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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRINTED ELECTRONICS —

Part 201: Materials — Substrates

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization Comprising
all national electrotechnical committees (IEC National Committees). The object of IEC isnto”promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, TechnicakSpecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Nationals\€ommittee interested
in the subject dealt with may participate in this preparatory work. International, goyvernmental and non-
governmental organizations liaising with the IEC also participate in this preparation, EEC collaborates closely
with the International Organization for Standardization (ISO) in accordance wijth~conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, asfearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internationaluse and are accepted by IEC National
Committees in that sense. While all reasonable efforts are madé~to“ensure 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
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National "Committees undertake to apply IEC Publications
transparently to the maximum extent possible in theif )national and regional publications. Any divergence
between any IEC Publication and the corresponding fiational or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of\conformity. Independent certification bodies provide conformity
assessment services and, in some areas, ,access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they havesthe-latest edition of this publication.

7) No liability shall attach to IEC or its.directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the-spublication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

9) Attention is drawn,to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights.«4lEC shall not be held responsible for identifying any or all such patent rights.

DISCLAIMER

This~Consolidated version is not an official IEC Standard and has been prepared for
userconvenience. Only the current versions of the standard and its amendment(s)
are to be considered the official documents.

This Consolidated version of IEC 62899-201 hears the edition number 1.1 1t consists of

the first edition (2016-02) [documents 119/87/FDIS and 119/100A/RVD] and its
amendment 1 (2018-11) [documents 119/189/CDV and 119/206A/RVC]. The technical
content is identical to the base edition and its amendment.

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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International Standard IEC 62899-201 has been prepared by IEC technical committee 119:
Printed electronics.

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,

canba faornd Aan tha IEC \wahcita
Cart B e Tou oo tHeTEowWweBS

T

The committee has decided that the contents of the base publication and its amendment will
remain unchanged until the stability date indicated on the IEC web site 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.

IMPORTANT — The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should¢therefore print this document using a
colour printer.
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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 201: Materials — Substrates
Part 202: Materials — Conductive ink
Part 203: Materials — Semiconductor ink1

(Subsequent parts will be prepared for other materials.)

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

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

1 Under consideration.



https://iecnorm.com/api/?name=bb9d867387470e17e456bcd1866813da

IEC 62899-201:2016+AMD1:2018 CSV -9-
© IEC 2018

PRINTED ELECTRONICS —

Part 201: Materials — Substrates

1 Scope

This part of IEC 62899 defines the terms and specifies the evaluation method for substrates
used in the printing process to form electronic components/devices. This interpational
standard is also applied to the substrates which make surface treatment in order to‘ improve
their performance.

2 Normative references

The following documents, in whole or in part, are normatively referenced.in this document and
are indispensable for its application. For dated references, only the.&dition cited applies. For
undated references, the Ilatest edition of the referenced~‘\document (including any
amendments) applies.

IEC 60050 (all parts), International Electrotechni¢al Vocabulary (available at
www.electropedia.org)

IEC 60093:1980, Methods of test for volume tesistivity and surface resistivity of solid
electrical insulating materials

IEC 60216-1:2013, Electrical insulating materials — Thermal endurance properties — Part 1:
Ageing procedures and evaluation of test\results

IEC 60216-2, Electrical insulating(™materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of
test criteria

IEC 60216-3, Electrical™insulating materials — Thermal endurance properties — Part 3:
Instructions for calculating thermal endurance characteristics

IEC 60216-4-1,. Electrical insulating materials — Thermal endurance properties — Part 4-1:
Ageing ovens=-Single-chamber ovens

IEC 60216-5, Electrical insulating materials — Thermal endurance properties — Part 5:
Determination of relative thermal endurance index (RTE) of an insulating material

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
environmental parameters and their severities — Section 2: Transportation

IEC 61189-2:2006, Test methods for electrical materials, printed boards\_and other
interconnection structures and assemblies — Part 2: Test methods far~umaterials for
interconnection structures

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

IEC 62321-3-1, Determination of certain substances in eleetfdtechnical products — Part 3-1:
Screening — Lead, mercury, cadmium, total chromium) and total bromine using X-ray
fluorescence spectrometry

IEC 62899-202-5, Printed electronics — Part 202-%:“Waterials — Conductive ink — Mechanical
bending test of a printed conductive layer on ap iasulating substrate

ISO 5-2, Photography and graphic technolegy — Density measurements — Part 2: Geometric
conditions for transmittance density

ISO 5-3, Photography and graphie_technology — Density measurements — Part 3: Spectral
conditions

ISO 62, Plastics — Determination of water absorption

ISO 175:2010, Plastics)— Methods of test for the determination of the effects of immersion in
liguid chemicals

ISO 187, Papert, board and pulps — Standard atmosphere for conditioning and testing and
procedure(for-monitoring the atmosphere and conditioning of samples

ISO_2¥6, Writing paper and certain classes of printed matter — Trimmed sizes — A and B
setles, and indication of machine direction

ISO 217, Paper — Untrimmed sizes - Designation and tolerances for primary and

supprementaryranges;and-mndicatiomof-machinedirection

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
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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 534, Paper and board — Determination of thickness, density and specific volume
ISO 535, Paper and board — Determination of water absorptiveness — Cobb method
ISO 536, Paper and board — Determination of grammage

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

ISO 1924-2, Paper and board — Determination of tensile properties\~Part 2: Constant rate of
elongation method (20 mm/min)

ISO 1924-3, Paper and board — Determination of tensile prapérties — Part 3: Constant rate of
elongation method (100 mm/min)

ISO 1974, Paper — Determination of tearing resistance’— Elmendorf method
ISO 2039-1, Plastics — Determination of hardness — Part 1: Ball indentation method
ISO 2039-2, Plastics — Determination of Rardness — Part 2: Rockwell hardness

ISO 2471, Paper and board — Detennination of opacity (paper backing) — Diffuse reflectance
method

ISO 2493-1, Paper and board — Determination of bending resistance — Part 1: Constant rate
of deflection

ISO 2493-2, Pape( and board — Determination of bending resistance — Part 2: Taber-type
tester

ISO 2578:2993, Plastics — Determination of time-temperature limits after prolonged exposure
to heat

ISQ. 2758, Paper — Determination of bursting strength

ISO 2759, Board — Determination of bursting strength

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 3696, Water for analytical laboratory use — Specification and test methods

ISO 3781, Paper and board — Determination of tensile strength after immersion in water
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ISO 3783, Paper and board — Determination of resistance to picking — Accelerated speed
method using the IGT-type tester (electric model)

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 method —

Rules and procedures for the assessment of surface texture
ISO 5626, Paper — Determination of folding endurance
ISO 5635, Paper — Measurement of dimensional change after immersion in water

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 — Part 2:
Elmendorf method

ISO 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method

ISO 6588-1, Paper, board and pulps — Determination of pH\'gfaqueous extracts — Part 1: Cold
extraction

ISO 6588-2, Paper, board and pulps — Determinatioifivof pH of aqueous extracts — Part 2: Hot
extraction

ISO 7991, Glass — Determination of coefficient of mean linear thermal expansion

ISO 8791-2, Paper and board — Determination of roughness/smoothness (air leak methods) —
Part 2: Bendtsen method

ISO 8791-4, Paper and board &, Determination of roughness/smoothness (air leak methods) —
Part 4: Print-surf method

ISO 9220:1988, Metalig-coatings — Measurement of coating thickness — Scanning electron
micro-scope methad

ISO 9773:1998,\ Plastics — Determination of burning behaviour of thin flexible vertical
specimens.in_contact with a small-flame ignition source
ISO 9773:1998/AMD1:2003

ISO11359-2:1999, Plastics — Thermomechanical analysis (TMA) — Part 2: Determination of
ceefficient of linear thermal expansion and glass transition temperature

ISO 11556, Paper _and board — Determination of curl using a sinale vertically suspended test

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

ISO 11798, Information and documentation — Permanence and durability of writing, printing
and copying on paper — Requirements and test methods

ISO 12192, Paper and board — Determination of compressive strength — Ring crush method
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ISO 13468-1:1996, Plastics — Determination of the total luminous transmittance of transparent
materials — Part 1: Single beam instrument

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

ISO 13565-2:1996, Geometrical Product Specification (GPS) — Surface texture: Profile

method; Surfaces having stratified functional properties — Part 2: Height characterization
using the linear material ratio curve

ISO 13655, Graphic technology — Spectral measurement and colorimetric computation_Cfor
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 — Determinationcof“water vapour transmission rate
— Part 1: Humidity detection sensor method

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 methad

ISO 15106-4, Plastics — Film and sheeting — Determination of water vapour transmission rate
— Part 4: Gas-chromatographic detection sensor method

ISO 15184, Paints and varnishes — Determination of film hardness by pencil test
ISO 15512, Plastics — Determination of water content

ISO 15359, Paper and board — Determination of the static and kinetic coefficients of friction —
Horizontal plané\method

ISO 15754w-Paper and board — Determination of z-directional tensile strength

ISO15989, Plastics — Film and sheeting — Measurement of water-contact angle of corona-
treated films

o el (] '} i s
[ ITSTTITS Aarffad UcerirmtrolrTrs

For the purposes of this document, the terms and definitions given in IEC 60050, IEC 60695-
11-10, ISO 472, ISO 4287, as well as the following apply.

3.1
bow and twist
distortion in the dimensions of a plastic object which occurs after moulding or processing

Note 1 to entry: See Figure 1 for an example of bow and Figure 2 for an example of twist.
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Figure 1 — Example of bow

Touching base
point A, B and C

IEC

Figure 2 </Example of twist

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 'ebtained 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 1o entry: Micro-waviness is obtained from the average line (from the deviation curve) of the measured profile
curve:

3.4
foreign substance on surface

ot hinlky & 1 ol +la £ £ 4+l bat + ol I i H| |
SQUUOSTATIUCT  WITTCITT To TUuLAtTuU UIT 11T oSuUrTiduT Ul UTT oubolldatT arfu vdadrt T TCTITImuveu CClDIIy Uy

washing off with water, alcohols, cleaning agents, etc., or ultrasonic cleaning

3.5

foreigninclusion

substance which is completely embedded in the substrate or partially exposed on the surface
of the substrate, and cannot be removed by cleaning
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3.6

edge condition

state of the edges of the substrate which indicates the presence of distortion, waviness,
scratches, fracture, burrs, or foreign substances

3.7
minimum bending radius

Smattestiimit bending radius for which permanent structurat change does not occur

3.8
tear strength
force required to rip test specimens apart

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

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

Note 1 to entry: The unit of tear propagation resistance is newton/millimetre (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

3.11

water vapour transmission

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

Note 1 to entry: Water vapour transmission Gs, generally expressed as the mass of water vapour which passes
through an area of 1 m? in 24 h (g/m?2.d).

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

guotient of (the maximum voltage applied without breakdown, by the distance between
conducting_parts under prescribed test conditions

[SOURCE: IEC 60050-212:2010, 212-11-37]

3)14
temperatureindex

numerical value cofresponding to the iemperature, In degrees Celsius, derived from ine
thermal endurance relationship at a given time (normally 20 000 h)

[SOURCE: I1SO 2578:1993, 3.1, modified — “numerical value” is used instead of “number”.]

3.15

relative temperature index

temperature index (see 3.14) of a test material, obtained at the time which corresponds to the
known temperature index of a reference material when both materials are subjected to the
same ageing and diagnostic procedures in a comparative test
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[SOURCE: ISO 2578:1993, 3.2, modified — the reference to “temperature index” has been
added.]

3.16

chip

<glass substrates> place from which a small piece of glass has been removed from the glass
surface

3.17

crack

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

3.18
scratch
<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.

3.19

paper

material without conductivity in the form of a coherent sheet doweb, excluding sheets or laps
of pulp as commonly understood for paper-making or papettdissolving purposes and non-
woven products, made by deposition of vegetable, minetal) animal or synthetic fibres, or their
mixtures, from a fluid suspension onto a suitable forming“device, with or without the addition
of other substances

Note 1 to entry: There are also a number of synthetic,preducts with paper-like qualities that are applicable as
substrates for printed electronics. For the purposes of.this document these can be treated as paper for testing as
substrates.

[SOURCE: ISO 21067-1:2016, A.1.1, meadified — “without conductivity* and NOTE have been
added.]

3.20
board
paper (3.19) of a relatively high rigidity

Note 1 to entry: The ternr,‘paper” may be used for both paper and board. Materials of grammage less than
225 g/m? are generally eoxsidered to be paper, and materials of grammage of 225 g/m2 or more to be board.

[SOURCE: 1SO%9127:2017, 3.3.5.2.02]

3.21
pinhole
small\nele in a printed feature that is a result of a surface inhomogeneity on the substrate

N@te 1 to entry: This can be a consequence of a number of causes, and potential examples are listed below:

e asmall hole in the surface of the substrate;

e a hole large enough to permit the transfer of an applied functional ink;

e a local variation in the wetting properties of the surface that results in uneven wetting of an applied functional
ink.

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.
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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.

FUI papTl Dubbtlatcb, (1” paptl (JlIIGl MApTl bUald Dub)tlatc) nmray bC UDCd. FUI CAQIIIP:C,
uncoated or coated one-layer paper, as well as similarly uncoated or coated multilayer
paperboards can be used, and laminated papers/boards, polymer coating papers/boards, and
papers/boards coating with extrusion/dispersion can also be used.

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 .dre 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 recommended 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 mnAl¢ 880 mm, and 1 100 mm x 1 300 mm

4.3.3 Width and length (roll supply)
4.3.3.1 Polymer substrates

Preferred substrate widths are=800 mm and 1 600 mm with a tolerance of £1 mm. The test
method for substrate width shall be as specified in IEC 60674-2:1988, Clause 5.

The substrate winding 1ength 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 inches).
The core shape'shall be cylindrical. The core material may be any material which can be used
in a level 100 ¢clean room.

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

The roll winding misalignment of the roll (the difference between the roll width and the
maximum substrate width) shall 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
150 to less than 300 1,0 or less

300 or more 2,0 or less



https://iecnorm.com/api/?name=bb9d867387470e17e456bcd1866813da

- 18 - IEC 62899-201:2016+AMD1:2018 CSV
© IEC 2018

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:
4.3.3.3 Other-materials Paper substrate
When paper substrate is used as a sheet, the dimensions of the sheets shall be,as“specified

in ISO 216. Designation and tolerances for primary and supplementary ranges, awd indication
of machine direction shall be as specified in ISO 217.

When paper substrate is supplied by a roll, the standard widths of the «Qlt shall be according
to ISO 217. Winding length on a roll shall be as agreed between user apd supplier.

4.3.4 Substrate thickness
4.3.4.1 Polymer substrates

Substrate nominal thickness shall be selected from 5 um, 7,5 um, 10 um, 12,5 um, 20 um,
25 um, 30 um, 38 um, 50 pm, 75 pm, 100 pm, 125<4unT;, 150 pm, 188 um, 200 um or 250 pm.
The tolerance of the nominal thickness shall be £10%.

4.3.4.2 Glass substrates

Substrate nominal thickness should bexselected from 5pum, 10um, 20 um, 30 um, 40 um,
50 um, 70 pm, 100 pm, 125 pm, 150 pm, 200 pm, 250 um, 300 pm, 400 pum, 500 pm, 600 pum,
700 um, 800 um or 1 000 um. Thetolerance of the nominal thickness should be +10 %.

4.3.4.3 Othermaterials Raper substrate

The thickness of sulstrates is not limited. It shall be as agreed between user and supplier.
The method for measuring thickness shall be according to ISO 534.

Determinatiar’of grammage shall be according to ISO 536.

5 (General descriptions of evaluation tests

5/1  Sampling

Underconsideration-

In case paper substrates are used, the test methods in this document may be applied to the
evaluation of a single sheet or to the set of sheets. When the test methods are applied to the
set of sheets, the sheet shall be sampled randomly with no replacement. In cases where the
results of the tests are reported for a set of sheets, the total number of sheets in the set to be
tested and the number of sheets measured shall be reported.

5.2 Preparation of test specimens

The substrate shall be in its original form, or cut into the appropriate size for testing.
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Care should be taken not to touch the test specimens with fingers, etc. The specimens shall
not be cleaned unless otherwise specified.

5.3 Atmospheric conditions for evaluation test

The temperature and humidity conditions for evaluation tests shall be at a temperature of
23 °C + 1 °C and relative humidity of (50 +5) % according to 1SO 291 unless otherwise

specified:

The paper and paper board substrates shall be tested under standard atmospheric conditions,
at a temperature of 23 °C + 1 °C and a relative humidity of (50 + 2) %.

NOTE These are the standard atmospheric conditions as specified by ISO 187.
5.4  Conditioning
5.4.1 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 Glass substrates

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

5.4.3 Other materials
I ” on.
Paper and paper board substrates neeg conditioning. Unless otherwise specified, the test

specimens to be evaluated shall be conditioned according to ISO 187.

6 Characteristics and evaluation method of polymer substrates

6.1 Surface properties
6.1.1 Surface defects
6.1.1.1 General~characteristics

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

— _(Pinholes, hollows, blisters, pimples, fish-eyes, speckles, cracks, fractures, wrinkles,
detachment and creep

6.1.1.2 Detection method

The surface 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 as a stylus-based
profilometer, or WLI (white light interferometry).

6.1.1.3 Report of the results

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

a) type of defects;
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b) length 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 and twist are expressed as the bow ratio and twist ratio according to IEC 61189-3:2007,
9.4 (test 3M04).

The permissible bow ratio and twist ratio shall be agreed upon between uset ‘and supplier as
required. This agreement should consider the actual use on products as well as the
manufacturing 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 <darithmetic 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.

Measurement shall be made usifig 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 curye)“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 transmisSsjon rate of 50 %. The high-frequency component (short-wavelength
component) curyve obtained is treated as a surface roughness curve, from which the arithmetic
mean roughness*(Ra) is calculated.

For protfusions, Rk shall be obtained according to 1ISO 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) measuring instruments;

b) sampling method and place, and specimen size;
c) result of Ra measurement;

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

Micro-waviness is expressed as the arithmetic mean waviness (Wa). Wa is obtained as follows.

Measurement shall be made using a stylus (contact) instrument specified in 1ISO 3274 and a
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curve obtained, stylus strain and noise are removed with a profile filter and the roughness
curve is 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 treated
as a form 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) measuring instruments;
b) sampling method and place, and specimen size;
c) result of Wa 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 spé€cified 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;

b) substrate and water ot ether solvent;

c) test conditions (temperature and humidity);
d) mean contact angle.

6.1.3.2 Foteign substances on the surface
6.1.3.2.% Principle

Regartding 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'detected.

6.1.3.2.2 Inspection method

Foreign substances shall be detected with normal or corrected vision (6/6 or better), with a
microscope, edge light, or with a surface inspection machine. There shall be no foreign
substances which are equal to or greater than the specified size (maximum diameter) agreed
between user and supplier.

6.1.3.2.3 Report of the results

The report shall include the following items:
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a) detection method;

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).

6.1.3.3 Foreign inclusions

6.1.3.3.1 Principle

For foreign substances and voids which are included in the substrate, those which afe
equal to or greater than the specified size (maximum diameter) agreed between usercand
supplier shall be detected.

6.1.3.3.2 Inspection method

Foreign substances shall be detected with normal or corrected vision (6/67er better), with
a microscope, or with a surface inspection machine.

Since the permissible state of inclusion of foreign substances depends on the purpose, the
allowable size shall be agreed between user and supplier.

Regarding the inclusion of foreign substances which cause - unevenness on the surface, the
allowable height shall be agreed between user and supplier.

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

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

c¢) no foreign substances which aréf®equal to or greater than a certain size (maximum
diameter).

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
substances. 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) detection method;
b) inspection method (100 % or sampling), sampling method and place, and specimen size;
c) specific cracks, scratches, unevenness, and foreign substances.
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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 from ISO 527-1:2012, Table 1, as agreed between user“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 bé-selected from
ISO 527-2, ISO 527-4, or 1SO 527-5 according to the material of the substrate, and shall be
described in the product specifications.

6.2.1.4 Report of the results
The report 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 tensilefstrain at break (dimensionless ratio or %).

6.2.2 Tensile strength
6.2.2.1 Outline

Tensile strength is expressed asithe stress at which the specimen breaks, to which ISO 527-1
and the following shall be appthied.

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
ISQ 527-2, 1SO 527-4, or 1SO 527-5 according to the material of the substrate, and shall be
deseribed in the product specifications.

6224 Pppnrf aof the results

The report shall include the following items:

a) testing machine;

b) test speed (mm/min);

C) specimen size (mm);

d) test environment (temperature and humidity);
e) tensile strength (MPa).
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6.2.3 Tensile modulus
6.2.3.1 Test method

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

6.2.3.2 Recommended test speeds

A test method is selected from ISO 527-2012, Table 1, as agreed between user and supplier
and described in the product specifications.

6.2.3.3 Test specimens

For the size and preparation of test specimens, appropriate standards shall be selected from
ISO 527-2, ISO 527-4, ISO 527-5 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 shall include the following items:

a) testing machine;

b) test 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 beyondi\the minimum bending radius, permanent structural
changes (creases or cracks) occur.en“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
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)lor a fracture resistance tester (also known as a two-sided fracture tester).

6.2.4.2.2 Flex resistance tester

A flex resistance tester has the structure shown in Figure 3 near the part where the specimen

is attached, and shall satisfy the following requirements:
— The two flat plates are parallel. The distance d between the flat plates can be adjusted and
measured.

— Each flat plate has a mechanism to hold the side of the specimen so that no part of the
specimen protrudes when it is bent in a U shape.
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Figure 3 — Structure of the flex resistance tester near the(part
where the specimen is attached
6.2.4.2.3 MIT instrument

The MIT instrument which is described in the 1SO 5626 isyused. This instrument has the
structure shown in Figure 4.

/Spemmen

Bender mounting face

Bender

o %O mm 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 constant tension to the specimen. This instrument

shall satisfy the following requirements.

— It can apply the tension specified in the product specifications to the specimen, and
measure and display the tension.
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— It can conduct tests at radiuses of curvature greater than that specified in the product
specifications.

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

6.2.4.3 Test specimens

The specimen—shall be in its original form,and of the size specified in the

specifications.

6.2.4.4 Measurement procedure
6.2.4.4.1 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 specificatiofis. When the test is
completed, increase d, detach the specimen, and perform the inspectionafter testing.

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

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 jthe 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.

Rotate the bender 90° from the vertical direction at the specified bending speed and 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 perform the
inspection after testing.

Repeat the test' by gradually reducing the radius of the curvature at the bender from
approximately’/twice the minimum bending radius of the specimen specified in the product
specifications to the level specified in the product specifications.

The test shall be repeated by reducing the bending radius from twice the minimum bending
radius to the one specified in the product specification, until permanent structural change
is’detected according to 6.2.4.4.2.

6.2.4.4.3 Inspection after test

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

6.2.4.5 Expression of the results

The minimum bending radius at which no permanent structural change occurs to the specimen
is the minimum bending radius.
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6.2.4.6 Report of the results
The report shall include the following items:

a) test method (flex resistance tester or MIT instrument);
b) type and thickness of the specimens;
¢) 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. Eithernmethod can be used
to measure tear strength. An appropriate test method depends~aon 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.

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

6.2.5.3 Expression of the results

The tear property obtained is the tear propagation resistance in newton per millimetre (N/mm),
which is calculated by dividingithe force required to tear the specimen (tear strength) in
newton (N) by the thickness oféthe specimen.

6.2.5.4 Report of the results
The report shall in¢lude the following items:

a) thickness efithe specimen;
b) tear speed;
C) measuring atmosphere;

d) ear propagation resistance (tear strength may be accompanied).

6.2.6 Edge strength

Lol il 41
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6.2.7 Hardness
6.2.7.1 Test method
Hardness shall be measured as pencil hardness according to 1SO 15184. If required, Shore

hardness (see ISO 868) or ball indentation hardness (see ISO 2039-1 and ISO 2039-2) can be
used.



https://iecnorm.com/api/?name=bb9d867387470e17e456bcd1866813da

- 28 — IEC 62899-201:2016+AMD1:2018 CSV
© IEC 2018

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

a) test method;
b) thickness of the specimen;
c) temperature and humidity during the test;

d) brand of the pencil used (for pencil hardness), durometer type (for Shore hardness), or
Rockwell hardness scale (for ball indentation hardness);

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

6.3 Chemical properties
6.3.1 Resistance to chemicals
6.3.1.1 Test method

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

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 I1SO 175 as agreed between user and supplier, and described in the product
specification.

The liquid used for the test shall be an acid solution, an alkaline solution, or an organic
solvent, which should preferably be selected ffem Table A.1 (reagents) and Table A.2 (various
liquid products) in ISO 175:2010. Howeversdepending 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 size and preparation of test specimens shall follow ISO 175 and be described in the
product specification.

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

a) test method;

b) test conditions;

c) test.specimen;

d) test environment (temperature and humidity);
e).resistance to chemicals.

6.3.2 Halide contents

6.3.2.1 Test method

Mass fraction (107) shall be obtained using the method in IEC 61189-2:2006, 8.12 (test
2C12).

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

a) test method;
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b) test conditions;

c) test specimen;

d) test environment (temperature and humidity);
e) mass fraction (10°6).

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 61189-2:2006, 8.4 (test 2C04).

For materials which are not specified in IEC 61189-2:2006, 8.4 (test 2C04), the loven shall
follow the instruction of the material manufacture.

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

a) test method;

b) test conditions;

c) test specimen;

d) test environment (temperature and humidity);
e) mass fraction (10°6).

6.3.4 Gas transmission
6.3.4.1 Water vapour transmission
6.3.4.1.1 Test method

Water vapour transmission shall be<measured using the humidity detection sensor method
specified in 1SO 15106-1, infrated sensor method specified in SO 15106-2, 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 selegted shall be described in the product specification.

6.3.4.1.2 Reportaf the results
The report shalkinclude the following items:

a) test method;

b) test.conditions;

c) test specimen;

d)“test environment (temperature and humidity);

e) mass of water vapour which passes through an area of 1 m2 in 24 h (g/mZ2 d).

6.3.4.2 Oxygen gas transmission
6.3.4.2.1 Test method

Oxygen gas transmission shall be measured using the differential pressure method (pressure
sensor method) specified in ISO 15105-1 or isopiestic method (electrolytic sensor method or
gas chromatographic method) specified in ISO 15105-2. However, as agreed upon between
user and supplier, another method may be used. The test method selected shall be described
in the product specification.
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The gas transmission and gas transmission coefficient (gas permeability) can be obtained as
test results. The properties used for the evaluation shall be described in the product
specification as agreed between user and supplier.

6.3.4.2.2 Test specimens

Since both sides of the specimen may have different properties, a method for distinguishing

la +=l la ol et + <l ol tla +=l lasala—t ol +lao + + la-all 1o cla-el
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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)-

6.3.5 Moisture absorption
6.3.5.1 Test method

The test is conducted using the D method (exposing theyspecimen to a relative humidity of
50 % and measuring the amount of water absorption) §pecified in 1ISO 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 followingzitems:

a) test method;

b) test environment (temperature and humidity);

c) test conditions (exposure time);

d) test specimen (are@a;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

\olume resistance is nyprpecnd in Ohm centimetre (O r\m) Suwrface resistance is oyprpecnd in

Ohm (Q).
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 Measurement equipment

Measurement equipment shall be as specified in IEC 60093. The dimensions of the
measuring electrode described in IEC 60093:1980, Clause 6, are: d; =50 mm, d, = 60 mm,
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and d; = 80 mm (see Figure 5). However, the other electrode dimensions of d; = 50 mm,
d, =70 mm, d; =80 mm, may be used.

6.4.1.1.4 Applied voltage

Applied voltage shall be selected from the voltage listed in IEC 60093:1980, Clause 4.

6.4.1.1.5 Test specimens

The shape, dimensions and preparation of the test specimen shall be as specified (n
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, 14:Y, from the
measurement results. Surface resistivity is calculated in accordance with [E€ 60093:1980,
11.2, from the measurement results.

6.4.1.1.7 Report of the results
The report shall include:

a) volume resistance and/or surface resistance;

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 relativetiumidity);
e) electrode dimensions (dq, d, and d3) and material;
f) applied voltage (V).

Figure 5 — Example of a measuring electrode
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6.4.1.2 Electrical strength
6.4.1.2.1 Outline

Breakdown voltage is measured in the direction perpendicular to the surface of the substrate.
Electric strength is the quotient of the breakdown voltage by the distance between the
electrodes under 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;

g) the test voltage is increased according to IEC 60243-1:20143) 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 Jgcation;

b) dimensions of the specimen (length x\width or diameter (mm), and thickness (um));

c) treatment and conditioning forothe specimen (application of cleaning and method,
conditioning atmosphere, etc.);

d) test atmosphere (surrounding medium: air or insulation liquid, temperature and relative
humidity);

e) electrode dimensionsx(d}, d, and d3) and material,
f) mode of increasing yoltage.

6.4.1.3 Relativepermittivity

Under consideration.

6.4.1.4 Dissipation factor

Undef consideration.

6.4.2 Measurement at high temperature

6.4.2.1 Surface resistance

Under consideration.

6.4.2.2 Volume resistance

Under consideration.
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6.5 Thermal properties
6.5.1 Glass transition temperature
6.5.1.1 Test method

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

(test 2M11).

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.

6.5.2.2 Measurement conditions

Measurement conditions such as the measuring ‘ef“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 1SO 11359-2:1999, 6.2,4«he conditioning atmosphere shall be as specified in
ISO 291. However, if a modificationcof 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) conditioning*atmosphere;

C) measuring temperature range;

d) heating rate;

e)'surrounding atmosphere;

f))* gas flow rate, etc.

il +

653 D;IIICIID;UIIG: ataunll.y
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 the method agreed between user and supplier.
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6.5.3.1.2 Test conditions

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

6.5.3.1.3 Report of the results

a) results of the dimensional stability;
b) specimen dimensions;

c) processing temperature and processing time.
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 theéymethod defined in IEC 60216-1.
If there is agreement between user and supplier, the methedspecified in IEC 60216-6 shall be
used.

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". Therg.is almost no difference between the results obtained
by each measuring method.

According to the recommendation describedvin 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. UnlessJootherwise specified, the evaluation method of the
selected property (properties) shall e the respective method specified in this document. If
special conditioning is necessary, theé product specification shall specify the conditions.

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

6.5.4.2 Test apparatus

The ageing oven shall be as specified in IEC 60216-1:2013, 5.6, or it shall be able to hold the
exposure 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

Acgording 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. The lowest temperature shall be selected
so that time to end-point will be more than 5 000 h. The highest temperature shall be selected
so that time to end-point will be less than 500 h.

The atmospheric 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 specimen, the atmospheric conditions shall be as specified in the product specification.

The method of determining the end-point shall be according to IEC 60216-1:2013, 5.2.
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If the product specification so specifies, the evaluation shall be made before reaching the
end-point 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 conditioning 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 + (T4 — Tg) from the
temperatures obtained by extending the degradation function of(the material to be evaluated
(regression line) and the degradation function of the referencéymaterial for the time required
in practice (20 000 h, 60 000 h, 100 000 h, etc.) (with Tcindicating the temperature of the
material to be evaluated and Tg indicating the temperature of the reference material), and
from the temperature index (TIr) of the reference material.

The relative temperature index shall be obtained using the temperatures (T, for the specimen
and Tg for the reference material) which are obtained by extrapolating the practical time
(20 000 h, 60 000 h, 100000 h) to thedegradation function (regression line) of the
specimen and the reference material, and temperature index of the reference material (TIr)
as expressed by the formula Tir + (Tp —Tp)-

6.5.4.8 Report of the results
The report shall include:

a) relative temperature index (RTI);
b) extrapolated temperatures;
c) property(ies) fdr determining the relative temperature index.

6.6 Opticalsproperties
6.6.1 Method of testing the colour of the substrates
6.6.1<2 Outline

Subclauses 6.6.1.2 through 6.6.1.5 shall apply to transparent or nearly transparent materials.

6.6.1.2.1 Measuring method

Luminous transmittance is expressed as total luminous transmittance, and shall be measured
using the single-beam method as specified in ISO 13468-1, or the double-beam method as
specified in 1ISO 13468-2, with the following details. If agreed upon between user and supplier
(supplier and purchaser), another method which is recognized as equivalent may be used.
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6.6.1.2.2 Measuring equipment
Measuring equipment shall be as specified in 1SO 13468-1:1996, Clause 4, or

ISO 13468-2:1999, Clause 4, as appropriate. Measuring equipment according to ISO 13655
and/or ISO 5-2 may be used.

6.6.1.2.3 Wavelength or wavelength range used in the test

Luminous transmittance shall be measured either at a particular wavelength or at a
wavelength range, as agreed between user and supplier considering factors such as the
material characteristics and application.

6.6.1.2.4 Report of the results
The report shall include the following 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 presentedsas-the CIE (1976) L*a*b* colour space.

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
calibrating measuring-equipment.

6.6.1.3.3 Measuring equipment and auxiliaries

The measuring equipment and light source shall be in accordance with at least one of the
following:*ISO 5-2, 1SO 5-3, ISO 3664 or ISO 13655, and shall be specified in the product
spegification.

NOTE There is a measuring instrument which conforms to ISO 14981.

A Al 2 L roac oo £ +h "
V.U, J LY T

1 A = P
Tt CAPTCSSTOTT U
The results shall be presented as the numerical values of each of the L*a*b* coordinate axes,
or shall be plotted in the L*a*b* colour space. If agreed between user and supplier, the results
may be presented instead by the numerical value of a specific coordinate axis or the
numerical values of two specific coordinate axes of the L*a*b* colour space. In this case, the
coordinate axis or axes concerned shall be clearly stated.

6.6.1.3.5 Report of the results

The report shall include the following items:
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a) measuring instrument and light source;
b) measurement method (reflected light or transmitted light);

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

6.6.1.4 Uniformity of colour

6.6.1.4.1 Principle

Colour differences are obtained at 10 points on the specimen, and their average is evaluated
by the 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
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:

JE gy = [(AL%)2 1 (sa%)? + (402 |2

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

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

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

/2
AE * gy = [(AL%)2 1 (AC *3)2 + (aH *5)2 |

where:
AE* 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;
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AC* is the difference in ab 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 obtained in

6.6.1.3.

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

6.6.1.4.6 Report of the results
The report shall 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 changesin’the energy of the transmitted
light or the reflected light against the wavelength of light.-F0r 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.

6.6.1.5.2 Measuring equipment

Spectrophotometric characteristics shall bedngasured using an instrument which conforms to
one or more of the following: 1SO 5-2, 1SO 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 1ISO 13468-
1 or ISO 13468-2 or a similar instrument shall be used.

6.6.1.5.3 Measuring methad

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

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

a) measuring instruments;
b) measurement method (reflected light or transmitted light);

c)—chart plotting the changes in the energy of the transmitted light and the reflected light
against the wavelength (with the wavelength on the horizontal axis and relative energy at
each wavelength on the vertical axis). The vertical axis may be used as an index which

represents the distribution of light energy at different wavelengths. The vertical axis shall
be labeled with the index used.

6.6.2 Refractive index
6.6.2.1 Measuring method

The refractive index shall be measured using method A (for measuring the refractive index
using a refractometer) specified in ISO 489 or some other method.
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6.6.2.2 Contacting liquid

A contacting 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 used.

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 perfeet white diffuser or the reference diffuser
used for calibrating the measuring instrument.

NOTE Theoretically, measurement on a translucentyplate which absorbs little light in the visible region results in
the sum of the total luminous transmittance and the tetal luminous reflectance being almost 100 %. If such an ideal
state is attained, the reflectance can be obtajned\'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 bedmeasured using an equipment which conforms to one or more
of the following: ISO 5-3, 1ISO"3664, and ISO 13655.

6.6.4.3 IHluminant

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) measuring 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 used as
agreed between user and supplier.
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6.6.5.2 Report of the results
The report shall include the following items:

a) thickness of the specimen;
b) type of light source;
c) haze.

6.7 Flammability
6.7.1 Outline

Flammability is evaluated in the vertical burning test. The vertical burning test is defined by
method B specified in IEC 60695-11-10 or as follows. An evaluation method which\hds been
confirmed to be equivalent may be used.

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, tovinsufficient 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 orla 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;
b) conditioning (for tests in conditions diffetent from the specifications in IEC 60695-11-10);
c) cutting, finishing, and processing other. than conditioning;

d) lingering flame time after the 18! flame contact (t;), lingering flame time after the 2nd
flame contact (t,), afterglow time\(t3), and (t,+t3) for each specimen;

e) total lingering time (t;) ofla group of five specimens for each of the two types of
conditioning;

f) whether flaming objects)fall, and whether the marking absorbent cotton catches fire;
g) applicable combustibility class (V-0, V-1, or V-2).

7 Characteristics and evaluation method of glass substrates

7.1  Surface properties
7.1.1 Surface roughness

Usually an arbitrarily selected area on the surface of the substrate is measured using a
surface analyzer.

The test should follow 6.1.2.2. It may also use a method with an atomic force microscope
(AFM) or a method which has been confirmed to be equivalent. The test method shall be
described in the product specifications.

7.1.2 Chips and cracks
7.1.2.1 Inspection method

Chips and cracks shall be detected with normal or corrected vision (6/6 or better) in a
darkroom, or by image inspection.
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7.1.2.2 Inspection environment

The inspection light source shall be reflected light from a halogen lamp, or reflected or
transmitted light from a fluorescent lamp. It may also use other light sources with similar
illumination. The conditions for inspection including the type of light source and illumination
shall be described in the product specifications.

2.4 9 A 0o 4 £tlo L
r1.2.9 NTCTPUTL UT ITT TToUTLS

If chips or cracks exist, the allowed types and sizes of the defects shall be described in the
product specifications as agreed between user and supplier. However, the permissible types
and sizes shall not exceed the visually recognized level.

7.1.3 Foreign inclusions
7.1.3.1 Inspection method

Foreign inclusions shall be detected with the normal or corrected vision((6/6 or better) in a
darkroom, or by image inspection.

7.1.3.2 Inspection environment

The inspection light source shall be reflected light from a,-halogen lamp, or reflected or
transmitted light from a fluorescent lamp. It may also useother light sources with similar
illumination. The conditions for inspection including thectype of light source and illumination
shall be described in the product specifications.

7.1.3.3 Report of the results

The permissible type and size of foreign™inclusions shall be described in the product
specifications as agreed upon between uséer and supplier. However, the permissible types and
sizes shall not exceed the visually recognized level.

7.1.4 Foreign substances on sarface
7.1.41 Inspection method

Foreign substances shall(he detected with normal or corrected vision (6/6 or better) in a
darkroom, or by image-inspection.

7.1.4.2 Inspection environment

The inspectionlight source shall be reflected light from a halogen lamp, or reflected or
transmitted- light from a fluorescent lamp. It may also use other light sources with similar
illuminatign. The conditions for inspection including the type of light source and illumination
shall e described in the product specifications.

7.1.4.3 Report of the results

The permissible type and size of foreign substance on the surface shall be described in the

product specifications as agreed upon between user and supplier. However, the permissible
types and sizes shall not exceed the visually recognized level.

7.1.5 Scratches
7.1.5.1 Inspection method

Scratches shall be detected with normal or corrected vision (6/6 or better) in a darkroom, or
by image inspection.
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7.1.5.2 Inspection environment

The inspection light source shall be reflected light from a halogen lamp, or reflected or
transmitted light from a fluorescent lamp. It may also use other light sources with similar
illumination. The conditions for inspection including the type of light source and illumination
shall be described in the product specifications.

24 .2 0o 4 £tlo [
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The permissible type and size of scratches shall be described in the product specifications as
agreed between user and supplier. However, the permissible types and sizes shall not exceed
the visually recognized level.

7.2  Mechanical properties
7.2.1 Young's modulus and Poisson's ratio

Young’'s modulus and Poisson's ratio shall be measured using the method specified in
ISO 17561 or a method which has been confirmed to be equivalent.

7.2.2 Density

Density shall be measured using the method specified in 1IS©2738 or a method which has
been confirmed to be equivalent.

7.2.3 Hardness

Hardness shall be expressed as Vickers hardness and is measured using the method
specified in ISO 6507-1. Knoop hardness may_he“dsed if necessary.

7.3 Chemical properties
7.3.1 Resistance to chemicals

Under consideration.

7.3.2 Gas transmission

Subclause 6.3.4 applies-to gas transmission.

7.4 Thermal properties
7.4.1 Coefficient of linear thermal expansion

The cogfficient of linear thermal expansion shall be measured using the method specified in
ISO 7991 or a method which has been confirmed to be equivalent.

7.4.2 Strain point

7.4.2.1 Outline

The strain point is the temperature at which the internal stresses in a glass are substantially
relieved in a matter of hours (see the ISO 7884-1). The temperature shall be measured using
the beam bending method (the method specified in ISO 7884-7), the fiber elongation method,
or a method which has been confirmed to be equivalent.

7.4.2.2 Beam bending method

The beam bending method is specified in ISO 7884-7.
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7.4.2.3 Fiber elongation method
7.4.2.3.1 Principle

The principle of the strain point by the fiber elongation method is basically based on
ISO 7884-3. The strain point is determined by an extrapolation with the annealing point. The
annealing point is determined by measuring the rate of viscous elongation of a simply loaded
glass fiber.

7.4.2.3.2 Test method
7.4.2.3.2.1 Apparatus

The strain point shall be measured using the following apparatus or apparatus which has
been confirmed to be equivalent.

e Furnace - the furnace shall be about 370 mm long and approximately 120y mm in diameter
and shall contain a core about 300 mm long and 30 mm in outside diameter, with an inside
diameter of 6 mm.

e Temperature measuring — the alumina-insulated platinum-10 % rhadium/platinum (type S
according to IEC 60584-1) thermocouples, or platinum-13 %~rhodium/platinum (type R
according to IEC 60584-1) thermocouples, nickel-chromium/nickel (type K according to
IEC 60584-1) thermocouples shall exhibit low thermal inertia (the diameter of the wires
should not be greater than 0,5 mm).

e Elongation measuring — the fiber elongation rate shall be measured with an apparatus
which has an uncertainty not greater than 0,01 mm,

e Micrometer — the fiber diameter shall be measured by a micrometer with a least count of
0,005 mm.

7.4.2.3.2.2 Preparation

For a fiber sample specimen, the fiben'cross section shall be of a diameter of 0,65 mm
+ 0,10 mm, and be uniform +0,015 mm. Fiber length shall be 100 mm to 350 mm and have
two balls at the both ends. If the length of the fiber is shorter than the furnace length, the fiber
shall be supported by a metal rod

7.4.2.3.3 Procedure

The specimen shall be held at the upside ball and not touch the furnace inner wall, and the
the 1 kg load shall hang on the lower side. The furnace shall establish a cooling rate of
4 °C/min =1 °C/min. The elongation rate at the annealing point is approximately 0,14 mm/min.
The strain peint is determined by extrapolation of the annealing point data and is the
temperature\ at which the viscous elongation rate is 0,031 6 times that observed at the
annealing paint. The strain point shall be obtained following a specified procedure after direct
calibratien of the apparatus using reference glasses having a known strain point.

74:2.3.4 Report of the results

The report shall include:

a) test method;

b) strain point in degree Celsius;

c) description of the sample;

d) calibration reference and correction applied.
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7.5 Optical properties
7.5.1 Refractive index

The refractive index shall be measured using the minimum deviation angle method, critical
angle method, or a method which has been confirmed to be equivalent. The test condition
shall be described in the product specifications.

For the minimum deviation method, a prism spectrometer or a V-block refractometer with
similar accuracy may be used. For the critical angle method, an Abbe refractometer may be
used.

7.5.2 Luminous transmittance

Luminous transmittance shall be measured by obtaining a spectral transmissionactor with a
single-beam or double-beam spectrophotometer. The test condition shall be described in the
product specifications.

8 Characteristics and evaluation method of-ethermaterialstceramics—metal;
paper—others) paper substrates

8.1 General

The paper and paper board substrates used ins\pitinted electronics (PE) shall be tested
according to the methods specified in Table 2. Unless there is a prior agreement between the
user and supplier these test methods shall b& applied without modification. In cases where
the test has been modified, the changed condition shall be described in the report.

Table 2 — Test methods for paper and paper board substrates used in PE

Iltems Standards that each test method is defined
Surface condition Surface roughness Subclause 8.2 in this document

Flatnessy(curl) ISO 11556

Defects Subclause 8.3 in this document

Gaefficient of friction ISO 15359

Contact angle Subclause 8.4 in this document

Surface pH Subclause 8.5 in this document

Composition of surface Subclause 8.6 in this document

Thickness of coating layer Subclause 8.7 in this document
Mechaniéal properties Bursting strength ISO 2758 (for paper), 1ISO 2759 (for paper board)

Tensile strength Constant rate of elongation method:

1ISO 1924-2 (for 20 mm/min)
ISO 1924-3 (for 200 mm/min)
ISO 3781 (for after immersion in water)

Z-directional tensiie strengtn. 150U 15754

Young's modulus ISO 1924-3

Bending radius (IEC 62899-202-5)

Tearing resistance ISO 1974 (EImendorf method)

Bending resistance ISO 2493-1 (constant rate of deflection)
(bending stiffness) ISO 2493-2 (taber-type)

ISO 5626 (folding endurance)
ISO 11798 (mechanical strength)
Resistance to picking ISO 3783
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Compressive strength

ISO 12192 (ring crush method)

Chemical properties

pH of aqueous extracts

ISO 6588-1 (cold extraction)
ISO 6588-2 (hot extraction)

Water vapour transmission rate

ISO 15106-2

Oxygen gas transmission rate

ISO 15105-2

Water absorptiveness

ISO 535 (Cobb method)

Dimrensiomastatiity tomidity)

TSU 35033

Electrical properties

Volume resistance and surface
resistance

IEC 62899-201

N

Electrical strength IEC 62899-201 o
Optical properties Opacity ISO 2471 (diffuse reflectance) ‘(\'\v
A
}\ B
8.2 Surface roughness @Q
8.2.1  General X?\

©

N
The surface roughness of paper substrates is classified accordinql)% the following three
classes: r\

o>

S

4

In traditional technology, class (a) was not recognécf as an important area. However, the
progress of the technology requires the region s(\e ass (a) to be considered, whereas the
importance of class (c) might be reduced ip é0mparison. The measurement methods for
classes (a) and (b) are specified in this dom@%nt.

class (a) optical roughness at <1 um;
class (b) micro roughness at 1 um to 100 ym;
class (c) macro roughness at >100 ym

8.2.2 Measurement method for clas\g\(a)

\\QQ)
The gloss method or the Whites\ight interferometry (WLI) shall be used in the detection of
optical roughness (< 1 um). method which is used in this measurement may be decided
according to prior agreerrg\'@t etween the user and supplier.

8.2.2.1 General

NOTE The WLI is used,@t}h smoothness glossy paper such as a uniformly nanoparticle-coated product.

When the 60° gloss is over 65 or the average roughness (Ra) is less than 0,6 um, the
distinctness o@vage (DOI) measurement may be used.

8.2.2.2 (:éloss method
Th

O

OTE The equipment which is specified in ISO 8254-1 is also used widely in the paper industry. However, the

gloss shall be used in this measurement. The appropriate gloss meter may be used,
e measurement method should be according to ISO 2813.

method—of TSO-8254= s fimited—to 75 —gioss.Wiem theequipment Ts—abfetomeasure the 60 gfoss, twitrbe
possible to use it in this measurement.

Since the value of specular reflection light intensity which is obtained during the measurement
of gloss and the surface roughness have a relation in Formula (1), the surface roughness (Rq
(RMS)) is calculated by Formula (2). The value of specular reflection light intensity can also
be obtained by dividing the value of the glossiness by the specularly reflected light intensity of
the glass surface with the refractive index n = 1,567.
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L: Fexp _[471’0‘C056’j (1)
I A
]
o= AdzccosA A —n IUI: (2)

where C)OJA

I is the specular reflection light intensity; '\Q)

lp is the incident light intensity; (19

F is the Fresnel coefficient; N

o is the surface roughness (Rq); @Q

0 is the measurement angle (60°); and Q))(

A is the wavelength. Q\

8.2.2.3  WLI method N-
g

The WLI method shall be used with following requirements: Cb/

a) the inclination of the sample shall be corrected by tilt- before measurement;

b) the measurement equipment shall be placed on a gt?—vibration table;

c) enough data shall be collected to achieve st@atical significance over the roughness
length scale of the substrate. o

R, and Ry shall be calculated according to t!‘é@ethod described in 6.1.2.2.1.

8.2.2.4 DOl method 6\0\\

The wave scan DOI meter shall helised. The equipment shall use a laser light source to
illuminate the substrate surface at™a 60° angle. The image clarity value (C, %) is obtained as
the result of the measurementgzand R4 shall be calculated using the C value.

Q\
NOTE The DOI meter which i\@scribed in ASTM D5767 can be used in this measurement.
8.2.3 Measurem&@method for class b)

The method spectified in ISO 8791-2 (Bendtsen method) or 1SO 8791-4 (PPS (ParkerPrint-
surf)) shall bé d as the measurement of surface roughness of class (b).

8.2.4 alculation

R R, shall be calculated as the parameters on the surface roughness according to the
od described in 6.1.2.2.1.

\Q/S 2.5 Report of the results

The report shall include the following items:

a) measurement method and measurement equipment used;
b) measuring place and measurement size;

c) number of the sampling data;

d) result of Ry or Ry measurement;

e) result of R, and number of protrusions (if detected).
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8.3 Defects (pinholes) of coating layer

8.3.1 General

In many cases, paper substrates and paper board substrates are coated with polymeric layers.

It may be possible to detect defects of the polymeric layer using the method described in 8.2.
However, it would be necessary to examine the defects in a wider area on the surface of the
paper substrate. In particular, pinholes are the defect which has a negative impact such as

disconnection of the circuit. The method for detecting these defects is specified in 8.3. This

N

method is applicable to all kinds of polymeric coated paper and paper board substrates. Q)

It should be noted that there may be a case where it is not possible to detect all pinholes\%is
necessary to pay particular attention in the case where the ink to be used ha large
difference on the wettability from the ethanol solution. :

8.3.2 Test i @Q
3. est specimens ?“

At least five specimens shall be tested. ,\Q)

Q
Except by prior agreement between the user and supplier, the size ,Qf(lﬁe specimens shall be

12 cm x 12 cm. (19

equipment, in such cases a prior agreement between the and supplier shall be made and

In some cases the size of the specimens may be adjuﬂ%@.)ob)ased on the size of the test
the size of the test sample used shall be reported.

8.3.3 Colour solution s\\Q/

A solution of 0,5 % (weight per volume ) g destuff ethanol shall be prepared. E131 Blue
(CAS 3536-49-0) or Crossing Scarlet MO S 5413-75-2) shall be used as dyestuff. When
insoluble matters are observed in the SO%I n, the solution should be filtered before use.

s\\‘r
8.3.4 Procedure
¥
The specimen shall be placed.@ an appropriate plane. The colour solution shall be poured
onto the surface of the specit , covering it completely. After 5 min, the colour solution shall

be poured off and wiped off, the surface with some tissue paper or a sheet of unprinted kitchen
roll. The number of coI ed pinholes shall be counted and expressed by the number of
pinholes in the sam% er square metre. This procedure is repeated against five specimens.
The five results sh e averaged.

8.3.5 Re;b\t%f the results

The repqrtishall include:

a) of substrate, sample identification;

rea of the test piece;
N result of the test (averaged value).

8.4 Contact angle
8.4.1 General

When a droplet of liquid is dropped on the surface of a paper substrate, in many cases the
droplet is absorbed into the substrate. In other words, the contact angle between the droplet
and the substrate changes depending on the time. In the case of paper substrates where the
surface is coated with a polymer and the contact angle does not change, the contact angle
may be measured by the method specified in ISO 15989. However, for most paper substrates
where the droplet of liquid is absorbed into the substrate, the contact angle shall be measured
by the following method.
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8.4.2 Outline of the measurement method

A drop with a specified volume of liquid is automatically applied to the surface of the paper
substrate. Images of the contact angle between the droplet and the surface are captured by a
video camera at specified time intervals. The contact angles at various time intervals are
determined by image analysis techniques. The contact angles are determined at specified
check points, and other related parameters such as the rate of change for the contact angles
and the droplet volume can he determined by this method

N

NOTE A meaningful property of the test liquid is that it has low to medium viscosity (e.g. below 100 mPa-s), an 6
has a boiling point above for example 60 °C. Q)

P

8.4.3 Parameters

Parameters related to the contact angle shall be defined as in Figure 6.

N
Y
roplet e e ?‘Q

Contact
angle '\% Droplet

Contact

Height of droplet
Height of droplet

‘ Specimen
Specimen .\ | . \. N :
- ; O E
o N i Q)l./ Diameter of i
é - C) b the surface !
é Diameter of ! \Q/ IEC
i the surface 1 6\
i~ > IEC Q
a) QQ b)
Figure 6 — Param‘q& s related to the contact angle
Z
8.4.4 Test apparatus ’\\.Q

N

An automated contact angle&sg{er shall comprise the following components:

e alight source, \Jt\o
o avideo camera, 2"

e aspecimen stage,

e aliquid ry system, and

e aco &;ler with appropriate software.

Thed housing shall be constructed so that the heat generated during lamp operation does

n% ach the test specimen or the droplet. The instrument shall have a contact angle
cision of +1° and a time precision of £0,1 ms.

&

Fhespecimenstagestatt bedesigmedsottat thesurface of thespecimenmbecomes flat— e
specimen is positioned horizontally with respect to the video camera, and shall be supported
sufficiently to withstand the influence of capillary forces.

The drop volume should be in the range from 1 pl to 4 pul. It shall be possible to set the
measurements start to the moment when the drop touches the substrate. The time resolution
of the measurement should be 1 ms or better. The time stamp should be contained within the
captured image with an accuracy of £2 ms. A minimum of fifty video images shall be captured
during the first second. After the first second, the images may be captured less frequently.
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The inner wall of the dispensing system should be hydrophobic, for example by applying a
PTFE coating.

The adjustment, calibration, and maintenance of the apparatus shall be performed following
the instructions from the manufacturer.

The contact angle and the volume of the droplet shall be calculated as a function of time. The

contact angle and the volume at any specified time (check points) should be calculated, and

an average contact angle and volume should be calculated. C)OJ

8.4.5 Test method \Q)

Except by prior agreement between trade partners, water with a purity of grade 3 g\gbtter as
specified in ISO 3696 shall be used in this test.

Care shall be taken not to touch the surface of the specimen. The specg{%n shall not be
cleaned unless otherwise specified. In some cases the wetting charactgfistics are different
between the machine and cross directions. Care should be taken wi he direction of the

substrate. The size of the specimen shall be determined in accordancﬂwlth the test apparatus.

When the specimen curls it may be fixed by adhesive tape or oth "méans in order to achieve
a flat surface. (1,

oy
The test begins from the time when the droplet was drop %O‘)on the surface of the substrate
by a trigger from the sync pulse from the video camera cept by prior agreement between

the trading partners, images shall be captured for at IeC§t 15 s.

At least three check points shall be set in the él Except by prior agreement between the
trading partners, the check points shall be e 0,1s,1,0s and 20 s,0r0,1s, 1,0s and
10 s. The test shall be repeated ten time anglng the specimen position each time. The
results (contact angles and droplet volun\é at each check point shall be averaged.

s\\‘r

8.4.6 Report of the results
The report shall include the foll%ming items:

)
a) identification of the test s}s\ecimen(s)'
b) test liquid (if other @ reagent water);
c) initial droplet voly (if other than standard volume);

d) centre-to-centre” distance between two consecutive droplets applied on the same
speumen@@ace;

e) stroke ied;

f) sel@ed check points (seconds);
0) e%?age contact angle and coefficient of variation at the selected check points;

e)ﬁaverage droplet volume and coefficient of variation at the selected check points.

\Q/B.S Surface pH

N

8.5.1 General

For a pH measurement of paper, an aqueous extracts method is generally used. Since the
surface pH of paper substrates affects printability directly this becomes one of most important
factors in printing technology. In 8.5, the measurement of surface pH is specified.

8.5.2 Test specimens

The paper substrate to be measured shall be used as it is without any processing. It may be
cut to the appropriate size for testing. Care should be taken not to touch the surface of the
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test specimens. The specimens shall not be cleaned unless otherwise specified by the
manufacturer.

8.5.3 Measurement

The pH meter to be used for this measurement shall be equipped with a composite glass
electrode with a flat head. The electrode shall be a single electrode formed by integrating the

] 1 + <l ol _tlo £ 1 + ol ol laall lo L ol Ll + £ +
yidoos TITULITUUT AlTfu T TTTTTTTILT TITUITUUT, altu oSTidall VT SUARTU TIT a oSTifalir arfmrourit ur wattct.

The pH meter shall be calibrated by standard buffers of pH 4,01 and pH 6,86. When a surface

N

pH of greater than 8,0 is anticipated, the pH meter should be calibrated by a standard buffg)‘b

of pH 9,18. The electrode shall be used after immersion into distilled water for at least 30 % :
N
The surface pH shall be measured as the pH of a wetting liquid where one or two dr have
been placed onto the substrate. Distilled or deionised water, or 0,1 mol/L of aqueous
solution shall be used as the wetting liquid. The pH of the distilled or deionised r shall be
in the range of 6,2 pH to 7,3 pH. ?\
X

NOTE 1 If the variation of the measured pH becomes large, it is possible to use 0,1 mol/@KCl agueous solution
to decrease the variation. (1/

The pH value shall be measured after sufficient time has pass@\fér the pH measured to
reach equilibrium.

Oy
NOTE 2 In general, it often takes around 1 min or 2 min to reach equivﬁ%.

The electrode shall be washed with distilled water priocBo each measurement.

The surface pH shall be measured for at least f'ge\sheets. The measured pH value shall be
averaged to obtain the result value. <<

S
The report shall include: s\

Z

a) identification of the test speﬁn@(s);

8.5.4 Report of the results

b) number of measured she
c) result of surface pH r@surement (average of measured value).

8.6 Compositiom\{ urface (screening of metal composition)

composition éper substrates and paper board substrates. The method (non-destructive

approach) @mfied in [EC 62321-3-1 shall be used. In this measurement, at least Ca, Si, Al,

and Ti $ e examined.

I&ﬁt‘ification by the XRF method is necessary, the Ca and Ti content can be measured by

The X-ray fluogesccgnce spectrometry (XRF) shall be used in the screening of the metal

t ethods specified in ISO 10716 and ISO 5647, respectively.

\'C he results of the screening shall be reported, including the following items:

a) type of substrate, sample identification;
b) detected metal composition, amount of metal(s);
c) Ca and/or Ti content measured by other methods (if necessary).
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8.7 Thickness of coating layer
8.7.1 General

The thickness of any coating layer shall be evaluated by observation with a scanning electron
microscope (SEM). It is necessary to prepare cross-sections for observation with a SEM. The
requirements and procedure are specified in 8.7.

8.7.2 Instrumentation

The requirements of the apparatus (SEM), magnification, and calibration shall be according to
ISO 9220.

8.7.3 Preparation of cross-sections

Various methods may be used for the preparations of cross-sections. Irrespective*of how they
are created, cross-sections shall meet the following requirements:
a) the cross-section shall be perpendicular to the plane of the coating layer;

b) the entire thickness of the coating image shall be simultaneously in focus at the
maghnification to be used for the measurement;

c) all material deformed by cutting or cross-sectioning shall beyefmoved;

d) the boundaries of the coating cross-section shall be @Rarply defined by no more than
contrasting appearance, or by a narrow, well-defineddine.

NOTE |If the plane of the cross-section is not perpendicular to”the/plane of the coating, the measured thickness

will be greater than the true thickness. For example, an inclipation” of 10° to the perpendicular plane will contribute
al,5 % error.

8.7.4 Measurement

The thickness of the coating layer is determined from the SEM image. The thickness of the
coating layer shall be measured as thgJdistance between the boundary lines of the coating
layer in the image. The measuremeni)shall be repeated in at least three different locations at
least 3 mm apart on the image to, determine the average thickness.

The SEM should be operated and the cross-section should be recorded in accordance with
the manufacturer's instrugfions. Appropriate attention should be given to the factors listed in
ISO 9220:1988, Clause6.

8.7.5 Report of\the results
The report shralinclude:

a) identification of the test specimen(s);
b) ihickhess of coating layer (measured value);
cy—location of the measurements on the test specimen and the magnification.

9 Storage

9.1 Storage conditions
9.1.1 Climatic conditions

Class 1k1 of IEC 60721-3-1 and the following shall apply.

It is preferable to store substrate materials at a temperature of +20 °C to +25 °C and humidity
of 30 % to 60 %. Even if it is impossible to keep substrate materials at a constant temperature,
they shall be stored at a temperature of +0 °C to 30 °C and humidity of 30 % to 60 %, without
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dew condensation, before use. In addition, substrate materials shall be stored out of direct
sunlight.

9.1.2 Chemically active substances

Class 1C1 of IEC 60721-3-1 shall apply.

9.1.3 Mechanically active substances

Class 1S2 of IEC 60721-3-1 shall apply.

9.1.4 Other conditions

Storage conditions shall be agreed between user and supplier.

9.2 Storage period
If the specimens are stored unopened in an environment at a temperaturenof +20 °C to +25 °C
and at relative humidity of 30 % to 60 % as described in 6.1, the storage period is 3 months

after reaching the client. However, if there are special circumstances, the storage period may
be determined by agreement between user and supplier.

10 Packaging and marking

10.1 Packaging

Substrate materials shall be packaged so thatMe breakage or degradation occurs due to
climatic and mechanical conditions during 4ransportation, and climatic conditions during
storage.

10.2 Marking

Under consideration.
10.3 Traceability

Under consideration.
11 Transportation

11.1 Transportation conditions
11.1.1 <~ Climatic conditions

Class' 2K2 of IEC 60721-3-2 and the following shall apply.

It is preferable to transport substance materials in an environment at a temperature of 0 °C to

30— C—and—retativehumidityof 36-%t—to—66-%t—Dew—concentration—shat-be—prevented—even
during transportation between the inside and outside of a building.

11.1.2 Chemically active substances

Class 2C2 of IEC 60721-3-2 shall apply. However, the substrate materials shall be protected
against salt air by packaging or by the means of transportation.

11.1.3 Mechanically active substances

Class 252 of IEC 60721-3-2 shall apply.
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11.1.4 Mechanical condition

Class 2M1 or 2M2 of IEC 60721-3-2 shall apply.

11.1.5 Other conditions

Preferably, transportation conditions should be agreed between user and supplier.

11.2 Means of transportation

Under consideration.

11.3 Vibration resistance

Under consideration.

11.4 Impact resistance

Under consideration.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRINTED ELECTRONICS —

Part 201: Materials — Substrates

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization Comprising
all national electrotechnical committees (IEC National Committees). The object of IEC isnto”promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, TechnicakSpecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Nationals\€ommittee interested
in the subject dealt with may participate in this preparatory work. International, goyvernmental and non-
governmental organizations liaising with the IEC also participate in this preparation, EEC collaborates closely
with the International Organization for Standardization (ISO) in accordance wijth~conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, asfearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internationaluse and are accepted by IEC National
Committees in that sense. While all reasonable efforts are madé~to“ensure 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
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National "Committees undertake to apply IEC Publications
transparently to the maximum extent possible in theif )national and regional publications. Any divergence
between any IEC Publication and the corresponding fiational or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of\conformity. Independent certification bodies provide conformity
assessment services and, in some areas, ,access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they havesthe-latest edition of this publication.

7) No liability shall attach to IEC or its.directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the-spublication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

9) Attention is drawn,to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights.«4lEC shall not be held responsible for identifying any or all such patent rights.

DISCLAIMER

This~Consolidated version is not an official IEC Standard and has been prepared for
userconvenience. Only the current versions of the standard and its amendment(s)
are to be considered the official documents.

This Consolidated version of IEC 62899-201 hears the edition number 1.1 1t consists of

the first edition (2016-02) [documents 119/87/FDIS and 119/100A/RVD] and its
amendment 1 (2018-11) [documents 119/189/CDV and 119/206A/RVC]. The technical
content is identical to the base edition and its amendment.

This Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in
this publication.
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International Standard IEC 62899-201 has been prepared by IEC technical committee 119:
Printed electronics.

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,

canba faornd Aan tha IEC \wahcita
Cart B e Tou oo tHeTEowWweBS

T

The committee has decided that the contents of the base publication and its amendment will
remain unchanged until the stability date indicated on the IEC web site 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 201: Materials — Substrates
Part 202: Materials — Conductive ink
Part 203: Materials — Semiconductor ink1

(Subsequent parts will be prepared for other materials.)

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

This part of IEC 62899 is prepared for substrate used in printed electronics and contains the
test conditions, 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 in the printing process to form electronic components/devices. This interpational
standard is also applied to the substrates which make surface treatment in order to‘ improve
their performance.

2 Normative references

The following documents, in whole or in part, are normatively referenced.in this document and
are indispensable for its application. For dated references, only the.&dition cited applies. For
undated references, the Ilatest edition of the referenced~‘\document (including any
amendments) applies.

IEC 60050 (all parts), International Electrotechni¢al Vocabulary (available at
www.electropedia.org)

IEC 60093:1980, Methods of test for volume tesistivity and surface resistivity of solid
electrical insulating materials

IEC 60216-1:2013, Electrical insulating materials — Thermal endurance properties — Part 1:
Ageing procedures and evaluation of test\results

IEC 60216-2, Electrical insulating(™materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of
test criteria

IEC 60216-3, Electrical™insulating materials — Thermal endurance properties — Part 3:
Instructions for calculating thermal endurance characteristics

IEC 60216-4-1,. Electrical insulating materials — Thermal endurance properties — Part 4-1:
Ageing ovens=-Single-chamber ovens

IEC 60216-5, Electrical insulating materials — Thermal endurance properties — Part 5:
Determination of relative thermal endurance index (RTE) of an insulating material

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
environmental parameters and their severities — Section 2: Transportation

IEC 61189-2:2006, Test methods for electrical materials, printed boards\_and other
interconnection structures and assemblies — Part 2: Test methods far~umaterials for
interconnection structures

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

IEC 62321-3-1, Determination of certain substances in eleetrotechnical products — Part 3-1:
Screening — Lead, mercury, cadmium, total chromium) and total bromine using X-ray
fluorescence spectrometry

IEC 62899-202-5, Printed electronics — Part 202-5: "Materials — Conductive ink — Mechanical
bending test of a printed conductive layer on an insulating substrate

ISO 5-2, Photography and graphic technolegy — Density measurements — Part 2: Geometric
conditions for transmittance density

ISO 5-3, Photography and graphie_technology — Density measurements — Part 3: Spectral
conditions

ISO 62, Plastics — Determination of water absorption

ISO 175:2010, Plastics)— Methods of test for the determination of the effects of immersion in
liquid chemicals

ISO 187, Paper, board and pulps — Standard atmosphere for conditioning and testing and
procedure(forrmonitoring the atmosphere and conditioning of samples

ISO 216, Writing paper and certain classes of printed matter — Trimmed sizes — A and B
sefies, and indication of machine direction

ISO 217, Paper — Untrimmed sizes — Designation and tolerances for primary and

supptementary-ranges;—and-indicationof-machine-direction

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
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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 534, Paper and board — Determination of thickness, density and specific volume
ISO 535, Paper and board — Determination of water absorptiveness — Cobb method
ISO 536, Paper and board — Determination of grammage

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

ISO 1924-2, Paper and board — Determination of tensile properties.—~ Part 2: Constant rate of
elongation method (20 mm/min)

ISO 1924-3, Paper and board — Determination of tensile prapérties — Part 3: Constant rate of
elongation method (100 mm/min)

ISO 1974, Paper — Determination of tearing resistance’— Elmendorf method
ISO 2039-1, Plastics — Determination of hardness — Part 1: Ball indentation method
ISO 2039-2, Plastics — Determination of Rardness — Part 2: Rockwell hardness

ISO 2471, Paper and board — Determination of opacity (paper backing) — Diffuse reflectance
method

ISO 2493-1, Paper and board — Determination of bending resistance — Part 1: Constant rate
of deflection

ISO 2493-2, Paper and board — Determination of bending resistance — Part 2: Taber-type
tester

ISO 2578:1993, Plastics — Determination of time-temperature limits after prolonged exposure
to heat

ISO. 2758, Paper — Determination of bursting strength

ISO 2759, Board — Determination of bursting strength

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 3696, Water for analytical laboratory use — Specification and test methods

ISO 3781, Paper and board — Determination of tensile strength after immersion in water
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ISO 3783, Paper and board — Determination of resistance to picking — Accelerated speed
method using the IGT-type tester (electric model)

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 method —

Rules and procedures for the assessment of surface texture
ISO 5626, Paper — Determination of folding endurance
ISO 5635, Paper — Measurement of dimensional change after immersion in water

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 — Part 2:
Elmendorf method

ISO 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method

ISO 6588-1, Paper, board and pulps — Determination of pH,'ef’aqueous extracts — Part 1: Cold
extraction

ISO 6588-2, Paper, board and pulps — Determination.of pH of aqueous extracts — Part 2: Hot
extraction

ISO 7991, Glass — Determination of coefficient of mean linear thermal expansion

ISO 8791-2, Paper and board — Determination of roughness/smoothness (air leak methods) —
Part 2: Bendtsen method

ISO 8791-4, Paper and board =, Determination of roughness/smoothness (air leak methods) —
Part 4: Print-surf method

ISO 9220:1988, Metallic-coatings — Measurement of coating thickness — Scanning electron
micro-scope method

ISO 9773:1998,\ Plastics — Determination of burning behaviour of thin flexible vertical
specimens.in_contact with a small-flame ignition source
ISO 9773:1998/AMD1:2003

ISO11359-2:1999, Plastics — Thermomechanical analysis (TMA) — Part 2: Determination of
coeeificient of linear thermal expansion and glass transition temperature

ISO 11556, Paper and board — Determination of curl using a single vertically suspended test

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

ISO 11798, Information and documentation — Permanence and durability of writing, printing
and copying on paper — Requirements and test methods

ISO 12192, Paper and board — Determination of compressive strength — Ring crush method
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ISO 13468-1:1996, Plastics — Determination of the total luminous transmittance of transparent
materials — Part 1: Single beam instrument

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

ISO 13565-2:1996, Geometrical Product Specification (GPS) — Surface texture: Profile

method; Surfaces having stratified functional properties — Part 2: Height characterization
using the linear material ratio curve

ISO 13655, Graphic technology — Spectral measurement and colorimetric computation_Cfor
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 — Determinationcof“water vapour transmission rate
— Part 1: Humidity detection sensor method

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 methad

ISO 15106-4, Plastics — Film and sheeting — Determination of water vapour transmission rate
— Part 4: Gas-chromatographic detection sensor method

ISO 15184, Paints and varnishes — Determination of film hardness by pencil test
ISO 15512, Plastics — Determination of water content

ISO 15359, Paper and board — Determination of the static and kinetic coefficients of friction —
Horizontal planesxmethod

ISO 15754y-Paper and board — Determination of z-directional tensile strength

ISO15989, Plastics — Film and sheeting — Measurement of water-contact angle of corona-
treated films

o el (] '} i s
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For the purposes of this document, the terms and definitions given in IEC 60050, IEC 60695-
11-10, ISO 472, ISO 4287, as well as the following apply.

3.1
bow and twist
distortion in the dimensions of a plastic object which occurs after moulding or processing

Note 1 to entry: See Figure 1 for an example of bow and Figure 2 for an example of twist.
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Figure 1 — Example of bow

Touching base
point A, B and C

IEC

Figure 2 </Example of twist

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 'ebtained 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 1o entry: Micro-waviness is obtained from the average line (from the deviation curve) of the measured profile
curve:

3.4
foreign substance on surface

ot hinlky & 1 ol +la £ £ 4+l bat + ol I i H| |
SQUUOSTATIUCT  WITTCITT To TUuLAtTuU UIT 11T oSuUrTiduT Ul UTT oubolldatT arfu vdadrt T TCTITImuveu CClDIIy Uy

washing off with water, alcohols, cleaning agents, etc., or ultrasonic cleaning

3.5

foreigninclusion

substance which is completely embedded in the substrate or partially exposed on the surface
of the substrate, and cannot be removed by cleaning
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3.6

edge condition

state of the edges of the substrate which indicates the presence of distortion, waviness,
scratches, fracture, burrs, or foreign substances

3.7
minimum bending radius

Smattestiimit bending radius for which permanent structurat change does not occur

3.8
tear strength
force required to rip test specimens apart

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

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

Note 1 to entry: The unit of tear propagation resistance is newton/millimetre (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

3.11

water vapour transmission

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

Note 1 to entry: Water vapour transmission Gs, generally expressed as the mass of water vapour which passes
through an area of 1 m? in 24 h (g/m?2.d).

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

guotient of (the maximum voltage applied without breakdown, by the distance between
conducting_parts under prescribed test conditions

[SOURCE: IEC 60050-212:2010, 212-11-37]

3)14
temperatureindex

numerical value cofresponding to the iemperature, In degrees Celsius, derived from ine
thermal endurance relationship at a given time (normally 20 000 h)

[SOURCE: I1SO 2578:1993, 3.1, modified — “numerical value” is used instead of “number”.]

3.15

relative temperature index

temperature index (see 3.14) of a test material, obtained at the time which corresponds to the
known temperature index of a reference material when both materials are subjected to the
same ageing and diagnostic procedures in a comparative test
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[SOURCE: ISO 2578:1993, 3.2, modified — the reference to “temperature index” has been
added.]

3.16

chip

<glass substrates> place from which a small piece of glass has been removed from the glass
surface

3.17

crack

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

3.18
scratch
<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.

3.19

paper

material without conductivity in the form of a coherent sheet doweb, excluding sheets or laps
of pulp as commonly understood for paper-making or papettdissolving purposes and non-
woven products, made by deposition of vegetable, mineral, animal or synthetic fibres, or their
mixtures, from a fluid suspension onto a suitable forming-device, with or without the addition
of other substances

Note 1 to entry: There are also a number of synthetic,preducts with paper-like qualities that are applicable as
substrates for printed electronics. For the purposes of.this document these can be treated as paper for testing as
substrates.

[SOURCE: ISO 21067-1:2016, A.1.1, madified — “without conductivity* and NOTE have been
added.]

3.20
board
paper (3.19) of a relatively_high rigidity

Note 1 to entry: The ternr “paper’” may be used for both paper and board. Materials of grammage less than
225 g/m? are generally,considered to be paper, and materials of grammage of 225 g/m2 or more to be board.

[SOURCE: 1SO%%127:2017, 3.3.5.2.02]
3.21

pinhole
smallthoele in a printed feature that is a result of a surface inhomogeneity on the substrate

Note 1 to entry: This can be a consequence of a number of causes, and potential examples are listed below:

e asmall hole in the surface of the substrate;

e a hole large enough to permit the transfer of an applied functional ink;

e alocal variation in the wetting properties of the surface that results in uneven wetting of an applied functional
ink.

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.
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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.

I':UI |J(1|JCI aubatlatca, (1” |J(1|JCI (1IICIl [JCl'JCI bUald aubatlatca IIICly bC uacd. I':UI C)\GIII'J:C,
uncoated or coated one-layer paper, as well as similarly uncoated or coated multilayer
paperboards can be used, and laminated papers/boards, polymer coating papers/boards, and
papers/boards coating with extrusion/dispersion can also be used.

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 .dre 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 recommended 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 mnAl¢ 880 mm, and 1 100 mm x 1 300 mm

4.3.3 Width and length (roll supply)
4.3.3.1 Polymer substrates

Preferred substrate widths are=800 mm and 1 600 mm with a tolerance of £1 mm. The test
method for substrate width shall be as specified in IEC 60674-2:1988, Clause 5.

The substrate winding 1ength 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 inches).
The core shape'shall be cylindrical. The core material may be any material which can be used
in a level 100 ¢clean room.

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

The roll winding misalignment of the roll (the difference between the roll width and the
maximum substrate width) shall 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
150 to less than 300 1,0 or less

300 or more 2,0 or less
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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:

4.3.3.3 Paper substrate

When paper substrate is used as a sheet, the dimensions of the sheets shall be as specified
in ISO 216. Designation and tolerances for primary and supplementary ranges, and indication
of machine direction shall be as specified in ISO 217.

When paper substrate is supplied by a roll, the standard widths of the roll shall be according
to ISO 217. Winding length on a roll shall be as agreed between user and supplier.

4.3.4 Substrate thickness
4.3.4.1 Polymer substrates

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

4.3.4.2 Glass substrates

Substrate nominal thickness should be selected from 5um, 10pm, 20 um, 30 um, 40 um,
50 um, 70 pm, 100 pum, 125 pm, 150 pm, 200" um, 250 pm, 300 pm, 400 pm, 500 um, 600 pm,
700 um, 800 um or 1 000 um. The tolerance of the nominal thickness should be £10 %.

4.3.4.3 Paper substrate

The thickness of substrates .is>not limited. It shall be as agreed between user and supplier.
The method for measuring thickness shall be according to ISO 534.

Determination of gramimage shall be according to ISO 536.

5 General descriptions of evaluation tests

5.1 Sampling

In caSe-paper substrates are used, the test methods in this document may be applied to the
evaluation of a single sheet or to the set of sheets. When the test methods are applied to the
set of sheets, the sheet shall be sampled randomly with no replacement. In cases where the
results of the tests are reported for a set of sheets, the total number of sheets in the set to be
tested and the numher of sheets measured shall he reported

5.2 Preparation of test specimens

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

Care should be taken not to touch the test specimens with fingers, etc. The specimens shall
not be cleaned unless otherwise specified.
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5.3 Atmospheric conditions for evaluation test

The temperature and humidity conditions for evaluation tests shall be at a temperature of
23 °C +1 °C and relative humidity of (50 +5) % according to 1SO 291 unless otherwise
specified.

The paper and paper board substrates shall be tested under standard atmospheric conditions,

atatemperature of 23— C+ 1" Candaretative trumidity of(56=+2)9%-
NOTE These are the standard atmospheric conditions as specified by ISO 187.

5.4  Conditioning

5.4.1 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 Glass substrates

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

5.4.3 Other materials
Paper and paper board substrates need conditioning.,Unless otherwise specified, the test
specimens to be evaluated shall be conditioned according to ISO 187.

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.

— Pinholes, hollows, blisters, pimples, fish-eyes, speckles, cracks, fractures, wrinkles,
detachment’and creep

6.1.1.2 Detection method

The surface 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 as a stylus-based
profilometer, or WLI (white light interferometry).

6-1.1.3 annrt of the results

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

a) type of defects;

b) length of each defect;

c) width of each defect;

d) depth or height of each defect;

e) number of defects;
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f) position of each defect.
6.1.2 Flatness
6.1.2.1 Bow and twist

6.1.2.1.1 Test method

Bow and twist are expressed as the bow ratio and twist ratio according to IEC 61189-3:2007,
9.4 (test 3M04).

The permissible bow ratio and twist ratio shall be agreed upon between user and supplietCas
required. This agreement should consider the actual use on products as well @s the
manufacturing 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.

Measurement shall be made using a contact (Stylus) instrument specified in ISO 3274 and a
roughness parameter shall be calculated “d@ccording to I1ISO 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 1ISO 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 repeort shall include the following items:

a)-\measuring instruments;
b)"* sampling method and place, and specimen size;
c) result 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 mean waviness (Wa). Wa is obtained as follows.

Measurement shall be made using a stylus (contact) instrument specified in 1ISO 3274 and a
roughness parameter shall be calculated according to ISO 4288:1996, 7.2. From the profile
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curve obtained, stylus strain and noise are removed with a profile filter and the roughness
curve is 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 treated
as a form deviation curve (waviness curve), from which the arithmetic mean waviness (Wa) is
calculated.

6.1.2.3.2 Reportof the resutts
The report shall include the following items:

a) measuring instruments;
b) sampling method and place, and specimen size;
c) result of Wa 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;

b) substrate and water or other solvent;

c) test conditions (temperature and humidity);
d) mean contact angle.

6.1.3.2 Foreign substances_onthe 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 detected.

6.1.3.2.2 Inspection method

Foreign substances shall be detected with normal or corrected vision (6/6 or better), with a
microscope, edge light, or with a surface inspection machine. There shall be no foreign
substances which are equal to or greater than the specified size (maximum diameter) agreed
between user and supplier.

6.1.3.2.3 Report of the results

The report shall include the following items:

a) detection method;
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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6.1.3.3 Foreign inclusions
6.1.3.3.1 Principle

For foreign substances and voids which are included in the substrate, those which are
equal to or greater than the specified size (maximum diameter) agreed between user and
supplier shall be detected.

6.1.3.3.2 Inspection method

Foreign substances shall be detected with normal or corrected vision (6/6 or better), with
a microscope, or with a surface inspection machine.

Since the permissible state of inclusion of foreign substances depends on the purpose, the
allowable size shall be agreed between user and supplier.

Regarding the inclusion of foreign substances which cause unevenness oncthe surface, the
allowable height shall be agreed between user and supplier.

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

a) detection method;

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

¢) no foreign substances which are equal to or@reater than a certain size (maximum
diameter).

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
substances. 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)\detection method;
b) inspection method (100 % or sampling), sampling method and place, and specimen size;

e) csnecificeracks seratches unevenness and forelan-stbstances
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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.
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6.2.1.2 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.

6.2.1.3 Test specimens
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described in the product specifications.

substrate, and shall be

6.2.1.4 Report of the results
The report 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 whichtthe specimen breaks, to which 1ISO 527-1
and the following shall be applied.

6.2.2.2 Test speeds

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

6.2.2.3 Test specimens

For the size and preparation‘of test specimens, appropriate standards shall be selected from
ISO 527-2, 1SO 527-4, orISO 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 shalt include the following items:

a) testing‘machine;
b) test'speed (mm/min);
c)—specimen size (mm);

d) test environment (temperature and humidity);

e) tensile 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.
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6.2.3.2 Recommended test speeds

A test method is selected from ISO 527-2012, Table 1, as agreed between user and supplier
and described in the product specifications.

6.2.3.3 Test specimens

Eortha ciza and nranaratinn Af tact cnacrimanc annranriata ctandarde chall ha calactad fraom
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ISO 527-2, 1SO 527-4, ISO 527-5 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 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 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 thed{substrate. One test method uses a flex resistance
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-résistance tester (also known as a two-sided fracture tester).

6.2.4.2.2 Flex resistance tester

A flex resistance tester has the structure shown in Figure 3 near the part where the specimen
is attached, and shall satisfy the following requirements:

— .[The two flat plates are parallel. The distance d between the flat plates can be adjusted and
measured.

~ Each flat plate has a mechanism to hold the side of the specimen so that no part of the

H + =i [ M L + 3 [ | =S
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Figure 3 — Structure of the flex resistance tester near the(part
where the specimen is attached
6.2.4.2.3 MIT instrument

The MIT instrument which is described in the 1SO 5626 isyused. This instrument has the
structure shown in Figure 4.

/Spemmen

Bender mounting face

Bender

P %0 mm 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 constant tension to the specimen. This instrument

shall satisfy the following requirements.

— It can apply the tension specified in the product specifications to the specimen, and
measure and display the tension.
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— It can conduct tests at radiuses of curvature greater than that specified in the product
specifications.

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

6.2.4.3 Test specimens

1ot

The specimen—shall be in its original form,—and of the size specified in the prod

specifications.

6.2.4.4 Measurement procedure
6.2.4.4.1 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 specificatiofis. When the test is
completed, increase d, detach the specimen, and perform the inspectionafter testing.

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

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 jthe 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.

Rotate the bender 90° from the vertical direction at the specified bending speed and 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 perform the
inspection after testing.

Repeat the test' by gradually reducing the radius of the curvature at the bender from
approximately’/twice the minimum bending radius of the specimen specified in the product
specifications to the level specified in the product specifications.

The test shall be repeated by reducing the bending radius from twice the minimum bending
radius to the one specified in the product specification, until permanent structural change
is’detected according to 6.2.4.4.2.

6.2.4.4.3 Inspection after test

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

6.2.4.5 Expression of the results

The minimum bending radius at which no permanent structural change occurs to the specimen
is the minimum bending radius.
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6.2.4.6 Report of the results
The report shall include the following items:

a) test method (flex resistance tester or MIT instrument);
b) type and thickness of the specimens;
¢) 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. Eithernmethod can be used
to measure tear strength. An appropriate test method depends~aon 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.

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

6.2.5.3 Expression of the results

The tear property obtained is the tear propagation resistance in newton per millimetre (N/mm),
which is calculated by dividingithe force required to tear the specimen (tear strength) in
newton (N) by the thickness oféthe specimen.

6.2.5.4 Report of the results
The report shall in¢lude the following items:

a) thickness efithe specimen;
b) tear speed;
C) measuring atmosphere;

d) ear propagation resistance (tear strength may be accompanied).

6.2.6 Edge strength

Lol il 41
UTIUTT CUTTSITUTTAtiurt.

6.2.7 Hardness
6.2.7.1 Test method
Hardness shall be measured as pencil hardness according to 1SO 15184. If required, Shore

hardness (see ISO 868) or ball indentation hardness (see ISO 2039-1 and ISO 2039-2) can be
used.
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6.2.7.2 Report of the results
The report shall include the following items:

a) test method;
b) thickness of the specimen;
c) temperature and humidity during the test;

d) brand of the pencil used (for pencil hardness), durometer type (for Shore hardness), or
Rockwell hardness scale (for ball indentation hardness);

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

6.3 Chemical properties
6.3.1 Resistance to chemicals
6.3.1.1 Test method

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

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 I1SO 175 as agreed between user and supplier, and described in the product
specification.

The liquid used for the test shall be an acid solution, an alkaline solution, or an organic
solvent, which should preferably be selected ffem Table A.1 (reagents) and Table A.2 (various
liquid products) in 1ISO 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 size and preparation of test specimens shall follow ISO 175 and be described in the
product specification.

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

a) test method;

b) test conditions;

c) test.specimen;

d) test environment (temperature and humidity);
e).resistance to chemicals.

6.3.2 Halide contents

6.3.2.1 Test method

Mass fraction (107) shall be obtained using the method in IEC 61189-2:2006, 8.12 (test
2C12).

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

a) test method;
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b) test conditions;

c) test specimen;

d) test environment (temperature and humidity);
e) mass fraction (10°6).

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 61189-2:2006, 8.4 (test 2C04).

For materials which are not specified in IEC 61189-2:2006, 8.4 (test 2C04), the loven shall
follow the instruction of the material manufacture.

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

a) test method;

b) test conditions;

c) test specimen;

d) test environment (temperature and humidity);
e) mass fraction (10°6).

6.3.4 Gas transmission
6.3.4.1 Water vapour transmission
6.3.4.1.1 Test method

Water vapour transmission shall be<measured using the humidity detection sensor method
specified in 1SO 15106-1, infrated sensor method specified in SO 15106-2, 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 selegted shall be described in the product specification.

6.3.4.1.2 Reportaf the results
The report shalkinclude the following items:

a) test method;

b) test.conditions;

c) test specimen;

d)“test environment (temperature and humidity);

e) mass of water vapour which passes through an area of 1 m2 in 24 h (g/mZ2 d).

6.3.4.2 Oxygen gas transmission
6.3.4.2.1 Test method

Oxygen gas transmission shall be measured using the differential pressure method (pressure
sensor method) specified in ISO 15105-1 or isopiestic method (electrolytic sensor method or
gas chromatographic method) specified in ISO 15105-2. However, as agreed upon between
user and supplier, another method may be used. The test method selected shall be described
in the product specification.
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The gas transmission and gas transmission coefficient (gas permeability) can be obtained as
test results. The properties used for the evaluation shall be described in the product
specification as agreed between user and supplier.

6.3.4.2.2 Test specimens

Since both sides of the specimen may have different properties, a method for distinguishing

la +=l la ol et + <l ol tla +=l lasala—t ol +lao + + la-all 1o cla-el
Cadlll STuT oSlidall VT UTLTTTITITITU altu i1 STUT WITILTT 1S5 TAPJUSTU LU UNT ITol ydo oSliall VT TTULUTUTU.

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)-

6.3.5 Moisture absorption
6.3.5.1 Test method

The test is conducted using the D method (exposing theyspecimen to a relative humidity of
50 % and measuring the amount of water absorption) §pecified in 1ISO 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 followingzitems:

a) test method;

b) test environment (temperature and humidity);

c) test conditions (exposure time);

d) test specimen (are@ysize 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

\ olume resistance is nyprpecnd N Ohm centimetre (O r‘m) Suwrface resistance is nyprpecad in

Ohm (Q).
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 Measurement equipment

Measurement equipment shall be as specified in IEC 60093. The dimensions of the
measuring electrode described in IEC 60093:1980, Clause 6, are: d; =50 mm, d, = 60 mm,
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and d; = 80 mm (see Figure 5). However, the other electrode dimensions of d; = 50 mm,
d, =70 mm, d; =80 mm, may be used.

6.4.1.1.4 Applied voltage

Applied voltage shall be selected from the voltage listed in IEC 60093:1980, Clause 4.

6.4.1.1.5 Test specimens

The shape, dimensions and preparation of the test specimen shall be as specified (n
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, 14:Y, from the
measurement results. Surface resistivity is calculated in accordance with [E€ 60093:1980,
11.2, from the measurement results.

6.4.1.1.7 Report of the results
The report shall include:

a) volume resistance and/or surface resistance;

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 relativetiumidity);
e) electrode dimensions (dq, d, and d3) and material;
f) applied voltage (V).

Figure 5 — Example of a measuring electrode
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6.4.1.2 Electrical strength
6.4.1.2.1 Outline

Breakdown voltage is measured in the direction perpendicular to the surface of the substrate.
Electric strength is the quotient of the breakdown voltage by the distance between the
electrodes under 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;

g) the test voltage is increased according to IEC 60243-1:20143) 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 Jgcation;

b) dimensions of the specimen (length x\width or diameter (mm), and thickness (um));

c) treatment and conditioning forothe specimen (application of cleaning and method,
conditioning atmosphere, etc.);

d) test atmosphere (surrounding medium: air or insulation liquid, temperature and relative
humidity);

e) electrode dimensionsx(d}, d, and d3) and material,
f) mode of increasing yoltage.

6.4.1.3 Relativepermittivity

Under consideration.

6.4.1.4 Dissipation factor

Undef consideration.

6.4.2 Measurement at high temperature

6.4.2.1 Surface resistance

Under consideration.

6.4.2.2 Volume resistance

Under consideration.
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6.5 Thermal properties
6.5.1 Glass transition temperature
6.5.1.1 Test method

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

(test 2M11).

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.

6.5.2.2 Measurement conditions

Measurement conditions such as the measuring ‘ef“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 1SO 11359-2:1999, 6.2,4«he conditioning atmosphere shall be as specified in
ISO 291. However, if a modificationcof 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) conditioning*atmosphere;

C) measuring temperature range;

d) heating rate;

e)'surrounding atmosphere;

f))* gas flow rate, etc.

il +

653 D;IIICIID;UIIG: ataunll.y
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 the method agreed between user and supplier.
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