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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLEXIBLE DISPLAY DEVICES -
Part 6-3: Mechanical test methods — Impact and hardness tests

FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizationeomprising
all national electrotechnical committees (IEC National Committees). The object of IEC is(to-|promote
interhational 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, Technical| Specifjcations,
TecHhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refenred to ps “IEC
Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC National(Eommittee interested
in the subject dealt with may participate in this preparatory work. International, {governmental ahd non-
govgrnmental organizations liaising with the IEC also participate in this preparationy [EC collaborateq closely
with [the International Organization for Standardization (ISO) in accordance with, conditions deternjined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as(nearly as possible, an intefnational
consfensus of opinion on the relevant subjects since each technical cammitiee has representation |from all
interpsted IEC National Committees.

3) IEC |Publications have the form of recommendations for internationaluse and are accepted by IEC National
Compittees in that sense. While all reasonable efforts are made o ensure that the technical contenft of IEC
Publ|cations is accurate, IEC cannot be held responsible for\the way in which they are used or|for any
misipterpretation by any end user.

4) In oyder to promote international uniformity, IEC Nationaly'Committees undertake to apply IEC Pubjications
trangparently to the maximum extent possible in their ‘national and regional publications. Any divergence
between any IEC Publication and the corresponding.national or regional publication shall be clearly indjcated in
the Iatter.

5) IEC ftself does not provide any attestation of gohformity. Independent certification bodies provide cgnformity
sment services and, in some areas, acgess to IEC marks of conformity. IEC is not responsiblel for any

6) All upers should ensure that they have the“latest edition of this publication.

bility shall attach to IEC or its.directors, employees, servants or agents including individual expprts and
mempbers of its technical commitfees and IEC National Committees for any personal injury, property damage or
othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expenses arising out of thepublication, use of, or reliance upon, this IEC Publication or any other IEC
Publ|cations.

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

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

Interngtional’ Standard |IEC 62715-6-3 has been prepared by IEC technical committee 110:
Electrgnic-displays. Ie

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

FDIS Report on voting
110/1225/FDIS 110/1247/RVD

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

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

A list of all parts in the IEC 62715 series, published under the general title Flexible display
devices, can be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
contains colours which are considered to be useful for the “correct

that i
under
colourn

tanding of its contents. Users should therefore print this document u
printer.

ing a



https://iecnorm.com/api/?name=91184e208783b1bf2f52a882f59db77b

IEC 62715-6-3:2020 © IEC 2020 -5-

FLEXIBLE DISPLAY DEVICES -

Part 6-3: Mechanical test methods — Impact and hardness tests

1 Scope

The object of this part of IEC 62715 is to define the standard test methods to evaluate the
mechanical robustness of flexible display modules, especially mechanical robustness
regard|ng impact and hardness, which include displays such as liquid crystal displays (LCDs),
e-papdr, and organic light emitting diode (OLED) displays, against external forces_ applied to a
panel.

2 Ngrmative references

The following documents are referred to in the text in a way that some or all of their ¢ontent
constitptes requirements for this document. For dated references, only the edition cited
applieg. For undated references, the latest edition of the referénced document (including any
amendments) applies.

IEC 62341-5:2009, Organic light emitting diode displays — Part 5: Environmental ftesting
methods

ISO 19252, Plastics: Determination of scratch preperties

ASTM |D7207-13, Standard Test Method for Evaluation of Scratch Resistance of Polymeric
Coatings and Plastics Using an Instrumentéd Scratch Machine

3 Tearms, definitions and abbreviated terms

3.1 Terms and definitions.

For thg purposes of this_ document, the following terms and definitions apply.

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

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

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

3.11

pendulum side impact test

evaluation of the mechanical robustness properties of the material against an external impact
applied from the side using a pendulum

3.1.2

steel wool

special alloy steel which is processed into a thin and long fibrous form to be used as an
abrasive

Note 1 to entry: The cross section surface is polyhedral with edges.

Note 2 to entry: There are several kinds of steel wool depending on the diameter of the used fibre. The steel wool
type is #0000. The average line diameter of #0000 is about 0,012 mm.
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3.2 Abbreviated terms

LCD liquid crystal display

OLED organic light emitting diode
TFT thin film transistor

4 Standard atmospheric conditions

The standard atmospheric conditions defined in IEC 62341-5:2009, 5.3, shall apply as follows:

— temperature: 25°C+3°C
— relative humidity: 25 % RH to 85 % RH
— atmospheric pressure: 86 kPa.to 106 kPa

unless|otherwise specifically agreed between customer and supplier.

When gdifferent tests are carried out, the temperature condition shall be specified becayse the
temperature is critical for the robustness properties as they relate toI'FT characteristics and
panel |mage quality characteristics. These robustness tests shall\b& done at the standard
atmospheric conditions.

5 Sdmple preparation

5.1 General

The splecimen shall be the display module since_the final evaluation has to be made based on
the quplity of the panel image such as luminéscence, colour chromaticity, uniformily, line
defect|and point defect. The mechanical robustness test can cause the deterioration ofimage
qualitylon a panel [1] to [9] 1.

5.2 Sample preparation

The digplay module being testedishall be flat during the impact and hardness tests to get the
correc test results. The module should be fixed on a plate using additional instrumegnts or
materials (for example, adhesive or holder). Both adhesive and holder should not affect the
measufement. The flatness and size of the sample shall be determined between the supplier
and customer. The temperature, humidity, and storage time (for example, 24 h) prior to testing
for sample preparatien shall be controlled and reported to obtain reproducible test resulfs.

6 Mechanical test methods — Impact and hardness tests

6.1 eneral

The selection of the appropriate test methods shall be based on the requirements of the
application. For each mechanical robustness test, the relevant test method specification shall
be stated along with the explanation of the purpose of each unique test.

6.2 Ball drop test
6.2.1 General

This test is especially applicable for the evaluation of the mechanical robustness properties of
flexible display devices by measuring their performance change after ball drop.

1 Numbers in square brackets refer to the Bibliography.
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6.2.2 Purpose

The purpose of this test is to evaluate the mechanical robustness properties of the specimen
against a point shock which shall happen in actual use of the flexible display product. The ball
drop test might cover several typical characteristic parameters of the display panel image
quality. The typical parameters of the display panel image quality might include luminescence,
colour chromaticity, uniformity, line defect, and point defect.

6.2.3 Test apparatus

The ball drop test equipment includes a metal (or rubber or plastic) ball and a hard plate as
shown in Figure 1. The body of the specimen shall be put on the hard plate. The test
conditmmample,
5 cm tp 10 cm) which can be different from the panel size (for example, size of mobile’pr size
of tablet or bigger size), the type (quality) of the ball (for example, metal, rubber; of plastic),
the diameter of the ball, the weight of the ball (for example, 10 g to 50 g), theshifting position
of the panel during the ball drop test, and the number of ball drop tests, shal’be mentioned
becauge the characteristics of the display panel image quality might depend on the test
conditipns mentioned above. In order to obtain consistent ball drop height during the test,
special equipment to drop the ball at a reproducible height is available‘such as a mechanical
grip apd a magnetic plate. Different designs and materials of the)hard plate beneath the
specimen have significant impact on the test result. The designjand materials of the hard
plate ghall be precisely mentioned or defined. An electromagngtically assisted ball drpp test
can be¢ available as shown in Figure 1 where the steeh ball can be attached |by an
electrojmagnet. After the first hit, the ball shall not succéssively collide against the panel in
order {fo prevent additional damage caused by the s€cond hit of the ball which can|cause
incons|stent result.

Height gauge rod Height gauge rod
—
: - Height guide  — Electromagriet
Gripp (holder) Ball rodg 9
\ Q/ O‘/ Steel ball

A A

ﬂ Height ﬂ Height
| y ] /)
/ (L "“Panel / [ Panel I/

’ Hard plate l Hard plate
IEC IEC

a) “Mechanical ball drop test b) Electromagnetic assisted ball drop t¢st

Figure 1 — Apparatus for ball drop test equipment

6.2.4 Test procedure

The ball drop test shall be performed by dropping a metal (or rubber or plastic) ball at a
constant height and hitting the panel perpendicularly. In order to correctly evaluate the
mechanical robustness of the panel, several positions of the panel (for example, a total of
nine points per panel, three points for each of the left, centre, and right area) shall be
selected equally to represent the overall robustness of the panel; if necessary, an identical
ball drop test might be carried out on several panels to obtain more accurate overall
performance. After the first hit, the ball shall not successively collide against the panel in
order to prevent additional damage coming from the second hit of the ball which can cause
inconsistent results. The evaluation of the panel image may be carried out in a period of time
after the ball drop test (time interval), which shall be mentioned.
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6.3 Hitting test (tapping test)
6.3.1 General

This test is especially applicable for evaluating the mechanical robustness properties of
flexible display devices. Since this test simulates "touching" or "pushing" by a finger, it is
often called "tapping test"

6.3.2 Purpose

The purpose of this test is to evaluate the mechanical robustness properties of the specimen
against a repetitive external loading representing repetitive touching or pushing by finger(s) or
a stylu i i ; i i lexible
display product.

The hifting test would cover several typical characteristic parameters of the-display panel

image |quality. The typical parameters of the display panel image quality might include the
luminepcence, colour chromaticity, uniformity, line defect, and point defect-
6.3.3 Test apparatus for hitting test
Figure|2 shows an example of an apparatus for the hitting test.
3
r'd / 6
./
5
|4 1
- /
2
-«
IEC
Key
1 flexible display 4 hitting tip
2 hard plate 5 hitting rod
3 reciprocation mechanism 6  force measuring device

Figure 2 — Example of apparatus for hitting test

6.3.4 Test procedure
The hitting test shall be performed as follows:

a) select a proper tip for the test, such as the material and shape of the tip;
b) select the hitting position of the specimen;

c) set the tip to the proper distance from the specimen;
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d) apply reciprocating moving with the desired force. Figure 3 shows an example of
movement of the tip and applied force;

18t tap 2" tap N tap

e /\ /
NIVAANVA R

\Y Tind

IEC

Figure 3 — Example of the tip movement and applied force

NOTE The acceleration and deceleration speed and the holding ddration are dominant paramgters to
simyilate touching or pushing by an applied force profile. Those parameters are decided in order to reproduce
use|case conditions.

e) hit the specimen for the required cycles;
f) inspect the specimen after hitting, to check whethér there are any defects;

g) if nEeded, repeat d) to f);

h) if needed, change the parameters, such asa); b) and/or c).

6.3.5 Report
Report/the evaluation conditions as follows;

— matlerial of the tip

— shdpe of the tip

— moyement and applied‘force, for example as described in Figure 3
— hittjng position on the/display device

— nurmber of hits

— evdluation ofxésult after hitting

NOTE 1| In order to correctly evaluate the robustness of the panel, several positions of panel are selected equally
to repregent the overall robustness of panel (for example, a total of nine points per panel, three points forf each of
the left, centre, and right area).

NOTE 2 If necessary, an identical hitting test might be carried out on several panels to obtain more accurate
overall performance.

NOTE 3 The evaluation of the panel image can be carried out in a certain period of time after the hitting test.
6.4 Pendulum side impact test
6.4.1 General

This test is especially applicable for the evaluation of the mechanical robustness properties of
flexible display devices by measuring their performance change after a side impact, because
flexible display devices include very thin dielectric layers and metal layers, which are very
flexible but relatively weak against a side impact on them.
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6.4.2 Purpose

The purpose of this test is to evaluate the robustness properties of the specimen against an
external side impact to represent the shock environment from the side, which shall happen in
actual use of the flexible display product. The pendulum side impact test might cover several
typical characteristic parameters of the display panel image quality. The typical parameters of
the display panel image quality might include the Iuminescence, colour chromaticity,
uniformity, line defect, and point defect.

6.4.3 Test apparatus

The pendulum side impact test equipment includes metal (or plastic) as the pendulum
materifiT, @ ball (or cylindrical pendulum) as the pendulum shape, and a hard plate as|shown
in Figyre 4. The pendulum arm can be made from a rigid material like metal. The spg¢cimen
shall bge fixed on the hard plate by a clamp. The pendulum arm material connected)to the ball
or hittihg part shall be rigid to reproduce the consistent collision force. The test conditjons of
the pehdulum side impact test such as the angle, type (quality) of ball (plastic or metal),
weight|of ball, diameter of ball, length of pendulum arm, distance from a_position of the ball
dropping to a position of the ball colliding the panel, the hitting position"ef'the panel, gnd the
numbef of hits, should be mentioned, because the characteristics ofrthe display panellimage
quality] might depend on the test conditions mentioned above. To gét“a better reliable|result,
severa| hitting positions should be tested. The kinetic energy of,the impact shall be estimated
for eaph test to better ensure repeatability of the method.X\The kinetic energy dan be
calculgted from the mass of the ball and the length of the\pendulum arm. The calgulated
energyl is the applied energy at impact and not the energy to cause damage as the enefgy will
be losf due to pendulum rebound. The pendulum shapes mentioned shall allow the reporting
of othgr shapes, for example, the long end of a cylinder of wedge shape. This is b¢cause
there pre different shapes that can impact the\panel during manufacturing like [hitting
alignmgnt pins.

Assumifing the sample edge is placed wheretthe angle of the pendulum arm is 0, all the pnergy
of the pendulum will be kinetic at impact.\The total energy of the pendulum can be calgulated
using Formula (1). For the method to~be repeated, the pendulum shall always deliyer the
same impact energy to the sample.

E=%mV2=mgh=mgL(1—COSH)—>V=«/2gL(1—COSH) (1)

where
m is the mass afpendulum,

V is the velocity of the pendulum at § = 0.

N Angle r ,\Angle
) L
LA Ball ©
= Hitti 3 = .
Hittin : ; ting T
positi(?n position i H +
Distance s :
‘ Distanc
| Panel [ Panel stane
Hard plate Hard plate
IEC IEC
a) Ball type pendulum b) Cylindrical type pendulum

Figure 4 — Apparatus for pendulum side impact test
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6.4.4 Test procedure

The pendulum side impact test shall be performed by dropping a ball from the side and hitting
the panel sideways. In order to correctly evaluate the robustness of the panel, several
positions of the panel should be selected equally to represent the overall robustness of the
panel, if necessary, several tests of the pendulum side impact test (example: n = 2 times to 5
times) might be carried out at the same position of the panel to obtain more accurate average
performance. The evaluation of the panel image may be carried out in a certain period of time
after the pendulum side impact test.

6.5 Scratch and abrasion test

6.5.1 General

This tegst is especially applicable for the evaluation of the robustness properties ©f ‘a flexible
display| device by measuring its performance change after a scratch, because-flexible display
devicep using mainly a thin plastic window instead of a glass window are_relatively weak
agains} scratch.

The following two test methods are described in 6.5:

a) stylus scratch test
b) stefel wool abrasion test

Each pf the above two tests shall be selected depéending on the purpose of the test
considering the above-mentioned features of each test./The damage of the surface gnd the
changeg of the image quality are assessed after the tests.

6.5.2 Stylus scratch test
6.5.2.1 General

The stylus scratch test is intended to.simulate a scratch by a sharp and/or hard objec{ which
can ocur in actual use. However, the stylus scratch test is not sensitive to the differgnce of
the hafdness in the surface materials compared to the pencil hardness test.

6.5.2.2 Purpose

The pyrpose of this testis to evaluate the robustness properties of the specimen against a
scratchh which shall_happen in actual use of the flexible display product. A stylus is pushed
over the surface.Fhe load is increased in steps until the surface is marked by visible defects.
The lowest loadat which any damage is observed shall be reported. The test migh{ cover
several typical-Characteristic parameters of the display panel image quality. The |typical
parameters of the display panel image quality might include the Iluminescence, |colour
chromerticity, uniformity, line defect, and point defect.

6.5.2.3 Test apparatus

The apparatus (Type A) specified in ISO 19252 shall be used (see Figure 5 a)). The test
procedures shall be in accordance with those specified in 1ISO 19252. Another apparatus
(Type B) specified in ASTM D7207-13, shall be used as well (see Figure 5b)). The stylus shall
be composed of a hard material, such as diamond, sapphire, or tungsten alloy. The test
results vary according to the material of the stylus; therefore, the test results with different
stylus materials cannot be compared.
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Dead weight/spring
load mechanism

Clamp

Stylus

(TTIImn

Tip of hard material

Roller \ Stylus
\t@ \‘] @JM?MI%“O” Moving\dijﬁ:tion\m

ﬁ Counterweight
L Load cell (Z-di’r/

dir)

| Load cell (X-
[ Panel ] [ ~Panel ]
| ] EC { Hard prate ]
a) Stylus scratch test (Type A) b) Stylus scratch test (Type B)

6.5.2.4 Test procedure

The ra
and th
times.
1 N to

angle of the stylus to the surface of the specimen shall. be normal (90° + 1°). The speed

Figure 5 — Apparatuses for stylus scratch test using a stylus-holder
with different pressures available by modulating the spring load

dius of the stylus shall be recorded (for example, a radius range of 0,2 mm to

The experiment shall start from the lower load to the higher load (N) (for exampl
10 N). The load shall be increased until any damage on the surface is observe

IEC

1 mm)

e stylus shall be moved in one direction at a constant distance for a fixed number of

e, from
d. The
of the

scratch shall be recorded (for example, a speed range of 5 mm/s to 10 mm/s). The stylus test

appargtus shall be controlled manually or automatically and the stylus shall be cleaned

each t
the cu
above,
deviati

be als@ reported.

6.5.3
6.5.3.1

The st
panels

6.5.3.2 Purpose

The pyrpose of this test is to evaluate the robustness properties of the specimen aga

abrasi

pst. Other test conditions can be used\based on agreement between the provid
stomer; however, any deviation from.the standard test conditions, which are des
shall be reported. The lowest load7at which any damage occurs shall be reportg
bn from the standard test conditiens shall be reported. The material of the stylu

Steel wool abrasion‘test
General

eel wool abrasion test is commonly used to evaluate the surface damage of
which occurs.in actual use.

before
er and
cribed
d. Any
s shall

Hisplay

nst an

of the

sample shall be abraded with a steel wool with a stipulated load. The surface is abraded for a
specified number of cycles and the robustness of the surface is evaluated after these
abrasions. This test causes visible defects such as scratches and dents and might include
several typical characteristic parameters of the display panel image quality. The typical
parameters of the display panel image quality might include the Iuminescence, colour
chromaticity, uniformity, line defect, and point defect.
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