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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and_electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technisal Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC i mittee interested
in the subject dealt with may participate in this preparatory work. Intern
governmental organizations liaising with the IEC also participate in this prep
with the International Organization for Standardization (ISO) in accordamns
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters exppé

3) IEC Publications have the form of recommendations for infernatiqnal ¥se ar

4) In order to promote international uniformi

the latter.

5) IEC itself does not provide any attestation of cO Rity. Mn ificati i i i
assessment services and, & e 4 ess tq IEC mapks of conformity. IEC is not responsible for any
services carried out by indepe ifi gnodies

6) All users should ensure that thg 3 editten—of this publication.

7) No liability shall aft
members of its

pyees, servants or agents including individual experts and
tighal Committees for any personal injury, property damage or
other direct or indirect, or for costs (including legal fees) and
¥ of, or reliance upon, this IEC Publication or any other IEC

efefences cited in this publication. Use of the referenced publications is
ation of this publication.

The text of this standard is based on the following documents:

FDIS Report on voting
110/472/FDIS 110/486/RVD

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

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

A list of all parts in the IEC 62341 series, published under the general title Organic light
emitting diode (OLED) displays, can be found on the IEC website.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,
* withdrawn,

+ replaced by a revised edition, or
+ amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this pu
that it contains colours which are considered to be usefu
understanding of its contents. Users should therefore print thi

colour printer. /\

tion indicates
for \the correct

ow t using a

O
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ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

Part 5-2: Mechanical endurance testing methods

1 Scope

This part of IEC 62341 defines testing methods for evaluating mechanical endurance quality
of Organic Light Emitting Diode (OLED) display panels and modules or their packaged form
for transportation. It takes into account, wherever possible, the environmentaltesting methods
outlined in specific parts of IEC 60068. The object of this standard js\to estaklish uniform
preferred test methods for judging the mechanical endurance propgrties (oNOLED display

devices.

There are generally two categories of mechanical endurance tests ing to the
product usage environment and those relating to the transgortation ent in packaged
form. Vibration, shock, quasistatic strength, four-point benth e trength test are
introduced here for usage environment, while transportatiqn™>drop test is”“applicable to the
transportation environment. Mechanical endurance tegorized into mobile
application, notebook computer or monitor application 2 size™MV application. Special

emitting diodes is considerably different from thiat of ges in such matters as:

used materials and structure;

@; sta

operation principles;

measuring methods.

Normative

2

The following do part, are normatively referenced in this document and
are indispens ! /For dated references, only the edition cited applies. For
undated ast edition of the referenced document (including any
amendments)

IEC 60068- onmental testing — Part 2-6: Tests—Test Fc: Vibration (sinusoidal)

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

IEC 61747-5:1998, Liquid crystal and solid-state display devices — Part 5: Environmental,
endurance and mechanical test methods

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

IEC 62341-1-2:2007, Organic light emitting diode displays — Part 1-2: Terminology and letter
symbols

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 Documents
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IEC 62341-6-2:2012, Organic light emitting diode (OLED) displays — Part 6-2: Measuring
methods of visual quality and ambient performance

ISO 2206:1987, 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 the purposes of this document, the terms and definitions given in IE( 41-1-2 and the

following apply.

3.1
strength
stress at which a sample fails for a given loading condition

3.2
glass edge strength
measured stress at failure where the failure origin is

ave oscdrred at an edge

4 Abbreviations

FEA finite element analysis
FPCB flexible printed
Bio the value at IG

ircuit board
eibull distribution [1]1

TSP touch scree

5 Standard a@s

The specimen shall be submitted to the visual, dimensional checks in non-operation condition
and functional checks in operational condition prescribed by the following specification.

a) Visual checks of damage to exterior body of the specimen including marking,
encapsulation and terminals shall be examined as specified in IEC 61747-5:1998, 1.5.

b) Dimensions given in the customer’s 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 as specified in IEC 62341-6-2:2012, 6.2.

1 Numbers in square brackets refer to the bibliography. Documents
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6.2 Reporting

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

instead of 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

71 General

Choice of the appropriate tests depends on the type of devices. The r nt specification
shall state which tests are applicable.

7.2 Vibration (sinusoidal)
7.2.1 General

pplicable with the

Test Fc, specified in IEC 60068-2-6 and IEC 61747-5:
i Hese standards,

following specific conditions. In case of contrad
IEC 61747-5:1998, 2.3, shall govern.

7.2.2 Purpose

The purpose of this test is to investjgats t 3 i he specimen in a vibration

7.2.3 Test apparatus

¥ test conditions specified in 7.2.4. The
e test condition vibration frequency range.
The required characte 3 plete vibration system, which includes the power
amplifier, vibrat@ , secimenN\apd control system when loaded for testing. The
body of the devi ) € ped during the test. If the device has a specified
o clamp the device. The specimen shall be tested

The equipment shall be
vibration testing table st

7.24
7.2.41
7.2.411

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.

7.2.41.2 Spurious motion
The maximum amplitude of spurious transverse motion at the check points in any
perpendicular 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 be
important. If so, the relevant specification shall prescribe a tolerance level.

7.2.41.3 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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7.2.41.4

Reference point: £ 15 %;

Check point: + 25 %.

7.2.41.5

7.2.41.51
+ 1 Hz from 5 Hz to 50 Hz;
+ 2 % above 50 Hz.

7.2.41.5.2
+2%.

7.2.4.2 Severities

7.2.4.2.1 General

7.2.4.2.2 Frequency range

Table 1 — Fr qu n

—9-

Vibration amplitude tolerance

Frequency tolerances

Endurance by sweeping

Endurance at critical frequencies

Power end

AN

10

— Frequency range — Upper end

Upper frequency f,

Hz

&

55
100
200
300
500

Full document details: IEC 62341-5-2 2013
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The recommended ranges are shown in Table 3.

Table 3 - Recommended frequency ranges

Recommended frequency ranges, from

fitof,
Hz

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

7.2.4.2.3 Vibration Amplitude

The vibration amplitude shall be stated in the relev iQqn. Recommended vibration

amplitudes with cross-over frequency are shown in Tabl

Table 4 - Rec@ ed‘vipration Q;p

des

Displacement amplitude
below the cross-over Acceler ioh, amplitude above the cross-over frequency
frequency
0,0 0,5
0,075 ( 9 8 1,0
Qm 14,7 1,5
19,6 2,0
<§\ 3,0
M}eﬁ&\{y in Table 4 for cross-over frequencies between 57 Hz and 62 Hz.

7.2.4.2.4 ndurance

7.2.424.1 ance by sweeping

The duration of the endurance test in each axis shall be given as a number of sweep cycles
chosen from the list given below.

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

The sweeping shall be continuous and the frequency shall change exponentially with time.
The endurance time associated with 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.

7.2.4.2.4.2 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.

Documents
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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 61747-5:1998, 2.4, shall be applied with the following specific conditions.
In case of contradiction between these standards, IEC 61747-5:1998, 2.4, shall govern.

7.3.2 Purpose

This test is to provide a standard procedure for determining the abili amOLED panel or

7.3.3 Test apparatus

The body of the specimen shall be securely clamped ig the the test direction
aligning with the z-axis of the test machine; for exa i shock test along the
y’-direction of the specimen. If the device has a specifieg stallation, it shall be

A > Y
OLED
module
N \> y
™\
z N
1% \ y
X
z' IEC 1686/13
a) Example of a shock test machine b) Test direction of a specimen

Figure 1 — 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.

Documents
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Table 5 — Conditions for shock test

Peak amplitude 4 Corresponding duration D of the | Corresponding velocity change
nominal pulse 4V
Half-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) 9

500 (50) 1,3
1 000 (100) 9,
1000 (100) 5

2 000 (200) 10,6

2 000 (200) 5,3
5 000 (500) -
10 000 (1 000) -

NOTE Preferred values are underlined{

mbwy of factors, and difficulties inherent
being given in the standard (see
ecification shall state the waveform

The choice of waveform to be used depends on

in making such a choice~preclude eferred
S r 5

utilized.

Unless otherwis

applied in each i lyYerpendicular axes of the specimen, for a total of
18 shocks. Depend;j \ of identical devices available and the mounting
arrangements, p3 i e casg of components, they may be oriented such that the
multiple axis/directio JUIre s of the relevant specification can be met by the application

of three sho direc only (see IEC 60068-2-27:2008, Clause A.7).

Visual, dimensiqnal and functional checks shall be performed and compared as described in
6.1 to the relevantspgcification.

7.4 Quasistatic strength
7.4.1 General

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

7.4.2 Purpose

The objective of this standard is to establish uniform requirements for accurate and reliable
measurements of the quasistatic strength of OLED panels or modules. The quasistatic
strength of 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 fingertip in the display area.
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7.4.3 Specimen

This standard applies to the OLED panels or modules for mobile and IT application. OLED
module products incorporating additional components, e.g. 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 6 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.
e E
Metal rod \
Specimen
Frame with
cavity
Hard plate \
‘ f \ )
>

S ‘
IEC 1687/13

b) Side support

is measured by supporting the specimen on the
enter as shown in Figure 2. The specimen shall be put

hall be as big as the edge of the supporting area allows. It is
& avity to be around the active area size for mobile application. The
tip of meta shall be rounded in shape and the diameter of the metal rod varies

in diameter for the~amples up to 101,6 mm (4 inches) display diagonal length. For larger
modules, 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 module off-
center and obtaining its strength at different locations. For TV applications, this quasistatic
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 specimen shall be of the
order of 1,0 x 10" s-1 [3]. 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 external static load from
the relevant specification. A specified load is set and load is applied on the surface of the
specimen by lowering the metal rod as shown in Figure 2. After reaching the specified load,
the rod is set to return back to 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 off-center position may also be applied depending on the
area of interest.

7.4.5.3 Quasistatic failure load

In the continuation 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 specimg he specimen
breaks. The specimen is categorized as a failure when the applied load S
than a designated portion, e.g. 2 % of the peak load value.

7.4.6 Evaluation

For the static load test, the relevant specification shall prQvi
which the acceptance or rejection of the resistance of i
load test in 7.4.5.3, the average, maximum and mj
each test specimen are reported. It shall be noted in
incorporates any additional component.

7.5 Four-point bending test

7.5.1 General

simply flexural strengt
in the four-point bendi
point bending t
applications, whi

7.5.2

The four-poi endi important since the result of this test can be used as an
indicator . urance level when either panel sample or module sample is
exposedto various nlcal loadings under hostile usage conditions, such as twisting a
handset, ets X pose of this test, glasses in OLED display panels are considered
brittle and to ha property that fracture normally occurs at the surface of the glass from
the maximum tensile/stress. The failure strength of display module is determined when a

weakest component in the specimen fails. Depending on the panel structure, the weakest link
could be inferior edge of glass or other failure origins, such as disintegration of 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 polarizer or other low elastic
modulus tape is permitted on the specimen surface to hold the cracked fragments and permit
observation of crack origin. At least 10 specimens shall be used for the purpose of estimating
the mean. A minimum of 20 specimens shall be necessary if estimates regarding the form of
strength distribution are to be reported. Unless otherwise taken for 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

ocuments

Document Sharing Hub

Full document details: IEC 62341-5-2 2013


http://www.avadocuments.com/doc/iec-62341-5-2-2013
http://www.avadocuments.com/doc/iec-62341-5-2-2013

62341-5-2 © IEC:2013 -15 -

considered likely to affect the quasistatic strength of the edges of 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 3
illustrates an example of four-point bending test fixture with an OLED panel specimen. The
test frame consists of a vertical loading machine, which could be electromechanical, servo-
hydraulic or pneumatic driven, a load cell mounted and controller software. It is assumed that
the fixtures are relatively rigid and that most of the testing-machine crosshead travel is
imposed as strain on the specimen. There are also several requiremepnts~for a four-point

7.5.4.2 Bearing cylinders

depending on the thickness of the specimen [3]. The cylk
hardened steel to prevent excessive deformation underg

specimen and to ensure uniform and even distriputio Io between the two inner bearing

Bearing —

cylinders

Test ><*
fixture <‘

IEC 1688/13
b) Front view

\/SS L/_:\/)\
/

IEC 1689/13

a) X-direction bending b) Y-direction bending

Figure 4 — Specimen configuration under four-point bending test

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 4a) and Figure 4b), respectively. The amount Pygments
of the specimen, d in Figure 3 shall be at least 2 mm beyond the outer bzarinas I
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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 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 7.4.5.1 while times to failure for a typical
specimen range from 30 s to 45 s. In Table 6 some examples of the combinations of test
configurations and displacement rates are given.

Table 6 — Examples of test parameter combinations

Displacement rate
L (mm) Sg (mm) §, (mm) .
(mm/mlyr\
25 20 10
45 40 20
85 80 40

Specifically the span between the test jig and loading
different specimen size with a specified support span (S

specimen sizes tested, a constant load span ang PO a 1y be specified. In any case,
the load span shall be the half of the AN [3 ‘ i ylinders shall be carefully
positioned such that the spans are acct

7.5.6 Post-testing analysis

7.5.6.1 Breakage origih analy

fracture origin o

required and impuria
mechanical enduranr
fractography is
include inferior

The mechanical _testing unit used for four-point bending test reports failure load when a
specimen under thejést 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, 0,5, 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 those 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

stress evaluation. A detailed example of test results analysis using FEA simulation is
introduced in Annex A.
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There may be a few more methods in extracting the strength data. One of the other methods
is the direct use of strain measurements. In this method, several strain gages 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 gage
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 fracture surface. The strength can be estimated from the
crack origin and its corresponding mirror zone measurement [4, 5]. It shall be noted if a crack
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 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

testing analysis are to be given in the relevant specification: imww or By strength,
shape factor or standard deviations, mean streng ‘ g with raw data of each

7.6 Transportation drop test

7.6.1 General

7.6.2 Purpose

The objective o
dropping a complete A

7.6.3
The test pack 1% ally’be filled with OLED modules or panels mainly for mobile and
noteboo, S ations. If the number of test samples is insufficient to fill the

package,~dummy Wwles’ with no mechanical defect may be used. Ensure that the test
package is closed

the test specime wen 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 ISO 2248:1985, Clause 7 and
Annex, 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 combination of 2 or 3 attitude types are more realistic to check
the mechanical endurance under various vertical impacts during shipping and handling
processes.

The following order of drop attitude in Table 7 is an example of sequence of tests for a mobile
OLED transport package.
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