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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promoteinter;
peration on all questions concerning standardization in the electrical and electronic fields™)To this 4

aration is entrusted to technical committees; any IEC National Committee interestédiin the subject dg
participate in this preparatory work. International, governmental and non-goveramental organizations

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter

Publications have the form of recommendations for international use and are accepted by IEC N
lications is accurate, IEC cannot be held responsible /for.the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC Natiénal Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their national and regional publications. Any divergence b

itself does not provide any attestation of cenformity. Independent certification bodies provide cor

ices carried out by independent certification bodies.
sers should ensure that they have the latest edition of this publication.

iability shall attach to IEC or its~directors, employees, servants or agents including individual exps

r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg
bnses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn to the_Normative references cited in this publication. Use of the referenced publica
Epensable for the correct application of this publication.

draws atteption* to the possibility that the implementation of this document may involve the use
nt(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent
ect thereof./As of the date of publication of this document, IEC had not received notice of (a) patent(s
be required to implement this document. However, implementers are cautioned that this may not re
latest.information, which may be obtained from the patent database available at https://patents.iec.
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ational
nd and
eports,
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liaising

the IEC also participate in this preparation. IEC collaborates closely with the,International Organizgtion for
Stapdardization (ISO) in accordance with conditions determined by agreement(between the two organiza

ions.

ational

rom all

ational
of IEC
or any

cations
etween

IEC Publication and the corresponding national'@nregional publication shall be clearly indicated in thg latter.

formity
for any

rts and
hage or
s) and
er IEC

tions is

of (a)
ghts in
, which
present
Ch. IEC

I'netbe held responsible for identifying any or all such patent rights.

IEC 62715-6-23 has been prepared by IEC technical committee 110: Electronic displays. It is
an International Standard.

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

Draft Report on voting
110/1702/FDIS 110/1717/RVD

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

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

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.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e re¢onfirmed,
e withdrawn, or

e reyised.

IMPQRTANT — The "colour inside" logo on the cover page of this document indigates
that jt contains colours which are considered to be useful forthe correct understanding
of it$ contents. Users should therefore print this document using a colour printer
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INTRODUCTION

The market for foldable panels has been growing steadily. The first foldable product which has
foldable panel was launched in 2019 as a smartphone. Since then, many other manufacturers
have released a variety of foldable smartphones. In the future, it is expected that various types
of foldable products such as smartphones, tablets or laptop computers, etc. will be released
continuously.

These foldable products would be folded and unfolded repeatedly by users. This means that as
the period of use increases, the number of times for folding and unfolding the foldable product
increases. For this reason, the mechanical robustness of the foldable panel is expected to vary
depending on the duration of use and the user style (e.g. heavy users). [1]" This docume
introduce the mechanical durability test to reflect the actual usage environment.(Th
methqgd can also be an important evaluation item as much as the mechanical durability t

the in

ial foldable panel state.

The ekample of an actual usage environment can be demonstrated in the below situati

menti

bned earlier, when the usage time increases, the number of folding -and unfolding

foldabjle product also increases. Taking smartphones as an exampleusers unfold the fo
produgt in order to use it, then fold it again to easily hold or carry(ity;"Users repeat this

sever
send

Tl times in a day: they unfold and fold foldable products,rfepeatedly to receive c3
ext messages or to search the Internet. Users often dropfoldable products or bum

foldabjle products somewhere because they hold their smartphone almost every day.

If the

isers repeatedly fold and unfold the device, or ifithe device is subjected to shocks

as drdpping or pressing in local area), it can cause the‘misaligned state of the foldable pr
In thisf document, the situation that can cause misalignment of the foldable product is lim
the state of being shocked by dropping or being pressed after repeated folding and unfg

nt will
s test
pst for

bn. As
of the
dable
action
lls, to
D their

(such
bduct.
ted to
Iding.

and a

The tgst simulates all of these processes and(is defined as the mechanical misaligned fplding
test. Therefore, this mechanical misaligned\folding test consists of a cyclic folding test

drop test.

This

mech

Iocument introduces the megasurement conditions and measurement methods
nical misaligned folding.test method, which is an objective mechanical durabilif

methqgd that takes into considération the actual usage environment of the foldable panel

1

pf the
y test

Numbers in square brackets refer to the Bibliography.
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FLEXIBLE DISPLAY DEVICES -

Part 6-23: Mechanical test methods —
Mechanical misaligned folding test method

1 Scope

This fdart of TEC 627715 specifies the standard measuring methods o evaluate the mechanical
durabllity of foldable display modules, especially mechanical durability under thecrcondition
reflecling the actual usage environment.

2 Nprmative references

The fdllowing documents are referred to in the text in such a way that some or all of their cpntent

amen

IEC 6
methd

IEC 6

Deforfnation tests

IEC 6
hardn

3 T

For th

ISO a
addre

e |E
e |S

ments) applies.

P341-6-2:2015, Organic light emitting diode (OLED) displays — Part 6-2: Mea
ds of visual quality and ambient performance

P715-6-1:2018, Flexible display devices¢ = Part 6-1: Mechanical test meth

P715-6-3, Flexible display devices <Part 6-3: Mechanical test methods — Impa
PSS tests

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

nd IEC maintain-terminology databases for use in standardization at the fol
5ses:

C Electropedia: available at https://www.electropedia.org/
D Online browsing platform: available at https://www.iso.org/obp

3.1

constifutes requirements of this document. For dated references, onlyithe edition cited applies.
For undated references, the latest edition of the referenced, document (includin

j any

suring

Dds —

bt and

owing

foldable panel
flexible display panel which can be folded

3.2

misaligned state
situation in which the folding alignment of the foldable panel becomes abnormal as being
shocked by dropping or being pressed after repeated folding and unfolding

3.3
point

defect

all or part of a single subpixel, the minimum colour element, which is visibly brighter or darker

than s

urrounding subpixels of the same colour
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3.4

line defect

defect in a vertical or horizontal, bright or dark line, parallel to a row or column observed against
a dark or bright background, respectively

3.5
in-folding
method used to fold the display surface inward

3.6
out-folding

method-usedtofoidthedisptay surface outward

3.7
R valye
radiug of curvature of the folding area

3.8
foldir]ig area
curved section of the panel due to folding

4 Standard atmospheric conditions

The standard atmospheric conditions in IEC 62715-6-1:2018, Clause 4, shall apply as fdllows,
unlesg otherwise specifically agreed between the manufacturer and the customer.

Temperature: 25°C+3°C
Relatijye humidity: 25 % RH to 85 % RH
Atmogpheric pressure: 86 kPa to 106 kRa

The tgmperature and humidity conditions shall be reported in the test reports.

5 Test sample preparation

5.1 General
The tgst sample shall-be the foldable display module, since the final evaluation shall be|made

based| on the panelrimage quality such as luminance, chromaticity, uniformity, line defegt and
point gefect.

5.2 |Visual inspection

The test sample shall be visually Inspecied to check the image quality (e.g. line defect, point
defect) and surface damage. The purpose of this visual inspection is to confirm that the test
sample is operating properly and has no surface damage before performing the measurement.

Visual inspection shall be performed under the conditions and methods specified in
IEC 62341-6-2:2015, 5.2.2.1, unless otherwise specified.

5.3 Sample preparation

Since the foldable panel is easily deformed by external force, the test sample shall be aligned
with the test apparatus. The test sample can be aligned using adhesive tape or clamp, and
these parts shall not affect the mechanical misaligned folding test. In addition, the test sample
shall remain flat during the visual inspection.

The size of the test sample shall be determined by the manufacturer and the customers.
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echanical test method

General

2024

The mechanical misaligned folding test consists of a cyclic folding test and a ball or pen drop
test to evaluate the mechanical durability against external shocks and user's environment.

These two tests are performed sequentially. The cyclic folding test, which refers to
IEC 62715-6-1, shall be performed before the drop test, which refers to IEC 62715-6-3.

6.2

Purpose

This d
foldab

The d
behay

ocument introduces test methods to evaluate the mechanical robustness praoper
le panel under the actual use environment.

ies of

yclic folding test is performed to simulate the user's repeated foldingsand unfplding

evalu

that can occur when actually using the foldable display device. The ball drop test simula
impact in a relatively large area (as this would be the case when dropping the device), a
pen dfop test simulates an impact in a relatively small area (as(this would be the case

pressi

6.3
6.3.1

The ¢
to fold

mechanical moving speed while testing. These parts of the cyclic folding test apparatus

not inf

The tqg
the co
or out

iour while actually using the foldable display device. The drop test is perforn
te the mechanical robustness properties of the foldable panel against'a dropping or

g or breaking the panel with a sharp object).

Test apparatus
Cyclic folding test

clic folding test apparatus includes the clamps to hold the test sample, the movin
and unfold the test sample, and the system that controls the number of cyclic foldir

erfere with the test sample, and the;method of holding test sample shall be reportg

st sample undergoes a folding.stress when the test sample is folded and unfolde
nstant folding radius. The cyelic folding apparatus depends on the folding type (in-f
folding) of the test sample.-Figure 1 and Figure 2 show examples of test apparatu

Clamp Foldable module Moving part

i)~

ed to
shock
es an
nd the
when

g part
g and

shall
d.

d with
plding

D .

Figure 1 — Example of test apparatus for in-folding type sample
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Clamp Foldable module Moving part

)y ~ &=

The @
appar
requir
manulf
depen
reprog

6.3.2

The b
pen),

The tq

Figure 2 — Example of test apparatus for out-folding type sample

etailed conditions of each component cited above regarding the cyclic foldin
btus shall be determined between the manufacturer and the customer. If
ements are needed, other test conditions can be used on agréeement betweg

ding on the test conditions, consistent conditions shall bé |used for accurat
ucible evaluation.

Drop test

hll or pen drop test apparatus includes a hard plate; an object used for dropping (
Bnd a height indicator to which is affixed an objéct-holder, as shown in Figure 3.

- .
Grip (Holder)

Object used for dropping
«——  (ball or pen)

i L ;
(58
Height / @ @

indicator o

Drop height Hard plate

Foldable module

Figure 3 — Example of drop test apparatus

st'sample which has been tested for cyclic folding shall be placed on the hard plat

j test
other
n the

acturer and the customer, and it shall be reported. Since the test results can vary

e and

pall or

B. The

hard pTate shall be flat and Targer than the test sample. In addition, It shall be thick and hard
enough not to affect the test results, because the test results will differ significantly depending
on the designs and materials of the hard plate. The material (e.g. granite, steel) and thickness
(e.g. 10, 50, 100 mm) of the hard plate shall be determined between the manufacturer and the
customer.

The object used for dropping — either a ball or a pen — shall be selected. The factors to consider
in the specification of the object used for dropping include the weight, the material type, and
the size, such as the diameter for the ball or the tip size for the pen, which are the parts that
directly touch the test sample. The test conditions of the drop test, such as the material of the
ball (e.g. steel, rubber, plastic), the weight of the ball or pen (e.g. 3 g, 549, 7 g), the diameter of
the ball (e.g. 5 mm, 10 mm, 15 mm) and the tip size of the pen (e.g. 0,3 mm, 0,5 mm, 0,7 mm,
1,0 mm), shall be determined between the manufacturer and the customer.
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The equipment that drops the object perpendicularly to the surface of the test sample from the
desired height is shown in Figure 3 as an example. In order to obtain a consistent drop height
during the test, special equipment that drop the object at a reproducible height, such as
mechanical grips or electromagnetic holders that can hold the ball or the pen, as well as
magnetic plates, are available. A height indicator can also be used to check the precise drop
height. The drop height is the distance from the surface of the test sample to the end point of
the ball or pen. The end point means the edge of the ball or pen that meets the surface of the
test sample.

The detailed conditions of each component cited above regarding the ball or pen drop test
apparatus shall be determined between the manufacturer and the customer. If other

requ”': are_needged._othe aYs ongd on ~Tallla¥= ed-based-on-agreement pe nthe

manufacturer and the customer. Since the test results can vary depending on the test condlitions,

consigtent conditions shall be used for accurate and reproducible evaluation.

6.4 |Test procedure

6.4.1 Cyclic folding test

The cyclic folding test which refers to the contents of the cyclic bending test in IEC 62715-6-1

shall be performed before the ball or pen drop test described in 6'4)2. The cyclic foldirlg test

shall he performed using a repeated motion regularly between twoJpoints or two states (folded

state and unfolded state) as follows.

a) Prgpare the required number of test samples according to 5.3.

b) CHeck the prepared test samples for initial performance against the required |visual
chpracteristics defined in 5.2.

c) One edge of the test sample is fixed by the clamp, or fixed with an adhesive tape, apd the
other edge is supported properly.

d) Fold the test sample with defined conditions such as the folding angle and the fplding
angular speed.

e) Br|ng the test sample back to thecinitial state before folding again.

f) If pecessary, fold the test sample in another direction with defined conditions such fas the
folding angle and the folding angular speed.

g) Br|ng the test sample back to the initial state before folding with the same angular ppeed
and reversed direction.

h) Rgpeat d) to g) for a-defined number of cycles.

i) Affer the test,4he‘test sample shall be removed from the apparatus.

i) Rgpeat thetest with other test samples following d) to i).

k) Rgport-the test conditions and results.

The d|splay state of the foldable module during the measurement, as well as the cyclic fplding

test conditions, such as the folding angle, the folding speed, the time for one fold and the
interval between each fold, and the number of repeated cycles, shall be determined between
the manufacturer and the customer. An example of cyclic folding test conditions is described in
Table 1.

Table 1 — Example of cyclic folding test conditions

Foldable module Cyclic folding test conditions
Sample
No Tvpe Bending Display Folding Folding Interval Repeated
' yp radius (R) state angle speed time cycles
1 In-folding 5 mm Off 0° 18! 2s 100
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6.4.2 Drop test

After performing the cyclic folding test described in 6.4.1, the ball or pen drop test shall be

performed using the same sample that has been used for the cyclic folding test.

The ball or pen drop test shall be performed as follows.

a) Prepare the required number of test samples that have been tested according to 6.4.1.

b) Unfold the test sample and place it on the hard plate.

c) Fix the test sample so that it does not move during the test.

f) Drpp the object at a consistent drop height so that it can hit the specified position-of th
sample perpendicularly.

e test

g) CHange the hit position in the test sample several times and repeat the(pfocess desgribed

in f).

h) Rgpeat e) to g) while increasing the drop height step by step until a damage on the test

sample is observed.

i) Rgport the test conditions and results. The test result can be.the maximum drop hejght at

wllich damage does not occur within the determined number-of hits.

The hit position can be one or several points (e.g. the centre point of the test sample, a tptal of

nine goints per test sample, three points for each of the left, centre and right areas). T
positign shall include at least one point in the folding ‘area of the test sample.

he hit

The dgmage that occurs after the drop test can¢dnclude the line defect, the point defect apd the

surfade damage (e.g. scratch, breakage). Thé.damage degree and criteria (if applicable
be de
image| quality of the test sample can be’added after the drop test to observe the d4
phengmenon. In this case, all the conditions and methods to evaluate the quality of the

shall

ermined between the manufacturervand the customer. The process of evaluating the

mage
mage

and thle time interval between the drop“test and the image quality evaluation shall be determined

betwegen the manufacturer and the‘customer and reported.

After the first hit, the ball shall not successively collide with the panel in order to p
additipnal damage causédiby the second hit of the ball. This can cause inconsistent resy

The display state of .the foldable module during the measurement, as well as the dro

event
Its.

p test

condiffons, such”as the hit position, the number of hitting of the test sample, the starting height

selected for_(heg drop, and the drop height interval, shall be determined betwegn the
manufacturer-and customer. An example of drop test conditions is described in Table 2.
Table 2 — E I fd I liti
Foldable module Drop test conditions
Sample Bendi
ending | . - - . .
. Display . Object Object Hit Number | Starting | Interval
No. Type ra(c;;;;s state Object size weight | position |of hitting| height height
One point
. Rubber - Centre
1 In-folding| 5 mm Off ball 5 mm 59 of folding 5 5cm 5cm
area
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Reporting

Report the test conditions and test results as follows. If there are multiple samples, all of the
following items shall be reported for each sample.

The test condition items to be reported are as follows.

a) Environmental conditions, such as temperature and humidity.

b) Test sample condition:

c) Vi

d) Cyclic folding test conditions:

f) B

The tgst result items to be reported are as follows.

a) Maximum-drop height at which damage does not occur within the defined number of

b) Ti
(if

type of folding;

R valua:
H

number of test samples.

sual inspection (5.2) results of initial state.

folding angle, angular speed for one cyclic folding;

time for one fold and interval between the folds;

number of repeated cycles (e.g. 0, 100, 1 000, 10 000, 100 000);
method used to hold the test samples.

e interval between the cyclic folding test and the drop:test.
Il or pen drop test conditions:

material of the hard plate (e.g. granite, steel);

thickness of the hard plate (e.g. 10, 50, 100:mm);

size of the hard plate;

type of the dropping object (ball or pen);

material of the dropping object (e/@; steel, rubber, plastic);

diameter (of the ball or the pen,tip) or size of the dropping object (e.g. 0,3 mm, O,
0,7 mm, 1.0mm, 5 mm, 10 mm; 15 mm);

weight of the dropping object (e.g. 39,549, 7 g9);
hit position on the test Sample;
number of hits;

interval of theldrop height during the test.

hits.

uality

rr1e interval between the drop test and the evaluation of the panel image ¢
B

arformed)
eHeHRea)-

c) Damage type on the sample (if applicable).

Data comparisons shall be made between the data tested under the same test conditions. If
additional items that do not have specified conditions are necessary to report, it shall be
determined by agreement between the manufacturer and the customer.


https://iecnorm.com/api/?name=ffef18d5e945dfd5680e3e327fc73755
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