used to clamp the device. The specimen shall be

ing on
ch the

of the appropriate tests depends on the type of devices.)The relevant specification

th the
ments,

bration

1. The
range.
power
g. The
ecified
tested

7.2.4
7.2.41

Test procedure

General

The test specimen should be hooked up to the jig as shown in Figure 1 for a large size display.
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Top

Display 4

<— Jig

IEC

Figure 1 — Example of the specimen and jiq

During| this test for the large size display, the specimen should be turned off and the test
based |on the specific time; the specimen quality is checked. The jig is on the| basq plate,
which ghould be fixed at the plate. The conditions for fixation of the specimen are depicted in
Figure|2 according to the different axes.

dog

Top

T

[(———— ] X
= G : Base plate z
Base plate Base plate |EC
IEC IEC
a) x-axis b) y:axis c) z-axis

Figure 2 — Directions of vibration test

To start, the condition should be \ds in Figure 2a), and the vibration frequency apd the
duratign time should be reported:/After testing the x-axis condition, the specimen shquld be
set as|in Figure 2b). The test with the specified vibration frequency and the duratign time
should| be operated. Finally,\the test with the z-axis should be done. The test shall be
performed as described in.2.4.2.

NOTE [The large size is defined for TVs. The size would be over 40 in.
7.2.4.2 Test conditions
7.2.4.21 Basic motion

The bgsie_motion shall be a sinusoidal function of time and such that the fixing points| of the
specinterr move substamtiaty mphaseamd- i straightparattettimes:

7.24.2.2 Spurious motion

The maximum amplitude of spurious transverse motion at the check points in any
perpendicular area to the specified axis shall not exceed 25 %. In the case of large size or
high mass specimens, the occurrence of spurious rotational motion of the vibration table can
be important. If so, the relevant specification shall specify a tolerance level.

7.2.4.2.3 Signal tolerance

Unless otherwise stated in the relevant specification, acceleration signal tolerance
measurements shall be performed and signal tolerance shall not exceed 5 %.
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7.2.4.2.

4

—-10 -

Vibration amplitude tolerance

Reference point: £15 %.

Check point: £25 %.

7.2.4.2.

7.2.4.2.

5
5.1

Frequency tolerances

Endurance by sweeping

+1 Hz from 5 Hz to 50 Hz.

IEC 62341-5-2:2019 © |IEC 2019

+2 % above 50 Hz.

7.2.4.2.

2 %.

7.2.4.3

7.2.4.3.

A vibration severity is defined by the combination of thregé parameters: frequency
n amplitude and duration of endurance (in sweep gycles or time).

vibratig

7.2.4.3

The frequency range shall be given in the relevant specification by selecting a
frequepcy from Table 1 and an upper frequengy-from Table 2.

5.2

1

.2

Endurance at critical frequencies

Severities

General

Frequency range

Table 1 — Frequency range — Lower end

range,

lower

Lower frequency f; (Hz)

5
10
20

Table 2 — Frequency range — Upper end

Upper frequency f, (Hz)

I~

A~

100
200
300
500

The recommended ranges are shown in Table 3.
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Table 3 - Recommended frequency ranges

Recommended frequency ranges, from f; to f, (Hz)

5to 100
5 to 200
5 to 500
10 to 55
10 to 200
10 to 300

4O b OO
LAYV AECAvAV)

7.2.4.3.3 Vibration amplitude

The vibration amplitude shall be stated in the relevant specification. Recommended vi

amplit

udes with cross-over frequency are shown in Table 4.

Table 4 — Recommended vibration amplitudes

bration

Dispfacement amplitude below Acceleration amplitude above the cross-over frequency
the cross-over frequency

M, m/s2 gn
0,035 4,9 0,5
0,075 9,8 1,0

0,10 147 1,5

0,15 19,6 2,0

0,20 29,4 3,0

NOTE

NOTE

Il The values listed apply in Table 4 for cross-over frequencies between 57 Hz and 62 Hz.

P Regardless of display size, thejsame amplitude is calculated and applied at per unit area.

7.2.4.3.4 Duration of,'endurance

7.2.4.3.4.1 Endurance by sweeping

The d
chose

dration of the endurance test in each axis shall be given as a number of sweep
n fromsthe list given below:

1. 5,10, 20, 30, 45, 60, 120

cycles

The sweeping shall be continuous and the frequency shall change exponentially with time.
The endurance time associated with the number of sweep cycles or sweep rate in
octaves/minute shall be specified. During the vibration response investigation, the specimen
and the vibration response data shall be examined in order to determine critical frequencies.

7.2.4.3.4.2 Endurance at critical frequencies

The duration of the endurance test in each axis at the critical frequencies found during the
vibration response investigation shall be chosen from the list given below. This test shall be
repeated for the number of critical frequencies as specified by the relevant specification.

10 min, 15 min, 30 min, 90 min
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7.2.5 Evaluation

After the test, visual, dimensional and functional checks shall be performed and compared as
described in 6.1.

7.3 Shock
7.3.1 General
IEC 60068-2-27 and 61747-10-1:2013, 5.5, shall be applied with the following specific

conditions. In case of contradiction between these document, IEC 61747-10-1:2013, 5.5, shall
prevail.

7.3.2 Purpose

This tejst aims to provide a standard procedure for determining the ability of an-OlYED pganel or
modulg to withstand specified severities of shock. During transportation or.in ‘Gse, an|OLED
panel ¢r module can be subjected to conditions involving relatively non-repetitive shock

7

7.3.3 Test apparatus

The bddy of the specimen shall be securely clamped during the, test in the test directipn and
aligned with the z-axis of the test machine; for example, Figure.8 depicts the shock tes} along
the y'—xirection of the specimen. If the device has a specifiedynethod of installation, it shall be
used to clamp the device.

OLED
module
y y
y x'
A "
-
B IEC
IEC
a){ Example of a shock test machine b) test direction of a specimen

Figure 3 — Conftiguration of OLED shock test set-up

7.3.4 Test procedure

Test Ea, specified in IEC 60068-2-27, is applicable, with the following specific requirements.
The conditions shall be selected from Table 5, taking into consideration the mass of the
device and its internal construction.
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Table 5 — Conditions for shock test

Peak amplitude A CorresPo:g::igngluritlisoen D of the Corresponding velocity change 4V
(mis?) (2,) (ms)p Half-sine Trapezoidal
(m/s) (m/s)
50 (5) 30 1,0 -
150 (15) 11 1,0 1,5
300 (30) 18 3.4 4.8
300 (30) 11 2.1 2,9
300 (30) I 1.1 16
500 (50) 11 3.4 29
500 (50) 3 0,9 1,3
1 000 (100) 11 6,9 9,7
1.000 (100) 6 3.7 5.3
2 000 (200) 6 7,5 10,6
2 000 (200) 3 3,7 5,3
5 000 (500) 1 3,1 -
10 000 (1000) 1 6,2 -
NOTE | Preferred values are underlined.
The choice of waveform to be used depends on a.number of factors, and difficulties ifherent

in mal
IEC 60

utilized.

Unless
applieg
18 sh
arrang
multipl
of thre

7.3.5

Visual,
6.1 to

ing such a choice preclude a preferred ‘order being given in the documer
068-2-27:2008, Clause A.3). The relevant specification shall state the wa

otherwise specified by the relevant specification, three successive shocks s
in each direction of three_mutually perpendicular axes of the specimen, for a
bcks. Depending on the (number of identical devices available and the mq
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7.4

Quasistatic strength

7.4.1
IEC 61

7.4.2

General

747-5-3:2009, 5.4, is applicable with the following specific conditions.

Purpose

The objective of this document is to establish uniform requirements for accurate and reliable
measurements of the quasistatic strength of OLED panels or modules. The quasistatic
strength of an OLED module may be specified to ensure the mechanical endurance level from
the quasistatic external loadings in and around the display area in normal use, such as sitting

on the

product or touching/pushing a finger-tip in the display area.
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7.4.3 Specimen

This document applies to the OLED panels or modules for mobile and IT applications. OLED
module products incorporating additional components, for example, a touch screen panel
(TSP), protective film and window cover, may be used as an acceptable form of the specimen.
In all cases a minimum sample size of at least six panels or modules shall be used to obtain a
statistically significant strength distribution representative of quasistatic resistance of the
specimen to external loadings induced by handling, processing and fabrication of the
specimen specified as a part of the end product.

N 0

Frame with cavity ——

Specimen

Har

IEC | » |
IEC

a) Boundary support with cavity b) Side support

-

igure 4 — Schematic of quasistatic strength>measurement apparatus example

7.4.4 Test apparatus

The qbasistatic strength of a specimenis measured by supporting the specimen pn the
mounting frame and loading it at the céntre as shown in Figure 4. The specimen shall|be put
on the(frame with the rectangular cavity as shown in Figure 4a) or on side supports as|shown
in Figure 4b). The size of a rectangular cavity in the frame (Figure 4a)) shall be specified by
the relevant specification andsshall be as big as the edge of the supporting area allows. It is
recomrFended to set the cavity“to be around the active area size for mobile applicatior]s. The

tip of the metal loading barishall be rounded in shape and the diameter of the metal rod| varies
accordjng to the specinmien'size under testing. It is recommended to use a metal rod of 10 mm
in diameter for the samples which have a display diagonal length of up to 101,6 mm (4 ijn). For
larger Imodules, such' as for notebook computer or monitor applications, a rod of 19 mm
diameter is recommended. The same apparatus may also be used for loading the|OLED
modulg off-center and obtaining its strength at different locations. For TV applicatior]s, this
quasisfaticsstrength test is generally not applicable.

7.4.5 —TFestprocedure
7.4.5.1 General

The displacement rate should be slow enough so that there is no significant dynamic
response from the loading such that the maximum strain rate upon the specimen shall be of
the order of 1,0 x 10-4s-1 [3]. The typical loading rate or crosshead speed is 3 mm/min or 5
mm/min for small size displays such that failure may occur within the measurement time of
30 s to 45 s. Depending on the purpose of the test, the following test procedure may be
applied.
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7.4.5.2 Static loading resistance

For this test, a specified load is set to assess module resistance to the external static load
from the relevant specification. A specified load is set and applied on the surface of the
specimen by lowering the metal rod as shown in Figure 4. After reaching the specified load,
the rod is set to return back to the starting position. Multiple loads may be applied in steps.
The loading position of the specimen shall be the center of the active area of the display, but
multiple loading positions, including the off-center position, may also be applied depending on
the area of interest.

7.4.5.3 Quasistatic failure load

In confinuation o P failure
load. Tlhe metal rod is lowered to push the surface of the specimen until the specimen-iyreaks.
The sgecimen is categorized as a failure when the applied load from continuing'\to push the
rod info the specimen drops below a designated proportion of the peak lead”valug. The
designpted proportion is typically 2 % below the peak value.

7.4.6 Evaluation

For the static load test, the relevant specification shall provide the'specified load levgl upon
which the acceptance or rejection of the resistance of specimenris-to be based. For the(failure
load test in 7.4.5.3, the average, maximum and minimum values-along with the failure [oad of
each tg¢st specimen are reported. It shall be noted in the testyreporting whether the spgcimen
incorpgrates any additional component.

7.5 Four-point bending test
7.51 General

This dpcument is established separately fram IEC 61747-5-3, where the characterization of
the glgss component is particularly emph@sized. The quasistatic strength of the edges| of the
glass ¢r simply the flexural strength of“OLED panels and the integrity of the panel stfucture
are aspessed in the four-point bending test configuration. Even though there is no Iinritation
when ysing the four-point bending\test on the size of the display panels, this test is generally
applicdble for mobile applicatiens; which are at most 101,6 mm in diagonal size.

7.5.2 Purpose

The fdur-point bending test is important since the result of this test can be used|as an
indicatpr of the mechanical endurance level when either the panel sample or module sample
is expgsed to various mechanical loadings under hostile usage conditions, such as twisting a
handsgt, etc.«For the purpose of this test, the glass in OLED display panels is congidered
brittle &and @srhaving the property that fracture normally occurs at the surface of the glags from
the maximum tenslle stress The failure strength of the display module is determmed when the
weakest-comp specime a 2 2 est link
could be the |nfer|or edge of the glass or some other farlure such as drsmtegratlon of the
sealing material. The four-point bending test is recommended since it distributes the
maximum tensile stress over a larger volume or area in comparison to the three-point bending
test.

7.5.3 Specimen

The specimen is a display panel consisting of rear and front glasses. The test specimen may
contain a polarizer; however, it is not necessary if the testing is done at production phase
where the polarizers have not yet been placed. The use of a polarizer or other low elastic
modulus tape is permitted on the specimen surface to hold the cracked fragments and permit
observation of the origin of the crack. At least ten specimens shall be used for the purpose of
estimating the mean. A minimum of twenty specimens shall be necessary if estimates
regarding the form of strength distribution are to be reported. Unless otherwise taken for a
specific purpose, the samples shall be taken from several sheets or regions of a single sheet
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from which the display panels are made. Any specimen may be rejected prior to testing for
defects considered likely to affect the quasistatic strength of the edges of the glass. The
variation in width or thickness shall not exceed 5 % over the length of the specimen equal to
the support span.

7.5.4 Test apparatus
7.5.4.1 Testing machine

The testing machine consists of a test frame and a four-point bending test fixture. Figure 6
illustrates an example of a four-point bending test fixture with an OLED panel specimen. The
test frame consists of a vertical loading machine, which could be electromechanical,
servo-fiydradlic_or pneumatic_driven, a load cell mounied and controller soitwarg. It is
assumgd that the fixtures are relatively rigid and that most of the testing-machine crogshead
travel |is imposed as strain on the specimen. There are also several requirementy for a
four-pqint bending apparatus to be met in order to ensure reliable data with minimal variation
[2].

7.5.4.2 Bearing cylinders

Cylindfical bearing edges shall be used for the support of thé) specimen and for the
applicdtion of the load. The bearing cylinder radius shall be approximately 2 mm to|5 mm
depending on the thickness of the specimen [3]. The cylindersvshall be made of sufficiently
hardened steel to prevent excessive deformation under load*and be free to roll in ofder to
relieve| frictional constraints. Moreover two loading bearings and one support bearing cylinder
also shall be provided to rotate laterally to compensate,for any irregular surface contact with a
specimen and to ensure uniform and even distribution of the load between the twag inner
bearing edges. Figure 5 shows a suitable arrangement using pinned bearing assemblieg.

Bgamng £ —
cylinders P
) 1
! Panel front.
Test fixjure ;
=7 s — | | I
........................... .I | — % ]
IEC IEC
a)” side view b) front view

Figure'5— Schematics of test apparatus and pinned bearing edges

S

/

IEC

a) x-direction bending b) y-direction bending

Figure 6 — Specimen configuration under four-point bending test
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7.5.5 Test procedure

The specimen length, L, is determined as the length of either the long side or short side of the
front glass as described in Figure 6a) and Figure 6b), respectively. The amount of overhang
of the specimen, d in Figure 5, shall be at least 2 mm beyond the outer bearings to allow the
specimen to slide over the support and to eliminate the effect of the specimen’s end condition.
Slowly apply the load at right angles to the fixture. The maximum permissible stress in the
specimen due to initial load shall not exceed 25 % of the mean strength. In the four-point
bending test, a specimen is loaded at constant displacement rate until rupture. The
displacement rate to be used depends on the chosen spans and it is chosen such that the
time to complete one test cycle would be sufficiently long as described in 7.3.4 while the time
to failure for a typical specimen ranges from 30 s to 45 s. In Table 6 some examples of the
Combil dﬁUllb Uf tcbt bUIIf;guldtiUIIb dlld dibpidbclllbllt Idtcb dlc yiVGII.

Table 6 — Examples of test parameter combinations

Displacement(ate
L (mm) Sg (mm) S (mm) p(mm/min.)
25 20 10 a
45 40 20 >
85 80 40 10

Specifically the span between the test jig and the loading rollers needs to be adjusted for a
different specimen size with a specified support spam)(Sg) and load span (S, ) to covgr most
parts df the panel edge under bending. On the other:hand, to prevent the effect of the bending
area silze on the glass edge strength and to test under the same strength criteria regardless of
the specimen sizes tested, a constant load span and support span may be specified.|In any
case, the load span shall be half of the support span [3]. The bearing cylinders shall be
carefully positioned such that the spans arevaccurate within £ 0,10 mm.

7.5.6 Post-testing analysis
7.5.6.1 Breakage origin analysis

Since |OLED panels can have different structures for various emission mechanisnjs and
encapgulation schemes, they can potentially exhibit unique fracture mechanisms. Henge, the
origin [of the fracture.lof) a specimen under the four-point bending test can be different.
Therefpre, it shall be\ensured that this four-point bending test method is valid for asgessing
the mgchanical endurance in the area of interest. Frequently, break origin analysigq using
fractography is-eonducted to review the failure origin of the panel. Potential failure modes
uctural

7.5.6.

The mechanical testing unit used for the four-point bending test reports the failure load when
a specimen under the test procedures described in this test method fails. It is very important
to convert these failure load values into a standardized expression of failure stress, or
strength, in the test report. There will be an inherent statistical scatter in the results for finite
sample sizes, and Weibull statistical parameters can quantify this variability [1, 6]. There are
a few ways of achieving the strength data. FEA simulation is often adopted to estimate the
strength value, ¢,,5,, from the failure load, F, and flexural stiffness. Usually for the given glass
material data, a table of conversion factor B, such as o5, = B X F is constructed from a series
of FEA simulation results ranging over the various sizes and thicknesses of the panel. Each
test data can be directly converted to its corresponding strength data for the given size and
thickness of the specimen by simply multiplying this conversion factor. If the size or thickness
of the specimen does not match exactly with that of the table, the value shall be linearly
interpolated from the conversion table. If the deformation before failure exceeds a few percent
of the support span (Sg), FEA simulation with nonlinear theory shall be employed for accurate
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stress evaluation. A detailed example of test results analysis using FEA simulation is
introduced in Annex A.

There may be a few more methods to extract the strength data. One of the other methods is
direct use of strain measurements. In this method, several strain gauges are bonded to the
bottom surface of the specimen, where the maximum tensile stress is considered to occur.
Because strength value is closely related to failure strain value, the strength value can be
converted from the failure strain. It is considered that five or more samples for the strain
gauge measurements are used to calculate the averaged conversion factor between the
applied load and strain measurements. Further tests for the remaining samples are allowed to
convert failure loads to failure strain using the conversion factor. Another method would be
the measurement by observation of the fracture surface. The strength can be estimated from
the crdck origin and its corresponding mirror zone measurement [4, 5]. It shall be noted that if
the danaged area originates from the sealing material, the mirror zone measurement in the
glass panel is irrelevant due to the residual stresses pre-existing from the sealing mhterial.
This method is often used in combination with breakage origin analysis to detérmine the main
cause pnd effect of the failure.

7.5.7 Evaluation

In the|form of test result reporting, the averaged or minimum strength values could be
reported in the specification, but B4, strength after statistical test data fitting [1] is prefprable.
The mgthod of strength data extraction and items to be reported in the post-testing ahalysis
are to [be given in the relevant specification. The minimum_or B,, strength, shape factor or
standard deviations, mean strength value along with raw data of each specimen shall be
reportgd. The relevant specification shall provide the’)criteria upon which the acceptdnce or
rejection of the specimen is to be based.

7.6 Transportation drop test
7.6.1 General

ISO 2248 shall be applied with the following specific conditions.

7.6.2 Purpose

The oljective of this document is to specify a method for carrying out a vertical impact fest by
dropping a complete, filled-transport product package.

7.6.3 Test sample

The tept package shall normally be filled with OLED modules or panels mainly for mobjle and
notebook cemputer applications. If the number of test samples is insufficient to fill the
package,, dummy samples with no mechanical defect may be used. Ensure that the test
package.is”’closed normally, as if ready for distribution. The number of transport packaT]es for
the test specimen 1s given In the relevant specification.

7.6.4 Test procedure

The test package is raised above a rigid plane surface and released to strike this surface after
a free fall. The atmospheric conditions, the height of drop and attitude of the package are
predetermined. The predetermined attitude of the test package shall be expressed in one of
the following ways to impact on a specimen as expressed in 1SO 2248:1985, Clause 7 and
Annex A, using the method of identification given in ISO 2206. Impact on a face, impact on an
edge, and impact on a corner are the basic drop attitude types to be chosen, and the multiple
drops of one attitude type or the combination of two or three attitude types are more realistic
methods to check the mechanical endurance under various vertical impacts during the
shipping and handling processes.
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The following order of drop attitudes in Table 7 is an example of a sequence of tests for a
mobile OLED transport package.

Table 7 — Example of package drop sequence

Drop order Description
corner a Corner a on which drop is regarded to be the weakest.
sides b, ¢, d Sides that are connected to corner a.
faces e, f, g, h, i, j Face e is the bottom face when corner a is positioned as shown in Figure 7. Faces f, g,
h, i, j are the top face, right-hand side face, left-hand side face, front face and rear face,
rasnao tivalys
g J=

e ]
—
R - o b_-__-_l
7 o
- C

IEC

Figure 7 — Order of transportation package drop

The tolerance of the height in the predetermined*attitude is within £2 % of the predeteymined
drop height. For edge or corner drops, the angle between a predetermined surface gnd the
horizontal surface shall not exceed +5° or £ 10°% of the angle, whichever is the greater

7.6.5 Evaluation

Visual,| dimensional and functionalichecks shall be performed and be compared as degcribed
in 6.1 to the relevant specification. Visual and optical performance may be compared|to the
relevanmt specification.

7.7 Peel strength test
7.71 Purpose

The pyrpose of this test is to measure the bonding strength or to determine complian¢ge with
specified bonding strength requirements. This test is intended to show the bonding strehgth of
FPCBY on\OLED modules used for mobile applications. Peel strength is regarded [as the
bonding\strength divided by the test span and can be used to compare specimens of yarious
sizes.

7.7.2 Test procedure

After fixing the substrate in an OLED module, an FPCB specimen shall be pulled with a
push-pull gauge or equivalent until it is completely removed from the device as shown in
Figure 8. There can be various ways of clamping the FPCB specimen and preparation of the
FPCB specimen to pull. Due to the difficulty in gripping an FPCB of the full span, it may be
necessary to cut out the remnant part of the FPCB for the proper test span after assembly.
The recommended test span is 10 mm. The test span location of the full width of the FPCB
shall be specified as the left, centre, right or any designated portion. The specimens shall be
prepared with one test span position or combination of several test span positions. At least six
samples shall be evaluated. The FPCB sample shall be tightly gripped and shall be pulled to
failure as depicted in Figure 8. The bonding strength is a maximum value indicated by the
gauge. In all cases, whether the specimen is pulled over the full FPCB span or part of the
span, the peel strength is regarded as the gauge value divided by the test span. It shall be
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noted that the direction of the pull and bonded device is kept perpendicular during the test.
Pull speed should be sufficiently low as described in 7.4.5.1.

7.7.3

The pgel strength is equal to the minimum value of test results of the specimens. It s

noted

minimym and averaged peeling\strength per unit length shall be reported. The failure
numbef of specimens and conditions of test can also be reported as requested in the r

specifi

7.8

7.8.1

The pyrpose of this test is to measure the hardware condition of modules or panels o

size di

NOTE

7.8.2

/L

ﬁ Test grip

Full FPCB width

Substrate

Figure 8 — Example of\peeling strength test

Evaluation

hat the failure due to a defeet in the FPCB is eliminated from the data reductio

cation.

Shock test forlarge size display

Purpose

plays’ during use or the effect of shock during transport.

IEC

hall be
n. The
odes,
levant

f large

The large size is defined for TVs. The size would be over 40 in.

Test procedure

The test specimen, turned-off, should be hooked up to the jig as shown in Figure 1. The jig is
placed on the base plate. There are three kinds of directions of the specimen on the plate as
depicted in Figure 2. The order of directions is the same as in 7.2.4. The shock force and
duration time should be reported.
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Annex A
(informative)

Example of raw test data reduction for four-point bending test

A.1  Purpose

The purpose of this example is to explain how to relate the strength of a test specimen to the
four-point bending test results as described in 7.4.5.2. By combining the four-point bending
test results and a conversion factor from finite element analysis (FEA), failure loads are
converted—totheTorrespomdingstrengthdata before being fittedtoa Weibuttdistribugion for
statistital strength estimation. This test example shall be used only for demonstratian| of the
convergion process and shall not be used directly for other purposes without Verifying its
applicgbility.

A.2 |Sample test results

A 2,0 In OLED panel is selected to demonstrate the data extraction process. The spécimen

has dimensions of 34,3 mm in width and 48,9 mm in length as Jshown in Figure A.[l. The

thickngss of the front and rear glasses is 0,4 mm and the sealantthickness is 0,01 mm.
0,4

34,3 44,9
48.9
IEC

Figure A:1 — Specimen dimensions used for sample test

From the example'specification in Table 6, the loading span (S| ) and support span (Sg) can be
selectgd to be~20 mm and 40 mm as shown in Figure 6a), respectively. Represgntative
load-displacement curves for 25 out of a set of 30 specimens are shown in Figure Af2. The
failure|load is determined to be a peak value before each curve starts to drop sharply. The
slope ofieach curve can be used to monitor or compensate whether or not the specimen under
test deviates—frommothers—as—wett—as—fromthe—expectedftexurat—stiffmress—forthe given
specimen structure. The gradual rise in the early linear portion of each curve originates from a
slight difference in the timing of the initial contact between the two loading bars and the top
surface of specimen. Table A.1 shows the results of raw test data of failure loads and their
slopes (load/extension) for this set of specimens.
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Figure A.2 — Examples of test results: Load-displacement curves
Table A.1 — Results of raw test‘data
No. Force Slope No. Force Slope No. Force Sigpe
(N) (N/mm) (N) (N/rm) (N) (N/mm)
1 81,24 109,5 11 66,35 104,0 21 67,33 99,8
2 68,01 106,7 12 75,07 113,8 22 66,54 10[,6
3 69,97 102,8 13 67,62 109,6 23 80,16 110,2
4 87,02 109,0 14 69,19 104,0 24 80,26 10,0
5 78,20 111,0 15 81,73 104,9 25 64,97 111,6
6 65,27 101,6 16 66,93 105,8 26 73,99 109,2
7 65,17 149,2 17 73,40 111,8 27 78,60 108,2
8 47,92 100,8 18 61,64 105,6 28 78,11 108,1
9 78,89 1048 19 66,05 109,0 29 78,89 109,4
10 89,08 111,4 20 53,31 108,6 30 73,60 119,4
A.3 |Finite-element analysis
To convert the test failure load data I to strength o of each specimen it is tisually

assumed that there is a linear relationship between F and o,,,, such as o5, = B X F, where B
is a conversion factor. A table of conversion factors may be prepared in advance from a
series of FEA simulations for a range of widths and thicknesses of the specimen along with
different loading span and support span combinations. The conversion table is usually
restricted to a limited use when panel products are similar in both materials and structures.
For example, a conversion table may be applied without reservation for a limited range of
sizes within a single product line if similar materials and designs are used. Nevertheless, it is
not practical to construct a universal conversion table to cover all products because the
simulation results involve not only a large number of variables, such as material properties
and panel structures, but also due to the variety of numerical error estimates inherent in
different implementation approaches of FEA simulation and curve-fitting.
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Figure A.3 — Finite element model of test specimen

Even though the detailed steps of finite element analysis are not presented here, a few
outlines can be introduced. In Figure A.3, a finite element model of the.specimen and
set-up[is shown. The geometry of the specimen is used to construct'a,meshed specim
the logding and support cylinders in the test set-up are modelledas“a rigid body. To si

critical
ts test
en and
mulate

the four-point bending test, there are much more detailed steps/in-this modelling procegs such

as alldcating material properties to each component of the, system, the choice of ¢
types flor the panel and sealing material as well as the contact and boundary condition

ement
5 to be

imposegd by the cylinders. Since the test is performed slowly enough to neglect any siglrificant

dynamjc effect, the simulation can be regarded either as static analysis or quas
analys|s by using a dynamic analysis scheme with.the loading rate in the range of ne
dynamjc effect as specified in 7.4.5. In this example, two quadrilateral 3-D con
elements are used in the thickness direction forgnodelling both glass layers. Simulation|

i-static
pligible

were

carried out with a commercial FEA package, ABAQUS implicit code, ver.6.92. For thin

specinmens, deformation before failure may\exceed more than a few percent of the
span gnd exceed the thickness of the specimen. In this case, as pointed out in 7.5.
membirane stress which develops on.the surface of the specimen becomes non-ne
and ngnlinear geometry theory [7] should be applied. Accordingly the conversion facto
no longer be a constant, but a variable dependent on the level of failure load. In this ex

upport
.2 the
ligible,
r B will
ample,

the lingar theory applied becausethe failure occurred at less than 2 % of the support span.

Figures A.4 through A.6Sshow an example of the simulation results for the specimen
width ¢f 40 mm when-loading bars are set to move down toward the specimen by 2
Figure|A.5, the maximum principal stress around 570 MPa has been developed near th
on the|bottom surface of the specimen. Because the strength of the specimen is much
along the edge-thian inside the surface, the maximum stress along the edge shall be cg
and uged to_construct the relationship between the applied load and the maximum

with a
mm. In
e edge
veaker
llected
stress

incurred. In Figure A.6, the maximum principal stress and maximum edge stress are inglicated

on the |bottem surface of the specimen.

The edge stress near the maximum principal stress location can be found by searching
neighbouring edge nodes. As the test is controlled by downward displacement of loading bars,
the load and stress relationship due to this external loading is coupled with the displacement
level of the loading bars. For each incremental displacement of the loading bar, the maximum
edge stresses and corresponding reaction forces from two support bars can be extracted from

the simulation results and both values are cross-related with each other.

2 ABAQUS implicit code, ver. 6.9, is the trade name of a product supplied by Dassault Systemes. This
information is given for the convenience of users of this document and does not constitute an endorsement by
IEC of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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The final form of the relationship between the given failure load and its corresponding
strength after the simulation is shown in Figure A.7. Due to the slight nonlinearity in curve-
fitting over the full loading range (2 mm), only the lower portion of the failure load range was
adopted for accurate linear fitting as shown in Figure A.8. Note that the measured failure load
shall fall within the range of the linear fit, with a relatively high correlation coefficient (at least
95 %). In this example, the failure load from the test is at most within 100 N and it is well
within the fitting range. The final conversion factor B is found to be 1,74 for the specimen with
a width of 40 mm and a thickness of 0,4 mm. Finally, it is advised to cross-check the validity
of the conversion factor by checking whether the flexural stiffness of the panel from simulation
matches closely with the corresponding slopes of the test data in Table A.1.

IEC

Figyre A.4 — Displacement contour map after moving the loading bar down by 2|mm

I R

IEC
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\diure A.7 - Final relationship between panel strength and failure load
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