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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRINTED ELECTRONICS -
Part 203: Materials — Semiconductor ink

FOREWORD

The|International Electrotechnical Commission (IEC) is a worldwide organization for standardization €omprising

all pational electrotechnical committees (IEC National Committees). The object of IEC is "to
integnational co-operation on all questions concerning standardization in the electrical and electronic fi
this |lend and in addition to other activities, IEC publishes International Standards, Technical [Specifi
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National"Coemmittee in
in e subject dealt with may participate in this preparatory work. Internatienal” governmen
non{governmental organizations liaising with the IEC also participate in this prepgration. IEC collg
closgly with the International Organization for Standardization (ISO) in accordance-with conditions det
by agreement between the two organizations.

The [formal decisions or agreements of IEC on technical matters express, as/nearly as possible, an inter|
congensus of opinion on the relevant subjects since each technical committee has representation
intefested IEC National Committees.

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

In ofder to promote international uniformity, IEC National*\Committees undertake to apply IEC Pub
trangparently to the maximum extent possible in their\national and regional publications. Any div
between any IEC Publication and the corresponding_pational or regional publication shall be clearly indi
the ljatter.

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

All 4sers should ensure that they have the-latest edition of this publication.

No ljability shall attach to IEC or its\directors, employees, servants or agents including individual exp
menpbers of its technical commitfees and IEC National Committees for any personal injury, property da
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
expgnses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any ot
Publications.

Atteption is drawn to the Normative references cited in this publication. Use of the referenced publica
indigpensable for thé\correct application of this publication.

Atteption is drawn-to the possibility that some of the elements of this IEC Publication may be the sy
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
119/226/FDIS 119/234/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

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

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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 cdgrrect
undergtanding of its contents. Users should therefore print this dociment usjng a
colouyr printer.
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INTRODUCTION

The IEC 62899 series deals mainly with evaluation methods for materials of printed

electronics. The series also includes storage methods, packaging and marking,

transportation conditions.

and

The IEC 62899 series is divided into several parts according to each material. Each part is
prepared as a generic specification containing fundamental information for the area of printing
electronics.

The IEC 62899 series consists of the following parts:

Part 1
Part 2
Part 2
Part 2
Part 2
Part 3
Part 3
Part 3
Part 4
Part 4
Part 4
Part 5

Furthe

each material will be based on these parts:

This p|
and cg

Terminology

D1: Materials — Substrates

D2: Materials — Conductive ink

D3: Materials — Semiconductor ink
b0: Material technologies required in printed electronics for wearable smart devics
D1-X: Equipment — Contact printing — Rigid master

D2-X: Equipment — Inkjet

D3-X: Equipment — Roll-to-roll printing

D1: Printability — Overview

D2-X: Printability — Measurement of qualities

D3-X: Printability — Requirements for reprodugcibility

D2-X: Quality assessment — Organic light @mitting diode (OLED) elements

rmore, sectional specifications, blank‘detail specifications, and detail specificatiq

art of IEC 62899 is prepared for semiconducting materials used in printed elec
ntains the test conditions;the evaluation methods and the storage conditions.

ns for

ronics
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PRINTED ELECTRONICS -

Part 203: Materials — Semiconductor ink

1 Scope

This part of IEC 62899 defines terms and specifies standard methods for characterisation and

evalu

tion

This d
from s

2 Normative references

The fdg
conten
cited g
any an

IEC 67

ISO 54
condit

ISO 54
condit

ISO 12

ISO 24

ISO 3(

emiconductor inks.

t constitutes requirements of this document. For dated (references, only the

nendments) applies.

860, Test methods for the characterization of orgahnic transistors and materials

ons for transmittance density

3, Photography and graphic technology — Density measurements — Part 3: S
ons

4, [ atex, rubber — Determination of total solids content
1, Plastics — Standard atmospheres for conditioning and testing

4, Surface active_agents — Determination of surface tension by drawing up liquid

pbcument is applicable to semiconductor inks and semiconductive layers thatyarel made

llowing documents are referred to in the text in such a way~that some or all gf their

pdition

pplies. For undated references, the latest edition of the.feferenced document (ingluding

2, Photography and graphic technology —«Pensity measurements — Part 2: Gedmetric

bectral

films

art 1:

1ISO 489:1999, Rfastics — Determination of refractive index
ISO 788, Liquid chemical products for industrial use — Determination of density at 20°C
1SO 1183 4—"lasties—MethodsFordeterminingthe—densityof roreellalarplastes

Immersion method, liquid pyknometer method and titration method

ISO 2555, Plastics — Resins in the liquid state or as emulsions or dispersions — Determination
of apparent viscosity by the Brookfield Test method

ISO 2592, Petroleum and related products — Determination of flash and fire points —
Cleveland closed cup method

ISO 2719, Determination of flash point — Pensky-Martens closed cup method

ISO 2811-1, Paints and varnishes — Determination of density — Part 1: Pyknometer method
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ISO 2811-2, Paints and varnishes — Determination of density — Part 2: Immersed body
(plummet) method

ISO 2884-1, Paints and varnishes — Determination of viscosity using rotary viscometers —

Part 1:

Cone-and-plate viscometer operated at a high rate of shear

ISO 3219, Plastics — Polymers/resins in the liquid state or as emulsions or dispersions —
Determination of viscosity using a rotational viscometer with defined shear rate

ISO 3251, Paints, varnishes and plastics — Determination of non-volatile-matter content

ISO 34

1ISO 36
metho

1ISO 13
materi

1ISO 17
materi

ISO 13
graphi

ISO 14
particy

ISO 14

ISO 14

3 Te

For th
followi

ISO an
addres

o |EC

64, Graphic technology and photography — Viewing conditions

79, Determination of flash no-flash and flash point — Rapid equilibrium|,close
ol

468-1:1996, Plastics — Determination of the total luminous transmittance of trans
bls — Part 1: Single-beam instrument

468-2:1999, Plastics — Determination of the total luminous. transmittance of trans
als — Part 2: Double-beam instrument

655, Graphic technology — Spectral measuremént and colorimetric computat
C arts images

488, Particulate materials — Sampling ahd”’sample splitting for the determina
late properties

782, Plastics — Determination of haze for transparent materials

212-1, Oscillation-type density-meters — Part 1: Laboratory instruments

rms and definitions

purposes of this*document, the terms and definitions given in IEC 62860 a
g apply.

d IEC maintain terminological databases for use in standardization at the fol
ses:

[ Efectropedia: available at http://www.electropedia.org/

d cup

parent

parent

on for

jon of

hd the

lowing

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

NOTE

3.1

The terms in italic font are those defined in Clause 3.

semiconductive material
ingredient of a printing or coating material, which itself is electrically semiconductive

3.2

semiconductor ink
liquid in which one or more particles, small molecules or polymers are dissolved or dispersed,
and which becomes an electrically semiconductive layer through solvent removal or post

treatm

ent such as UV, photonic, or thermal processing
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3.3

semiconductive layer

film-like semiconductive body of material made of semiconductor ink (3.2), which is printed or
coated on a substrate, followed, as necessary, by using a post treatment such as UV,
photonic, or thermal processing

3.4
semiconductor film
substrate (sheet or roll) with semiconductive layer (3.3)

3.5

solid ¢entent
mass [fraction of an ingredient which effectively functions as a semiconductive“mlaterial
dissolyed or dispersed in a solvent to form a semiconductor ink (3.2)

Note 1 fo entry: In some instances the ink may include insulating materials, sometimes referfed-to as binders, or
other aqditives included to improve the film formation during coating or printing.

3.6
non-volatile content
mass [fraction of residue obtained by evaporation of the volatile solvent under specific
conditions, in semiconductor ink (3.2)

3.7
dispelsion
heterogeneous system in which fine separated matérials are distributed uniformly in other
materipls

3.8
flash point
lowest| liquid temperature at which, undef-certain standardized conditions, a liquid giyes off
vapours in quantity such as to be capable of forming an ignitable vapour/air mixture

[SOURCE: IEC 60050-212:2010,5212-18-05]

3.9
field effect mobility
majorify carrier mobility) 'of semiconductive material derived through the transfer| curve
measyrement of a fabricated TFT device

Note 1 to entry: Fhe field effect mobility is usually derived from either saturation or linear approximations.

Note 2 to entry:\ Field effect mobility is given in units of cm?/V-s.

3.10
thin-film transistor

TFT

switching device made from three electrodes (source, drain and gate) and semiconducting
and insulating layers wherein potentials applied to a gate electrode modulate charge carriers
on the opposite side of the insulating layer situated between the gate and semiconductive
layer

Note 1 to entry: The change in charge density in the semiconductive layer changes its conductivity, and this in
turn allows a modulation in current flow between the source and drain electrodes for a given source-drain potential
difference.

Note 2 to entry: TFTs are found in a wide variety of electronic devices such as integrated circuits and display
backplanes.
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4 Atmospheric conditions for evaluation and conditioning

The standard atmosphere for evaluation (test and measurement) and storage of the specimen
shall be a temperature of (23 + 2) °C and relative humidity of (50 £+ 10) %, conforming to
standard atmosphere class 2 specified in ISO 291. If a polymer substrate is used for a test
piece coated with a semiconductive layer, the standard atmosphere for evaluation shall be a
temperature of (23 £ 1) °C and relative humidity of (50 £ 5) %, conforming to standard
atmosphere class 1 specified in ISO 291.

If conditioning is necessary, the same standard atmosphere as specified above shall apply.

5 Evaluation of properties of semiconductor ink

5.1 [Specimen

The specimen for evaluation shall be prepared according to ISO 14488 lor an equjvalent
metho@. If necessary, dilution by a compatible solvent may be allowed:)For semiconductor
inks, ih many cases the properties to be evaluated could be influenced by the chaice of
solvenft and method of deposition. Consideration of the likely effects-of solvent choice gnd ink
deposition should be made in light of the semiconductor chemistry and/or the ink composition.

5.2 Contents
5.2.1 Solid contents
5.2.1.1 Determination of solid content

Solid |content of semiconductive materials _@nd non-semiconductive materials shall be
determined by the theoretical mass fraction (expressed as a percentage) of funftional
ingredlents to the total ink mass. Functional ingredients include semiconductive maferials,
their precursors or binders, or any additives.

5.2.1.% Report of the results
The repport shall include the fdllowing items:

a) un|que specimen identification;
b) daje of test;

c) atmospheric cenditions of test;
d) solid content,

5.2.2 Non-volatile content

5.2.2. +—™Principte

Non-volatile content is determined by measuring the mass of residue after evaporation of the
volatile ingredients and calculating the mass fraction (expressed as a percentage) to the total
ink mass.

5.2.2.2 Test method
The test method shall be as specified in ISO 3251 with the following exceptions:

a) Air pressure: 86 kPa to 106 kPa.

b) If specified by the manufacturer, the test may be performed under reduced pressure. The
conditions and procedures for reducing the pressure shall be as specified in ISO 124 or by
the manufacturer.

c¢) The materials which do not react with the ink during an examination shall be used.
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d) Repeat the test until the weight becomes constant within 5 %.

5.2.2.3 Report of the results

The re

port shall include the following items:

a) specimen identification;

b) test conditions (air pressure if reduced, drying temperature and time);

c) specimen mass;

d) results.

5.3
5.3.1
5.3.1.1

The m
ISO 11
ISO 15
detaile

5.3.1.2

Equipn
equipn

5.3.1.3

The report shall include the following items:

a) sp
b) me
C) msg
d) reg
5.3.2

5.3.2.1

Viscodlity shall_be-measured using a Brookfield type rotational viscometer as speci

ISO 25
specifi

Physicat fes
Density
Measuring method

easuring method shall either be the pyknometer method as spgtified in IS

d product specifications shall specify the measuring method te’be used.

Equipment

hent shall be as specified in the measurement{method (see 5.3.1.1) or sh
nent considered equivalent or superior.

Report of the results

pcimen identification;

asurement method;

asurement atmosphere (temperature and relative humidity);
ults.

Rheology
Measuring-method

55, cone-and-plate viscometer as specified in ISO 2884-1, or rotational viscomg
ed in[SO 3219.

D 758,

83-1 and ISO 2811-1, the method using oscillation-type densityymeters as specified in
212-1, or the immersed body (plummet) method as specified in ISO 2811-2.

The

all be

fied in
bter as

The d

taited—product—specifications—stratt—specify the—measurimg—methrod—amd—me

temperature to be used.

5.3.2.2 Report of the results

The re

port shall include the following items:

a) standard number of the measurement method;

b) specimen identification;

c) measuring temperature;

d) vis

cometer model;

suring

e) viscosity expressed in millipascal second (mPa-s) at (a) shear rate(s) appropriate to the
printing method(s) for which the ink is proposed to be used by the supplier.
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5.3.3 Surface tension
5.3.31 Measuring method

Surface tension shall be measured using the drawing up liquid film (Wilhelmy) method as
specified in ISO 304 with the following exceptions:

a) equipment considered equivalent to that in ISO 304 may be used;
b) the test jig shall be made of platinum;

c) the equipment shall be calibrated using pure water and a hanging weight.

5.3.3.2_Report of the results

The report shall include the following items:

a) specimen identification;
b) megasuring temperature;

c) surface tension expressed in millinewton per metre (mN/m).
5.3.4 Flash point
5.3.4.1 Measuring method

Flash [point shall be measured according to ISO 2592 in the case of an open system. The
methofl of "open system" is preferable for safety, however, "closed systems" are also (widely
used. [The measurement method based on ISO 2719 (elosed system) and ISO 3679 (tlosed
system) may be applied if a closed system is required.

5.3.4.2 Report of the results
The refport shall include the following items:

specimen identification;

tegqt conditions (temperature, humidity and atmospheric pressure);

)
)
c) sampling conditions (typeofink used, dispersive media and concentration);
) regults;

)

others (special items),
5.3.5 Evaporation rate
5.3.5.1 General

The eyaporation rate is a property which is necessary for the printed electronics ink, hut the
detailg ofithe evaluation condition and the measuring method are significantly different for the
ink. InTAIS document, a common framework for the method IS speciiied as a guideline. The
detailed conditions and measurements may be determined between trading partners
depending on the properties of the ink.

5.3.5.2 Measuring method

The evaporation rate of solvent from an ink formulation can be determined by measuring the
time taken for 90% of the mass of the solvent content of the ink formulation to evaporate.

A flat absorbent material (such as a filter paper) is positioned on a sensitive mass balance
located inside a dry air (< 5% relative humidity) or nitrogen cabinet at atmospheric pressure.
A known volume of ink (such as 1 ml) is dispensed in a straight line on the absorbent material
to produce a repeatable area of wetted film on the filter paper. Dried air or nitrogen is passed
through the cabinet at a controlled temperature and flow rate. The temperature and flow rate
may be determined between trading partners depending on the properties of the ink, but these
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conditions shall be included in the report. The location of the entry and exit ports for the dry
air or nitrogen should be chosen so as not to disturb the mass balance readings throughout
the test.

The evaporation rate can be calculated by measuring the difference in mass over a period of
time. It is recommended that sufficient measurements be made to allow five or more points to
be plotted on a graph of mass loss versus time for values of between 10 % and 90 % loss of
solvent from the ink. The test should be repeated a total of three times and the evaporation
rates averaged for that ink. In order to make a comparison, the procedure should be
conducted with a known solvent such as n-butyl acetate and the evaporation rate normalised

to this

solvent.

In the
shall |
recom
captur
graphi

complex manner. These results can also be compared with those for/n-butyl acet

plottin

5.3.5.3

The report shall include the following items:

a) sp
b) tes

c) reg
6 P

6.1

Metho
HoweV
printak

is necegssary.

6.2
6.2.1

Testp

case of an ink comprising a solvent mixture, an increased number of meastrg
mended that a balance with automated data logging be used in order to facilite
cal form for the case where the solvent evaporation rate is varying“with tim

j both data on the same graph.

Report of the results

bcimen identification;
t conditions (mass of ink, flow rate of air/nitrogen, solvent used for comparison);

ults (normalised to the solvent used for comparison).
operties of semiconductive layer

Semiconductor type
s described in IEC 62860 afre applicable to the evaluations of printable semicond

er, for the purposes ofsthis document the test methods for organic or ing
le semiconductors will'bé the same. No distinction between the two classes of m

Test piece
General

eces.are used for evaluating the semiconductive layer.

ments

e made in order to clearly show how the evaporation rate changes overstimg. It is

te the

b of sufficient data to describe the detailed behaviour. The results may-be presented in

e in a
ate by

uctors.
rganic
aterial

6.2.2

Substrate

The substrate for the test piece shall be clean and of smooth-surface non-alkali glass which
will not affect the ink. Other substrate materials may be used if agreed between the trading

partne

6.2.3

rs (supplier and purchaser).

Semiconductor ink

According to 5.1, except no dilution is allowed.

6.2.4

Dimensions of test piece

The dimensions of the test piece shall be as specified in each test method. If evaluation is
possible, a test piece with smaller and/or thinner dimensions than specified may be used.
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Preparation of test piece

The test piece shall be prepared according to the following procedure:

a) Prior to ink printing or coating, the substrate surface shall be cleaned by appropriate
means using an organic solvent such as acetone.

b) Print or coat the ink onto the substrate surface using an appropriate method to form a
uniform layer of ink.

c) Solidify the ink by appropriate means to produce an electrically semiconductive layer.

6.3
6.3.1

Electrical properties

Charge mobility

6.3.1.1 General

The miethod of direct charge mobility measurement should be described for\measuren;
the semiconductive layer. Direct measurement of the charge mobility may, net be possi

all ma
for Ha

erial types. This may be due to the absence of sufficient chargesoiin’the semicon
| effect measurements to be made.

6.3.1.2 TFTs

TFT fi
of the

pld effect mobility measurements can be used to give~an indication of the perfor
ink in a particular application. In this case measuréments should be made accor

IEC 64860. Charge mobility should be calculated in_the linear and/or saturated regin
presented graphically as a variable for a range of.gate voltages in the accumulation

This W

TFTs
larges

should be constructed with channel lengths covering a factor of 5 from smal
in order to illustrate any variation injperformance arising from short channel ¢

Ideally] the smallest channel length tested” should be less than <10 um since

dimen

sions are where the channel length shortening effects have the greatest effec

device| performance.

6.3.1.3 Diodes

Charg

layer i

mobility measurement“through time of flight (TOF) or space charge limited (

(SCLQ) measurements may. also be used to evaluate the performance of the semicong
N a diode configdration. The test method should be described, detailing the preparation

methofl for the device jcontacts and the voltage measurement regimes used to condy

study.

Dielectric properties

ent of
ble for
ductor

mance
ding to
e and
mode.

ill enable the gate voltage dependence of.the 'mobility to be seen for a given material.

est to
ffects.
these

upon

urrent
uctive

ct the

bacitor

calculated using the formula:

where
d
€0
A
C

semiconductor thickness,
permittivity of free space,

area of capacitor,
measured capacitance.
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For applications where the semiconductor is operating at higher frequencies, the capacitance
can be measured at different frequencies to establish the variation of the permittivity with
frequency. For the capacitance measurement either a capacitance meter, LCR meter or
frequency analyser may be used. Care should be taken to account for any parasitic
capacitance in the measurement leads or test fixture. The dimensions of the electrodes and
thickness of the film should be reported, and these should be chosen so as to avoid any edge
effects that would alter the accuracy of the measurement. It is recommended that the
diameter of the capacitor plates (or length for the case of a square device) be at least 1 000
times larger than the thickness of the semiconductor film.

6.3.3 lonisation potential

lonisafion potential for p-type materials can be measured using photoelectron spectresgopy in
air. THe test method and the film preparation conditions should be described, includipg the
atmospheric conditions in the laboratory.

6.4 |Optical properties
6.4.1 Overview

The tepts specified in 6.4.2 through 6.4.7 shall be used for transparent or equivalent mdterials.

6.4.2 Luminous transmittance
6.4.2.1 General

Lumingus transmittance is presented as total luminous.transmittance.

6.4.2.2 Measuring method

Luminpus transmittance shall be measured using the single-beam method as specified in
ISO 13468-1, or the double-beam methed as specified in 1SO 13468-2, with the following
detailg. If agreed between the trading*partners (supplier and purchaser), another method
which |s considered equivalent may‘be used.

The dgtailed product specifications shall specify the applicable measuring method.

6.4.2.3 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 or
ISO 542 may beUsed.

6.4.2.4 Wavelength or wavelength range used in the test

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

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

a) measuring method and equipment;

b) measuring wavelength or wavelength range;
c) specimen thickness;

d) luminous transmittance.
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6.4.3 Chromaticity
6.4.3.1 General

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

6.4.3.2 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 rdflecting diffuser shall be a perfect reflecting diffuser or a reference diffuser uded for
calibrgting measuring equipment.

6.4.3.3 Measuring equipment and auxiliaries

The measuring equipment and light source shall be in accordance. with at least one |of the
following: ISO 5-2, I1SO 5-3, ISO 3664 or ISO 13655, and shall/be“specified in the detailed
produgt specifications.

6.4.3.4 Expression of the results

The results shall be presented as the numerical values of each of the L*a*b* coordinatg axes,
or shgll be plotted in the L*a*b* colour space.nlf agreed between the trading partners
(supplier and purchaser), the results may be preésented instead by the numerical valJde of a
specific coordinate axis or the numerical valuestof two specific coordinate axes of the [*a*b*
colour|space. In this case, the coordinate axis-or axes concerned shall be clearly stated

6.4.3.5 Report of the results
The repport shall include the following items:

a) mgasuring instrument and. light source;
b) mgasurement method (reflected light or transmitted light);

c) chfomaticity (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).

6.4.4 Unifoermity of colour

6.4.4.1 Principle

Colour differences are obtained at 10 points on the specimen and their average is evaluated
by the difference from the standard chromaticity and standard deviation.

6.4.4.2 Measuring equipment

According to 6.4.3.3.

6.4.4.3 lHluminant (light source)
According to 6.4.3.3.
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6.4.4.4

Measuring method

According to 6.4.3, 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, as shown in Annex B. 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.

6.4.4.5

Calculation of colour difference

Colour difference is calculated by 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

lightngss, chroma, and hue.

The col

formulp:

where
AE*ab
AL*, A

The col
foIIowiT1

where
AE*ab
AL*

AC*ab

AH*ab

our difference based on the L*a*b* colour system is calculated by using(the fol

1

eap=| (o) 0" o)

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

* Ab* is the difference in L* and differencefin colour coordinates a*and b*
chromaticity between the pair of points obtained in 6.4.3.

our difference based on the luminosity, chroma, and hue is calculated by usi
g formula:

1

*

AE"ab = [(AL )2 +(Aac*ab)2 +(AHb*ab)2} ?

is the colour diffefrence based on the L*a*b* colour system;

is the difference in luminosity L* of the chromaticity between the pair of
obtained in. 6:4.3;

is the difference in ab chroma of the chromaticity between the pair of points ob
in 6.4.3;

lowing

of the

ng the

points

tained

is(the difference in ab hue of the chromaticity between the pair of points obtained in

6.4.3.

The colour difference formula in CIE DE 2000 (see CIE Publication No.142) may also be used

for calc

6.4.4.6

ulating colour difference.

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.
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6.4.5 Haze
6.4.5.1 Measuring method

Haze shall be measured using the method specified in ISO 14782. A similar method may be
used as agreed between the trading partners (supplier and purchaser).

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

a) thickness of the specimen;

b) tyge of light source;
c) hage.

6.4.6 Refractive index

6.4.6.1 Measuring method

The refractive index shall be measured using method A (for measurifig-the refractive index of
films using a refractometer) specified in ISO 489 or a similar method.

6.4.6. Contacting liquid

A conflacting liquid with a refractive index higher than that of the measured object and|with a
substrate which does not swell or dissolve as listed in1SO 489:1999, Table 1, shall be used.
When [using a plastic film for the substrate, choose.the contact liquid in consideration|of the
refracfive index, swelling and melting of the substrate.

6.4.6.3 Conditioning

Condifjoning shall be performed at a temperature of (23 £ 2) °C and a relative humidity of
(50 = 10) % for 88 h or longer. Other.conditioning shall be determined by the trading partners
(supplier and purchaser), if necessary:

6.4.6.4 Report of the results
The report shall include_the'following items:

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

6.4.7 Luminous transmittance

6.4.7.1 General

Luminous transmittance is presented as total luminous transmittance.

6.4.7.2 Measuring equipment

Luminous transmittance shall be measured using the single-beam method as specified in
ISO 13468-1, or the double-beam method as specified in ISO 13468-2, with the following
details. If agreed between the trading partners (supplier and purchaser), another method
which is considered equivalent may be used.

The detailed product specifications shall specify the applicable measuring method.
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