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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLEXIBLE DISPLAY DEVICES -

Part 6-1: Mechanical-stress test methods — Deformation tests

FOREWORD

Q = Tt = Q

Il national electrotechnical committees (IEC National Committees). The object of IEC is A0 ro
ternational co-operation on all questions concerning standardization in the electrical and electronic field

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

the subject dealt with may participate in this preparatory work. International, governmental and
overnmental organizations liaising with the IEC also participate in this preparation(ZlEC collaborates cl

greement between the two organizations.

onsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

isinterpretation by any end user.

h order to promote international uniformity, IEC National) Gommittees undertake to apply IEC Publica
ansparently to the maximum extent possible in their_national 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 conformity. Independent certification bodies provide confo

ervices 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 thel publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
dispensable for thelcorrect application of this publication.

atent rights. IE€\shall not be held responsible for identifying any or all such patent rights.

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing

mote
. To

his end and in addition to other activities, IEC publishes International Standards, Technical, Specificatjons,

“IEC

ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intergsted

non-
sely

ith the International Organization for Standardization (ISO) in accordance with. conditions determinefd by

he formal decisions or agreements of IEC on technical matters express, as néarly as possible, an internatjonal

n all

EC Publications have the form of recommendations for internationaluse and are accepted by IEC Natjonal
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content off IEC
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for| any

tions
Ence
bd in

mity

ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible foif any

o liability shall attach to IEC or its*directors, employees, servants or agents including individual expertq and

e or
and
IEC

hs is

ttention is drawn te’ the possibility that some of the elements of this IEC Publication may be the subjelct of

redline version of the official IEC Standard aIIows the user to identify the chanjges
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International Standard IEC 62715-6-1 has been prepared by IEC technical committee 110:
Electronic display devices.

This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

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

a)
b)
c)

hnngpd the part title ta differentiate it from other parts:

added new bending testing methods;
added detailed testing procedures.

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

Full
the

FDIS Report on voting
110/951/FDIS 110/974/RVD

information on the voting for the approval of this International”Standard can be foun
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 62715 series, undenthe general title Flexible display devi

can|be found on the IEC website.

Thelcommittee has decided that the contents<of this document will remain unchanged until
stahility date indicated on the IEC website*under "http://webstore.iec.ch” in the data relate
the ppecific document. At this date, the.document will be

reconfirmed,
withdrawn,
replaced by a revised edition, or

hmended.

d in

res,

the
d to

IM
th

un
co

PORTANT=The 'colour inside’' logo on the cover page of this publication indicat

erstanding of its contents. Users should therefore print this document using
oUr printer.

es

t it contains colours which are considered to be useful for the correct

a
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FLEXIBLE DISPLAY DEVICES -

Part 6-1: Mechanical-stress test methods — Deformation tests

hanical stab|l|ty of erX|bIe dlsplay modules speC|f|caIIy mechanlcal stablllty agai

lays such as LCD, e-paper, and OLED. This document takes into account, ‘wher
5ible, the mechanical test methods outlined under mechanical stress.

Normative references

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

Terms and definitions

erms and definitions are listed in this.decument.

rmation, such as bending, rolling, twisting, and stretching. Display modules lnclude

e the
nst

ver

following documents are referred to in the text in such a way\ that some or all of their
ent constitutes requirements of this document. For dated references, only the edJ}ion

ing

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

ISOland IEC maintain terminologicah databases for use in standardization at the following

add

4

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

fesses:

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

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

Standard atmospheric conditions

ess

otherwise .specifically agreed between customer and suppl|er4he—staﬂda¢d—atmespheﬁe

on

Hitioassshall be-a-temperature of 25 °C + 5 °(" relative—ht |m|d;t r between % 75

e

s
GOt

anda%mespheﬁ&p;essu#&be%wee#%@a@ad%

TP eTatarc—or—=9 ™ W t | \

Temperature: 25°C+3°C
Relative humidity: 25 % RH to 85 % RH
Atmospheric pressure: 86 kPa to 106 kPa

When all the different kinds of tests are carried out, the temperature and humidity condition
shall be-commented reported because the temperature-is and humidity are critical for the
bending and rolling stability regarding image quality on the panel.

NOTE Preferably, the specimen and apparatus are kept in a controlled environment for at least 24 h prior to and
after assembly, before the start of the mechanical deformation test.
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5 Evaluations—\Visualevaluation-of panelimage-quality Specimen preparation

5.1 General

The specimen shall be the display module since the final evaluation has to be made based on
panel image quality such as luminance, chromaticity, uniformity, line defect, and point defect.
The bending stress may cause the deterioration of image quality on a panel, [1] to [9]1.

5.2 Sample preparation

—_—
module being tested shall be aligned on an appropriate support which has to be a flat surface.
In {ddition, the module for the measurement shall be of the appropriate geomeiry| for

meghanical stress testing. Specify that the test apparatus should be designed-to preyent
added strain by stretching test specimens upon folding.

Thel| preferred method of attachment between the display module and the\tesSt apparatus is
adhesive transfer tape. The display should be bonded on both sides,”and the distgnce
between the centre of the test specimen and the point of attachment¢should be specified. If
use|scenarios require it, a clamping attachment may be used instead)in which the displgy is
clamped on one side and allowed to slide on the other. The(tlamping force should| be
suffjcient to ensure that the test specimen is firmly anchored to the test apparatus throughout
the fentire duration of the test cycle.

If spme modules are difficult to clamp due to narrow edgeswidth, the module should be flxed
on & bendable support substrate with a suitable adheSive strip or glue. Neither the adhesive
strip nor the glue should affect the measurement.

NOTE In some cases, the testing specimen can havega short length or has a very narrow edge to clamp for
mechanical stress testing.

Specify that in the event of cross-instrurment variability in the form of location (centrg¢ or
edgge)-response bias, one should inygstigate bend axis misalignment, bowing or ungven
mounting plates.

For| precise optical measuremgents, it is very important to define the alignment of [the
megsurement specimen because the flexible display module can be easily deformed by
extgrnal force. Measurements of the visual characteristics of a flexible module shall be mjade
in ap aligned flat state. {f flexible modules are aligned in a curved state, it is difficult to malke a
pre¢ise visual evaluatigh. The measurement module shall be supported or fixed so that |t is
flat.

Thel|flatness andsize of the specimen shall be determined between the supplier and customer.

6 |Mechanical stress test methods

6.1 —Generat

Flexible displays have a diversity of shapes in comparison with any other non-flexible
electronic displays. Therefore, a wide variety of mechanical stress test methodsare available,
such as a cyclic bending (folding) or dynamic bending test, a static bending test, a rolling test,
a combined mechanical test and more. The selection of the appropriate test methods shall be
based on the requirement of the application. For each mechanical stress test, the relevant
test method specification shall be stated along with the explanation of the purpose of each
unique test. The allowable critical bending radius of a panel depends on the application of the
flexible display. Therefore, the required critical bending radius will be changed-case-by-case
based on the applications.

1 Numbers in square brackets refer to the Bibliography.
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There are several factors to consider when designing a reliable and repeatable mechanical
folding or deformation test method, as follows:

6.2

6.2.

Motion profiles controlled by a single hinge (or pivot axis) and which wrap around a
mandrel can stretch samples, and if not precisely actuated or controlled can create a great
deal of variability in the test response.

Motion profiles controlled by more than one hinge or pivot axis can prevent added
stretching on test specimens, and offer better control of the test response.

Clamping samples can prevent shear between layers of multi-layer test specimens
containing adhesive, and greatly impact test response.

Additional considerations, such as attaching too close to the apex of the bend, and [fold
bxis misalignment or slight distortions in the shape of the mounting plates, can alse_impact
reliability and repeatability of the test response.

Samples should be pre-conditioned in a controlled environment for at least"24 h prigr to
esting as material properties for adhesives and polymers can be affected\by temperafure
hnd water uptake.

Cyclic bending test

1 General

Thig procedure is for conditioning the-sample specimen underf. mechanical stress by repeated

bending.

6.2.2 Purpose

The| purpose of this test is to provide a standard.procedure for evaluating the robustness pf a

flex

ble display against a cyclic bending stress“which might typically happen in application.

The| bending properties might cover several, typical parameters of the characteristics ¢f a
disglay panel's image quality. The typical parameters of a display panel's image quality mjight

cov

pregence or absence of cracks.

6.2.3 Test apparatus

br the luminance, chromaticity, unifarmity, line defect, point defect, pixel shrink, and /or

The| cyclic bending test equipment includes the clamp to hold a bending test-sample specimen,

the

moving part to shuttle;”and the control system which regulates the number of cyclic

bendings, the moving.distance, and the moving speed while testing. The specimen shal| be

sec

irely clamped with*a gripping part during the test. Several kinds of cyclic bending [test

equjpments—are is @vailable and shown in Figure 1, [4][7][10]. It is not necessary that a centain
type of bending.test equipment be preferred but the constant bending radius (r), equal to|the

radius of the fed, should be kept during the bending test.

NOTE If(therbending radius of the test specimen is kept constant during the bending test, the bending rod cgn be

remqved,as’it would scratch the surface of the test specimen during the cyclic bending test.

For

the cyclic bending test, the following apparatus is considered:

the specimen experiences a bending stress when the specimen is shuttled back and forth
(Figure 1a)) or while the specimen is folded and unfolded (Figure 1b)),

when the specimen is repeatedly multi-bent in the inward or outward direction, a cyclic
multi-inward bending equipment (Figure 1c)) or cyclic multi-outward bending equipment
(Figure 1d)) can be used,

when the specimen is repeatedly multi-bent in a Z-shape, a cyclic multi-bending
equipment can be used,

when the specimen is repeatedly bent in both the inward and outward direction, a cyclic
inward and outward bending equipment can be used (Figure 1e) and/or f)).
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6.2.4 Test procedure

The cyclic bending test shall be performed using a repeated motion to move regularly
between two points or two states (folded state and unfolded state) as follows. —Eer—eaeh—test—

a)
b)

c)
d)

e)
f)

g)
h)
i)
)
k)

6.2.

Theltesting con@@s are specified as follows:

NOTE 1 The&rical values of the test conditions are examples.

repare the required number of specimens according to 5.2.

erform the initial performance, visual characteristics, test for the prepare%%mmens
nd record the result.

ne edge of the specimen is fixed by the clamp, or fixed with an adhee\@ and the ofher
dge is supported properly as stated in 5.2.

end the specimen properly with defined conditions such as thé:)fotatlon angle of|the
lamp roll and the bending angular velocity.

ring the specimen back to the initial state before the bendln%q/

f required, bend the specimen in another direction wit Géflned conditions such as
otation angle of the clamp roll and the bending angul r\efocity.

—

he

ring the specimen back to the initial state befcg(e Qte bending with the same angular
elocity and reversed direction.

epeat d) to g) for a defined number of cycl&.Q
fter the test, the specimen is removed fro e apparatus.
epeat the tests with (an)other specim%@) following c) to j).

he stressed performance, visual chafacteristics of the mechanically stressed specime(s)
ith the required number of te @gs are measured and the results are recorded. [The
nitial and stressed performa 6 are compared, and the degree of change due to|the
end is determined.

él*

he test and performa measurement for individual specimens are conducted jand

ecorded in the test re

Testing condi ﬁs and reporting

pben '@radius

ding radius): 20 mm, 10 mm, 5 mm, 3 mm, 2 mm, 1 mm, 0,5 mm, 0,2 mm

ending angle and angular velocily, procedure for one cycle

t (time for one bend and interval ): 0,56s,1s,2s,3s,5s,10s

load

number of repeating cycles

criteria for acceptance

number of specimens

the bending inner surface is the top surface (face up) or the back side surface (face down)
way of holding specimens and detailed method of holding, such as pressure

surface condition (such as treatment) of both specimen and apparatus

testing of environmental conditions, such as temperature and humidity.
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NOTE 2 The criteria for acceptance include the visual performance and specimen geometry both before and after
the stressing.

All conditions shall be reported if the test uses conditions other than those mentioned above.

Rod Panel Clamp

IEC 0224/14

Panel Clamp

Rod \{?l

IEC 0225/14
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Qnel
Panel Panel / QQ Panel //
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>
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4
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d) Cyclic multi-outward bending equipment

O Panel Panel /
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Q§‘ " " 7
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\Q/ ol Panel / Y ',t
st ‘} /
44
/ L 4 )
P o J
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e) Cyclic multi-bending equipment

/

IEC

IEC

f) Cyclic inward and outward bending equipment

Figure 1 — Apparatus for diverse cyclic bending tests
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Static bending test

1 General

018

This test is especially applicable for evaluating the static bending properties of a flexible
display device by measuring its performance after it remains bent for a certain period of time.
Each specimen is bent at a fixed bending radius for any length of time.

6.3

.2 Purpose

This test |s to prowde a standard procedure for evaluatmg the statlc bendmg propertles of a

flexj

The
the

Figyre 2. The specimen shall be bent at a fixed bending radius for a period..of time.

If the bending radius of the test specimen is kept constant during.the bending test,

ben
stat

cargfully handled-in—erderneot-to-cause so that they are not\suibject to bending damags
thefpr. The chip-on-film (COF) method is preferable in, otdér to avoid the occurrence

ben

Thel static~time bending test shall be carried out with a fixed bending radius for a cern

jod.of time, as foIIows —Eer—eaetktest—the—benmﬂg—radws—aﬂd—the—peﬁed—ei—ﬂme—shai

c)
d)

e)
f)
g)

3 Test apparatus

A Test procedure

at a fixed bendlng rad|us for a controlled Iength of time.

body of the display panel shall firmly adhere to the surface of the test equipment du
test, where the test equipment should have a round shape with a certain radius a

ding rod can be removed as it may scratch the surface of the test specimen during
¢ bending test. During the test, the flexible printed circuit (FPC) and the driver shoulg

ding damage on the driver’s integrated circuit (IC) during the bending test.

IEC 0226/14

(I — ]

Figure 2 — Apparatus for static bending test

ring
5 in

the
the

be
-on
b of

Prepare the required number of specimens according to 5.2.

Perform the initial performance, visual characteristics, test for the prepared specim
and record the result.

ens

One edge of the specimen is fixed by the clamp and the other edge is supported properly.

Bend the specimen properly with defined conditions such as the rotation angle of
clamp roll and the bending angular velocity.

Keep the specimen bent for certain period of time.
Bring the specimen back to the initial state before the bending.

Repeat d) to f) for a defined number of tests.

the
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h) After the bending, the specimen is removed from the apparatus.

i)

Repeat the tests with (an)other specimen(s) following c) to g).

j) The stressed performance and visual characteristics of mechanically stressed specimen(s)
with the required number of testings are measured, and the results are recorded. The
initial and stressed performances are compared, and the degree of change due to bending

k)

6.3.

is determined.

The test and performance measurement for individual specimens are conducted
recorded in the test report.

5 Testing conditions and reporting

and

The

NOT

a)

NOT
stred

All ¢

6.4
6.4.

This
(cyd
dev
goe
env

testing conditions are specified as follows:

F 1 The numerical values of the test conditions are examples.

bending radius

- (bending radius): 20 mm, 10 mm, 5 mm, 3 mm, 2 mm, 1 mm, 0,5 mm, 0,2 mm
bending angle

holding duration

oad

criteria for acceptance

humber of specimens

the bending inner surface is the top surface (face-09) or backside surface (face-down)
way of holding specimens and detailed method‘ef holding, such as pressure
surface condition (such as treatment) of both\specimen and apparatus

festing of environmental conditions, such‘@s temperature and humidity

F 2 The criteria for acceptance include visual performance and specimen geometry both before and afte]
sing.

onditions shall be reported ifsthe test uses conditions other than those mentioned aboy

Combined bending test
1 General

test is especially applicable for evaluating two kinds of-cembined bending propef
lic bending_properties and static bending properties (see Figure 3)) of the flexible dis
ce, after the flexible display remains in the curved shape for a certain period of time
5 through) the cyclic bending condition for a certain period of time in real-usage
ronment.

I the

e.

ties
Dlay
and
use

6.4.

2~ Purpose

The objective of this test is to provide a standard procedure for evaluating the combined
bending properties of cyclic bending and duration time bending. This test aims to take the real
product-usage use environment into consideration, where the real product keeps the panel in
a curved, folded, or rolled shape for a long time when it is used or before it is rolled out.

6.4.

3 Test apparatus

The combined bending test utilizes the same apparatus as the cyclic bending test as shown in
Figure 3. The instrument controller shall be capable of stopping the mechanism while the
sample specimen is in a bent state during each iteration of the cycle.
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6.4.4 Test procedure

The cyclic bending test procedure is modified to include a-pause ‘hold’ of adjustable duration
between each iteration of the cycle where the specimen remains in a fully bent state [4] as
follows. j L so—erel j

a) Prepare the required number of specimens according to 5.2.

b) Perform the initial performance, visual characteristics, test for the prepared specimens
and record the result.

Lo

4 H H £ allo Llo L <l il Llo pu | H 4 pu | |
uare Dpcbllllcll 1o TIATU U_y uare blalllp arnu ure UiLnicl UUHU 1o DU}J}JUILCU PIU < y
d) Bend the specimen properly with defined conditions such as the rotation angl& the

C) e cdyc of

clamp roll and the bending angular velocity.
e) PBring the specimen back to the initial state before the bending. '\Q)
f) [After performing a certain number of times the bending test in d) aﬂh, e), bring|the

specimen in a fully bent state, then hold. .

g) [After certain a period of time on hold, bring the specimen back to tkqsﬁgtial state.

—

h) |f required, bend the specimen in another direction with defi éq onditions such as|the

rotation angle of the clamp roll and the bending angular velo
NOTE If required, the specimen and apparatus are set in a proper S%@’, such as rotation of the rod, etq.

i) [The bent module is returned to the initial state befores\t%e bending with the same angplar
velocity and reversed direction.

O
j) [After performing a certain number of timesé@Qoending test in h) and i), bring|the
specimen in the fully bent state, and then hoI{\.

k) [After the test, bring the specimen back to tk@initial state.

) Repeat d) to k) for a defined number o,f{g&les.

m) PBring the specimen back to the initia$tate.

n) Repeat the test with (an)other spé‘o%nen(s) following c) to m).

0) [The stressed performance \Qd visual characteristics of the mechanically stregsed
specimen(s) with the req jited number of testings are measured, and the results |are
recorded. The initial arﬁf;}essed performances are compared, and the degree of change
due to the bend is determined.

p) [The test and p@nance measurement for individual specimens are conducted jand
recorded in thed) report.

A
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Rod Panel CIa_mp

(E e e

(Cyclic bending) (Static bending)

a) Combined bending test A

6.4.

The

NOT

a)

b)

— ==

(Cyclic bending) (Static bending)

b) Combined bending test B

Figure 3 — Apparatus for combined bending/tests consisting
of the cyclic bending test and static bending test

5 Testing conditions and reporting

testing conditions are specified as follows:

F 1 The numerical values of the test conditions(ate examples.

bending radius

- (bending radius): 20 mm, 10 mai,"5 mm, 3 mm, 2 mm, 1 mm, 0,5 mm, 0,2 mm
bending angle and angular velgeity, procedure for one cycle

(time for one bend and inferval ): 0,5s,1s,2s,3s,5s,10s

duration of ‘hold’ state

oad

humber of repgatirig cycles

criteria for asgeptance

humber ©fyspecimens

the pending inner surface is the top surface (face up) or backside surface (face down)

wag,of holding specimens and detailed method of holding, such as pressure

surface condition (such as treatment) of both specimen and apparatus

testing of environmental conditions, such as temperature and humidity

IEC

IEC

NOTE 2 The criteria for acceptance include the visual performance and specimen geometry both before and after
the stressing.

All conditions shall be reported if the test uses conditions other than those mentioned above.

6.5
6.5.

Rolling test

1 General

This test is especially applicable for evaluating the rolling properties of a flexible display
module after a flexible display is rolled out, rolled in, or remains in the shape of a roll.
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6.5.2 Purpose

The objective of this test is to provide a standard procedure for evaluating the robustness of
the rolling properties of the flexible display panel.

6.5.3 Test apparatus

The specimen shall be firmly clamped with a gripping part on the roller side and on the
stationary side. The roller shall be-reciprecated moved forward and backward alternately at a
fixed distance, speed, and rolling number as in Figure 4. The roller side has a slot where the
edge of the specimen is inserted and clamped. The roller repeatedly shuttles along the roller
shaft and the specimen does not touch the plate of the equipment during the rolling test as
shon in Figure 4.

Dur|ng the test, the FPC and the driver-shall should be carefully handled-in-erdespetto-cduse
so {hat they are not subjected to twist damage-on—them. The COF method~is)preferable in
order to-aveid prevent the occurrence of twist damage on the driver’s IC during the bending
test
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Clamp (gripping part)

Roller = Sample FPC
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Roller shaft —
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Sample Clamp (gripping part/\'\
Roller z / ‘ FPC %(1/
'
Roller shaft k\ \Q/C)
\"@ 6\Clamp (gripping part) _sample
Plate —» \
- X

Clamp (gripping part)

C)\\ S i
. pecimen ;
Il B FPC
Roller / —

Type B

IEC

Figure 4 — Apparatus for rolling test
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6.5.4 Test procedure

The rolling test shall be performed as follows:

a) Prepare the required number of specimens according to 5.2.
b) Perform the initial performance, visual characteristics, and test for the prepared

nacimane and racaord racult
peeH eSS cora+eSutt

c) [Each specimen size is measured and recorded. A

d) Pne edge of the specimen is fixed on the roll as shown in Figure 4 and th %Tar edge
clamp is supported with an individually defined load. Align the specimen h the|top
surface on the inner or the outer side of the roller.

e) Roll the specimen with defined conditions such as rolling radius, roII|rfg istance, rolling
pngular velocity and load.

f) PBring the specimen back to the initial state before the rollln&'@th the same angplar
velocity and reversed rotation direction.

g) Repeat d) to e) for a defined number of cycles. It is optior@é test the other surface gide
at the same conditions, this being done by agreement b@/ en supplier and customel. In
this case, follow d) to g) with the reversed surface S|dq\

h) JAfter the test, remove the specimen from the appa tlQ
i) Repeat the test with (an)other specimen(s) foll c) to h).

j) [The stressed performance, electrical and \bp ical characteristics of the mechaniqgally
stressed module(s) with the required numb%lbof testings are measured, and the results|are
recorded. The initial and stressed perf nces are compared, and the degree of change
due to the rolling test is determined.

k) [The test and performance mea& ment for individual specimens are conducted fand
recorded in the test report.
6.5.5 Testing conditions aa@.\r'eportmg

The|testing conditions are (b)acmed as follows:

a) foll radius @

b) pngular velocit&ocedure for one cycle
c) holding d

d)
e) pu %of repeating cycles
f) prtefia for acceptance

g) number of specimens

h) rolling inner surface (top surface or back surface)

i) way of holding specimens and detailed method of holding, such as pressure
j) surface condition (such as treatment) of both specimen and apparatus

k) testing of environmental conditions, such as temperature and humidity.

NOTE The criteria for acceptance include the visual performance and specimen geometry both before and after
the stressing.

All conditions shall be reported if the test uses conditions other than those mentioned above.
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6.6

Static rolling test

6.6.1 General

This test is especially applicable for evaluating the static rolling properties of a flexible display
module after a flexible display is rolled out, rolled in, or remains in the shape of a roll.

6.6.2 Purpose

The objective of this test is to provide a standard procedure for evaluating the robustness of

the

6.6.3 Test apparatus \/

static rolling properties of the flexible display panel.

3

The| specimen shall be firmly clamped with a gripping part on the roller sidg\%d on|the

statjonary side. The roller shall be moved forward and backward alternatély

at a flxed

distpnce, speed, and rolling number as in Figure 4. The roller side has a s here the edge

of t

he specimen is inserted and clamped. The roller repeatedly shuttles alo ) the roller shaft

and|the specimen does not touch the plate of the equipment during t lling test as shpwn

in Figure 4.

,\'\

Dur|ng the test, the FPC and the driver should be carefully r@)ldled so that they are|not

sub
of t

6.6.

The

a)
b)

c)
d)

ected to twist damage. The COF method is preferable ie(E..wer to prevent the occurrgnce
vist damage on the driver IC during the bending test. S\\

rolling test shall be performed as follows:

O
Test procedure Q
QO
Q

O
repare the required number of specimer@gccording to 5.2.

erform the initial performance, vis ﬁs\characteristics, test for the prepared specimens
nd record the result. é

ach specimen size is measured&a\d recorded.

ne edge of the specime '§\9xed on the roll as shown in Figure 4 and the other edge
lamp is supported with. individually defined load. Align the specimen with the|top
urface on the inner or{h} outer side of the roller.

oll the specimen with defined conditions such as rolling radius, rolling distance, rolling
ngular velocity oad.

old the speciﬁgn in a rolled shape for a certain period.

ring the éimen back to the initial state before the rolling with the same angular
elocity reversed rotation direction.

specimen in a rolled shape for a certain period, if required.
at e) to h) for a defined number of cycles.

It is optional to test the other surface side at the same conditions, this being done by
agreement between supplier and customer. In this case, follow d) to i) with the reversed
surface side.

After the test, remove the specimen from the apparatus.
Repeat the test with (an)other specimen(s) following c) to k).

The stressed performance, electrical and optical characteristics of mechanically stressed
module(s) with the required number of testing are measured, and the results are recorded.
The initial and stressed performances are compared, and the degree of change due to the
rolling test is determined.

The test and performance measurement for individual specimens are conducted and
recorded in the test report.
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5 Testing conditions and reporting

Testing conditions are specified as follows:

a)
b)
c)
d)
e)

roll radius

angular velocity, procedure for one cycle
hold duration

load

number of repeating cycles

018

f)
g)
h)
i)
)
k)

NOT]
the 5

All ¢

6.7
6.7.
Thig

beirn
toh

6.7.

The
flex

app

6.7.

The
sho

app

Criteria for acceptance

humber of specimens

rolling inner surface (top surface or back surface)

way of holding specimens and detailed method of holding, such as pressuré
surface condition (such as treatment) of both specimen and apparatus

festing of environmental conditions, such as temperature and humidity

E  The criteria for acceptance include the visual performance and specimen”geometry both before and
tressing.

onditions shall be reported if the test uses conditions otherthan those mentioned aboy

Torsion test
1 General

test is applicable for evaluating the torsionyproperties of a flexible display module 3
g subjected to torsion during a certain pesiod of time. For flexible displays, torsion is li

appen easily during-usage use.

2 Purpose

objective of this test is to provide a standard procedure for evaluating the robustness
ble display device againsticyclic torsion stress which might typically happen in
ication.

3 Test apparatus

specimen shall’be firmly clamped and twisted at a certain degree of torsion angle
vn in Figure*5, during the test. The specimen shall be securely clamped with
Fropriate gripping part. During the test, the FPC and the driver shall be carefully handle

ordgr-notte-eause so that they are not subjected to twist damage-en-them. The edge of

san
to—4

lple Gpecimen with the FPC and the driver’s IC in the stationary side shall be fixed in o
woid- prevent the occurrence of twist damage during the bending test. When the-san

after

e.

fter
Kely

of a
the

as
an
d-in
the
rder

hple

£ 4k

h in

spe

HSN H faatad . et tonaion 1 wal-ad a—itk | ]
CTITOTT 1S CWiSTOU, T CTATIA (CTTSTUTT 1S~ apPpPTicU UTT OTe STU T UT TS ST pTe OPTUITTTT

addition to the twist tension. Therefore, the moving part-in on the stationary side shall move
forward and backward during the test because the extra and unnecessary tension applied on
the-sample specimen should be removed as shown in Figure 5a) and b).

6.7.

4 Test procedure

The

torsion test shall be performed as follows:
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a)
b)

c)
d)
e)
f)

g)

Prepare the required number of the display modules according to 5.2.

Preform the initial performance, visual characteristics, test for the prepared modules
record result.

Each specimen size is measured, visually inspected and recorded.
Both edges of the testing module(s) are fixed on the gripping parts as shown in Figure
Apply torsion with defined conditions such as clockwise angle and oscillation velocity.

Bring the specimen back to the initial state before the testing with the same ang
velocity and reversed rotation direction.

velocny

Bring the specimen back to the initial state before the testing with the san@’ng
velocity and reversed rotation direction. ,\Q)
Repeat e) to h) for a defined number of cycles. Q

t is optional to test the other surface side at the same conditions tﬁ\s being done
pgreement between supplier and customer. In this case, follow d),to{) with the revern
surface side.

N
After the test, remove the specimen from the apparatus. ('1//\
Repeat the test with (an)other specimen(s) following c) to

The stressed performance, electrical and optical ¢ teristics of the mechanid
5tressed module(s) with the required number of testlrgs are measured and the results
Fecorded. The initial and stressed performances a mpared, and the degree of cha
due to the torsion test is determined.

The test and performance measurement f%?ndlwdual specimens are conducted
recorded in the test report. s\

and

5.

ular

by
sed

ally
are
nge

and
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Gripping part Sample Gripping part

Stationary side 2 ; / _Z Rotor

Moving part

Moving part

a) Torsion test equipment .
©

Fixed end ¢
— Rotating end 7\63

| N /\
Tk o

|
o)

X
Moving part

| —
IEC
N4

o
b) T@ion test equipment

Figure 5 — Apj@%atus for diverse torsion tests

xO
6.7.5 Testing conditions aebl»reportmg

Thel testing conditions are g;bcmed as follows:

a) humber of speci

b) performance r@e for initial and stressed electrical and optical performance
c) forsion an nd rotation angular velocity

d) ppplie @1sile stress

e) pumber of cycles

f) c?&’ria for acceptance

g) way of holding specimens and detailed method of holding, such as pressure

h) surface condition (such as treatment) of both specimen and apparatus
i) testing of environmental conditions, such as temperature and humidity

NOTE The criteria for acceptance include the visual performance and specimen geometry both before and after
the stressing.

All conditions shall be reported if the test uses conditions other than those mentioned above.
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Tension test

1 General

This test is applicable for the evaluation of the tension properties of a flexible display module
after being subjected to a constant tension at the moment of change between folding and
unfolding and between roll-in and roll-out (see Figure 6).

6.8.

2 Purpose

The objective of this test is to provide a standard procedure for evaluating the robustness of a

flex
app

6.8.

The
sec
as

saH
care
theq
sha

ble display device against cyclic tension stress which might typically happen In
ication.

3 Test apparatus

apparatus consists of a fixed and movable clamp in which the-sample specimen wil
ired for the test. The movable clamp shuttles forward and backward linearly at a set
shown in Figure 6. The instrument repeatedly applies and relieves-the tension in

. The edge of the-sample specimen with the FPC and driver's IC in the stationary
| be fixed in order to avoid the occurrence of twist damage(during the bending test.

6.8.4 Test procedure

the

be
rate
the

lple specimen for a set number of cycles. During the test, the FPE and the driver shall be
fully handled-in—erderneot-to-cause so that they are not subjected to tension damage

-on
side

tension test shall be performéd‘as follows:

Prepare the required nusmber of display modules according to 5.2.
FEach specimen size, is measured, visually inspected and recorded.

Perform the initialperformance, visual characteristics, test for the prepared modules
Fecord the resuyft.

Apply tension with defined conditions such as tension force or strain distance.
Bring the specimen back to the initial state before applying tension.

Apply tension with the same force losing speed and in the reversed direction.

Both edgessef'the testing module(s) are fixed by the gripping part as shown in Figure 6|

and

h)

k)

Repeat e) to g) for a defined number of cycle.

After the test, the testing module(s) is(are) removed from the apparatus.

The stressed performance, electrical and optical characteristics of the mechanically

stressed module(s) with the required number of testing are measured and the results
recorded. The initial and stressed performances are compared, and the degree of cha
due to the tension test is determined.

The test and performance measurement for individual specimens are conducted
recorded in the test report.

are
nge

and
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Gripping part Panel Gripping part

n /
Stationary side Moving side
—_— I
—

LEC

6.8.6 Testing conditions and reporting ,\Q)

The

a)
b)

c)
d)
e)
f)
9)
h)

NOT]

stregsing $

All ¢

Figure 6 — Apparatus for tension test A

testing conditions are specified as follows: '\(19
maximum tension force or maximum deformation distance applied t<og$0f specimen

fension application procedure such as time-dependent ten%@n force, duration f{
pbetween tension application

humber of cycles C)

criteria for acceptance s\\<(/

humber of specimens (@)

way of holding specimens and detailed method o@%lding, such as pressure
surface condition (such as treatment) of both\i cimen and apparatus
festing of environmental conditions, such a‘s\\%mperature and humidity

. The criteria for acceptance include visual p@brmance and specimen geometry both before and afte

)
onditions shall be reported if the&ést uses conditions other than those mentioned aboy

xO
O

C)\

ime

I the

e.



https://iecnorm.com/api/?name=67e45c9503783ac52cc05c7abba91c1f

IEC 62715-6-1:2018 RLV © IEC 2018 - 25—

(1]

(2]

(3]

Bibliography

Suo, Z. et al. Mechanics of rollable and foldable film-on-foil electronics. Appl. Phys.
Lett. 1999, 74(8), 1177-1179

Gleskova, H., Wagner. S. and Suo. Z. Failure resistance of amorphous silicon
transistors under extreme in-plane strain. Appl. Phys. Lett. 1999, 75(19), 3011-3013

Gleskova, H. et al. Electrical response of amorphous silicon thin-film transistors under
mechanical strain. J. Appl. Phys. 2002, 92, 6224-6229

[4]

(5]

[6]

[7]

8]

[9]

[10]

Grego, S. et al. A method to evaluate mechanical performance of thin transparent f[lms
for flexible displays. Thin Solid Films. 2007, 515, 4745-4752

Menard, E., Nuzzo. R. G. AND Rogers. J. A. Bendable single crystal siticon thin [film
transistors formed by printing on plastic substrates. Appl. Phys. 'Lett. 2005, 86(9),
093507

Chen. Z. et al. A Mechanical Assessment of Flexible Optotelectronic Devices. Thin
Solid Films. 2001, 394, 202-206

Servati, P. and Nathan. A. Functional Pixel Circuits/for Elastic AMOLED Displays.
Proceedings of the IEEE. 2005, 93(7), 1257-1264

Rolland, A. et al. Electrical Properties of/Amorphous Silicon Transistors and MIS-
Devices: Comparative Study of Top Nitride and Bottom Nitride Configurations| J.
Electrochem. Soc. 1993, 140(2), 3679-3683

Shur, M. S. et al. SPICE Models™for Amorphous Silicon and Polysilicon Thin Film
Transistors. J. Electrochem. Soc;<1997, 144(8), 2833-2839

Cairns. D.R. and Crawféord. G.P. Electromechanical Properties of Transpafent
Conducting Substrates for.Flexible Electronic Displays. Proceedings of the IEEE. 2(05,
93(8), 1451-1458



https://iecnorm.com/api/?name=67e45c9503783ac52cc05c7abba91c1f



https://iecnorm.com/api/?name=67e45c9503783ac52cc05c7abba91c1f

IEC 62715-6-1:2018-04(en)

IEC 62715-6-1

Edition 2.0 2018-04

INTERNATIONAL
STANDARD

&
,\‘b
P
N y colour
© inside
\6/
/\
Qv
&
N
Fléxible display devices — O

Part 6-1: Mechanical test methods — Defor@ﬁ(on tests



https://iecnorm.com/api/?name=67e45c9503783ac52cc05c7abba91c1f

-2- IEC 62715-6-1:2018 © IEC 2018

CONTENTS

FOREWORD ...ttt et et e e e et et e e et et e e e e e e e e e e e e e e e e e eanaeenns 4
1 1T o 1= S 6
2 NOIMALIVE FEFEIENCES ...t 6
3 Terms and definitioNs ... 6
4 Standard atmospheric CONditioNS .. ... 6
5 SPECIMEN PreParatioN . ..o e 7
51 Semereltr v 7o oo 4
8.2 Sample preparation ... 7

6 Mechanical stress test methods ..o 4
q.1 LT =Y o =T - ¥ PG b S o7
q.2 CyClic beNAiNgG 18t . e i ..8
6.2.1 LY o= = | O S O ...8
6.2.2 P UMD OSE e e B ...8
6.2.3 Test apparatus ......cooveeiiiiii e A ...8
6.2.4 Test procedure ..o T M ...9
6.2.5 Testing conditions and reporting.......cccoovevii s i 9

q.3 Static bending test .. ..o N 11
6.3.1 General ....ooooiiiiiii e A, 11
6.3.2 PUMPOSE .. O e 11
6.3.3 Test apparatus ..o X 11
6.3.4 LIS o e Yo7 =Y [ ] = e P 1
6.3.5 Testing conditions and reportilg.........cooouvieiiiiiii e .12

q.4 Combined bending test . ... 12
6.4.1 LT o= = | .12
6.4.2 U oo 1= e 12
6.4.3 T et AP PaAratUS L. 12
6.4.4 T eSSt PrOCEAURB . e .12
6.4.5 Testing conditions and reporting .........oooviiiii i 13

9.5 ROOIING B S e e 14
6.5.1 LCT=Y 0T ) PPN .14
6.5.2 U oo 1= S 14
6.5.3 eSSt APPAratUS ..o .14
6.5.4 I3 o e Yo7 =Y o [ = P .15
6.5(5 Testing conditions and reporting ........cooooiiiiiii .16

q.6 StatiC TOllNG tEST ..o .16
6.6.1 LY o= = | P 16
6.6.2 P U DO .. 16
6.6.3 T eSSt APPArAtUS ..o e 16
6.6.4 T eSSt PrOCEAUIE . 17
6.6.5 Testing conditions and reporting ........couiveiiiiii i 17

6.7 e =1 (o 1 1= T S 18
6.7.1 GBNEIAL .t 18
6.7.2 U oo 1= S 18
6.7.3 T eSSt APPAratUS ..o 18
6.7.4 LI o e Yo7 =Y o [ o = P 18
6.7.5 Testing conditions and reporting .......cc.oviiiiii 19


https://iecnorm.com/api/?name=67e45c9503783ac52cc05c7abba91c1f

IEC 62715-6-1:2018 © IEC 2018 -3-

6.8 1K= 05T o T (=T 20
6.8.1 (7= a1 =Y P 20
6.8.2 1 oo 1= 20
6.8.3 T eSSt APPAratUS ..o e 20
6.8.4 LI o e Yo7 =Y o [ o = 20
6.8.5 Testing conditions and reporting ... ..o 21

71 0] [ o = o 2 /278 22
Figyre 4 —Apparatus for diverse cyclic bending tests ey - 10
Figure 2 — Apparatus for static bending test ... 1
Figure 3 — Apparatus for combined bending tests consisting of the cyclic bending test

and|static bending test.... ... A 13
Figyre 4 — Apparatus for rolling test ... L T .15
Figure 5 — Apparatus for diverse torsion testS ........oooiiiiiii i et .19
Figure 6 — Apparatus for tension test ...........cooiiiiiiiiii e .21



https://iecnorm.com/api/?name=67e45c9503783ac52cc05c7abba91c1f

1)

2)

3)

4)

5)

6)

7)

8)

9)

Intefnational Standard IEC 62715-6-1 has been prepared by IEC technical committee
Eleg¢tronic' display devices.

-4 - IEC 62715-6-1:2018 © IEC 2

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLEXIBLE DISPLAY DEVICES -

Part 6-1: Mechanical test methods — Deformation tests

FOREWORD

018

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is (o \pro
imternational co-operation on all questions concerning standardization in the electrical and electronie field
this end and in addition to other activities, IEC publishes International Standards, Technical, Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere
im the subject dealt with may participate in this preparatory work. International, governmental and
overnmental organizations liaising with the |IEC also participate in this preparation(lEC collaborates clg
ith the International Organization for Standardization (ISO) in accordance with_conditions determine
greement 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 froj
terested IEC National Committees.

— o

IEC Publications have the form of recommendations for internationaluse 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 for the way in which they are used or for
misinterpretation by any end user.

Ih order to promote international uniformity, IEC National) Gommittees undertake to apply IEC Publica
tfansparently to the maximum extent possible in their_national and regional publications. Any diverg
between any IEC Publication and the corresponding national or regional publication shall be clearly indicat
the latter.

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

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

o liability shall attach to IEC or its*directors, employees, servants or agents including individual experts|
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 to the-Normative references cited in this publication. Use of the referenced publicatio
dispensable for thecorrect application of this publication.

= 0o 0 3 Z o

Attention is drawn te’the possibility that some of the elements of this IEC Publication may be the subje
patent rights. |E€\shall not be held responsible for identifying any or all such patent rights.
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This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

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

a) changed the part title to differentiate it from other parts;

b) added new bending testing methods;

c) added detailed testing procedures.
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text of this International Standard is based on the following documents:

FDIS Report on voting
110/951/FDIS 110/974/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.
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A bilingual version of this publication may be issued atva later date.

5t of all the parts in the IEC 62715 series, under the general title Flexible display deuviges,

be found on the IEC website.

committee has decided that the contents of this document will remain unchanged until

the

ility date indicated on the IEC website under "http://webstore.iec.ch” in th'e data relatefd to

specific document. At this date, the document will be

reconfirmed,
withdrawn,
replaced by a revised edition, or

Amended.

un
Cco

PORTANT — The 'colour inside’' logo on’the cover page of this publication indicales
tth it contains colours which are. considered to be useful for the corr

erstanding of its contents. Users' should therefore print this document using
our printer.

ct
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FLEXIBLE DISPLAY DEVICES -

Part 6-1: Mechanical test methods — Deformation tests

hanical stability of flexible display modules, specifically mechanical stability agg

rmation, such as bending, rolling, twisting, and stretching. Display modules include

lays such as LCD, e-paper, and OLED. This document takes into account, ‘wher
5ible, the mechanical test methods outlined under mechanical stress.

Normative references

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

ent constitutes requirements of this document. For dated references, only the ed:l:ion

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

62341-5:2009, Organic light emitting diode (OLED)’ displays — Part 5: Environme
fng methods

Terms and definitions
erms and definitions are listed in this,decument.

and IEC maintain terminologicah 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.iso.org/obp
Standard atmospheric conditions

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

otherwise specifically agreed between customer and supplier.
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femperature: 25°C+3°C
Lot baoaialib - oL 0O/ DLI ¢+ oL 0o/ DL
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— Atmospheric pressure: 86 kPa to 106 kPa

When all the different kinds of tests are carried out, the temperature and humidity condition
shall be reported because the temperature and humidity are critical for the bending and rolling
stability regarding image quality on the panel.

NOTE Preferably, the specimen and apparatus are kept in a controlled environment for at least 24 h prior to and

after

assembly, before the start of the mechanical deformation test.


http://www.electropedia.org/
http://www.iso.org/obp
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5 Specimen preparation

5.1 General

The specimen shall be the display module since the final evaluation has to be made based on
panel image quality such as luminance, chromaticity, uniformity, line defect, and point defect.
The bending stress may cause the deterioration of image quality on a panel, [1] to [9]1.

5.2 Sample preparation

For the—measurements—bothbefore—and after the—mechanical deformationtest—the display
module being tested shall be aligned on an appropriate support which has to be a flat surface.
In {ddition, the module for the measurement shall be of the appropriate geometry| for

meghanical stress testing. Specify that the test apparatus should be designed-to preyent
added strain by stretching test specimens upon folding.

Thel| preferred method of attachment between the display module and the.test apparatus is
adhesive transfer tape. The display should be bonded on both sides,”and the distgnce
between the centre of the test specimen and the point of attachment¢should be specified. If
use|scenarios require it, a clamping attachment may be used instead;.in which the displgy is
clamped on one side and allowed to slide on the other. The(tclamping force should be
suffjcient to ensure that the test specimen is firmly anchored to the test apparatus throughout
the entire duration of the test cycle.

If spme modules are difficult to clamp due to narrow edge width, the module should be flxed
on @& bendable support substrate with a suitable adheSive strip or glue. Neither the adhesive
strip nor the glue should affect the measurement.

NOTE In some cases, the testing specimen can have¢a short length or has a very narrow edge to clamp for
mechanical stress testing.

Specify that in the event of cross-instrument variability in the form of location (centrg¢ or
edgg)-response bias, one should investigate bend axis misalignment, bowing or uneven
moynting plates.

For| precise optical measurements, it is very important to define the alignment of |the
megdsurement specimen because the flexible display module can be easily deformed by
extgrnal force. Measurements of the visual characteristics of a flexible module shall be mlade
in ap aligned flat state. {f flexible modules are aligned in a curved state, it is difficult to make a
pre¢ise visual evaluation. The measurement module shall be supported or fixed so that |t is
flat.

The| flatness and:size of the specimen shall be determined between the supplier and customer.

6 |Mechanical stress test methods

6.1 —Generat

Flexible displays have a diversity of shapes in comparison with any other non-flexible
electronic displays. Therefore, a wide variety of mechanical stress test methods are available,
such as a cyclic bending (folding) or dynamic bending test, a static bending test, a rolling test,
a combined mechanical test and more. The selection of the appropriate test methods shall be
based on the requirement of the application. For each mechanical stress test, the relevant
test method specification shall be stated along with the explanation of the purpose of each
unique test. The allowable critical bending radius of a panel depends on the application of the
flexible display. Therefore, the required critical bending radius will be changed based on the
applications.

1 Numbers in square brackets refer to the Bibliography.
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There are several factors to consider when designing a reliable and repeatable mechanical
folding or deformation test method, as follows:

Motion profiles controlled by a single hinge (or pivot axis) and which wrap around a

mandrel can stretch samples, and if not precisely actuated or controlled can create a great
deal of variability in the test response.

stretching on test specimens, and offer better control of the test response.

containing adhesive, and greatly impact test response.

Motion profiles controlled by more than one hinge or pivot axis can prevent added

Clamping samples can prevent shear between layers of multi-layer test specimens

6.2
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Additional considerations, such as attaching too close to the apex of the bend, and
bXis misalignment or slight distortions in the shape of the mounting plates, can alse im
reliability and repeatability of the test response.

Samples should be pre-conditioned in a controlled environment for at least"24 h prig
esting as material properties for adhesives and polymers can be affected\by tempera
And water uptake.

Cyclic bending test

1 General

2 Purpose

purpose of this test is to provide a standard procedure for evaluating the robustness

bending properties might cover several (ypical parameters of the characteristics
lay panel's image quality. The typical parameters of a display panel's image quality m
br the luminance, chromaticity, uniforiity, line defect, point defect, pixel shrink, an
ence or absence of cracks.

3 Test apparatus

cyclic bending test equipment includes the clamp to hold a bending test specimen,
ing part to shuttle, and-the control system which regulates the number of cyclic bendi
moving distance, and the moving speed while testing. The specimen shall be secu

lable and shown  in*Figure 1, [4][7][10]. It is not necessary that a certain type of ben
equipment be (preferred but the constant bending radius (r), equal to the radius of the
Lild be kept during the bending test.

FE If thesbending radius of the test specimen is kept constant during the bending test, the bending rod c4
ved as it would scratch the surface of the test specimen during the cyclic bending test.

fold
bact

r to
ure

procedure is for conditioning the specimen under mechanical stress by repeated bending.

of a

ble display against a cyclic bending stress_which might typically happen in applicafion.

pf a
ight
d/or

the
ngs,
rely

nped with a gripping\part during the test. Several kinds of cyclic bending test equipment is

jing
rod,

n be

thecyclic bending test, the following apparatus is considered:

(Figure 1a)) or while the specimen is folded and unfolded (Figure 1b)),

the specimen experiences a bending stress when the specimen is shuttled back and forth

when the specimen is repeatedly multi-bent in the inward or outward direction, a cyclic

multi-inward bending equipment (Figure 1c)) or cyclic multi-outward bending equipment
(Figure 1d)) can be used,

equipment can be used,

inward and outward bending equipment can be used (Figure 1e) and/or f)).

when the specimen is repeatedly multi-bent in a Z-shape, a cyclic multi-bending

when the specimen is repeatedly bent in both the inward and outward direction, a cyclic
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6.2.4 Test procedure

The cyclic bending test shall be performed using a repeated motion to move regularly
between two points or two states (folded state and unfolded state) as follows:
a) Prepare the required number of specimens according to 5.2.

b) Perform the initial performance, visual characteristics, test for the prepared specimens
and record the result.

c) One edge of the specimen is fixed by the clamp, or fixed with an adhesive, and the other
edge is supported properly as stated in 5.2.

d) Bend the specimen properly with defined conditions such as the rotation angle of|the
clamp roll and the bending angular velocity.

e) PBring the specimen back to the initial state before the bending.

f) |f required, bend the specimen in another direction with defined conditions such as|the
rotation angle of the clamp roll and the bending angular velocity.

g) PBring the specimen back to the initial state before the bending with-the same angular
velocity and reversed direction.

h) Repeat d) to g) for a defined number of cycles.
i) [After the test, the specimen is removed from the apparatus.
i) Repeat the tests with (an)other specimen(s) following c) 10 ).

k) [The stressed performance, visual characteristics of the. mechanically stressed specimen(s)
with the required number of testings are measured~and the results are recorded. [The
nitial and stressed performances are compared,yand the degree of change due to|the
bend is determined.

I) [The test and performance measurement¢for individual specimens are conducted jand
Fecorded in the test report.

6.2.5 Testing conditions and reporting

Theltesting conditions are specified as*follows:

NOTE 1 The numerical values of the-test conditions are examples.

a) bending radius

- (bending radius): 20 mm, 10 mm, 5 mm, 3 mm, 2 mm, 1 mm, 0,5 mm, 0,2 mm
b) pending angle and)angular velocity, procedure for one cycle

(time for one bend and interval ): 0,5s,1s,2s,3s,5s,10s

c) Joad

d) humber.of repeating cycles

e) criteria for acceptance

f) 'nrumberofspecimens
g) the bending inner surface is the top surface (face up) or the back side surface (face down)
h) way of holding specimens and detailed method of holding, such as pressure

i) surface condition (such as treatment) of both specimen and apparatus

j) testing of environmental conditions, such as temperature and humidity.

NOTE 2 The criteria for acceptance include the visual performance and specimen geometry both before and after
the stressing.

All conditions shall be reported if the test uses conditions other than those mentioned above.
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Figure 1 — Apparatus for diverse cyclic bending tests
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6.3 Static bending test

6.3.1 General

This test is especially applicable for evaluating the static bending properties of a flexible
display device by measuring its performance after it remains bent for a certain period of time.
Each specimen is bent at a fixed bending radius for any length of time.

6.3.2 Purpose

This test is to provide a standard procedure for evaluating the static bending properties of a
flexjpte—disptay—deviee—tnrder—econstant-stress—fora—certat tod—oftme- i i
at a fixed bending radius for a controlled length of time.

6.3.3 Test apparatus

The| body of the display panel shall firmly adhere to the surface of the test equipment dufing
the |test, where the test equipment should have a round shape with a certain radius ap in
Figure 2. The specimen shall be bent at a fixed bending radius for a period.of time.

If the bending radius of the test specimen is kept constant during.the bending test,|the
bending rod can be removed as it may scratch the surface of the test specimen during|the
statjc bending test. During the test, the flexible printed circuit (FPC) and the driver should be
cargfully handled so that they are not subject to bending danmiage. The chip-on-film (C|OF)
method is preferable in order to avoid the occurrence of\bénding damage on the drier's
integrated circuit (IC) during the bending test.

Figure 2 — Apparatus for static bending test

6.3. Test procedure

Thel| static bending test shall)be carried out with a fixed bending radius for a certain periof of
timeg, as follows:
a) Prepare the required number of specimens according to 5.2.

b) Perform the ‘initial performance, visual characteristics, test for the prepared specimens
nd recordjthe result.

c) One edge’of the specimen is fixed by the clamp and the other edge is supported propefly.

d) Bend_the specimen properly with defined conditions such as the rotation angle of|the
lamp roll and the bending angular velocity.

e) Keep the specimen bent for certain period of time.

f) Bring the specimen back to the initial state before the bending.
g) Repeat d) to f) for a defined number of tests.

h) After the bending, the specimen is removed from the apparatus.
Repeat the tests with (an)other specimen(s) following c) to g).

The stressed performance and visual characteristics of mechanically stressed specimen(s)
with the required number of testings are measured, and the results are recorded. The
initial and stressed performances are compared, and the degree of change due to bending
is determined.

k) The test and performance measurement for individual specimens are conducted and
recorded in the test report.
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6.3.5 Testing conditions and reporting
The testing conditions are specified as follows:
NOTE 1 The numerical values of the test conditions are examples.
a) bending radius

r (bending radius): 20 mm, 10 mm, 5 mm, 3 mm, 2 mm, 1 mm, 0,5 mm, 0,2 mm

b) bending angle
c) holding duration
d) Joad
e) criteria for acceptance
f)  phumber of specimens
g) the bending inner surface is the top surface (face-up) or backside surface (face-down)
h) way of holding specimens and detailed method of holding, such as pressure
i) purface condition (such as treatment) of both specimen and apparatus
i) festing of environmental conditions, such as temperature and humidity
NOTE 2 The criteria for acceptance include visual performance and specimen‘geometry both before and aftef the
stregsing.
All ¢onditions shall be reported if the test uses conditions_other than those mentioned aboye.
6.4| Combined bending test
6.4./1 General
Thig test is especially applicable for eval@ating two kinds of bending properties (cyclic
bending properties and static bending praperties (see Figure 3)) of the flexible display deyice,
after the flexible display remains in the“curved shape for a certain period of time and goes
through the cyclic bending condition-for a certain period of time in real use environment.
6.4.2 Purpose
The| objective of this test‘is’' to provide a standard procedure for evaluating the combined
bending properties of cyclic bending and duration time bending. This test aims to take the real
progluct use environment into consideration, where the real product keeps the panel in a
curYed, folded, or rolled shape for a long time when it is used or before it is rolled out.
6.43 Test\apparatus
The| combined bending test utilizes the same apparatus as the cyclic bending test as shown in
Figure’ 3" The instrument controller shall be capable of stopping the mechanism while|the
spetimeéen is in a bent state during each iteration of the cycle

6.4.

4 Test procedure

The cyclic bending test procedure is modified to include a ‘hold’ of adjustable duration
between each iteration of the cycle where the specimen remains in a fully bent state [4] as

ens

follows:

a) Prepare the required number of specimens according to 5.2.

b) Perform the initial performance, visual characteristics, test for the prepared specim
and record the result.

c) One edge of the specimen is fixed by the clamp and the other edge is supported properly.

d) Bend the specimen properly with defined conditions such as the rotation angle of

clamp roll and the bending angular velocity.

the
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e)
f)

g)
h)

Bring the specimen back to the initial state before the bending.

After performing a certain number of times the bending test in d) and e), bring
specimen in a fully bent state, then hold.

After certain a period of time on hold, bring the specimen back to the initial state.

If required, bend the specimen in another direction with defined conditions such as
rotation angle of the clamp roll and the bending angular velocity.

NOTE If required, the specimen and apparatus are set in a proper setting, such as rotation of the rod, etc

The bent module is returned to the initial state before the bending with the same ang

elocitvy and reversed direction
J

the

the

ular

After performing a certain number of times the bending test in h) and i), bring
specimen in the fully bent state, and then hold.

After the test, bring the specimen back to the initial state.
Repeat d) to k) for a defined number of cycles.

Bring the specimen back to the initial state.

Repeat the test with (an)other specimen(s) following c) to m).

The stressed performance and visual characteristics of the mechanically stres
specimen(s) with the required number of testings are measured, and the results
recorded. The initial and stressed performances are compared, and the degree of cha
due to the bend is determined.

The test and performance measurement for individual specimens are conducted
recorded in the test report.
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Figure 3 — Apparatus for combined bending tests consisting
of the cyclic bending test and static bending test

6.4.5 Testing conditions and reporting

The testing conditions are specified as follows:

NOTE 1 The numerical values of the test conditions are examples.

a)

bending radius
r (bending radius): 20 mm, 10 mm, 5 mm, 3 mm, 2 mm, 1 mm, 0,5 mm, 0,2 mm
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