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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLEXIBLE DISPLAY DEVICES -
Part 6-22: Crease and waviness measurement methods

FOREWORD

1) ThelInternational Electrotechnical Commission (IEC) is a worldwide organization for standardization.conpprising
all jational electrotechnical committees (IEC National Committees). The object of IEC is to promote-interpational
co-gperation on all questions concerning standardization in the electrical and electronic fields. To-this gnd and
in afldition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Heports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in.the subject ddalt with
may participate in this preparatory work. International, governmental and non-governmental-organizations|liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Intefpational Organizdtion for
Standardization (ISO) in accordance with conditions determined by agreement betWeen the two organizations.

2) Thelformal decisions or agreements of IEC on technical matters express, as néacly’ as possible, an interpational
congensus of opinion on the relevant subjects since each technical committee has representation ffom all
intefested IEC National Committees.

3) IEC| Publications have the form of recommendations for internationalk use and are accepted by IEC National
Compmittees in that sense. While all reasonable efforts are made, td_ehsure that the technical content|of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
mis|nterpretation by any end user.

4) In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publ{cations
transparently to the maximum extent possible in their national*and regional publications. Any divergence between
any|IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC]itself does not provide any attestation of confegrmity. Independent certification bodies provide conformity
asspssment services and, in some areas, access te IEC marks of conformity. IEC is not responsible [for any
seryices carried out by independent certification-bodies.

6) Al

7) No liability shall attach to IEC or its directiors, employees, servants or agents including individual expdrts and
merpbers of its technical committeessand IEC National Committees for any personal injury, property darphage or
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expenses arising out of the pgblication, use of, or reliance upon, this IEC Publication or any otler IEC
Publications.

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

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

9) Attgntion is drawn to the/possibility that some of the elements of this IEC Publication may be the subject of patent
rightts. IEC shall net\bé held responsible for identifying any or all such patent rights.

IEC 62715-6-22)has been prepared by IEC technical committee 110: Electronic displays. It is
an International Standard.

The textofthistnternational Standard-is-based-on-thefollowing-documenis
Draft Report on voting
110/1491/FDIS 110/1503/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.

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.
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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 reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside"” logo on the cover page of this document indigates
that |t contains colours which are considered to be useful for the correcbunderstanding
of itg contents. Users should therefore print this document using a'colour printer
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INTRODUCTION

The market for foldable display devices is growing rapidly, as shown in the new form fact
portable devices. It is expected that various foldable display devices will be released in th
future.

ors for
e near

Typically, the cover for rigid displays is made of glass. A rigid glass cover protects the display
panel from external shock and produces a surface uniformity without visual distortion. In order

to utilize a foldable display, a thin and flexible cover is preferred rather than the thick g

eneral

rigid cover. Although cover materials like thin films or plastics can be flexible, their surface is
rougher and can crease more easily. Based on this expectation, there is an anticipation to

standfrdize the measurement of surface creasing and waviness due fo folding in orHer to

evaluate the surface quality of foldable displays.

There|is a wide variety of ways to analyse the surface of an object, and mahy,-of them are
already standardized, [1] to [9]". In this document, two of the non-contact-methods arld one

conta¢t method using a probe are described, and the manner in which to report the val
creas¢ and waviness of foldable displays from the measured data is specified.

es of

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

Part 6-22: Crease and waviness measurement methods

1 Scope

This part of |IEC 62715 specifies the standard measurement conditions and methods for

deter

. The

measyrement methods are used to specify the extent of geometrical distortions in, foldable

The fq

surfaces. This document applies to foldable display panels and modules (e.g\in-
it-folding) with one axis.

prmative references

llowing documents are referred to in the text in such a way that-some or all of their c

Iding

bntent

constifutes requirements of this document. For dated references, only the edition cited applies.

amen

For L£ndated references, the latest edition of the referenced’ document (includin

ments) applies.

j any

IEC 60050-845, International Electrotechnical Vocabulary~(IEV) — Part 845: Lighting (available
at <htfp://www.electropedia.org>)

IEC 62341-1-2, Organic light emitting diode (OLED) displays — Part 1-2: Terminology and letter
symbals

IEC 62341-6-2:2015, Organic light emitting diode (OLED) displays — Part 6-2: Mealuring
methdds of visual quality and ambient performance

IEC 62715-5-3, Flexible display (devices — Part 5-3: Visual assessment of image quality and
defecis

IEC 62715-6-1, Flexible~display devices — Part 6-1. Mechanical test methods — Deformation
tests

ISO 4p87, Geometrical Product Specifications (GPS) — Surface texture: Profile method — [Terms,
definilions and _surface texture parameters

ISO 16690-21, Geometrical product specifications (GPS) — Filtration — Part 21: Linear profile
filters -Gaussian-fiters

ASME B46.1-2019, Surface Texture (Surface Roughness, Waviness, and Lay)


http://www.electropedia.org/
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3 Terms, definitions and abbreviated terms

3.1

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62341-1-2 and
IEC 60050-845 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following

addre

o |E
e |S

3.1.1
creas

permgnent or temporary linear visual distortion or deformation in the screen dug‘to foldin

3.1.2

waviness
long wavelength variation in a surface away from its basic form

Note 1 fo entry: Within small areas of the display, distortions can occur in what,$hould be nominally straight f]
in images, characters, and symbols. This measurement characterizes the deviations from straightness.
3.1.3

folding area

curved section of the panel due to folding

3.2 |Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

CCD charge-coupled device

CMM coordinate measuringsmachine

CMOS complementary métal-oxide semiconductor

DUT devices undentest

LIDAR light detection"and ranging

PMD phase measuring deflectometry

PSD position sensitive detector

4 Standard atmospheric conditions

The s

SSes:

C Electropedia: available at https://www.electropedia.org/

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

g

patures

otherwise specifically agreed between customer and supplier:

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

The temperature and humidity conditions shall be reported.

andard atmospheric conditions specified in IEC 62715-6-1 shall apply as follows, unless


https://www.electropedia.org/
https://www.iso.org/obp
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5 Preparation of specimen for measurement

5.1

General

In this document, the measurement object is called specimen, and the specimen consists of
foldable panel, modules, adhesive, base plate and jig. The description of the specimen's
components and how to configure them is specified in 5.3. All measurements shall be performed

under

condit

a) no

b) op
IE

Unles
metho

NOTE

5.3
Thec

folding duration time) and its size shall be determined‘between the supplier and customsr.

If a mechanical test (e.g. cyclic folding test) ds performed in the process of preparir

specir
and ¢
IEC 6

NOTE
in Tabl

non-operating conditions.

Visual examination

ions and a functional check under operating conditions specified as follows:

n-operating conditions: visual damage on the surface of the specimen shall‘be che

erating conditions: visual assessment shall be done by the methéds” specif
C 62715-5-3.

5 otherwise specified, visual examination shall be performed under the condition
ds specified in IEC 62341-6-2:2015, 5.2.2.1.

The purpose of 5.2 is to check the surface damage or failure of the DU before performing the measu
Specimen preparation

bnditions for the preparation of the specimen (e.g.\plate, jig, number of cyclic folding

hen, the mechanical test method and condition shall be determined between the su
ustomer before the preparation ofsthe specimen. This mechanical test specif]
P715-6-1 and the test method and:¢condition shall be reported.

If the mechanical test is not performed in the process of preparing the specimen, the corresponding
e 1 will be empty.

rating

cked;
ed in

s and

ement.

tests,

g the

pplier
ed in

content

The t¢mperature, humidity,, storage time prior to testing, and the delayed time betweg¢n the

Specir
prepa

NOTE 1
wavine
as illus

The o

hen preparation andimeasurement can affect the crease and waviness, so the spe
ration condition and*delayed time shall be controlled and reported.

If the foldable\display panel is unfolded and the time is delayed, the measurement result of the cre
s can be smaller or alleviated due to the resilience of the panel. Therefore, the delayed time will be r
rated in Table 1.

cimen

se and
pported

rder_and process of preparing the specimen are described as illustrated in Figure 1,

Figurg

2¢Figure 3, and Figure 4.

a) Step 1: Preparing the components of the specimen: The foldable display panel should be
unfolded after a specific duration time under the conditions which are reported in Table 1.
The base plate shall be flat and bigger than the foldable display panel. The jig with a flat
surface should be fixed to the base plate and have an adhesive on the top attached to the
back of the panel. The panel holder is used to prepare the out-folding type panel. It is a tool
to maintain the flatness of the panel while the jig is attached to the back of the panel in
step 2 and step 3. The height of the panel holder should be high enough that the folding
area does not touch the ground when the out-folding type panel is placed on it.

NOTE 3 Once the jig and the panel are attached, the panel holder is no longer necessary.
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) / Foldable panel
: N

Panel holder

Adhesive
Base plate
-
Jig
IEC

Figure 1 — Step 1: Preparing the components of the specimen Qq’

b) Step 2: Turning the back of the panel to face upward: The method ang}(lbs:ation pf the
atfachment should not affect the measurement. In order to eliminate the influence of fensile
temsion that can occur in the process of attaching the panel to the ji e foldable|panel
shpll be flipped so that the back of the panel faces upward. In other-words, as shgwn in
Figure 2, the light emitting surface of the panel is placed downwa»re

In-folding type Q/C)Out -folding type

Panel with no Ioa
Q)§Ground

Figure 2 — Step 2: Ig}mng the back of the panel to face upward

Panel holder IEO

c) Step 3: Turning over the \é plate and attaching it to the back of the panel. The basg plate
shpll also be flipped so-that the adhesive surface faces downward. Then, lower thg base
plate from the top do@\and attach it to the back of the panel.

O
Qﬁ“ﬂding type Out-folding type
& B e
\Q/ v v Baszglate \ v/ v

5 hanssve ——al] L

o e

anel holder

IEC

Figure 3 — Step 3: Turning over the base plate and attaching it to the back of the panel

d) Step 4: Turning over the base plate with the panel attached. When the base plate with the
foldable panel attached is turned over, the top of the panel to be measured faces upward
and the specimen preparation is complete, as shown in Figure 4.
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In-folding type

The description of each element is as follows:

Out-folding type

Figure 4 — Step 4: Turning over the base plate with the panel attached

It ¢an be affected by the folding radius.

'’ unjttached area: It should include the folding axis. The minimum value of '¢' should

legst 10 times the foldable panel's bending radius,or higher.

parel;
hejght of jig: It should be high enough that the folding area/does not touch the base

a' length of jig: It should be longer than the width (length of y-axis)\of the foldable display

plate.

be at

NQTE 4 To measure the crease, a folding area is located in the unattached area 'c¢' and the measyrement

locption will include the unattached area 'c'. The folding.’area depends on the foldable panel's bending
The minimum range of the folding area will be a valug obtained by multiplying the bending radius by

radius.
pi (7).

Therefore, to prevent the effects of the fixation of the adhesive on the crease measurement, the unattachpd area

wil

be at least 10 times the foldable panel's bending radius.

'd" width of jig: It should not intrude the:folding area, and it should support the foldable display
panel to keep it flat.

The values of 'c¢' and 'd' shall be determined by the supplier and customer and reported.

The measurement object should be a specimen which consists of the foldable panel fided on

the jig

and base plate forsreproducibility of the measurement. It is also a similar condition|to the

foldablle panel inserted.in the foldable device. However, the attachment method which cgnsists
of adhesive fixing while preparing specimen should not affect the measurement. To prevgnt the

forcible pulling ofsthe panel, the process of attaching the panel to the jig with the panel
necessary. This is described in step 2 and step 3. The attachment method shall be

over ip
reported.

urned

An example of reporting the items for specimen preparation described in 5.3 is shown in Thble 1.

Table 1 - Example of specimen preparation condition

Base plate Folded storage condition Foldable
panel
1. Before 2. Folded state storage
Specimen Unattached folding condition 3. Unfolded
no. area ('c") .
Acinar" | (10 times | Mechanicl o
the bending test - Storage Delayed
radius) (type/ Temp. Humidity time time
number)
Adhesive Cyclic 25°C ¢ o .
No. 1 tape 20 mm folding/100 3°C 85 % 24 h 15 min 2R
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If a specimen is ready, particles should be removed from the surface before the measurement,
using an appropriate cleaning method for the specimens, for example compressed air, wiping
with isopropyl alcohol, using an anti-static gun, etc.

5.4 Measurement location
5.4.1 General

Crease and waviness measurements can be taken at several specified locations on the foldable
display panel surface. The height and width of the measuring area shall be determined by the
supplier and customer.

5.4.2 Crease

A foldjng area which is the curved section of the foldable display panel due to folding shall be
located in the measuring area. This folding area should be located at the centire of the grease
meas\ring area. Figure 5a) is an example of the crease measuring area in the t6ldable display
panel

5.4.3 Waviness

The njeasuring area of waviness shall not include an unattached)area ('c', having a vdlue of
10 times the foldable panel's bending radius or higher, as desctibed in 5.3). In other words, the
measyring area shall be designated from the point at which\it is at least 5 times the foldable
panel’s bending radius away from the folding axis. Figufe 5b) is an example of the wayiness
measyring area in the foldable display panel.

L, m———
4 ' N A B - N

1
1 1
1 1
1 i
N1 ~ I i Measuring R
! X : area i
' i

1

1

1

T T Ls v
- q o K """ )
IEC N IEC
(a) Ekample of crease measuring area location (b) Example of waviness measuring area location

Ei 5 E le-of .

6 Measurement methods

6.1 General
In this document, three types of methods are described for implementation:

a) a non-contact method in which a screen is used to measure the surface without contact;
b) a non-contact method using a laser;
c) a contact method in which a stylus contacts the surface for measurement.

The contact method can be used when the non-contact method cannot be performed (e.g., the
display surface becomes matte after applying an anti-glare film and the image is not reflected).
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However, the contact method is not recommended since this method can damage the foldable
display surface.

The non-contact topography (see 6.3) can be adopted to measure both crease and waviness.
The non-contact profilometry (see 6.4) and contact profilometry (see 6.5) methods can be
adopted to measure crease. These three methods are one of many ways to analyse the surface
as described in the introduction. It does not mean that other methods are excluded; these can
be selected by decision between the supplier and the customer. Subclauses 6.3.4, 6.4.4 and
6.5.4 focus on how to analyse the measured surface data and express it as crease and waviness
of the foldable display. Data comparisons shall be made between the data measured and
analysed under the same measurement method, environment, and conditions.

6.2 |Purpose

The purpose is to measure the crease and waviness of the specimen which would appear in
actuallusage. Due to the morphological and geometric changes of crease and waviness, sgveral
issueq can appear, such as luminance uniformity, viewing angle, and image;distortion.

6.3 |Non-contact topography
6.3.1 General

To mgasure crease and waviness the phase measuring deflectemetry (PMD) method is used in
this dpcument since PMD is the proper method to measure-large sizes and it can yield jhighly
accurate data [10]. The principle of PMD is to display 4ringe patterns on a screen which is
located far from the DUT, and to observe the fringe paftterns reflected via the surface |of the
DUT. Any slope variation of the surface of the DUT leads to distortions of the pattern, so the
PMD ¢an measure the slope of the surface with high*accuracy [11] to [13]. From this megsured
slope |data, the altitude and curvature can be ‘derived by integration and differentjation,
respegtively[14], [15]. Altitude and curvature;are used to represent the crease and waviness,
and the principle and data analysis are given in detail in 6.3.2 and 6.3.4.

6.3.2 Test apparatus

Figurg 6 shows an example of a-measurement system based on PMD. The main devides for
PMD include an imaging device\(e.g., charge-coupled device (CCD), digital camera), a gcreen
(e.g., TFT-LCD monitor) and a'computer. Computer-generated fringe patterns are sequelntially
displayed on the screen.and the screen shall be flat and sufficiently large so that it can groject
on thqg surface of the DU without distortion. The patterns displayed on the screen in thg PMD
are typically sinusoidal fringes which are smooth intensity curves, and the phase calculation is
not very sensitivestora small amount of out-of-focus effect. The camera captures the reflection
of the [patterns_displayed on a screen through the surface of the DUT [10], [14], [15]. Sincg PMD
is a method ef.analysing changes between the reference pattern displayed on the scregn and
the reflectedimage captured by the CCD, it is important to clearly detect the difference befween
those [two patterns.
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Computer system

- DUT
{display surface)

There
methgd described above [14], [16] to [19].

An expmple of flowchart for the PMD process is given in Figure 7. After the distortions
patterpn are captured and recorded, the fringe phases(shall be retrieved by using the
analygis method. The fringe analysis includes fringe demodulation [20] to [25] and

unwralpping [26] to [28] as shown in Figure 7.

N
Record &s}lstorted patterns
(7))

1L

X2
et the wrapped phase ¢
\{‘ Get th d ph ¥y
. by fringe demodulation
N
@)

Fourier transform or phase shift method

J1

Get the phase unwrapping ¢
by phase unwrapped

DM

11

Get the slope deviation
by using |¢ |

Figure 6 — Example of measurement system

are many academic papers that have conducted experiments by implementing the

Spatial phase unwrapping or temporal phase unwrapping

=
O

PMD

of the
fringe
phase

¢ &

Get the altitude
related phase by

Get the curvative
related phase by

integration differentiation
Create Waviness

IEC

Figure 7 — Analysis flow chart for PMD
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Once the absolute phase values are retrieved, their location on the screen can be determined
since the period of the fringe pattern on the screen is a known parameter. Using the geometry
relations between the surface of the DUT and the camera, the slope of the local area on the
surface of the DUT is calculated by tracking the normal direction of the reflected ray at each

point on the surface of the DUT.
WPy 8 @
(\\ﬂ"“ge? : j.""‘-. '

e
gore® “‘

o

DUT
IEC

Figure 8 — Surface normal vector V, sight ray of a camera p and reflected ray

For easier understanding and analysis, the sight ray of a camera.is treated as the light qource
in the|PMD although the light is actually illuminated from thexscreen. Surface normal N ¢an be
calculpted from the normalized vector of the sight ray of a-camera p and reflected ray . As
illustrated in Figure 8, the surface normal vector N cande determined by

N,

X

N=rap=| Ny (1)
N,

where

Ny, N

X’ yN

, are the x-, y-, and-z- components of the surface normal N.

The syrface of the DUT'S x- and y-slopes (s,, sy) are therefore calculated as

N
S, = X
N 2)
N,
S = __y 3
V= (3)

The altitude, which is the height distribution z, is reconstructed from the calculated coordinates
(x, ) and slopes (s,, sy). This integration process can be express as

2= fint2 (%.3,5%. 8y ) 4)
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where

fint2( )

is an integration function [6].

The altitude is calculated by the integration process of Formula (4) from the slope which is
calculated by Formula (2) and Formula (3). The difference between the minimum and maximum
value of this altitude can measure the crease depth and it can examine the profile of the overall
surface of the DUT. The data analysis of crease using this altitude is given in detail in 6.3.4.1.

(22 4% (5)

The durvature is calculated by differentiation using Formula (5) from the, slope which is
calculpted by Formula (2) and Formula (3), and as mentioned in 6.3,1 ‘the curvatune can
repregent the waviness. The meaning of the curvature to be used to indicate wavinesq is as
followp (see Figure 9):

Radius of circle

R=e
Osculating circles K¢
Curvature
k=0
IEC IEC
(a) Example of osculating circles (b) Relation between R and

Figure 9 — Osculating circle and curvature

The curvaturésmeans the degree to which curves bend. When an osculating circle is defiped at
the pgrticular point of the surface, the curvature is an inverse number of the osculating|circle
radiug.

where

k is the curvature;

R is radius of osculating circle.

The smaller the curvature the larger the radius of the osculating circle, and the surface has a
gradual curve. Figure 9b) shows the relation between the osculating circle radius and the

curvature. The data analysis of waviness using this curvature of the particular point of the
surface is given in detail in 6.3.4.2.
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6.3.3

Measurement procedure

The screen, DUT and camera (CCD) are set as described in Figure 8. The screen size, distance
between the screen, and surface of the DUT depend on the DUT. The measurement shall be
performed as follows:

a) Prepare the required number of specimens in accordance with 5.3.

b) Load the specimen on the test apparatus.

c) Level and align the apparatus and specimen as follows:

1) the specimen should be aligned so that the vertical direction of the measuring area

(which is described in 5.4) and the folding axis of the foldable panel are parallel;

2)

d) Di

fringe patterns on the surface of the DUT.

e) C{

f) Input the information on the phase difference and the geometry relation of the screen

an
g) C4g

h) D4
ca

6.3.4
6.3.4.

Creas

a) The surface slope of each local point\will be obtained as described in 6.3.3. Figure 10

an
in

y

L

the specimen should be levelled relative to the apparatus' traverse unit. It mea

is detected so that the Z value of the X-Y plane of the measuring area is zero.
Eplay the computer-generated sinusoidal fringe patterns on the screen |and refle

pture the reflected image by camera (CCD) and record it.

d camera (CCD) location.
Iculate the slope of the local area data by the logic described in 6.3.2.

ta dropouts or noise that can occur during the measurement should be excluded
ibration system.

Data analysis and report
L Crease
e shall be analysed as follows:

example of this data distributionyin the crease measuring area (H x V) which is deter
5.4, and measured by the CCD having M x N data resolution.

/ 5 \ Data resolution M x N data

ns the

test apparatus is adjusted for tilt relative to the specimen until no significantrelatjve tilt

ct the

, DUT

py the

shows
mined

e N . ; \ i Da1 Dgi Dy !
b X i |
: Measurlng area i | DA2
ﬁl e - |
Q‘t e, i Das
o & -
S ek B P
HI2 i
O . ! Dan Dy Den I

Figure 10 — Example of data distribution in the crease measuring area

b) Using the procedure described in 6.3.2, the M x N altitude values of each local point shall
be calculated using Formula (4) from the M x N surface slope values of each local point

ob

tained in a).

c) M x N altitude values can be grouped in the x-axis direction that is vertical with the folding
axis as shown in Figure 11; N data bundles are then obtained. One data bundle can be
drawn as a graph of the change in the z value according to the x value. Figure 12 shows an
example of the Nt row profile data.
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B — 1st row
A\ —— 2nd row

—n p—— 3 row

A /—— Nth row

IEC

Z 1
M |
Max(Z,) ax !
| 2
Min(Zy) Min X .
0 - H X
_>—N'<_

Figure 12 — Example of the'Ath profile data

IEC

(7)

(8)

9)

In the Nth row profile graph, the Cy value is defined as the difference between the maximum
vaJue of Z and the minimum value of Z. It )¢an be expressed as follows:

CN = MaX(ZN) - M|n(ZN)
Cy) Cy, ..., Cy Will be obtained by d). The average of these values is defined as the '¢rease
depth', Cy4

Cd = AVG(C1, C2, ey CN)
In jorder.io obtain the distribution of crease depth data within measuring area, the stgndard
deyiation'of Cy, Cy, ..., Cy values are defined as the 'SD of crease depth’, Cy gp

Cd,SD = STDEV(C1, C2, vee CN)
In the N row profile graph, the W value is defined as the difference between the X values

with the maximum value of Z and the minimum value of Z. It can be expressed as
Formula (10); Figure 12 also shows the meaning of Wy. The value multiplied by 2 by the

average of Wy, Wy,

WN = Xmaxzy) ™ Xmin(zy)

CW =2 x AVG(W1, W2, . WN)

..., Wy will be defined as the 'crease width', C,, (11).

(10)

(11)
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h)

Report the 'crease data' results with the conditions such as measuring area, and CCD data
resolution. Table 2 shows an example of reporting crease data. As described in 5.3, since
the conditions of the specimen can affect the result value, the conditions specified in Table 1
shall be reported together with Table 2.

NOTE A gradient of crease can also be calculated by the ratio of the C value obtained in Formula (7) to the W
value obtained in Formula (10), which means C,, over . However, this value cannot represent the crease by itself

because it is not enough to express the exact dimension of the crease form. Therefore, if the gradient of crease is
used as crease data, it will be reported together with the crease depth and crease width values of Table 2.

6.3.4.2 Waviness

a)

Ly

WaviJess shall be analysed as follows:

Table 2 — Example of crease data report using the PMD method

Crease data

Measuring area CCD data

(Hx* V) resolution Crease depth SD gisgﬁase Crease width

80 mm x 60 mm 1 000 x 800 -

Thle surface slope of each local point will be obtained as déscribed in 6.3.3. Figure 13 §hows
an|example of data distribution in the waviness measuring area (H x V) which is deterfmined
in 6.4, and measured by the CCD having M x N data resolution.

Data resolution : M x N data

q
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1 1

t Dar Der Doy P

/ \ ! 1

Y Uy i :

| ! P Dr2 |

1 | 1 1

‘o) ! : :

X : Measuring | . ! 5 :

. c\)J: , area ! ! Das .

Y | ! . ! :

1 ] 1 1

1 : 1 :

T \i | 1

\_ | L. . :
1

s - . 1 1

- ! Dan Den Den R (VI

1

E

O

Figure 13 — Example of data distribution in the waviness measuring area

b) Usging“the method described in 6.3.2, the M x N curvature values (x, kappa) of each local

c)

point shall be calculated by Formula (5) from the M x N surface slope values of each local
point obtained in a).

Determine the spatial sampling length range to separate the waviness profile from the
original profile. By using the profile filter, the curvature value of the desired wavelength
range can be calculated. In other words, if the small roughness which is caused by the
material component itself or noise is excluded, the waviness which is the surface topography
will be obtained by the filtering profile. The concept of the profile filter is shown in Figure 14.
The range of the filtering spatial wavelength is determined by the supplier and customer and
should be reported. The profile filter and the terms related to it follow those specified in
ASME B46.1, ISO 4287, and ISO 16610-21.
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Filtering wavelength High-pass WNWWWWW

filter

MN W Roughness profile

Low-pass

Original (primary) profile :
filter

Waviness profile
IEC

Figure 14 — Concept of filtering profile

d) After applying the profile filter to the data obtained in b), the M x N curvatur€ valyes (x,
kappa) of a specific wavelength range will be obtained and can be expressed as x4, « a2,

. K'AN, KB1, KBz, ey KBN, . KM1, KM2, ey KMN

e) The average of these curvature values is defined as the 'wavinessAevel', 7,

VVl = AVG(KA1, KA2, ey K'AN, KB1, KBz, eey KBN, cany KM1, KM2, eey ICMN) (12)

f) Injorder to obtain the distribution of waviness levelNdata within the measuring areja, the
stgndard deviation of these curvature values is defined as the 'waviness distribution’, |/ gp.

VVl,SD = STDEV(KA—I, KA2, veey KAN, KB—I, KBZ’ veey KBN, ey KM1’ K M2s s KMN) (13)

g) Rgport the 'waviness data' results with the conditions such as measuring area, CCID data
resolution, and filtering wavelength range. Table 3 shows an example of reporting wayiness
da‘ta. As described in 5.3, since-the conditions of the specimen can affect the result yalue,
the conditions specified in_Table 1 shall be reported together with Table 2.

Table-3 — Example of reporting waviness data

Waviness data

Measuting
area CCD data Filtering . .
resolution Waviness Waviness
wavelength
(Hx V) range level distribution
80 mm x 60 mm | 1 000 x 800

6.4 Non-contact profilometry
6.4.1 General

Laser scanning is another non-contact surface measurement method in which a laser scans a
surface to measure its topography. This scanning method is specified in ISO 10360-8 [32]. This
method allows for measurement of a multi-layer specimen which can contain polarizers,
windows, touch panel, and so on, as individual layers can be selected for measurement.

In general the laser scan technology uses a measurement technique called LIDAR (light
detection and ranging) to inject a laser beam into a target object in a measuring instrument and
use the direction and distance of the reflected beam from the target to indicate the appearance
of the surface shape. The results of the interpretation are recorded as a collection of points
distributed on a two-dimensional or three-dimensional coordinate [29].
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In 6.4, triangulation laser scanning [30], which is a method for calculating the distance between
the laser and CCD by using geometric principles, is described. This method is generally a better
way to measure crease than waviness because line scans are performed several times to obtain
an overall surface profile. Specifically, the laser scanning principles and method based on the
triangulation sensor and the manner in which to quantify the crease with the obtained data will
be specified (see Figure 15).

z

kY

IEC
Figure 15 — Schematic of the result of laser scanning

6.4.2 Test apparatus

A Iasir triangulation sensor consists of a solid-state lasérJight source and a PSD or CMO$/CCD
detecfor [31]. After the laser beam is projected onto the surface of the specimen to be megsured,
the reflected beam is detected through the lens. The distance between the laser and the sprface
is obtained according to the location. If the laser sensor scans through the line while moying in
a parj:cular direction after being mounted on~the jig, the surface profile on that line will be
obtained as data. Figure 16 shows a schematic diagram of the overall laser scanning appdratus.

Movable jig (CMM)

CCD/CMOS
4 I | |:| Laser etector
<

diode

Specimen /
\ — i z
Laser beam / X

Display z [ —_ Measurement
/ range Az

surface

IEC

Figure 16 — Schematic diagram of the laser scanning apparatus
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As can be seen in Figure 16, the laser sensor is suspended by a large jig that can be moved in
the coordinate system. In other words, the laser scan speed is the same as the jig speed. The
range of the height (4z) of the display surface that can be measured is determined according to
the specifications of the laser and the detector. If the position of the laser is too far from the
display surface, the reflected beam will not be focused into the detector, so the supplier and
customer should adjust the z-axis position of the laser so that it functions in the possible range.
Auto focusing can be possible depending on the equipment.

The range of the surface height which the CCD can detect becomes 4z. In that range, the laser
records the relative height of the surface while line scanning in the direction specified by the

suppli

Since
and th
the sy
low C
point
specifl

The s
higher
and re
laser

red o
exam

damaIe on the display surface. In general, most laser sensors use a visible light (for ex

er and customer on the X-Y plane.

e CCD sampling period, all of these conditions have to be determined and.tepor
pplier and customer. For example, if the scan speed is set too fast in the,conditio

where the laser sensor passes without being able to detect. Thereforexit is necess
y the scan speed considering the sampling period of the CCD.

ze of the beam depends on the resolution of the laser. The smaller the beam siz
the resolution to detect the surface. The beam size and resolution shall be deter|
ported by the supplier and customer according to the required resolution. In additid
peam shall have an output intensity and a wavelength within the limit that does not

green wavelength) to be able to see which peint of the specimen is measurg
le of reporting the contents described in 6.4.2 {9 shown in Table 4.

Table 4 - Example of laser scanning apparatus condition

. Laser beam Sampling period .
Laser beam size wavelength of CCD Laser resolution
1mmx1mm 650 nm 1ms 8 um

Measurement procedure

easurement shall be performed as follows:

e specimen which is prepared in accordance with 5.3 shall be mounted on the base

the surface profile data interval is determined according to the speed of the laget vlnoves

ed by
n of a

CD sampling period, the accuracy of the profile will be lowered becausé€)there cafp be a

ary to

e, the
Mmined
n, the
cause
ample
d. An

plate
plane
arallel
verse
htil no
j area

should have no vibration and be flat.

unted

b) Specify the (x, y) coordinates of position 1 and position 2 of the measuring area which is
determined in 5.4. Position 1 is located in the top left corner and position 2 is located in the
bottom right corner of the measuring area. These positions are the start point and the end
point of the measurement, respectively, and the area of measurement becomes |x, _ x4| x
lvo _¥41|l. The example of the specified position 1 and position 2 in the crease measuring

area is shown in Figure 17.
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N 1 1
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" V M. 4th scan '
b, H2 | : :
I —————— e — 0
A = i Mh scan Position 2 (x2, 12)
IEC
c) The CMM apparatus should be perpendicular to the direction of the traverse(CAdjust the

6.4.4 Data analysis and report

The measured data shall be analysed as follows:

a)

b)

d)

e)

g)

h)

CMM apparatus in the z-axis direction to position the laser sensor in a measurable fange.
Adto focusing can be possible depending on the equipment.

Thle scan direction and the number of scans (N) shall be determined by)the suppli¢r and
cuptomer. Since the scan direction should be perpendicular to the folding axis, it depends
on|[the mounting direction of the specimen in 6.4.3 a). The numbef\of scans () sholld be
bigger than 2.

Thle scan starts from position 1, and the line scan is performed.in a specific direction|which
is determined in 6.4.3 d). The (x, y, z) is recorded as the datd. (x, y) means the coordinate
logation in the measuring area and z means the height ef\the specimen surface. The scan
ends in position 2.

As described in 6.3.3 h), noise data should be excluded.

Figure 17 shows an example of the location and interval between scan lines when scanning
N fimes in the +x-axis direction in the measuring area. Since the line scan is perforined N
times at equal intervals within thé-measuring area designated by position 1 and position 2,
the interval between the scanilines will be |y, _y4| / (N —1).

By performing N scans, N(data bundles consisting of (x, y, z) can be obtained. As explained
in p.4.1, the interval of each (x, y, z) data will be determined according to the sampling period
of the CCD and the speed of the CMM apparatus.

As described in 6.374.1 c) if scanning is performed in the +x-axis direction as shqwn in
Figure 11 , one'data bundle can be drawn as a graph of the change in the z value accprding
to the x valuéi-Figure 12 shows an example of the Nt" scanned profile data.

Ag described in 6.3.4.1 d), the Cy value shall be calculated by using Formula (7).

As described in 6.3.4.1 e), Cy, Cy, ... , Cy Will be obtained and 'crease depth' shall be
|

ca ertlatad hay tiotna T arnn,, Q
droutatCO oy oSty T OTt O

\
g

A~

o
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As described in 6.3.4.1 f), the standard deviation of these Cy, C,, ... , Cy values shall be
calculated by using Formula (9).

As described in 6.3.4.1 g), the Wy value and 'crease width' shall be calculated by using
Formula (10) and Formula (11).

Report the 'crease data' results with all of the conditions such as number of scans (N), scan
speed, and measuring area. Table 5 shows an example of reporting crease data. As
described in 5.3, since the conditions of the specimen can affect the result value, the
conditions specified in Table 1 shall be reported together with Table 5.
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