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International Electrotechnical Commission (IEC) is a worldwide organization for standardization Caf
hational electrotechnical committees (IEC National Committees). The object of IEC is Mo

end and in addition to other activities, IEC publishes International Standards, Technical [Specifi
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
ication(s)”). Their preparation is entrusted to technical committees; any IEC National"Committee in
e subject dealt with may participate in this preparatory work. International,~govérnmental a
rnmental organizations liaising with the IEC also participate in this preparationy IEC collaborates
the International Organization for Standardization (ISO) in accordance withconditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as'hearly as possible, an inter
ensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

Publications have the form of recommendations for international)use and are accepted by IEC
mittees in that sense. While all reasonable efforts are madé#o ensure that the technical conten
ications is accurate, IEC cannot be held responsible fof the way in which they are used or
hterpretation by any end user.

rder to promote international uniformity, IEC National>\Committees undertake to apply IEC Pub
parently to the maximum extent possible in their\mational and regional publications. Any divi
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of .cenformity. Independent certification bodies provide co
ssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ces carried out by independent certification bodies.

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

ability shall attach to IEC or its\directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property da
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
nses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any ot
ications.

htion is drawn to the Normative references cited in this publication. Use of the referenced public
pensable for thewcorrect application of this publication.

htion is drawn-to the possibility that some of the elements of this IEC Publication may be the sy
nt rights. IEC shall not be held responsible for identifying any or all such patent rights.

Internrional Standard IEC 62899-201 has been prepared by IEC technical committe
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electronics.

The te

xt of this standard is based on the following documents:
FDIS Report on voting
119/87/FDIS 119/100A/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting

indicated in the above table.

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

A list of all parts in the IEC 62899 series, published under the general title Printed electronics,
can be found on the IEC website.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
o replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

The IEC 62899-20x series relates mainly to evaluation methods for materials of printed
electronics. The series also includes storage methods, packaging and marking, and
transportation conditions.

The IEC 62899-20x series is divided into parts for each material. Each part is prepared as a
generic specification containing fundamental information for the area of printed electronics.

The IEC 62899-20x series consists of the following parts:

Part 20T: Materials — Substraies
Part 202: Materials — Conductive ink
Part 203: Materials — Semiconductor ink’

(Subseéquent parts will be prepared for other materials.)

Furthermore, sectional specifications, blank detail specifications, and,detail specificatigns for
each material will follow these parts.

This pprt of IEC 62899 is prepared for substrate used in printed’electronics and contains the
test cgnditions, the evaluation methods and the storage conditions.

1 Under consideration.
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PRINTED ELECTRONICS -

Part 201: Materials — Substrates

1 Scope

This part of IEC 62899 defines the terms and specifies the evaluation method for substrates

used
stand
their p

2 N

rd is also applied to the substrates which make surface treatment in order to(in
rformance.

rmative references

ational
hprove

The foJlowing documents, in whole or in part, are normatively referenced-n this document and

are in
undatq
amend

IEC 6(
www. ¢

ispensable for its application. For dated references, only the edition cited applie
d references, the latest edition of the referenced~ document (includin
ments) applies.

050 (all parts), International Electrotechnical Vocabulary (availabl
lectropedia.org)

IEC 6(
electri

IEC 6(
Ageing

IEC 6(
Detern
test cn

IEC 6
Instruq

IEC 6(
Ageing

IEC 6

Cal insulating materials

216-1:2013, Electrical insulating materials — Thermal endurance properties — |
) procedures and evaluation of test@esults

216-2, Electrical insulating ‘materials — Thermal endurance properties — R
nination of thermal endurance properties of electrical insulating materials — Ch
teria

0216-3, Electricak~insulating materials — Thermal endurance properties — H
tions for calculating thermal endurance characteristics

216-4-1, <Electrical insulating materials — Thermal endurance properties — Pa
ovens <=_Single-chamber ovens

093:1980, Methods of test for volume resistivity and surface resistivity of

s. For
j any

solid

Part 1:

art 2:
pice of

art 3:

it 4-1:

art 5:

0216-5, Electrical insulating materials — Thermal endurance properties — H

LT ) £

Deter

H FH £ Lot YN L ol H | H Lo ds s H |
mrrauauourr ur reratrve arerimmar Cridurdrive 1IMTIiUTA ‘l\ll_/ ur ari ulou:auuy nmratcridl

IEC 60216-6, Electrical insulating materials — Thermal endurance properties — Part 6:
Determination of thermal endurance indices (Tl and RTE) of an insulating material using the
fixed time frame method

IEC 60243-1:2013, Electric strength of insulating materials — Test methods — Part 1: Tests at

power

frequencies

IEC 60674-2:1988, Specification for plastic films for electrical purposes — Part 2: Methods of

test

IEC 60674-2:1988/AMD1:2001
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IEC 60674-3-1:1998, Plastic films for electrical purposes — Part 3: Specifications for
individual materials — Sheet 1: Biaxially oriented polypropylene (PP) films for capacitors
IEC 60674-3-1/AMD1:2011

IEC 60695-11-10, Fire hazard testing — Part11-10: Test flames — 50W horizontal and vertical
flame test methods

IEC 60721-3-1, Classification of environmental conditions — Part 3 Classification of groups of
environmental parameters and their severities — Section 1: Storage

IEC 60721-3-2, Classification of environmental conditions — Part 3: Classification of groups of
envirohmental parameters and their Severities — Section 2 Transportation

IEC 61189-2:2006, Test methods for electrical materials, printed boards)“and| other
intercqnnection structures and assemblies — Part 2: Test methods for\materigls for
intercqnnection structures

IEC 61189-3:2007, Test methods for electrical materials, printed™ boards and| other
intercqnnection structures and assemblies — Part 3: Test methods for interconnection
structyres (printed boards)

ISO 542, Photography and graphic technology — Density méasurements — Part 2: Gegmetric
conditfons for transmittance density

ISO 543, Photography and graphic technology — Density measurements — Part 3: Spectral
conditlons

ISO 62, Plastics — Determination of water absorption

ISO 115:2010, Plastics — Methods of test-for the determination of the effects of immergion in
liquid ¢hemicals

ISO 291, Plastics — Standard atmospheres for conditioning and testing
ISO 472, Plastics — Vocabulary

ISO 489:1999, Plastics’— Determination of refractive index

ISO 527-1:2012) Plastics — Determination of tensile properties — Part 1: General principles

ISO 527-2,Plastics — Determination of tensile properties — Part 2: Test conditions for
moulding.and extrusion plastics

ISO 527-4, Plastics — Determination of tensile properties — Part 4: Test conditions for isotropic
and orthotropic fibre-reinforced plastic composites

ISO 527-5, Plastics — Determination of tensile properties — Part 5: Test conditions for
unidirectional fibre-reinforced plastic composites

ISO 868, Plastics and ebonite — Determination of indentation hardness by means of a
durometer (Shore hardness)

ISO 2039-1, Plastics — Determination of hardness — Part 1: Ball indentation method

ISO 2039-2, Plastics — Determination of hardness — Part 2: Rockwell hardness
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ISO 2578:1993, Plastics — Determination of time-temperature limits after prolonged exposure
to heat

ISO 3274, Geometrical Product Specifications (GPS) — Surface texture: Profile method —
Nominal characteristics of contact (stylus) instruments

ISO 3664, Graphic technology and photography — Viewing conditions

ISO 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method —
Terms, definitions and surface texture parameters

ISO 4288:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile mgthod —
Rules fand procedures for the assessment of surface texture

ISO 6383-1, Plastics — Film and sheeting — Determination of tear resistance —~ Part 1: Trouser
tear method

ISO 6383-2, Plastics — Film and sheeting — Determination of tear-resistance — Rart 2:
Elmenporf method

ISO 6907-1, Metallic materials — Vickers hardness test — Part 1:XTest method
ISO 7991, Glass — Determination of coefficient of mean linear thermal expansion

ISO 9173:1998, Plastics — Determination of bufning behaviour of thin flexible vertical
specinpens in contact with a small-flame ignition sQurce
ISO 9773:1998/AMD1:2003

ISO 11359-2:1999, Plastics — Thermome¢hanical analysis (TMA) — Part 2: Determinafion of
coeffidient of linear thermal expansion and glass transition temperature

ISO 11664-4, Colorimetry — Part 4:-CIE 1976 L*a*b* Colour space

ISO 13468-1:1996, Plastics — Determination of the total luminous transmittance of transparent
materipls — Part 1: Single-beam instrument

ISO 13468-2:1999, «Plastics — Determination of the total luminous transmittance of transparent
materipls — Part 2-Double-beam instrument

ISO 13565-2:1996, Geometrical Product Specification (GPS) — Surface texture: |Profile
methofl; /Surfaces having stratified functional properties — Part 2: Height characterjzation
using thelinear material ratio curve

ISO 13655, Graphic technology — Spectral measurement and colorimetric computation for
graphic arts images

ISO 14782, Plastics — Determination of haze for transparent materials

ISO 15105-1, Plastics — Film and sheeting — Determination of gas-transmission rate — Part 1:
Differential-pressure methods

ISO 15105-2:2003, Plastics — Film and sheeting — Determination of gas-transmission rate —
Part 2: Equal-pressure method

ISO 15106-1, Plastics — Film and sheeting — Determination of water vapour transmission rate
— Part 1: Humidity detection sensor method
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ISO 15106-2, Plastics — Film and sheeting — Determination of water vapour transmission rate

— Part

2: Infrared detection sensor method

ISO 15106-3, Plastics — Film and sheeting — Determination of water vapour transmission rate

— Part

3: Electrolytic detection sensor method

ISO 15106-4, Plastics — Film and sheeting — Determination of water vapour transmission rate

— Part

ISO 15184, Paints and varnishes — Determination of film hardness by pencil test

4: Gas-chromatographic detection sensor method

ISO 14§

ISO 15

512, Plastics — Determination of water content

treated films

3 Te

For th
11-10,

3.1
bow a
distort

Note 1

o entry: See Figure 1 for an example of bow and Figure 2 for an example of twist.

Figure 1 — Example of bow

989, Plastics — Film and sheeting — Measurement of water-contact angle, of c|

rms and definitions

b purposes of this document, the terms and definitions given in IEC 60050, IEC {
ISO 472, I1SO 4287, as well as the following apply.

hd twist

on in the dimensions of a plastic object which 6¢curs after moulding or processin

IEC

prona-

50695-

Touching base
point A, B and C

IEC

Figure 2 — Example of twist
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3.2

roughness

surface property of a substrate which indicates a high-frequency component of irregular
elements in the profile curve

Note 1 to entry: Roughness is obtained as a roughness curve by subtracting noise and micro-waviness (see 3.3)
from the profile curve measured with a profile filter and phase compensation filter.

3.3

micro-waviness

surface property of a substrate which indicates a low-frequency component of irregular
elements in the profile curve

Note 1 fo entry: Micro-waviness is obtained from the average line (from the deviation curve) of the measurefl profile
curve.

3.4
foreigh substance on surface
substgnce which is located on the surface of the substrate and can be)removed easily by
washing off with water, alcohols, cleaning agents, etc., or ultrasonic cleaning

3.5
foreigh inclusion
substgnce which is completely embedded in the substrate of<partially exposed on the qurface
of the pubstrate, and cannot be removed by cleaning

3.6
edge gondition
state pf the edges of the substrate which indicates the presence of distortion, wayiness,
scratches, fracture, burrs, or foreign substances

3.7
minimum bending radius
smallegst limit bending radius for whieh’permanent structural change does not occur

3.8
tear strength
force nequired to rip test specimens apart

Note 1 fo entry: The unit of tear strength is newton (N).

3.9
tear propagation resistance
tear strength(see 3.8) divided by thickness

Note 1 {6 entry: The unit of tear propagation resistance 1s newton/mimnmetre (N/mm).

3.10

gas transmission

ease of gas which passes through a unit area of a substrate per unit time under specified
temperature and humidity conditions

3.1

water vapour transmission

amount of water vapour which passes through a unit area of a substrate per unit time under
specified temperature and humidity conditions

Note 1 to entry: Water vapour transmission is generally expressed as the mass of water vapour which passes
through an area of 1 m2 in 24 h (g/m2-d).
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3.12

oxygen gas transmission

amount of oxygen which passes through a unit area of substrate per unit time and unit partial
pressure between both sides of the substrate under specified temperature and humidity
conditions

3.13

electric strength

quotient of the maximum voltage applied without breakdown, by the distance between
conducting parts under prescribed test conditions

[SOURGEHEG-660850-242:20402424H1-3H
3.14
temperature index
numerjcal value corresponding to the temperature, in degrees Celsius, derived frgm the
thermal endurance relationship at a given time (normally 20 000 h)

[SOURCE: ISO 2578:1993, 3.1, modified — “numerical value” is used instead of “number].]

3.15
relatiye temperature index
temperature index (see 3.14) of a test material, obtained athe time which corresponds|to the
known| temperature index of a reference material whenboth materials are subjected |to the
same ageing and diagnostic procedures in a comparative’test

[SOURCE: ISO 2578:1993, 3.2, modified — the *teference to “temperature index” hag been
added|]

3.16
chip
<glass| substrates> place from which‘a small piece of glass has been removed from thg glass
surfac

w

3.17

crack
<glass|substrates> lines on the surface of the central or edge of glass where it has broken but
not split into separate parts

3.18
scratgh
<glass|substrates> shallow grooves on a glass surface which are made during handling

Note 1 to entry: A scratch may be accompanied by a crack.
4 Materials, structures and dimensions

4.1 Base materials

Base materials are used in the printing process to form electronic components/devices that are
polymer, glass and other materials such as ceramics, metal, paper, etc.

4.2 Structures of substrates

The substrate shall have a monolithic structure of one of the materials specified in 4.1, a
composite structure of several of those materials, or a reinforced composite structure
strengthened with fibres or particles. The surface of the substrate may be treated to enhance
the wettability, adhesive property, gas transmission, smoothness, and electric insulation.
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4.3 Dimensions of substrates
4.3.1 Outline

Substrates made of the material(s) specified in 4.1 and with a structure specified in 4.2
shall be supplied in the form of (rigid or flexible) sheets or rolls.

The preferred area dimensions (width and length) of the substrate are shown below. The
preferred thickness is specified in 4.3.4. The dimensions of the substrate shall be agreed
between user and supplier, and described in the product specifications.

4.3.2 _ Sheet dimensions

The rgcommended standard area dimensions (width and length) of a sheet _are”|shown
below]| The tolerance of width and length is £1 mm.

370 mm x 470 mm, 550 mm x 650 mm, 680 mm x 880 mm, and 1 100 mm x 1300 mm

4.3.3 Width and length (roll supply)
4.3.3.1 Polymer substrates

Preferfed substrate widths are 800 mm and 1 600 mm withka“tolerance of +1 mm. The test
methog for substrate width shall be as specified in IEC 60674-2:1988, Clause 5.

The sybstrate winding length on a roll shall be as agreed between user and supplier.

The inner diameter of a roll winding core shall be'7,62 cm (3 inches) or 15,24 cm (6 iffches).
The cqre shape shall be cylindrical. The corechnaterial may be any material which can bg¢ used
in a leyel 100 clean room.

The winding condition on a roll shall be evaluated by referring to IEC 60674-2:1988, Clduse 6.
The sUm of the curvature and sag _shall be 10 mm or less.

The r¢ll winding misalignment of the roll (the difference between the roll width and the
maximum substrate widthxshall comply with Table 1.

Table 1 - Winding misalignment of the roll

Dimensions in millimetres

Substrate width Winding misalignment
less than 150 0,5 or less
+50totessthamr 369 t+0orfess
300 or more 2,0 or less

4.3.3.2 Glass substrates

Preferred substrate widths are 300 mm, 600 mm, 800 mm and 1 600 mm with a tolerance of
+5 mm. Substrate winding length on a roll shall be as agreed between user and supplier.

The inner diameter of the roll winding core, core material, roll winding condition and roll
winding misalignment should be as specified in the stipulations regarding the polymer
substrate.
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4.3.3.3 Other materials

Under

4.3.4

consideration.

Substrate thickness

4.3.4.1 Polymer substrates

Substrate nominal thickness shall be selected from 5 um, 7,5 pm, 10 pm, 12,5 pm, 20 pm,
25 um, 30 pm, 38 um, 50 um, 75 um, 100 um, 125 pm, 150 pm, 188 um, 200 pm or 250 pum.
The tolerance of the nominal thickness shall be +10%.

4.3.4.2 Glass substrates

Substnate nominal thickness should be selected from 5um, 10um, 20 um, 30|um, 4

50 um

700 um, 800 um or 1 000 um. The tolerance of the nominal thickness should‘be™+10 %.

4.3.4.3 Other materials

Under

5 General descriptions of evaluation tests

5.1

Under

5.2

The sUbstrate shall be in its original form)or cut into the appropriate size for testing.

Care ghould be taken not to touch:the test specimens with fingers, etc. The specimen

not be

5.3

The tgmperature and_humidity conditions for evaluation tests shall be at a temperat

23 °C
specifi

5.4

5.4.1

70 um, 100 pm, 125 pm, 150 pm, 200 pm, 250 um, 300 um, 400 um, 500 um, 6

consideration.

Sampling

consideration.

Preparation of test specimens

cleaned unless otherwjse specified.

Atmospheric conditions for evaluation test

led.

Conditioning

10 um,
DO pm,

5 shall

ure of

+ 1 °C and-relative humidity of (50 +5) % according to ISO 291 unless otherwise

—Polymer-substrates

Polymer substrates need conditioning. Unless otherwise specified, the test specimens to be
evaluated shall be stored at a temperature of 23 °C £ 1 °C and relative humidity of
(50 £ 5) % for 48 h or more.

5.4.2

Since

5.4.3

Under

Glass substrates

glass substrates have no hygroscopicity, conditioning is generally not necessary.

Other materials

consideration.
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6 Characteristics and evaluation method of polymer substrates

6.1  Surface properties
6.1.1 Surface defects
6.1.1.1 General characteristics

The surface of a substrate shall not have the following defects. However, since the maximum
permissible size of defects depends on the purpose, the defect condition shall be agreed upon
between user and supplier.

— Pinghofes, hotfows, bifSters, pimplies, fiSh-eyes, SPeckies, Cracks, (ractures, wrjnkles,
defachment and creep

6.1.1.2 Detection method

The syrface defects of a substrate shall be detected with normal or corrected vision (6/6 or
better), with a microscope, or with a surface inspection machine such’yas a stylusibased
profilometer, or WLI (white light interferometry).

6.1.1.3 Report of the results

The regport shall include the following items. For defect(s) not exceeding the permissiblg size,
items b) through f) may be omitted:

a) type of defects;
b) lenlgth of each defect;

c) width of each defect;

d) depth or height of each defect;
e) number of defects;

f) position of each defect.

6.1.2 Flatness
6.1.2.1 Bow and twist
6.1.2.1.1 Test method

Bow anhd twist are_expressed as the bow ratio and twist ratio according to IEC 61189-3:2007,
9.4 (telst 3M04).

The pe¢rmissible bow ratio and twist ratio shall be agreed upon between user and suppglier as
requir{d. This agreement should consider the actual use on products as well TS the

manufaeturirg-process:

6.1.2.1.2 Report of the results

The report shall include the bow ratio and twist ratio.

6.1.2.2 Surface roughness
6.1.2.2.1 Procedure of measurement and calculation

Surface roughness is expressed as the arithmetic mean roughness (Ra). However,
unevenness (extrusions) which exceeds the level difference (Rk) at the core shall be treated
as protrusions.

Ra shall be obtained as follows.
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Measurement shall be made using a contact (stylus) instrument specified in ISO 3274 and a
roughness parameter shall be calculated according to ISO 4288:1996, 7.2. From the profile
curve obtained, stylus strain and noise are removed with a profile filter and the form deviation
curve (waviness curve) is extracted. The cut-off value (wavelength) of the phase
compensation filter used to distinguish the waviness curve shall be the wavelength at an
amplitude transmission rate of 50 %. The high-frequency component (short-wavelength
component) curve obtained is treated as a surface roughness curve, from which the arithmetic
mean roughness (Ra) is calculated.

For protrusions, Rk shall be obtained according to ISO 13565-2:1996, Clause 4; unevenness
exceeding this value is treated as protrusions, and the number of protrusions per unit area is
calculated.

6.1.2.2.2 Report of the results
The report shall include the following items:

a) mgasuring instruments;
b) sampling method and place, and specimen size;
c) regult of Ra measurement;

d) number of protrusions.
6.1.2.3 Micro-waviness
6.1.2.3.1 Procedure of measurement and calculation

Micro-waviness is expressed as the arithmetic meanwaviness (Wa). Wa is obtained as fgllows.

Measurement shall be made using a stylus (Ccontact) instrument specified in ISO 3274|and a
roughness parameter shall be calculated.according to ISO 4288:1996, 7.2. From the |profile
curve [obtained, stylus strain and noise.afe removed with a profile filter and the roughness
curve fis extracted. The cut-off value-(wavelength) of the phase compensation filter used to
distinguish the roughness curve shall"be the wavelength at an amplitude transmission rate of
50 %.|The low-frequency component (long-wavelength component) curve obtained is freated
as a fgrm deviation curve (waviness curve), from which the arithmetic mean waviness (Wa) is
calculated.

6.1.2.3.2 Report of.the results
The report shall include the following items:

a) mgasuringliastruments;
b) sampling method and place, and specimen size;

C) result of Wg measurement

6.1.3 Surface condition
6.1.3.1 Contact angle
6.1.3.1.1 Test method

The contact angle shall be measured as specified in ISO 15989, using water or some other
solvent which does not affect the substrate.

6.1.3.1.2 Report of the results
The report shall include the following items:

a) sampling method and place;
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bstrate and water or other solvent;

c) test conditions (temperature and humidity);

d) mean contact angle.

6.1.3.2 Foreign substances on the surface

6.1.3.2.1 Principle

Regarding foreign substances on the surface of the substrate, those which are equal to or
greater than the specified size (maximum diameter) agreed between user and supplier shall

be det

ected.

6.1.3.2.2 Inspection method

Foreigh substances shall be detected with normal or corrected vision (6/6 or better),
microgcope, edge light, or with a surface inspection machine. There shall be no foreign
substgnces which are equal to or greater than the specified size (maximum |diameter) agreed

betwe

n user and supplier.

6.1.3.2.3 Report of the results

There
a) de

port shall include the following items:

ection method;

with a

b) ingpection method (100 % or sampling), sampling miethod and place, and specimen gize;

c) no

digmeter).

6.1.3.3 Foreign inclusions

6.1.3.3.1 Principle

For fdgreign substances and voidsxWwhich are included in the substrate, those whi

equal

to or greater than the specified size (maximum diameter) agreed between us

suppli¢r shall be detected.

6.1.3.3.2 Inspection.method

Foreig
a mic

Since
allowa

Regar
allowa

h substances shall be detected with normal or corrected vision (6/6 or better|
oscope, or with-a surface inspection machine.

ble size shall be agreed between user and supplier.

foreign substances which are equal to or greater than a certain size (makimum

th are
er and

with

the permissible state of inclusion of foreign substances depends on the purpose, the

INg the Inclusion of foreign substances which cause unevenness on the sura
ble height shall be agreed between user and supplier.

6.1.3.3.3 Report of the results

There
a) de

port shall include the following items:

tection method;

e, the

b) inspection method (100 % or sampling), sampling method and place, and specimen size;

c) no foreign substances which are equal to or greater than a certain size (maximum
diameter).
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6.1.4 Edge condition
6.1.4.1 General characteristics

To evaluate the condition of the edge of the substrate, specific cracks, scratches,
unevenness, and foreign substances shall be detected as mutually agreed upon between user
and supplier.

6.1.4.2 Inspection method

Edge conditions shall be inspected with the normal or corrected vision (6/6 or better), with a
microscope, or with a surface inspection machine. Adhesive tape is used to detect foreign
substgnces. There shall be no foreign substances on the tape. ... - |

6.1.4.3 Report of the results
The report shall include the following items:

a) deection method;
b) ingpection method (100 % or sampling), sampling method and place; and specimen pize;

c) specific cracks, scratches, unevenness, and foreign substances.
6.2 [Mechanical properties

6.2.1 Elongation at break

6.2.1.1 Outline

Rupture elongation is expressed as the tensile strain at break or nominal tensile strain at
break,|to which ISO 527-1 and the following shall be applied.

6.2.1.2 Test speeds

Test speeds shall be selected fromiASO 527-1:2012, Table 1, as agreed between usger and
supplier and described in the product specifications.

6.2.1.3 Test specimens

For the size and preparation of test specimens, appropriate standards shall be selected from
ISO 527-2, ISO 527-4,)or ISO 527-5 according to the material of the substrate, and shall be
described in the preduct specifications.

6.2.1.4 Report of the results

The repori,shall include the following items:

a) testing machine;

b) test speed (mm/min);

Cc) specimen size (mm);

d) test environment (temperature and humidity);

e) tensile strain at break or nominal tensile strain at break (dimensionless ratio or %).

6.2.2 Tensile strength
6.2.2.1 Outline

Tensile strength is expressed as the stress at which the specimen breaks, to which ISO 527-1
and the following shall be applied.
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6.2.2.2 Test speeds

Test speeds shall be selected from ISO 527-1:2012, Table 1, as agreed between user and
supplier and described in the product specifications.

6.2.2.3 Test specimens

For the size and preparation of test specimens, appropriate standards shall be selected from
ISO 527-2, 1ISO 527-4, or ISO 527-5 according to the material of the substrate, and shall be
described in the product specifications.

6.2.2.4 Report of the results

The report shall include the following items:

a) tegting machine;

b) tedt speed (mm/min);

C) specimen size (mm);

d) tegt environment (temperature and humidity);
e) ternsile strength (MPa).

6.2.3 Tensile modulus
6.2.3.1 Test method

ISO 527-1 and the following shall be applied to tensile’modulus.

6.2.3.7 Recommended test speeds

A test|method is selected from ISO 527-2042, Table 1, as agreed between user and syipplier
and dgscribed in the product specifications.

6.2.3.3 Test specimens

For the¢ size and preparation (©0fytest specimens, appropriate standards shall be selected from
ISO 527-2, ISO 527-4, I1ISO527-5 according to the material of the substrate, and shall be
described in the product specifications.

6.2.3.4 Report of the results
The report shathinclude the following items:

a) tegting(machine;

b) tesgt speed (mm/min);

c) specimen size (mm);
d) test environment (temperature and humidity);
e) tensile modulus (MPa).

6.2.4 Minimum bending radius
6.2.4.1 Principle

When the substrate is bent beyond the minimum bending radius, permanent structural
changes (creases or cracks) occur on the substrate at a certain radius.

Subclause 6.2.4 defines the method for obtaining the minimum bending radius below which no
permanent structural changes occur on the substrate. One test method uses a flex resistance
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tester and the other a fracture resistance tester. An appropriate test method shall be selected
according to the material of the substrate, and shall be described in the product specifications.

6.2.4.2 Measurement equipment

6.2.4.2.1 General

The measurement equipment shall be a flex resistance tester (also known as a U-shaped flex

tester)

or a fracture resistance tester (also known as a two-sided fracture tester).

6.2.4.2.2 Flex resistance tester

A flex
is atta

- Th

- Ea

specimen protrudes when it is bent in a U shape.

6.2.4.2

The M

structdre shown in Figure 4.

resistance tester has the structure shown in Figure 3 near the part where the spg
ched, and shall satisfy the following requirements:

Ch flat plate has a mechanism to hold the side of the specimen sonthat no part

Movable plate

/

Sample -.l_____‘

\Immovable plate

AN

IEC

Figure 3 —Structure of the flex resistance tester near the part
where the specimen is attached

.3 MIFinstrument

IT instrrment which is described in the ISO 5626 is used. This instrument h

cimen

b two flat plates are parallel. The distance d between the flat plates can be adjusteéd and
melasured.

of the

as the
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- Specimen

Bender mounting face

Bender

%Omm to|70 mm

Bending(radius

IEC

Figure 4 — Structure of the MIT instrument

The MIT instrument has a movable part which holds the specimen and bends it by 180° (90°
on both sides of the vertical direction), a bending part for applying constant curvature(to the
specimen, and a mechanism for applying-tonstant tension to the specimen. This instfument
shall sjatisfy the following requirements.

t|can apply the tension specified in the product specifications to the specimen| and
measure and display the tension.

tlcan conduct tests at radiuses of curvature greater than that specified in the prpduct
specifications.

— It|has a power unit-that applies rotational motion at the speed specified in the prpduct
specifications to the bending device.

6.2.4.3 Testispecimens

specifications.

The sFecimen shall be in its original form, and of the size specified in the product

6.2.4.4 Measurement procedure
6.2.4.41 Flex resistance test

As shown in Figure 3, the specimen is bent in a U shape and fixed to both parallel plates.
The distance d between the parallel plates shall be sufficiently larger than twice the
minimum bending radius of the specimen. Then d shall be set to four times the minimum
bending radius and kept for the time specified in the product specifications. When the test is
completed, increase d, detach the specimen, and perform the inspection after testing.

The test shall be repeated with d reduced each time until permanent structural change is
detected according to 6.2.4.4.2.
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6.2.4.4.2 MIT instrument

The tension applied to the specimen, bending speed, and hold time shall be according to the
product specifications.

Fix the plunger with locking screws and apply to the plunger the force equal to the tension
applied to the specimen. Accurately attach the specimen to the clamp connected to the
plunger and the bender so that it is kept flat and does not touch the mounting face of the
bender. The specimen shall be attached to the clamp and the bender without rotating the
bender or causing deflection to the specimen. Loosen the locking screws on the plunger to
apply tension to the specimen. If the reading of the indicator changes, adjust the tension to
the specified level.

Rotatdg the bender 90° from the vertical direction at the specified bending speedcand keep it
for the| specified time. Then rotate the bender back to the original position and rotate it{90° in
the opposite direction. When the test is completed, detach the specimen, and’ perfom the
inspedtion after testing.

Repeat the test by gradually reducing the radius of the curvatufeéy-at the bendef from
approjimately twice the minimum bending radius of the specimen-specified in the product
specifi¢ations to the level specified in the product specifications.

The tegst shall be repeated by reducing the bending radiusfrom twice the minimum bgending
radius| to the one specified in the product specification;, until permanent structural ghange
is detgcted according to0 6.2.4.4.2.

6.2.4.4.3 Inspection after test

To evrxluate whether permanent structural changes occurred or not (creases or crackg), the
specimen shall be inspected with normal or\corrected vision (6/6 or better), with a micrgscope,
or with a surface inspection machine.

6.2.4.5 Expression of the results

The mjnimum bending radius at\which no permanent structural change occurs to the spgcimen
is the minimum bending radius:

6.2.4.9 Report of the'results
The report shall inglude the following items:

a) tedqt method (flex resistance tester or MIT instrument);
b) typge andjthickness of the specimens;

c) number of specimens:

d) conditioning (temperature, humidity, and kept time);
e) test environment (temperature and humidity);

f)  minimum bending radius.
6.2.5 Tear strength and tear propagation resistance
6.2.5.1 Test method

Tear strength shall be measured and calculated using the trouser tear method specified in
ISO 6383-1 or the EImendorf tear method specified in ISO 6383-2. Either method can be used
to measure tear strength. An appropriate test method depends on the stiffness and
deformation (extent) of the material to be tested. The test method shall be as specified in
IEC 60674-3-1, or the test method as agreed between user and supplier.
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As the tear properties change according to the thickness, tear speed, and measuring
atmosphere, if a data comparison is required, these conditions shall be accurately controlled.

6.2.5.2 Test specimens

When comparing tear strength between different materials, adjust the specimen so that the
difference in thickness is no more than 10 %. In addition, since the dependency on tear speed
might greatly differ between materials, care shall be taken when comparing the results.

6.2.5.3 Expression of the results

The te

r property obtained is the tear propagation resistance in newton per millimetre (N/mm),

which

is calculated by dividing the force required to tear the specimen (tear stren

newton (N) by the thickness of the specimen.

6.2.5.4

Report of the results

The report shall include the following items:

a) thi
b) teg
C) mg
d) teg

6.2.6
Under

6.2.7
6.2.7.1
Hardn

hardng
used.

6.2.7.2
The re

a) tes
b) thi
c) ten

ckness of the specimen;

r speed;

asuring atmosphere;

r propagation resistance (tear strength may be accompanied).

Edge strength

consideration.

Hardness
Test method

bss shall be measured as peneil hardness according to ISO 15184. If required,
ss (see ISO 868) or ball indentation hardness (see ISO 2039-1 and ISO 2039-2)

Report of thewresults
port shall include the following items:

t method;
ckness-of the specimen;
hperature and humidity during the test;

jgth) in

Shore
can be

d) bra
Ro

nd—ofthe—pencitused—{for pencitrardmess);,durometertype—({forShoretrardme
ckwell hardness scale (for ball indentation hardness);

e) testresult;

f) difference from the specified test method (if applicable).

6.3
6.3.1

6.3.1.1

Chemical properties
Resistance to chemicals

Test method

ISO 175 and the following shall apply to the resistance to chemicals.

ss), or
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6.3.1.2 Selection of test conditions

The properties of the specimen soaked in the liquid such as mass, size, and colour are
selected from ISO 175 as agreed between user and supplier, and described in the product

specifi

cation.

The liquid used for the test shall be an acid solution, an alkaline solution, or an organic
solvent, which should preferably be selected from Table A.1 (reagents) and Table A.2 (various
liquid products) in ISO 175:2010. However, depending on the target material and the process
used, other liquids may be used as agreed between user and supplier.

6.3.1.3 —Test specimens

The s
produg

6.3.1.4

ze and preparation of test specimens shall follow ISO 175 and be described
t specification.

Report of the results

The report shall include the following items:

a) teg
b) teg
c) tes
d) teg
e) reg
6.3.2
6.3.2.1

Mass
2C12)

6.3.2.2
The re
a) teg
b) teg
c) teg
d) teg
e) mg

t method;
t conditions;
t specimen;
t environment (temperature and humidity);
istance to chemicals.
Halide contents

Test method

fraction (10-6) shall be obtained-using the method in IEC 61189-2:2006, 8.1]

Report of the results
port shall include the following items:

t method;

t conditions;

t specimen;

t environment (temperature and humidity);
ss fraction (10°6).

in the

P (test

6.3.3

Volatile content

6.3.3.1 Test method

The test method shall be the mass reduction in a high-temperature oven as specified in

IEC 61

189-2:2006, 8.4 (test 2C04).

For materials which are not specified in IEC 61189-2:2006, 8.4 (test 2C04), the oven shall

follow

the instruction of the material manufacture.

6.3.3.2 Report of the results

The re

port shall include the following items:

a) test method;


https://iecnorm.com/api/?name=1b45a84194c769fb58ac7467af64f2c3

- 26 - IEC 62899-201:2016 © IEC 2016

b) test conditions;

c) test specimen;

d) test environment (temperature and humidity);

e) mass fraction (1076).

6.3.4

Gas transmission

6.3.4.1 Water vapour transmission

6.3.4.1.1 Test method

Water vapour—tramsmissionm—stattbemeasured—usimg—thehomidity detectiom—sensormethod
specified in SO 15106-1, infrared sensor method specified in SO 1510642, gas
chromatographic method specified in ISO 15106-4, or electrolytic sensor method (specified in
ISO 15106-3. However, as agreed upon between user and supplier, another method may be
used. [The test method selected shall be described in the product specification:

6.3.4.1.2 Report of the results

The report shall include the following items:

a) tegt method;

b) tedt conditions;

c) tedt specimen;

d) tegt environment (temperature and humidity);

e) mdss of water vapour which passes through an.area of 1 m2in 24 h (g/m2 d).

6.3.4.7 Oxygen gas transmission

6.3.4.2.1 Test method

Oxygep gas transmission shall be measured using the differential pressure method (pressure
sensof method) specified in 1ISO 16105-1 or isopiestic method (electrolytic sensor method or
gas chiromatographic method).'specified in ISO 15105-2. However, as agreed upon bgtween
user anhd supplier, another method may be used. The test method selected shall be degcribed
in the product specification.

The gas transmission_and gas transmission coefficient (gas permeability) can be obtained as
test re¢sults. The«properties used for the evaluation shall be described in the product
specification as@greed between user and supplier.

6.3.4.2.2 Test specimens

Since beth-sides—ef-the—speeimenmayhave—different-propertiess—a—methodfordistirgdishing

each side shall be determined and the side which is exposed to the test gas shall be recorded.

6.3.4.2.3 Report of the results

The report shall include the following items:

a) test method;

b) test conditions;

c) test specimen (method for distinguishing sides and the side exposed to the test gas);

d) test environment (temperature and humidity);

e) gas transmission and gas transmission coefficient (gas permeability).
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6.3.5 Moisture absorption
6.3.5.1 Test method

The test is conducted using the D method (exposing the specimen to a relative humidity of
50 % and measuring the amount of water absorption) specified in ISO 62.

The change in the amount of water in the substrate before and after moisture absorption is
obtained according to the method for determining water content specified in ISO 15512.

6.3.5.2 Report of the results

The report shall include the following items:

a) tegt method;

b) tedt environment (temperature and humidity);

c) tedt conditions (exposure time);

d) tegt specimen (area size and thickness);

e) water absorption coefficient (mass fraction in percentage: %).

6.4 [Electrical properties

6.4.1 Measurement at ambient temperature

6.4.1.1 Volume resistance and surface resistance
6.4.1.1.1 Outline

Volump resistance is expressed in Ohm centimetre (QQ cm). Surface resistance is expregsed in
Ohm ().

6.4.1.1.2 Test method

VolumE resistance and surface resistance shall be measured as specified in IEC 60093.

6.4.1.1.3 Measurementequipment

MeasUrement equipment shall be as specified in |IEC 60093. The dimensions pf the
measyring electrodg ‘déscribed in IEC 60093:1980, Clause 6, are: d; = 50 mm, d, = 60 mm,
and d4 = 80 mm_¢(see Figure 5). However, the other electrode dimensions of d; = 50 mm,
dy =70 mm, d3=80 mm, may be used.

6.4.1.1.4 Applied voltage
Applietvottageshattbesetectedfronmthevottage tistedmHEC 6609371980, Ctause4—

6.4.1.1.5 Test specimens

The shape, dimensions and preparation of the test specimen shall be as specified in
IEC 60093:1980, Clause 6.

6.4.1.1.6 Calculation of the results

Volume resistivity shall be calculated in accordance with IEC 60093:1980, 11.1, from the
measurement results. Surface resistivity is calculated in accordance with IEC 60093:1980,
11.2, from the measurement results.
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6.4.1.1.7 Report of the results
The report shall include:

a) volume resistance and/or surface resistance;

IEC 62899-201:2016 © IEC 2016

b) shape and dimensions of the specimen: length x width or diameter (mm), and thickness

(um);

c) treatment and conditioning for the specimen (application of cleaning and method,

conditioning atmosphere, etc.);

d) test atmosphere (temperature and relative humidity);

|rnh-nrln dimeancionce (1 J_and J O\ ond matariale
e) elgetrode—dimensions{i—irandirand—raterak

f) applied voltage (V).

6.4.1.7 Electrical'strength

6.4.1.2.1 Outline

Figure 5 — Example of a measuring electrode

IEC

Breakdown yoltage is measured in the direction perpendicular to the surface of the substrate.
Electric strength is the quotient of the breakdown voltage by the distance betweg¢n the

electrqdesunder specified test conditions.

6.4.1.2.2 Test method

Breakdown voltage shall be measured by the test method as specified in IEC 60243-1 with

the following details:

a) the specimen shall be as specified in 5.2;

b) the specimen shall be conditioned as specified in 5.3;

c) the temperature and humidity of the test shall be as specified in 5.3;

d) the surrounding medium should be air. If the specimens have high breakdown values, they
may be tested in insulating liquid as agreed between user and supplier;

e) the electrodes are unequal electrodes;

f) the frequency of the applied voltage is selected between 48 Hz and 62 Hz;
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g) the test voltage is increased according to IEC 60243-1:2013, 10.1 (short time test), with a
rising rate of 500 V/s.

6.4.1.2.3 Report of the results
The report shall include:

a) measured electric strength in kV/mm (minimum, maximum and median), preferably in
conjunction with breakdown mode and location;
b) dimensions of the specimen (length x width or diameter (mm), and thickness (um));

c) treatment and conditioning for the specimen (application of cleaning and method,

copditioning-atmosphere—etc)-
J ~ 7 VAl

d) tedt atmosphere (surrounding medium: air or insulation liquid, temperature and-rglative
humidity);

e) e

gctrode dimensions (d4, d, and d3) and material,
f) mqde of increasing voltage.

6.4.1.3 Relative permittivity

Under|consideration.

6.4.1.4 Dissipation factor

Under|consideration.

6.4.2 Measurement at high temperature
6.4.2.1 Surface resistance

Under|consideration.

6.4.2.2 Volume resistance

Under|consideration.

6.5 [Thermal properties
6.5.1 Glass transjtion temperature
6.5.1.1 Test.method

Glass | transition temperature shall be measured using the DSC method specifjed in
IEC 61189-2:2006, 9.10 (test 2M10), or the TMA method specified in IEC 61189-2:2006, 9.11
(test 2MIQ).

6.5.1.2 Report of the results
The report shall include:

a) measurement method;
b) rate of temperature rise;
c) glass transition temperature.

6.5.2 Coefficient of linear thermal expansion
6.5.2.1 Test method

The coefficient of linear thermal expansion shall be measured using the method as specified
in ISO 11359-2 or an equivalent method.
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6.5.2.2 Measurement conditions

Measurement conditions such as the measuring of the temperature range, heating rate,
surrounding atmosphere, gas flow rate, are dependent on the specimen characteristics, and
shall be specified in the product specification.

6.5.2.3 Conditioning atmosphere

According to ISO 11359-2:1999, 6.2, the conditioning atmosphere shall be as specified in
ISO 291. However, if a modification of the condition is required to the characteristics of the
material, the conditioning atmosphere may be determined by agreement between user and
supplier.

6.5.2.4 Report of the results
The report shall include the following items:

a) coefficient of linear thermal expansion;
b) copditioning atmosphere;

Cc) mdasuring temperature range;

d) hepting rate;

e) sufrounding atmosphere;

f) gap flow rate, etc.

6.5.3 Dimensional stability

6.5.3.1 Dimensional stability (heating)
6.5.3.1.1 Test method

Dimensional stability (heating) shall be measured using the method specified in
IEC 61189-2:2006, 12.1 (test 2X02) or theZmethod agreed between user and supplier.

6.5.3.1.2 Test conditions

Test gqonditions shall be as(specified in IEC 61189-2:2006, 12.1 (test 2X02). Procgssing
temperature and time may be modified as agreed between user and supplier.

6.5.3.1.3 Report of-the results
The report shall igelude:

a) regults of\the dimensional stability;
b) specimen dimensions;

C) prd cessing temperature and processing time
J L Lg J

6.5.3.2 Dimensional stability (humidity)

Under consideration.

6.5.4 Relative temperature index (RTI)
6.5.4.1 Test method

The relative temperature index (RTI) shall be determined by the procedures as specified in
IEC 60216-5 and IEC 60216-3, using the data obtained by the method defined in IEC 60216-1.
If there is agreement between user and supplier, the method specified in IEC 60216-6 shall be
used.
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NOTE The method specified in IEC 60216-2 is called the "temperature fixed method", and the method specified in
IEC 60216-6 is called the "time fixed sampling method". There is almost no difference between the results obtained
by each measuring method.

According to the recommendation described in IEC 60216-2, the property to determine RTI
shall be specified in the product specification. Tensile strength and/or electric strength should
be selected to determine RTI. Unless otherwise specified, the evaluation method of the
selected property (properties) shall be the respective method specified in this document. If
special conditioning is necessary, the product specification shall specify the conditions.

The reference material shall be selected according to ISO 2578:1993, 4.4.

6.5.4.

The ageing oven shall be as specified in IEC 60216-1:2013, 5.6, or it shall be able to 'hold the
exposlire temperature within the tolerance as specified in the product specification. Unless
otherwise specified, the oven type as specified in IEC 60216-4-1 shall be used-

6.5.4.3 Test conditions
According to the requirements specified in IEC 60216-1:2013, 5.5, the“exposure temperatures

shall be selected as appropriate to the specimen and shall (be specified in the product
specification.

The exposure temperatures should be four or more. Thedowest temperature shall be sglected
so that time to end-point will be more than 5 000 h. Thé highest temperature shall be sglected
so that time to end-point will be less than 500 h.

The aimospheric conditions during exposure shall be according to IEC 60216-1:2013,|5.7.2.
HoweVer, if special atmospheric conditions are required depending on the characteristics of
the spgcimen, the atmospheric conditions shall be as specified in the product specificatipn.

The method of determining the end-point shall be according to IEC 60216-1:2013, 5.2.

If the [product specification so\specifies, the evaluation shall be made before reachipg the
end-pgint or at the time the end~point is reached.

6.5.4.4 Test specimens

Specimen preparation shall be as specified in the product specification.

6.5.4.5 Conditioning atmosphere

The cqnditioning atmosphere shall be as specified in the product specification.

6.5.4.6 Test conditions

The test conditions shall follow the product specifications.
Atmospheric conditions during ageing shall be as specified in the product specification.

6.5.4.7 Calculation and expression of RTI

The relative temperature index shall be calculated using the formula TIr + (75 — Tg) from the
temperatures obtained by extending the degradation function of the material to be evaluated
(regression line) and the degradation function of the reference material for the time required
in practice (20 000 h, 60 000 h, 100 000 h, etc.) (with T, indicating the temperature of the
material to be evaluated and Ty indicating the temperature of the reference material), and
from the temperature index (TIr) of the reference material.
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The relative temperature index shall be obtained using the temperatures (7 for the specimen
and Tg for the reference material) which are obtained by extrapolating the practical time
0 h, 60000 h, 100 000 h) to the degradation function (regression line) of the
specimen and the reference material, and temperature index of the reference material (Tlr)
as expressed by the formula TIr + (T — Tg).

(20 00

6.5.4.8 Report of the results

The report shall include:

a) rel
b) ex

ative temperature index (RTI);

ranolated temperatiiras:
P P 7

c) praperty(ies) for determining the relative temperature index.

6.6
6.6.1

Optical properties

Method of testing the colour of the substrates

6.6.1.1 Outline

Subclguses 6.6.1.2 through 6.6.1.5 shall apply to transparent or nearly transparent mate

6.6.1.2 Luminous transmittance

6.6.1.2.1 Measuring method

Lumin
using

specifi
(suppl

bus transmittance is expressed as total luminous transmittance, and shall be me

led in ISO 13468-2, with the following details. If agreed upon between user and s
er and purchaser), another method whigh is recognized as equivalent may be use

6.6.1.2.2 Measuring equipment

Measyring equipment shall be “as specified in 1SO 13468-1:1996, Clause
ISO 13468-2:1999, Clause 4, as appropriate. Measuring equipment according to ISO
and/or ISO 5-2 may be used.

6.6.1.2.3 Wavelength or wavelength range used in the test

Lumin

bus transmittance shall be measured either at a particular wavelength on

wavelgngth rangejas agreed between user and supplier considering factors such

materi

bl charactéristics and application.

6.6.1.2.4 Report of the results

rials.

hsured

the single-beam method as specified in 18O>13468-1, or the double-beam method as

Lipplier
d.

4, or
13655

at a
as the

The report shall include the Tollowing items:

a) measuring method;

b) measuring wavelength;

c) specimen thickness;

d) luminous transmittance.

6.6.1.3 Chromaticity

6.6.1.3.1 Outline

According to ISO 11664-4, chromaticity is presented as the CIE (1976) L*a*b* colour space.
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6.6.1.3.2 Measuring method

The measuring method shall be the reflected light method or the transmitted light method,
depending on the application and the purpose.

If the reflected light method is used, a reflecting diffuser shall be placed on both the surface
to be measured and the other surface, with the specimen in between.

The product specification shall specify the measuring method.

The reflecting diffuser shall be a perfect reflecting diffuser or a reference diffuser used for

calibr

6.6.1.3

The m
followi
specifi

NOTE

6.6.1.3

The re
or sha
may K
numer
coordi

6.6.1.3
The re

a) mgq
b) mg
c) ch

co

of
6.6.1.4
6.6.1.4

Coloun

tmgmeasurmygequipmment;

3 Measuring equipment and auxiliaries

easuring equipment and light source shall be in accordance with at(least one
ng: ISO 5-2, ISO 5-3, ISO 3664 or ISO 13655, and shall be specified in the p
cation.

There is a measuring instrument which conforms to ISO 14981.
4 Expression of the results

sults shall be presented as the numerical values of each of the L*a*b* coordinat
| be plotted in the L*a*b* colour space. If agreed/bétween user and supplier, the
e presented instead by the numerical valu€) of a specific coordinate axis

cal values of two specific coordinate axes ofithe L*a*b* colour space. In this cas
nate axis or axes concerned shall be clearly.stated.

.5 Report of the results
port shall include the following items:

asuring instrument and light; source;
asurement method (reflected light or transmitted light);

omaticity (numerical values of each of the L*a*b* coordinate axes, plotted in the
our space, or thesnumerical value of a specific coordinate axis or numerical
two specific coordinate axes of the L*a*b* colour space).

Uniformity of colour
A Principle

differences are obtained at 10 points on the specimen, and their average is ev3

by the

of the
roduct

P axes,
results
or the
e, the

L*a*b*
values

luated

difference between the standard chromaticity and standard deviation.

6.6.1.4.2 Measuring equipment

According to 6.6.1.3.

6.6.1.4.3 IHluminant

According to 6.6.1.3.

6.6.1.4.4 Measuring method

According to 6.6.1.3, chromaticity shall be measured at 10 points on a single specimen using
the same instrument and under the same conditions. Five or more pairs of points are selected
so that all 10 points are chosen. From the colour difference between each pair of points, the
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mean colour difference, the difference between the reference chromaticity and the mean, and
the standard deviation are calculated.

6.6.1.4.5 Calculation of colour difference

Colour difference is calculated using the colour difference formula based on the numerical
values of each of the L*a*b* coordinate axes, or using the colour difference formula based on
lightness, chroma, and hue.

The colour difference based on the L*a*b* colour system is calculated according to the
following formula:

AE* gy = |42 %) + (4a%)2 + (a5 %)2 "2

where
AE* is the colour difference based on the L*a*b* colour system;
AL*, Ap*, Ab* are the difference in L* and the difference in theycolour coordinates |;* and

b* of the chromaticity between a pair of points obtdined in 6.6.1.3.

The cqlour difference based on the luminosity, chroma, and hue’is calculated according| to the
following formula:

where

AE* 5 is the colour difference based on the L*a*b* colour system;

AL* is the difference in luminosity L* of the chromaticity between a pair of [points
obtained in 6.6.1.3;

AC* 5 is the difference in ‘@b chroma of the chromaticity between a pair of |points
obtained in 6.6.1.3;

AH” 5 is the difference‘in ab hue of the chromaticity between a pair of points obtajned in
6.6.1.3.

The cqglour difference.formula in CIE DE2000 (see CIE Publication No. 142) may also be used
for calpulating colour difference.

6.6.1.4.6 Report of the results

The reportshall include the following items:

a) measuring instruments;

b) measurement method (reflected light or transmitted light);

c) standard chromaticity;

d) difference between the standard chromaticity and the mean, and standard deviation.

6.6.1.5 Spectrophotometric characteristics
6.6.1.5.1 Outline

Spectrophotometric characteristics are indicated as changes in the energy of the transmitted
light or the reflected light against the wavelength of light. For example, they are represented
in a chart with wavelength plotted on the horizontal axis and relative energy value at each
wavelength on the vertical axis.
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6.6.1.5.2 Measuring equipment

Spectrophotometric characteristics shall be measured using an instrument which conforms to
one or more of the following: ISO 5-2, ISO 5-3, ISO 3664, or ISO 13655. A similar
measuring instrument may be used. It is also possible to measure the total luminous flux
using an integrating sphere, in which case, the measuring instrument specified in ISO 13468-
1 or ISO 13468-2 or a similar instrument shall be used.

6.6.1.5.3 Measuring method

Transmitted light or reflected light may be used for measurement. The details of the
measuring method shall be described in the product specifications.

6.6.1.3.4 Report of the results
The report shall include the following items:

a) mgdasuring instruments;
b) mgasurement method (reflected light or transmitted light);

c) chart plotting the changes in the energy of the transmitted light“and the reflected light
agpinst the wavelength (with the wavelength on the horizontal axis and relative eng¢rgy at
eafh wavelength on the vertical axis). The vertical axis mi@y be used as an index|which
represents the distribution of light energy at different wavelengths. The vertical axip shall
be|labeled with the index used.

6.6.2 Refractive index
6.6.2.1 Measuring method

The rgfractive index shall be measured using ‘method A (for measuring the refractivel index
using @ refractometer) specified in ISO 489t0r some other method.

6.6.2.2 Contacting liquid

A confacting liquid with a refractive index higher than that of the measured object and|with a
substrate which does not swell or dissolve as listed in ISO 489:1999, Table 1, shall be ysed.

6.6.2.3 Conditioning

Condifioning shall be performed at a temperature of 23 °C + 2 °C and a relative humidity of (50
+10) % for 88 h.orlonger.

6.6.2.4 Report of the results

The report’shall include the following items:

a) refractometer used, and the type of light source and wavelength;
b) refractive index;
c) dispersion (if applicable).

6.6.3 Retardation

Under consideration.

6.6.4 Luminous reflectance
6.6.4.1 Principle

Luminous reflectance is measured relative to a perfect white diffuser or the reference diffuser
used for calibrating the measuring instrument.
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NOTE Theoretically, measurement on a translucent plate which absorbs little light in the visible region results in
the sum of the total luminous transmittance and the total luminous reflectance being almost 100 %. If such an ideal
state is attained, the reflectance can be obtained by subtracting luminous transmittance from 100 % in 6.6.1.2.
Subclause 6.6.4 specifies a method for measuring reflectance independently.

6.6.4.2 Measuring equipment

Luminous reflectance shall be measured using an equipment which conforms to one or more
of the following: ISO 5-3, ISO 3664, and ISO 13655.

6.6.4.3 Illuminant

The illuminant shall be specified in the product specifications.

6.6.4.4 Measuring method

The measuring method shall be specified in the product specifications.

6.6.4.5 Report of the results
The report shall include the following items:

a) magasuring instrument and light source;
b) reflectance.

6.6.5 Haze
6.6.5.1 Measuring method

Haze is measured using the method specified in;ISO 14782. A similar method may be uged as
agreed between user and supplier.

6.6.5.4 Report of the results
The report shall include the following.items:

a) thitkness of the specimen;
b) tyge of light source;
c) hage.

6.7 [Flammability
6.7.1 Outline

Flammability is evaluated in the vertical burning test. The vertical burning test is defiped by
metho@«B_specified in IEC 60695-11-10 or as follows. An evaluation method which hag been
confirmedto be equivalent may pe uscd.

6.7.2 Test method

In principle, method B specified in IEC 60695-11-10 shall be used. However, if it cannot hold
the specimen vertically and/or the specimen is off the flame due to insufficient thickness,
deformation, or contraction, or the specimen bursts into flame up to the clamp, the vertical

burning test for easily bent materials specified in ISO 9773 or a method which has been
confirmed to be equivalent may be used to evaluate the specimen.

6.7.3 Report of the results
The report shall include the following items:

a) thickness of the specimen;
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