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he International Electrotechnical Commission (IEC) is a worldwide organization for standardization-Cempr
Il national electrotechnical committees (IEC National Committees). The object of IEC is 0™ pro
ternational co-operation on all questions concerning standardization in the electrical and electronic field
his end and in addition to other activities, IEC publishes International Standards, Technieal\Specificat]
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC NationahCommittee interg

the subject dealt with may participate in this preparatory work. Internationaly governmental
on-governmental organizations liaising with the IEC also participate in this preparation. IEC collabo
losely with the International Organization for Standardization (ISO) in accordance‘with conditions detern
y agreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

EC Publications have the form of recommendations for international,'se and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made~to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsible fef, the way in which they are used or for
isinterpretation by any end user.

ansparently to the maximum extent possible in theirnational and regional publications. Any diverg
etween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
he latter.

FC itself does not provide any attestation of cenformity. Independent certification bodies provide confo
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fof

services carried out by independent certification bodies.

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

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature~whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the\publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn tosthe. Normative references cited in this publication. Use of the referenced publicatio
dispensable for the gorrect application of this publication.

ttention is drawn, to the possibility that some of the elements of this IEC Publication may be the subje
atent rights/IE€ shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 62341-5-2 has been prepared by IEC technical committee 110:
Electronic display devices.

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

edit

ion:

a) Vibration and shock tests for large displays (for example, TVs and monitors) are added.

The

text of this International Standard is based on the following documents:

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

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

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

A list of all the parts in the IEC 62341 series, under theigeneral title Organic light emifting
diode (OLED) displays, can be found on the IEC website.

The| committee has decided that the contents of this’document will remain unchanged until the
stahility 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 feconfirmed,

e Wwithdrawn,

e feplaced by a revised edition, _ar

e Bmended.

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

colour printer,
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and

flerred test methods for judging the mechanlcal endurance properties of OLED dis
ces.

re are generally two categories of mechanical endurance tests: those relating to

pror:ﬂuct usage environment and those relating to the transportation enwironment in packa

—Vibration,—shoek; Quasistatic strength, four-point bending-testyand peel strength te
introduced here for usage environment, while vibration, shogk and transportation ¢
5—is are applicable to the transportation environment. Mechanical endurance tests—
L can be categorized into mobile applications, notebook<{computer or monitor applicat

to the size or application of the specimen-wil-be are noted.

In d
gov

NOT]
emit

2

The
con
cite
any

IEC

ase of contradiction between this document and a relevant specification, the latter
Brn.

FE  This document is established separately from”IEC 61747-5-3, because the technology of organic
ing diodes is considerably different from that of tiquid crystal devices in such matters as:

ised materials and structure
bperation principles

measuring methods
Normative references

following documrents are referred to in the text in such a way that some or all of {

 applies. Forwundated references, the latest edition of the referenced document (inclu
amendments) applies.

60068-2-6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoid

large size TV applications. Special considerations or limitations of test methods accordli

will

light

heir

ent constitutes requirements of this document. For dated references, only the edition

ding

al)

ce.

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, endurance and
mechanical test methods — Glass strength and reliability
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IEC 61747-10-1:2013, Liquid crystal display devices — Part 10-1: Environmental, endurance

and

mechanical test methods — Mechanical

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

IEC 62341-6-1:2009, Organic light emitting diode (OLED) displays — Part 6-1: Measuring

methods of optical and electro-optical parameters

IEC

methods of visual quality and ambient performance

ISO|2206:4987, Packaging — Complete, filled transport packages — Identification of p
whgn testing

1ISO|2248:1985, Packaging — Complete, filled transport packages~’Vertical impact tes
dropping

3 |Terms and definitions

For|the purposes of this document, the following terms*and definitions-given-intEC-6234H
andrthe-fellowing apply.

ISOland IEC maintain terminological databases for use in standardization at the folloy
addfesses:

e |EC Electropedia: available at http:/Wwww.electropedia.org/

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

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

3.1

strgngth

streps at which a sample fails for a given loading condition

3.2

glass edge strength

med

62341-6-2:2042 2015, Organic light emitting diode (OLED) displays — Part 6-2; Méasul

sured stress at failure where the failure origin is known to have occurred at an edge

ring

arts

by

ving

4 |Abbreviated terms

Byg the value at the lower 10 % position in the Weibull distribution [1]1
FEA finite element analysis

FPCB flexible printed circuit board

TSP touch screen panel

1 Numbers in square brackets refer to the Bibliography.
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5 Standard atmospheric conditions

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

6 Evaluations

6.1 Visual examination and verification of dimensions

Th cnnr‘imnn shall he submitted to the visual and dimensional checks in non oper tion
con:i|t|ons and functional checks in operational conditions—prescribed specified by [the
follqwing-specification:

a) pisual checks of damage to the exterior body of the specimen including markfing,

encapsulation and terminals shall be—examined—as—specifiedinIEC61747-5:4998,11-5
done as specified in IEC 61747-1-1:2014, 4.3;

b) flimensions given in the-custemer’s relevant specification shall be verified;

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

Unlg¢ss otherwise specified, visual inspection shall be performédunder the conditions [and
methods specified in IEC 62341-6-2:2042 2015, 6.2.

6.2 Reporting

For|the main results in each test, generally the minimum and averaged values or B4, value
instead of the minimum value shall be reported over the number of specimens depending on
the [test purposes. The relevant specification«shall provide the criteria upon which |the
acceptance or rejection of the specimen is to be based.

7 |Mechanical endurance test methods

7.1 General

Chqice of the appropriate tests depends on the type of devices. The relevant specification
shall state which tests are applicable.

7.2| Vibration (sinusoidal)
7.2/ General

Tes} Fc, specified in IEC 60068-2-6 andEC-64747-5:1998, 2.3 |IEC 61747-10-1:2013, 5.¢4 is
applicable-with the following specific conditions. In case of contradiction between these
documents, 1EC-617475:1998, 2.3 IEC 61747-10-1:2013, 5.4, shall-govern prevail.

7.2.2 Purpose

The purpose of this test is to investigate the behaviour of the specimen in a vibration
environment such as transportation or in actual use.

7.2.3 Test apparatus

The equipment shall be capable of maintaining the test conditions specified in 7.2.4.1. The
vibration testing table should not resonate within the test condition vibration frequency range.
The required characteristics apply to the complete vibration system, which includes the power
amplifier, vibrator, test fixture, specimen and control system when loaded for testing. The
body of the device shall be securely clamped during the test. If the device has a specified
method of installation, it shall be used to clamp the device. The specimen shall be tested
under the non-operational condition.
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7.2.4 Test procedure
7.2.4.1 General

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

Top

Display 4

b X
<— Jig /

z

IEC

Figure 1 — Example of the specimen and jig

Dur|ng this test for the large size display, the specimen should beYturned off and the fest
baspd on the specific time; the specimen quality is checked. Fhe/jig is on the base plate,
whi¢h should be fixed at the plate. The conditions for fixation of the specimen are depicted in
Figdre 2 according to the different axes.

doj

l_’ y
X W =::==:==::==:==::=::::::::::::::::::::::::
Base plate Base plate IEC

IEC IEC

a) x-axis b) y-axis c) z-axis

Figure 2 — Directions of vibration test

To jstart, the conditigh®should be as in Figure 2a), and the vibration frequency and|the
duration time shoutd.be reported. After testing the x-axis condition, the specimen should be
set [as in Figures2b). The test with the specified vibration frequency and the duration {ime
shopuld be operated. Finally, the test with the z-axis should be done. The test shall be
performed as\described in 7.2.4.2.

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

7.2.472— Testconditions
7.2.4.21 Basic motion

The basic motion shall be a sinusoidal function of time and such that the fixing points of the
specimen move substantially in phase and in straight parallel lines.

7.2.4.2.2 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-may
can be important. If so, the relevant specification shall-preseribe specify a tolerance level.
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4.2.3 Signal tolerance

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

7.2.

4.2.4 Vibration amplitude tolerance

Reference point: £15 %.

Check point: £25 %.

7.2,

7.2,

.25 Frequency tolerances

.2.5.1 Endurance by sweeping

+1 Hz from 5 Hz to 50 Hz.

019

nce

12 b above 50 Hz.

7.24.2.5.2 Endurance at critical frequencies

+2 %.

7.2.|:.3 Severities

7.24.3.1 General

A vjbration severity is defined by the combination of three parameters: frequency ramge,
vibrption amplitude and duration of endurance (in sweep cycles or time).

7.24.3.2 Frequency range

The| frequency range shall be given in the relevant specification by selecting a Io
frequency from Table 1 and an uppeéer frequency from Table 2.

Table 1 — Frequency range — Lower end

Lower frequency f, (Hz)

5
10
20

Table 2 — Frequency range — Upper end

Upper frequency f, (Hz)

55
100
200
300
500

The recommended ranges are shown in Table 3.

wer
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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 500

7.2.4.3.3 Vibration amplitude

The
amg

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

Table 4 — Recommended vibration amplitades

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

Djsplacement amplitude below Acceleration amplitude aboye the cross-over frequency
the cross-over frequency

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

0,10 14,7 1,5

0,15 19,6 2,0

0,20 24 29,4 3,0

NO|

NO|

TE 1 The values listed apply in Table 4 for cross-over frequencies between 57 Hz and 62 Hz.

TE 2 Regardless of display size, the.Same amplitude is calculated and applied at per unit area.

7.2,

The
cho

7.2.|:.3.4 Duration of endurance

.3.41 Endurance by sweeping

sen from-the list given below:

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

duration ofSthe endurance test in each axis shall be given as a number of sweep cy

Cles

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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5 Evaluation

019

After the test, visual, dimensional and functional checks shall be performed and compared as

des

7.3
7.3.

cribed in 6.1.

Shock

1 General

IEC 60068-2-27 and-—64747-5:1998,—2.4 61747-10-1:2013, 5.5, shall be applied with the
foIIowmg specific conditions. In case of contradiction between these documents,1EC- 684747~

7.3.

Thig test aims to provide a standard procedure for determining the ability of an(OLED pang
module to withstand specified severities of shock. During transportation or injuse, an O

pan

7.3

The| body of the specimen shall be securely clamped during the ‘tést in the test direction

alig
the
use

7.3.

99824 IEC 61/4/7-10-1:2013, 5.5, shall-gevern prevall.

3 Test apparatus

2 Purpose

el or module-may can be subjected to conditions involving relatively non-repetitive sho

hed with the z-axis of the test machine; for example, Figure 8 depicts the shock test al
y’-direction of the specimen. If the device has a specified‘method of installation, it shal
i to clamp the device.

— OLED

module

IEC

a).“Example of a shock test machine b) test direction of a specimen

Figure 3 — Configuration of OLED shock test set-up

| or
LED
bkS.

and
ong
| be

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

dev

ice and its internal construction.
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Table 5 — Conditions for shock test

. Corresponding duration D of the Corresponding velocity change 4
Peak amplitude 4 A
nominal pulse H . R
2 alf-sine Trapezoidal
(m/s?) (g,) (ms)
(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) 6 1,1 1,6
500 (50) " 3.4 4.9
500 (50) 3 1,3
1 000 (100) 11 9,7
1 000 (100) 6 3.7 53
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 -

NO|

TE Preferred values are underlined.
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7.3.

Visu
6.1

7.4

totaJ of 18 shocks. Depending onithe number of identical devices available and the moun|

choice of waveform to be used depends on a“aumber of factors, and difficulties inhe
haking such a choice preclude a preferred-torder being given in the document

60068-2-27:2008, Clause A.3). The relevant specification shall state the wavef
red.

bss otherwise—prescribed specifiediby the relevant specification, three successive shg
| be applied in each direction of three mutually perpendicular axes of the specimen, fi

ngements, particularly in_the-case of components, they-may can be oriented such thaf

5 Evaluation

al, dimensional and functional checks shall be performed and compared as describe
to the relévant specification.

Quasistatic strength

rent
see
orm

cks
br a
iting
the

iple axis/direction requirements of the relevant specification can be met by the applicaltion
of three shocks in one direction only (see IEC 60068-2-27:2008, Clause A.7).

d in

7.4.
IEC

7.4.

4+—Generat

61747-5-3:2009, 5.4, is applicable with the following specific conditions.

2 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.

F
Metal rod
Specimen \
Frame with cavity ——
Hard plate
X !
\ N
\
%
L —|
[ 1 |
IEC [ X |
I1gc
a) Boundary support with cavity b) Side support

Figure 4 — Schematic of quasistatic strength measurement apparatus example

7.44 Test apparatus

The| quasistatic strength of a specimen, IS measured by supporting the specimen on|the
moynting frame and loading it at the.gentre as shown in Figure 4. The specimen shall be|put
on fhe frame with the rectangular cavity as shown in Figure 4a) or on side supports as shpwn
in Fligure 4b). The size of a rectangular cavity in the frame (Figure 4a)) shall be specified by
the [relevant specification and shall be as big as the edge of the supporting area allows. |t is
recommended to set the cavity“to be around the active area size for mobile applications. [The
tip of the metal loading bar'shall be rounded in shape and the diameter of the metal rod varies
accprding to the specimen‘size under testing. It is recommended to use a metal rod of 10 mm
in djameter for the samples which have a display diagonal length of up to 101,6 mm (4 in).[For
larger modules, sGch”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
module off-cefter and obtaining its strength at different locations. For TV applications, |this
quapistatic_strength test is generally not applicable.

7.4.|5 Test procedure

7.4.51 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 andapplied 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 cpntinuation of the specified load test in 7.4.5.2, this test is intended to measure the failure
load. The metal rod is lowered to push the surface of the specimen until the specimén-breaks.

Th nacime categorized-as—afailurewhen-the-applied load-starts to-drop-byvrmore-than-a
Herspeectnen categorHzea rRHUre-WnRenRtheappHed1o0aaSstaHsto-aropdbyprendh—a

desgnateekpe#ﬂem—eg—Q—"/weHh&pealﬂead% The specimen is categoriZed*as a faijure
whgn the applied load from continuing to push the rod into the specimen [drops below a
des|gnated proportion of the peak load value. The designated proportionris typically 2 %
belqw the peak value.

7.4.6 Evaluation

For|the static load test, the relevant specification shall provide )the specified load level ufpon
whi¢h the acceptance or rejection of the resistance of specimen is to be based. For the failure
loaq test in 7.4.5.3, the average, maximum and minimum-alues along with the failure load of
each test specimen are reported. It shall be noted in the test reporting—abeut whether|the
spegimen-if-it incorporates any additional component,

7.5| Four-point bending test
7.5/ General

Thig document is established separately from IEC 61747-5-3, where the characterizatiop of
the [glass component is particularly emphasized. The quasistatic strength of the edges of|the
glags or simply the flexural strength of OLED panels and the integrity of the panel strucfure
are |assessed in the four-pointsbending test configuration. Even though there is no limitation
whgn using the four-point bending test on the size of the display panels, this test is generally
applicable for mobile applications, which-is are at most 101,6 mm in diagonal size.

7.5 Purpose

Thel| four-point .bending test is important since the result of this test can be used as an
indigator of the-mechanical endurance level when either the panel sample or module sample
is ekposed to)various mechanical loadings under hostile usage conditions, such as twisting a

handset,-"€tc. For the purpose of this test, the glasses in OLED display panels—ar¢ is
conpidered brittle and as having the property that fracture normally occurs at the surfacg of
the [glass from the maximum tensile stress. The failure strength of the display modulg is

determined when the weakest component in the specimen fails. Depending on the panel
structure, the weakest link could be the inferior edge of the glass or some other failure-erigins,
such as disintegration 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
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019

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
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

7.5.

7.5.

support span.

4 Test apparatus

4.1 Testing machine

Th(j testing machine consists of a test frame and a four-point bending test fixture. Figu
illugtrates an example of a four-point bending test fixture with an OLED panel specimen.

test
ser

ass
trav
foun

[2].

7.5.

frame consists of a vertical loading machine, which could be electromechan

imed that the fixtures are relatively rigid and that most of the testing-machine crossh
el is imposed as strain on the specimen. There are also several requirements fd

.2 Bearing cylinders

Cylindrical bearing edges shall be used for the support (of the specimen and for
application of the load. The bearing cylinder radius shall<be”approximately 2 mm to 5
depgending on the thickness of the specimen [3]. The cylinders shall be made of sufficig

har

ened steel to prevent excessive deformation under Toad and be free to roll in orde

religve frictional constraints. Moreover two loading bearings and one support bearing cylir
alsqd shall be provided to rotate laterally to compensate for any irregular surface contact with a

spe
bea

(s]

Tes

Bearing

cimen and to ensure uniform and even distribution of the load between the two ir
ring edges. Figure 5 shows a suitable arrangement using pinned bearing assemblies.

d.
. —>
linders I

o-hydraulic or pneumatic driven, a load cell mounted and controller software. I|t is
e
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-point bending apparatus to be met in order to ensure reliable data withiminimal varialtion
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ner

1 1
P
! Panel front.

fixture

a) side view b) front view

Figure 5 — Schematics of test apparatus and pinned bearing edges

EC

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 f@ilure Tor a typical specimen ranges from 30 s {0 45 S. In Table 6 some examples of| the
conbinations of test configurations and displacement rates are given.

Table 6 — Examples of test parameter combinations

Displacement-rate
L (mm) Sg (mm) S (mm) p(mm/min.)
25 20 10 R
45 40 20 S
85 80 40 10

Specifically the span between the test jig and the loading rollers needs to be adjusted for a
diffgrent specimen size with a specified support spai(Sg) and load span (S, ) to cover most
parfs of the panel edge under bending. On the otherhand, to prevent the effect of the bending
area size on the glass edge strength and to test under the same strength criteria regardless of
the [specimen sizes tested, a constant load spah*and support span may be specified. In Jany
case, the load span shall be half of the support span [3]. The bearing cylinders shall be
cargfully positioned such that the spans arelaccurate within £ 0,10 mm.

7.5. Post-testing analysis
7.5.6.1 Breakage origin analysis

Singe OLED panels-may canchave different structures for various emission mechanisms jand
encppsulation schemes, they-may can potentially exhibit unique fracture mechanisms. Hence,
the forigin of the fracturerof a specimen under the four-point bending test-may can be different.
Therefore, it-isrequifeg-and-important-to-ensure shall be ensured that this four-point bengling
test| method is valid for assessing the mechanical endurance in the area of intenest.
Frequently, break origin analysis-threugh using fractography is conducted to review the faijure
origin of the<panel. Potential failure modes include inferior edge quality, weak integrity of
adhgesion material, and/or other-structure structural weaknesses.

7.56.2 Test result analysis

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, o5, 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
con i i ' ' i be
the Imeasurement by observation of the fracture surface. The strength can be estimated\ from
the [crack origin and its corresponding mirror zone measurement [4, 5]. It shall be noted thjat if
a-cHack the damaged 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 sedling
material. This method is often used in combination with breakage origin analysis)to determine
the main cause and effect of the failure.

7.5.7 Evaluation

In fhe form of test result reporting, the averaged or minimum |strength values could| be
repgrted in the specification, but B4, strength after statistical test.data fitting [1] is preferaple.
Thel method of strength data extraction and items to be reported in the post-testing analysis
are|to be given in the relevant specification. The minimumJor B, strength, shape factofr or
standard deviations, mean strength value along with raw data of each specimen shall be
reported. The relevant specification shall provide the‘criteria upon which the acceptance¢ or
rejefction of the specimen is to be based.

7.6| Transportation drop test
7.6 General

ISO| 2248 shall be applied with the folléwing specific conditions.

7.6.2 Purpose

Thel objective of this document is to specify a method for carrying out a vertical impact test by
dropping a complete, filled transport product package.

7.63 Test sample

Thel test package  shall normally be filled with OLED modules or panels mainly for mobile jand
notgbook cenifputer 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 packageg for
the test specimen is 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 rearfafe,
respectively.

IEC

Figure 7 — Order of transportation package drop

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

7.6.56 Evaluation

Visual, dimensional and functional-checks shall be performed and be compared as descriped
in 6.1 to the relevant specification. Visual and optical performance may be compared tothe
relejvant specification.

7.7| Peel strength test
7.7/ Purpose

Thel| purpose ofithis test is to measure the bonding strength or to determine compliance with
spegified bonding strength requirements. This test is intended to show the bonding strength of
FPGBs 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 varjous
sizgs.

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-may 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
span 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-are-to-be is kept perpendicular during
the test. Pull speed should be sufficiently low as described in 7.4.5.1.

4} Test grip

/[ /]

7.7.
The

elim

strength per unit length shall-be reported. The failure modes, number of specimens

con

7.8
7.8.

The
sizd

NOT

Full FPCB width

Substrate

Figure 8 — Example of\peeling strength test

3 Evaluation

inated from the data reduction—fer—finalrepert. The minimum and averaged pee
Hitions of test-could can.also be reported as requested in the relevant specification.
Shock test fof large size display

1 Purpose

purposg pf this test is to measure the hardware condition of modules or panels of I3
displays during use or the effect of shock during transport.

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

peel strength is equal to the minimum value of test results of the specimens. It shaII be
i is

noted that the-test-data—with-early failure due to a defect in the FPCB j

IEC

ling
and

rge

7.8.

2 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

Purpose

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
con
stat
con

app

A.2

A-5]
spe
The

results and a conversion factor from finite element analysis (FEA), tailure loads |are
verted to the corresponding strength data before being fitted to a Weibull distribution for
stical strength estimation. This test example shall be used only for demonstration” of| the
version process and shall not be used directly for other purposes without Werifying its
icability.

Sample test results

D-8-mm 2,0 in OLED panel is selected to demonstrate the data)extraction process. [The
Cimen has dimensions of 34,3 mm in width and 48,9 mm in Iéngth as shown in Figure A.1.
thickness of the front and rear glasses is 0,4 mm and the §ealant thickness is 0,01 mmn.

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

selq
load
faily
slog
test

cted to bes20° mm and 40 mm as shown in Figure 6a), respectively. Representgtive
-displacement curves for 25 out of a set of 30 specimens are shown in Figure A.2. [The
re load\is determined to be a peak value before each curve starts to drop sharply. [The
e of’each curve can be used to monitor or compensate whether or not the specimen under
deviates from others as well as from the expected flexural stiffness for the glven

spe

biman ctriictiira Tha aradial rica 1n tha aarly linaar nartian af agch oirva ariainatac fr a
SHHEH- SR et e—e—-graadar—H5Se—H—+the-eatty poHoR-o+—eden—-eure-BHgHhiatesS—+H

et

slight difference in the timing of the initial contact between the two loading bars and the top

surf

ace 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
Nio. Force Slope No. Force Slope No. Force Slope
(N) (N/mm) (N) (Nfmm) (N) (N/mm
81,24 109,5 11 66,35 104,0 21 67,33 99,8
p 68,01 106,7 12 75,07 113,8 22 66,54 101,6
B 69,97 102,8 13 6762 109,6 23 80,16 110,2
f 87,02 109,0 14 69,19 104,0 24 80,26 106,0
b 78,20 111,0 15 81,73 104,9 25 64,97 111,6
5 65,27 101,6 16 66,93 105,8 26 73,99 109,2
1 65,17 149,2 17 73,40 111,8 27 78,60 108,2
B 47,92 100,8 18 61,64 105,6 28 78,11 108, 1
D 78,89 104,8 19 66,05 109,0 29 78,89 109,4
10 89,08 11,4 20 53,31 108,6 30 73,60 115,4
A.3| Finite'element analysis
To caonvert the test failure load data, F, to strength o, ,, of each specimen, it is usyally
asspmed that there is a linear relationship between F and o,,.,, such as o,., = B X F, whefe 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
applicable 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+arges—of
products-due—to—practical-timitations—where because the simulation—precesses 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

In though the detailed steps of finite element analysis are not-te-be presénted here, a
Cal outlines can be introduced. In Figure A.3, a finite element model-6f the specimen

Cimen and the loading and support cylinders in the test set<up-“are modelled as a i
. To simulate the four-point bending test, there are much{more detailed steps in

choice of element types for the panel and sealing matefial as well as the contact
hdary conditions to be imposed by the cylinders. Since the test is performed slq
ugh to neglect any significant dynamic effect, the simulation can be regarded eithe

¢ analysis or quasi-static analysis by using a dynamic analysis scheme with the loa
in the range-considered-to-give of negligible dynamic effect as specified in 7.4.5. In
mple, two quadrilateral 3-D continuum elements are used in the thickness direction

QUS implicit code, ver.6.92. For thin,specimens, deformation before failure may exg
case, as pointed out in 7.5.6.2 thedmembrane stress which develops on the surface of]
prdingly the conversion factorB will no longer be a constant, but a variable dependen

evel of failure load. In this ;example, the linear theory applied because the failure occu
ss than 2 % of the suppottspan.

res A.4 through A.6 show an example of the simulation results for the specimen wi

h of 40 mm when)loading bars are set to move down toward the specimen by 2 mmn.
Figure A.5, the maximum principal stress around 570 MPa has been developed near the €

e than a few percent of the supportispan and exceed the thickness of the specimern.

Cimen becomes non-negligible,~and nonlinear geometry theory [7] should be appfed.
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est set-up is shown. The geometry of the specimen is used \to construct a meshed
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elling process such as allocating material properties toreach component of the system,
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elling both glass layers. Simulations were“carried out with a commercial FEA package,
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e bottom surface of the specimen. Because the strength of the specimen is much weaker

tted
ess

incyrred~ In Figure A.6, the maximum principal stress and maximum edge stress are indicated

on the/bottom 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 Systémes-Simulia—Corp.
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-from-the-slope-of-the
fitting-tine 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

Figure A.4 — Displacement contour map after moving-dewn the loading
bar down\by 2 mm

e

IEC

Figure A.5 — Contour map of maximum principal stress distribution
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Figure A.8 — Extraction of conversion factor(by linear fitting

A.4 Use of conversion factor

The| same procedure for a width of 30 mm and 35 mm can be applied as that for a width of 40
mm|as introduced in Clause A.3. In Table A.2, an~example of a conversion table for a limlited
width is introduced.

Becpuse the size of the specimen dog&s not match exactly with theconversion factof in
Tabje A.2, the conversion factor B fof; a width of 34,3 mm and a thickness of 0,4 mm is
caldulated to be 1,93 from the linear-interpolation between the values of 30 mm width andq 35
mm|width. Theoretically, the relationship between the conversion factor and panel thickness
or T/anel width is not exactly:linear, but it is assumed that the sampling interval of|the

conyersion factor calculation\from simulation is close enough so that the fitting error can be
neglected during the linear‘interpolation.

Table A.2 — Example of conversion factor (¢ = 0,4mm, test span = 20mm/40mm)

Width (mr) 30 35 40

Conversjonyfactor 2,12 1,90 1,74
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Table A.3 — Failure load and converted strength data

No. Force Strength No. Force Strength No. Force Strength
(N) (MPa) (N) (MPa) (N) (MPa)
1 81,24 156,8 11 66,35 128,1 21 67,33 129,9
2 68,01 131,3 12 75,07 144.9 22 66,54 128,4
3 69,97 135,0 13 67,62 130,5 23 80,16 154,7
4 87,02 167,9 14 69,19 133,5 24 80,26 154,9
5 78,20 150,9 15 81,73 157,7 25 64,97 125,4
q 65,27 126,0 16 66,93 129,2 26 73,99 142,8
7 65,17 125,8 17 73,40 141,7 27 78,60 54,7
8 47,92 92,5 18 61,64 119,0 28 78,11 150,8
9 78,89 152,3 19 66,05 127,5 29 78,89 152,3
1 89,08 171,9 20 53,31 102,9 30 73,60 142,0

With the conversion factor-te-be of 1,93 for the width of 34,3 mm férthe specimen, each

datd
mul

A.5

For
dete
eva
Wei
fact
faild
fung
Wei
the]

The
ess

quality of the specimens by the relevant specification.

It is
are

test

in Table A.1 can be directly converted to their corresponding strength data by simply

iplying by B as given in Table A.3.

Evaluation

a standard evaluation of strength, it is recommeénded to apply a Weibull distributiop to

rmine the B4, strength and shape factor. These factors are commonly referenced
uation of the cutting quality of specimens®Figure A.9 shows the result of curve fittin
bull probability distribution with statistical variation related to data scattering (sh

for

g a
ape

br) and mean strength (scale factor). Figure A.9 provides the full range of probability-tp of

re for the converted strength level.;-Figure A.10 plots the midpoint of the probability 3

S a

tion of the converted edge stress\"\The shape factor of 9,3 is determined from theresujt-of
bull fit parameters. The B, strength can be easily determined from-the-extracted-datp—in

figure Figure A.10 and found to be 114,6 MPa.

shape factor of 9,3 frem Figure A.9 and the B, strength of 114,6 MPa are two of

the

bntial results to betreported, and those values are commonly monitored for the cufting

also-permitted allowed to change the order of the conversion process such that load ¢

fitted first'and then converted to B4, strength by multiplying by the conversion factor, B|.

jata
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Weibull distribution of strength data
[} Weibull distribution =95 % CI

Shape factor 9,262
Scale factor 146,1
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gure A.9 — Example of Weibull distribution of strength data and statistical outputs
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EOQORE\WORD
T\ L= A

T\ \A T\

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization-Cempr
Il national electrotechnical committees (IEC National Committees). The object of IEC is 0™ pro
international co-operation on all questions concerning standardization in the electrical and electronic field
this end and in addition to other activities, IEC publishes International Standards, Technieal“Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC NationahCommittee intere
in the subject dealt with may participate in this preparatory work. Internationaly/ governmental
on-governmental organizations liaising with the IEC also participate in this preparation. IEC collabo
losely with the International Organization for Standardization (ISO) in accordance‘with conditions deterni
y agreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation frof
terested IEC National Committees.

— o

IEC Publications have the form of recommendations for internationak'Gse and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts are made~to ensure that the technical content of
Hublications is accurate, IEC cannot be held responsible fof,the way in which they are used or for
misinterpretation by any end user.

Ip order to promote international uniformity, IEC Nationall Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in theirnational and regional publications. Any diverg
hetween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
the latter.

FC itself does not provide any attestation of cehformity. Independent certification bodies provide confo
Isessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible for
rvices carried out by independent certification bodies.

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

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature~whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the\publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn tosthe. Normative references cited in this publication. Use of the referenced publicatio
dispensable for the correct application of this publication.

= 0 0 5 Z T

ttention is drawh, to the possibility that some of the elements of this IEC Publication may be the subje
atent rights /IE€ shall not be held responsible for identifying any or all such patent rights.
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Intefnational~Standard |IEC 62341-5-2 has been prepared by IEC technical committee
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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 ligt of all the parts in the IEC 62341 series, under the general title Organic light emthing
diode (OLED) displays, 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" inthe“data relatefd to
the ppecific document. At this date, the document will be
e feconfirmed,

e Withdrawn,

e feplaced by a revised edition, or

e amended.

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

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

Part 5-2: Mechanical endurance test methods

ned in IEC 60068 (all parts). The object of this document is to establish uniform ‘prefef

methods for judging the mechanical endurance properties of OLED display devices.

e are generally two categories of mechanical endurance tests: those’ relating to
luct usage environment and those relating to the transportation environment in packa
. Quasistatic strength, four-point bending and peel strength tests _are introduced here
he environment, while vibration, shock and transportation drop tests are applicable to
sportation environment. Mechanical endurance tests can cbes categorized into mg
ications, notebook computer or monitor applications and, large size TV applicati
cial considerations or limitations of test methods according to the size or application of]
Cimen are noted.

ase of contradiction between this document andya relevant specification, the latter
Brn.

FE  This document is established separately from_ IEC 61747-5-3, because the technology of organic
ing diodes is considerably different from that of.Jiqéid crystal devices in such matters as:

ised materials and structure

bperation principles

measuring methods
Normative references

following documents are referred to in the text in such a way that some or all of t

 applies. For undated references, the latest edition of the referenced document (inclu
amendments).applies.

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

60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guida

019
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bile
DNS.
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will

light

heir

ent constitutes requirements of this document. For dated references, only the edition

jing

nce.

Sh

CK

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, endurance and
mechanical test methods — Glass strength and reliability

IEC 61747-10-1:2013, Liquid crystal display devices — Part 10-1: Environmental, endurance

and

mechanical test methods — Mechanical

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

For

ISO
add

NOT

3.1
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3.2

glass edge strength

meg

The

Terms and definitions
the purposes of this document, the following terms and definitions apply.

and IEC maintain terminological databases for use in standardization at the folloy
fesses:

EC Electropedia: available at http://www.electropedia.org/

SO Online browsing platform: available at http://www.isoerd/obp

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

ngth
5s at which a sample fails for a given loading\condition

sured stress at failure where the failure origin is known to have occurred at an edge

Abbreviated terms

the value at the-lower 10 % position in the Weibull distribution [1]1
finite element analysis

B flexibleprinted circuit board
toueh\ screen panel

Standard atmospheric conditions

standard atmospheric conditions in IEC 62341-5:2009, 5.3, shall apply unless othery

ving

Vise

specifically agreed between customer and supplier.

6

6.1

Evaluation

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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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.

visual checks of damage to the exterior body of the specimen including marking,

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
inst
the

acc

7.1

Chg
sha

7.2
7.2,

Tes
folld
IEC

7.2,

The
env

7.2.

The
vibr
The
amp
bod
met
und

the main results in each test, generally the minimum and averaged values or 5, wva
bad of the minimum value shall be reported over the number of specimens depending
test purposes. The relevant specification shall provide the criteria upon which
bptance or rejection of the specimen is to be based.

Mechanical endurance test methods

General

ice of the appropriate tests depends on the type of devices. The relevant specificat
| state which tests are applicable.

Vibration (sinusoidal)
1 General

t Fc, specified in IEC 60068-2-6 and IEC 61747-10-1:2013, 5.4, is applicable with

lue
on
the

ion

the

wing specific conditions. In case of\~contradiction between these documgnts,

61747-10-1:2013, 5.4, shall prevail.

2 Purpose

purpose of this test is to.iyestigate the behaviour of the specimen in a vibrat
ronment such as transportation or in actual use.

3 Test apparatus

ion

equipment shall-be" capable of maintaining the test conditions specified in 7.2.4.1. [The

ation testing taple”should not resonate within the test condition vibration frequency ran

ge.

required characteristics apply to the complete vibration system, which includes the pgwer
lifier, vibrator, test fixture, specimen and control system when loaded for testing. [The
y of the( device shall be securely clamped during the test. If the device has a specified

hod of-installation, it shall be used to clamp the device. The specimen shall be tes
erAhe/non-operational condition.

7.2.4 Test procedure

7.2.41 General

ted

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 jig

Dur|ng this test for the large size display, the specimen should be turned off and"the ftest
baspd on the specific time; the specimen quality is checked. The jig is on the\base plate,
whi¢h should be fixed at the plate. The conditions for fixation of the specimen)are depicted in
Figure 2 according to the different axes.

dog

Top

s
X

Base plate Base plate |EC

IEC IEC

a) x-axis b) y-axis c) z-axis
Figure 2 — Directions of vibration test

To jstart, the condition should be as”in Figure 2a), and the vibration frequency and [the

duration time should be reported.After testing the x-axis condition, the specimen should be

set [as in Figure 2b). The test with the specified vibration frequency and the duration fime

sholld be operated. Finally,(the test with the z-axis should be done. The test shall be
performed as described in 7.2.4.2.

NOTE The large size is defined for TVs. The size would be over 40 in.
7.2.|:.2 Test conditions
7.24.2.1 Basic motion

The| basic;'motion shall be a sinusoidal function of time and such that the fixing points offthe
spetimen move substantially in phase and in straight parallel lines.

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 Vibration amplitude tolerance

Reference point: £15 %.

Check point: £25 %.

7.24.2.5 Frequency tolerances

7.2.425.1 Endurance by sweeping

+1 Hz from 5 Hz to 50 Hz

+2 Pb above 50 Hz.
7.2.4.2.5.2 Endurance at critical frequencies
+2 %.

7.2,

AV
vibr

7.24.3.2 Frequency range

The)
freq

7.2.|:.3 Severities

3.1 General

ation amplitude and duration of endurance (in sweep cycles or time).

frequency range shall be given in the relevant specification by selecting a Io
uency from Table 1 and an upper frequency.from Table 2.

Table 1 — Frequency range — Lower end

Lower frequency f; (Hz)

5
10
20

Table 2 — Frequency range — Upper end

Upper frequency f, (Hz)

019

bration severity is defined by the combination of thrée parameters: frequency ramge,

wer

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 500

7.2.4.3.3 Vibration amplitude

Thel| vibration amplitude shall be stated in the relevant specification. Recommended vibraltion

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

Table 4 — Recommended vibration amplitades

Djsplacement amplitude below Acceleration amplitude aboye 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 14,7 1,5

0,15 19,6 2,0

0,20 29,4 3,0

NOJTE 1 The values listed apply in Table 4 for cross-over frequencies between 57 Hz and 62 Hz.

NOJTE 2 Regardless of display size, the.same amplitude is calculated and applied at per unit area.

7.2.|:.3.4 Duration of endurance

7.24.3.4.1 Endurance by sweeping

The| duration ofithe endurance test in each axis shall be given as a number of sweep cy

chogen from-the list given below:

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

Cles

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
prevyail.

7.32 Purpose

Thig test aims to provide a standard procedure for determining the ability of an@©LED pangl or
module to withstand specified severities of shock. During transportation or. in.use, an OLED
pangl or module can be subjected to conditions involving relatively non-repetitive shocks.

7.38 Test apparatus

The| body of the specimen shall be securely clamped during the'\test in the test direction jand
alighed with the z-axis of the test machine; for example, Figure 8 depicts the shock test along
the |y’-direction of the specimen. If the device has a specified‘method of installation, it shall be
usefl to clamp the device.

OLED
module
y' Y
4 y X
/., :
X 1#C
IEC
a).“Example of a shock test machine b) test direction of a specimen

Figure 3 — Configuration 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

. Corresponding duration D of the Corresponding velocity change 4
Peak amplitude 4 A
nominal pulse H . R
2 alf-sine Trapezoidal
(m/s?) (g,) (ms)
(m/s) (m/s)
50 (5) 30 1,0 -
150 (15) 11 1,0 1,5
300 (30) 18 34 48
300 (30) 11 2.1 2.9
300 (30) 6 1,1 1,6
500 (50) n 34 49
500 (50) 3 1,3
1 000 (100) 11 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 -

NO|

TE Preferred values are underlined.

The
in o
IEC
utili

Unl

app
18

arrgngements, particularly in the case of components, they can be oriented such that
iple axis/direction requirements of the relevant specification can be met by the applicaltion
of three shocks in one direction only (see IEC 60068-2-27:2008, Clause A.7).

mul

7.3.

Vis|
6.1

7.4

choice of waveform to be used depends on a“aumber of factors, and difficulties inhe
haking such a choice preclude a preferred-torder being given in the document

60068-2-27:2008, Clause A.3). The relevant specification shall state the wavef
red.

bss otherwise specified by the relevant specification, three successive shocks shal
ied in each direction of three mutually perpendicular axes of the specimen, for a tot3
shocks. Depending on the *number of identical devices available and the moun

5 Evaluation

al, dimensional and functional checks shall be performed and compared as describe
to the relévant specification.

Quasistatic strength

rent
see
orm

be
| of
ting
the

d in

7.4.
IEC

7.4.

+—Gemnerat

61747-5-3:2009, 5.4, is applicable with the following specific conditions.

2 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

ont

he 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.

F
Metal rod
Specimen \
Frame with cavity ——
Hard plate
X !
\ N
\
%
L —|
[ 1 |
IEC [ X |
I1gc
a) Boundary support with cavity b) Side support

Figure 4 — Schematic of quasistatic strength measurement apparatus example

7.44 Test apparatus

The| quasistatic strength of a specimen, IS measured by supporting the specimen on|the
moynting frame and loading it at the.gentre as shown in Figure 4. The specimen shall be|put
on fhe frame with the rectangular cavity as shown in Figure 4a) or on side supports as shpwn
in Fligure 4b). The size of a rectangular cavity in the frame (Figure 4a)) shall be specified by
the [relevant specification and shall be as big as the edge of the supporting area allows. |t is
recommended to set the cavity“to be around the active area size for mobile applications. [The
tip of the metal loading bar'shall be rounded in shape and the diameter of the metal rod varies
accprding to the specimen‘size under testing. It is recommended to use a metal rod of 10 mm
in djameter for the samples which have a display diagonal length of up to 101,6 mm (4 in).[For
larger modules, sGch”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
module off-cefter and obtaining its strength at different locations. For TV applications, |this
quapistatic_strength test is generally not applicable.

7.4.|5 Test procedure

7.4.51 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 cpntinuation of the specified load test in 7.4.5.2, this test is intended to measure the faijure
load. The metal rod is lowered to push the surface of the specimen until the specimén-breaks.
The| specimen is categorized as a failure when the applied load from continuing“to push|the
rod |into the specimen drops below a designated proportion of the peak load" value. [The
des|gnated 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 level ujpon
whi¢h the acceptance or rejection of the resistance of specimen is)to be based. For the faijure
loaq test in 7.4.5.3, the average, maximum and minimum values along with the failure loafd of
each test specimen are reported. It shall be noted in the test reporting whether the specimen
incqrporates any additional component.

7.5| Four-point bending test
7.5/ General

Thig document is established separately from IEC 61747-5-3, where the characterizatiop of
the [glass component is particularly emphasized. The quasistatic strength of the edges of|the
glags or simply the flexural strength.of/OLED panels and the integrity of the panel strucfure
are |[assessed in the four-point bending test configuration. Even though there is no limitaftion
whegn using the four-point bending(test on the size of the display panels, this test is generally
applicable for mobile applications, which are at most 101,6 mm in diagonal size.

7.5 Purpose

The| four-point bending test is important since the result of this test can be used as an
indicator of the méchanical endurance level when either the panel sample or module sample
is ekposed to various mechanical loadings under hostile usage conditions, such as twisting a
handset, etc.(For the purpose of this test, the glass in OLED display panels is considgred
britile and .as having the property that fracture normally occurs at the surface of the glass from
the maximim tensile stress. The failure strength of the display module is determined when|the
link
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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019

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

7.5.

7.5.

support span.

4 Test apparatus

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
ser
ass

trayv|
foun

[2].

7.5.

Cylindrical bearing edges shall be used for the support of the’ specimen and for
application of the load. The bearing cylinder radius shall be approximately 2 mm to 5
depgending on the thickness of the specimen [3]. The cylinders) shall be made of sufficig

har

religve frictional constraints. Moreover two loading bearings and one support bearing cylir

o-hydraulic or pneumatic driven, a load cell mounted and controller software. ™l
imed that the fixtures are relatively rigid and that most of the testing-machine erossh
el is imposed as strain on the specimen. There are also several requirements fd

.2 Bearing cylinders

ened steel to prevent excessive deformation under load’and be free to roll in orde

frame consists of a vertical loading machine, which could be electromechanical,

is
ead
ra

-point bending apparatus to be met in order to ensure reliable data with minimal varialtion

the
mm
ntly
r to
der

alsq shall be provided to rotate laterally to compensate for any irregular surface contact with a

spe
bea

cimen and to ensure uniform and even distrib@tion of the load between the two ir
ring edges. Figure 5 shows a suitable arrangemeént using pinned bearing assemblies.

ner

Egarlng — —
cylinders HE
) ]
' Panel front.
Tes{ fixture ;
=7 ] T
........................... .I | — %
IEC EC
a) side view b) front view

z
y
X

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

IEC
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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 f@ilure Tor a typical specimen ranges from 30 s {0 45 s. In Table 6 some examples oOf|the
conlbinations of test configurations and displacement rates are given.

Table 6 — Examples of test parameter combinations

Displacement-rate
L (mm) Sg (mm) S (mm) p(mm/min.)
25 20 10 R
45 40 20 S
85 80 40 10

Specifically the span between the test jig and the loading rollers needs to be adjusted for a
diffgrent specimen size with a specified support spai(Sg) and load span (S, ) to cover most
parfs of the panel edge under bending. On the otherhand, to prevent the effect of the bending
area size on the glass edge strength and to test under the same strength criteria regardless of
the [specimen sizes tested, a constant load spah*and support span may be specified. In Jany
case, the load span shall be half of the support span [3]. The bearing cylinders shall be
cargfully positioned such that the spans arelaccurate within £ 0,10 mm.

7.5. Post-testing analysis
7.5.6.1 Breakage origin analysis

Singe OLED panels can have different structures for various emission mechanisms [and
encppsulation schemes, they can potentially exhibit unique fracture mechanisms. Hence,|the
origin of the fracture_of a specimen under the four-point bending test can be different.
Therefore, it shall bé ensured that this four-point bending test method is valid for assess$ing
the |mechanical endurance in the area of interest. Frequently, break origin analysis usging
fractography isccoenducted to review the failure origin of the panel. Potential failure mades
inclide inferior~edge quality, weak integrity of adhesion material, and/or other structural
wedknesses.

7.5.6.2 Test result analysis

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 uqing the conversion factor Another method would be
the Imeasurement by observation of the fracture surface. The strength can be estimated\ from
the [crack origin and its corresponding mirror zone measurement [4, 5]. It shall be noted thjat if
the [damaged area originates from the sealing material, the mirror zone measuremeént in|the
glags panel is irrelevant due to the residual stresses pre-existing from the sealing material.
Thig method is often used in combination with breakage origin analysis to determine the main
cauge and effect of the failure.

7.5.7 Evaluation

In fhe form of test result reporting, the averaged or minimum |strength values could| be
repgrted in the specification, but B4, strength after statistical test.data fitting [1] is preferaple.
The|l method of strength data extraction and items to be reported in the post-testing analysis
are [to be given in the relevant specification. The minimumJor B,, strength, shape factof or
standard deviations, mean strength value along with raw data of each specimen shall be
reported. The relevant specification shall provide the‘criteria upon which the acceptance¢ or
rejefction of the specimen is to be based.

7.6| Transportation drop test
7.6 General

ISO| 2248 shall be applied with the folléwing specific conditions.

7.6.2 Purpose

Thel objective of this document is to specify a method for carrying out a vertical impact test by
dropping a complete, filled transport product package.

7.63 Test sample

Thel test package  shall normally be filled with OLED modules or panels mainly for mobile jand
notgbook cenifputer 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 packageg for
the test specimen is 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 rearfafe,
respectively.

e ]

—
R - o b_-__-_l

7 o |
- C

IEC

Figure 7 — Order of transportation package drop

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

7.6.56 Evaluation

Visual, dimensional and functional-checks shall be performed and be compared as descriped
in 6.1 to the relevant specification. Visual and optical performance may be compared tothe
releivant specification.

7.7| Peel strength test
7.7/ Purpose

Thel| purpose oftthis test is to measure the bonding strength or to determine compliance with
spegified bonding strength requirements. This test is intended to show the bonding strength of
FPGBs 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 varjous
sizgs.

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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