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FOREWORD

The |International Electrotechnical Commission (IEC) is a worldwide organization for standardization ¢or
all nptional electrotechnical committees (IEC National Committees). The object of IEC is to promote‘inter
co-operation on all questions concerning standardization in the electrical and electronic fields. A e_this

in adqdition to other activities, IEC publishes International Standards, Technical Specifications, Technical §

Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Pghlication(s)”).

preparation is entrusted to technical committees; any IEC National Committee interested inthe subject d
may|participate in this preparatory work. International, governmental and non-governmental ‘organizations
with|the IEC also participate in this preparation. IEC collaborates closely with the Intérnational Organiz
Starldardization (ISO) in accordance with conditions determined by agreement betwgen the two organizg

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
ested IEC National Committees.

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

In ofder to promote international uniformity, IEC NationahCommittees undertake to apply IEC Pub
trangparently to the maximum extent possible in their national*and regional publications. Any divergence
any JEC Publication and the corresponding national or regional publication shall be clearly indicated in th

IEC |itself does not provide any attestation of conformity. Independent certification bodies provide co
assgssment services and, in some areas, access, t0 IEC marks of conformity. IEC is not responsible
servjces carried out by independent certificatiop;bodies.

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

No ljability shall attach to IEC or its diréctors, employees, servants or agents including individual exp
menjbers of its technical committees ‘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.

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

IEC |draws attention, to-the possibility that the implementation of this document may involve the us
patent(s). IEC takés-no position concerning the evidence, validity or applicability of any claimed patent
respect thereof. ‘As-of the date of publication of this document, IEC had not received notice of (a) patent(s
may|be required)to implement this document. However, implementers are cautioned that this may not rq
the latest infermation, which may be obtained from the patent database available at https://patents.iec
shall not be)held responsible for identifying any or all such patent rights.
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This second edition cancels and replaces the first edition published in 2018. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) addition of 6.3.1.2.2 — Normalised on-current measurement of the TFT device;

b) in 6.3.2, correction of formula for calculation of permittivity.
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The te

xt of this International Standard is based on the following documents:
Draft Report on voting
119/485/FDIS 119/489/RVD

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

the ab

The la

This d

ove table.

nguage used for the development of this International Standard is English.

accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,)av

at ww
descri

pbed in greater detail at www.iec.ch/publications.

A list gf all parts in the IEC 62899 series, published under the general title)Printed elect
can bg found on the IEC website.

The ca
stabilif

mmittee has decided that the contents of this document witt remain unchanged u
y date indicated on the IEC website under webstore.ieC.ch in the data related

bcument was drafted in accordance with ISO/IEC Directives, Part 2, and develogped in

nilable

v.iec.ch/members_experts/refdocs. The main document types developedyby IHC are

ronics,

ntil the
to the

specific document. At this date, the document will be

e redonfirmed,

e withdrawn, or

e rellised.
IMPQRTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of itg contents. Users should therefore print this document using a colour printern.
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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, and transportation
conditions.

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 printed
electronics.

This part of IEC 62899 is prepared for inks containing semiconducting materials used in printed

electrg

nics and contains the test conditions, the evaluation methods and the storage cong

itions.
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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 characterization and

evalu tionofsamiconductorinks and camicaondiictiva lavarce that ara madag fram camicn ductor
HOH-OS e EOREHGtO SR Se o RaHEtHHY-e1ay-8rStHatratreraae+HHoHSeHHco

inks.

2 Normative references

The following documents are referred to in the text in such a way that some-or all of their dontent
constifutes requirements of this document. For dated references, only the-edition cited applies.
For updated references, the latest edition of the referenced daocument (including any
amendments) applies.

IEC 623860, Test methods for the characterization of organic_transistors and materials

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

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

ISO 124, Latex, rubber — Determination of total solids content

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 489:2022, Plastics — Determination of refractive index

ISO 788, Liquid chemical products for industrial use — Determination of density at 20 °C

ISO 1183-1, Plastics — Methods for determining the density of non-cellular plastics — Part 1:
Immergion method, liquid pycnometer method and titration method

ISO 2855, Plastics — Resins in the liquid state or as emulsions or dispersions — Determnation
of appbrant \/iqr‘neify uQing a Qinglp r‘ylindnr type rotational viscometer 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. Pycnometer method

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
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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 3664, Graphic technology and photography — Viewing conditions

ISO 3679, Determination of flash point — Method for flash no-flash and flash point by small scale
closed cup tester

ISO 13468-1:2019, Plastics — Determination of the total luminous transmittance of transparent

materi

1ISO 13
materi

ISO 13
graphi

ISO 14
particy

ISO 14

ISO 15

3 Te

For th
followi

ISO a
addres

o |E(
e |S(

NOTE

3.1
semic

hls — Part 1: Single-beam instrument

als — Part 2: Double-beam instrument

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

488, Particulate materials — Sampling and sample splitting for the determina
late properties

782, Plastics — Determination of haze for transparent materials

212-1, Oscillation-type density meters — Part.4.; Laboratory instruments

rms and definitions

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

hd IEC maintain terminology databases for use in standardization at the fol
ses:

L Electropedia: ayailable at https://www.electropedia.org/

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

The terms ifitalic font are those defined in Clause 3.

pnductive material

ingred

468-2:1999, Plastics — Determination of the total luminous transmittance of fransjparent

on for

jon of

nd the

lowing

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

Note 1 to entry: The ingredient can be one or more small molecules, precursors, polymers, or particles.

Note 2 to entry: The ingredient can require post treatment to provide semiconductive properties.

3.2

semiconductor ink
liquid in which one or more inorganic particles, ions, salts, organic small molecules or organic
polymers are dissolved or dispersed, and which becomes an electrically semiconductive layer
(3.3) through solvent removal or post treatment such as UV, photonic, or thermal processing

[SOURCE: IEC 62899-101:2019, 3.121]
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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

[SOURCE: IEC 62899-101:2019, 3.119]

3.4

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

[SOURCE: IEC 62899-101:2019, 3.120]

3.5

solid ¢ontent

mass fraction of an ingredient which effectively functions as a semiconductive materig
dissolyed or dispersed in a solvent to form a semiconductor ink (3.2)

Note 1 {o entry: In some instances the ink can include insulating materials, sométimes referred to as bin
other aqditives included to improve the film formation during coating or printing.

3.6

non-vplatile content

mass [fraction of residue obtained by evaporation ¢f\the volatile solvent under s
conditions, in semiconductor ink (3.2)

3.7

dispelsion

heterogeneous system in which fine sepafated materials are distributed uniformly in
materipls

3.8

flash point

lowest| liquid temperature at which, under certain standardized conditions, a liquid gi
vapours in quantity such as to be capable of forming an ignitable vapour/air mixture
[SOURCE: IEC 60050-212:2010, 212-18-05]

3.9

field effect mobility

majorify carrier mobility of semiconductive material (3.1) derived through the transfer
measurement of a fabricated TFT (3.10) device

1(3.1)

ders, or

pecific

other

es off

curve

Note 1t

Note 2 t

o entry: The field effect mobility is usually derived from either saturation or linear approximations.

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

(3.3)

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

o entry- TFETs are found in a wide variety of electronic devices such as integrated circuits and

display

backpla

4 Af

The st
shall b
standg
piece

tempe
atmos

If cond

5 Ev

5.1

The s
metho
many
metho
should

5.2

5.2.1
5.2.1.1
Solid

detern
ingred

nes.
mospheric conditions for evaluation and conditioning

bndard atmosphere for evaluation (test and measurement) and storage-of the spg
e a temperature of (23 £ 2) °C and relative humidity of (50 + 10) %;~in accordang
rd atmosphere class 2 as specified in ISO 291. If a polymer substrate is used fon
coated with a semiconductive layer, the standard atmosphere-for evaluation sha
rature of (23 + 1) °C and relative humidity of (50 £ 5) %, (in, accordance with st
bhere class 1 as specified in ISO 291.

itioning is necessary, the same standard atmosphere as specified above shall ap

raluation of properties of semiconductor ink

Specimen

ecimen for evaluation shall be prepared in accordance with ISO 14488 or an equ
4. If necessary, dilution by a compatible solvent is permitted. For semiconductor i
cases the properties to be evaluated can be influenced by the choice of solve
i of deposition. Consideration of the likely effects of solvent choice and ink dep
be made in light of the semiconductor chemistry, the ink composition or both.

Contents
Solid content
Determination of solid content

content> of semiconductive materials and non-semiconductive materials sh
ined_by the theoretical mass fraction (expressed as a percentage) of fun

cimen
e with
a test
| be a
ndard

valent
nks, in
nt and
psition

all be
ctional

ents to the total ink mass. Functional ingredients include semiconductive material

5, their

precursors or binders, or any additives.

5.2.1.2 Report of the results

The re

a) uni

port shall include the following items:

gue specimen identification;

b) date of test;
c) atmospheric conditions of test;

d) sol

id content.
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5.2.2 Non-volatile content
5.2.2.1 Principle

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) Airpressure 86 kPato 106 kP

b) If §pecified by the manufacturer, the test can be performed under reduced pressure. The
conditions and procedures for reducing the pressure shall be as specified in IS© 124 or by
thg manufacturer.

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

5.2.2.3 Report of the results

The rejport shall include the following items:

a) specimen identification;

b) test conditions (air pressure if reduced, drying temperature and time);
C) sp¢cimen mass;

d) redults.

5.3 [Physical properties

5.3.1 Density

5.3.1.1 Measurement method

The measurement method shall~either be the pyknometer method as specified in ISP 758,
ISO 1183-1 and ISO 2811-1, the method using oscillation-type density meters as specified in

ISO 18212-1, or the immersed body (plummet) method as specified in ISO 2811-2. The detailed
produgt specifications shall specify the measurement method to be used.

5.3.1.2 Equipment

Equipment shall-be as specified in the measurement method (see 5.3.1.1) or shall be equipment
considered equivalent or superior.

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

a) specimen identification;

b) measurement method;

c) measurement atmosphere (temperature and relative humidity);
d) results.
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5.3.2 Rheology
5.3.21 Measurement method

Viscosity shall be measured using a Brookfield type rotational viscometer as specified in
ISO 2555, cone-and-plate viscometer as specified in 1ISO 2884-1, or rotational viscometer as
specified in ISO 3219.

The detailed product specifications shall specify the measurement method and measuring
temperature to be used.

5.3.2.

The report shall include the following items:

a) stgndard number of the measurement method;
b) specimen identification;

c) mdgasuring temperature;

d) viscometer model;

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 usedy.the supplier.

=

5.3.3 Surface tension
5.3.3.1 Measurement method

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

a) equipment considered equivalent to thatiin ISO 304 can be used;
b) thdg test jig shall be made of platinum;
c) thg equipment shall be calibrated using pure water and a hanging weight.

Other methods of measuring sutface tension can be used such as the Du Noly method gnd the
pendapt drop method.

5.3.3.2 Report of the results

The report shall include the following items:

Q

spgcimen_identification;
b
c
d

melasuring temperature;

melastrement method used to evaluate the surface tension;

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

5.3.41 Measurement method

Flash point shall be measured in accordance with ISO 2592 in the case of an open system. The
method of "open system" is preferable for safety, however "closed systems" are also widely
used. The measurement method based on ISO 2719 (closed system) and ISO 3679 (closed
system) can be applied if a closed system is required.
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5.3.4.2 Report of the results

The report shall include the following items:

a) specimen identification;

b) test conditions (temperature, humidity and atmospheric pressure);

c) sampling conditions (type of ink used, dispersive media and concentration);

d) results;

e) others (special items).

5.3.5

5.3.5.1 General

The e

detailg of the evaluation condition and the measurement method are significantly differ

__Evaporation rate

aporation rate is a property which is necessary for the printed electronics”ink,

ut the
ent for

the inK. In this document, a common framework for the method is specified,as”a guideline. The

detailgdd conditions and measurements can be determined between tradifg-partners dep

on the

5.3.5.2 Measurement method

The e

A flat
locate
known

produge a repeatable area of wetted film on<the filter paper. Dried air or nitrogen is
through the cabinet at a controlled temperature and flow rate. The temperature and flg
can bg determined between trading partners depending on the properties of the ink, buf

condit
or nitr
test.

The e
time. |
be plo

solvent from the ink. “Fhe test should be repeated a total of three times and the evap
rates gveraged forithat ink. In order to make a comparison, the procedure should be con

with a

In the

properties of the ink.

absorbent material (such as a filter paper) is. positioned on a sensitive mass b
| inside a dry air (< 5 % relative humidity) ornitrogen cabinet at atmospheric press
volume of ink (such as 1 ml) is dispensed;in a straight line on the absorbent mat

ons shall be included in the report. The location of the entry and exit ports for the
bgen should be chosen so as“not to disturb the mass balance readings throughd

aporation rate can be calculated by measuring the difference in mass over a pe
is recommended.that sufficient measurements be made to allow five or more pg
ted on a graph-ofmass loss versus time for values of between 10 % and 90 %

known solyent such as n-butyl acetate and the evaporation rate normalised to this 3

ending

aporation rate of solvent from an ink formulation can~be determined by measuring the
time tgken for 90 % of the mass of the solvent content ofd¢he ink formulation to evaporat

e.

alance
ure. A
prial to
assed
w rate
these
dry air
ut the

riod of
ints to
oss of
bration
Hucted
olvent.

case-of an ink comprising a solvent mixture, an increased number of measuremen

be m4ddevin order to clearly show how the evaporation rate changes over time
recommended that a balance with automated data logging be used in order to facilitate the
capture of sufficient data to describe the detailed behaviour. The results can be presented in
graphical form for the case where the solvent evaporation rate is varying with time in a complex
manner. These results can also be compared with those for n-butyl acetate by plotting both

data o

shall
It is

n the same graph.

5.3.5.3 Report of the results

The report shall include the following items:

a) specimen identification;

b) test conditions (mass of ink, flow rate of air/nitrogen, solvent used for comparison);

c) results (normalised to the solvent used for comparison).
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6 Properties of semiconductive layer

6.1 Semiconductor classification

The methods described in IEC 62860 are applicable to the evaluation of printed semiconductors.
However, for the purposes of this document the test methods for organic or inorganic printable
semiconductors will be the same. No distinction between the two classes of material is
necessary.

6.2 Test piece
6.2.1 __General

Test pleces are used for evaluating the semiconductive layer.

6.2.2 Substrate

The sybstrate for the test piece shall be clean and of smooth-surface non-alKali glass which will
not affect the ink. Other substrate materials can be used if agreed between the trading partners
(supplier and purchaser).

6.2.3 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 spegified in each test method. If evaludtion is
possible, a test piece with smaller or thinner dimensions, or both, than specified can be jused.

6.2.5 Preparation of test piece
The tept piece shall be prepared accarding to the following procedure:

a) Pripr to ink printing or coatingi.the substrate surface shall be cleaned by appropriate means
using one or more of an arganic solvent such as acetone, an aqueous detergent sqlution,
diliited tetramethylammonium hydroxide (TMAH), and water.

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

c) Solidify the inkiby appropriate means to produce an electrically semiconductive layer.
6.3 [Electrical properties

6.3.1 Charge mobility

6.3.1.1 General

The method of direct charge carrier mobility measurement should be described for
measurement of the semiconductive layer. Depending on the carrier concentration the
appropriate method should be selected amongst the measurements of field effect mobility, Hall
mobility, time of flight (TOF) mobility, and space charge limited current (SCLC) mobility.
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6.3.1.2 TFTs
6.3.1.2.1 Field effect mobility of the TFT device

TFT field effect mobility measurements can be used to give an indication of the performance of
the ink in a particular application. In this case measurements should be made in accordance
with IEC 62860. Charge mobility should be calculated in the linear or saturated regime, or both,
and presented graphically as a variable for a range of gate voltages in the accumulation mode.
This will enable the gate voltage dependence of the mobility to be seen for a given material.
TFTs should be constructed with channel lengths covering a factor of 5 from smallest to largest
in order to illustrate any variation in performance arising from short channel effects. ldeally the
smallest channel length tested should be less than < 10 ym since these dimensions are where
the ch f f . The
field effect mobility often varies as a function of gate voltage and can, on occasion, be-ex
inaccufrately due to contact resistance effects. Therefore, other methods _{o,“evaluate
semiconductor ink performance in a TFT should be employed in addition to field.effect mpbility.
One method is to use a normalised on-current measurement as shown in 6.3.h2)2.

6.3.1.2.2 Normalised on-current measurement of the TFT device

Measurement of the TFT on-current (Ip) at a defined set of gate and-drain voltages can| be an

effectiye way to evaluate the performance of the semiconductor ink and determine if it [s able
to proyide enough current for an application. To evaluate devices produced with different
geomgtries channel length (L), width () and dielectric capacitance (C;), it is necesgary to

normalise the on-current with respect to these parameters/(i.e. the current that would flgw in a
TFT wjth w=L=1puymand at C; = 1 nF/cm2). The normalised drain current (NIp) is caldqulated

according to the following formula:

1
Nln = L ——
DS D e

1

The vqltages for the TFT should be ‘agreed between trading partners (supplier and purchaser).
As an epxample, for a p-type TFT the NI could be measured for the drain set at -15 V gnd the

gate voltage at -22 V. N-type ‘TFTs would require positive gate and drain voltages.| As in
6.3.1.2.1, the NIy shall be measured on a range of TFT channel lengths covering a factgr of at

least § from smallest to largest to identify any short channel effects. The C; of the TFT ig often

in the [range of 2 nF/cm?'to 20 nF/cm? for printed devices. Values above this range could be
obtaingd if the relative permittivity of the insulator in the device is very high or the insulator is
very thin, or both.\Values below this range can be achieved due to the use of a very thick
insulafor. The dielectric thickness, and hence gate capacitance, should be agreed between the
trading partners at a level relevant for the intended application.

6.3.1.

IV characteristics for drain current versus gate voltage at fixed drain voltage shall be made in
accordance with IEC 62860. This measurement shall be made at the same drain voltage as
used to calculate the N/ value. Forward and reverse scans shall be plotted in a graph to show

the level of current hysteresis throughout the transfer scan. In this way the semiconductor ink’s
performance can be measured without any effects of ion migration or slow polarization that can
affect the value.

6.3.1.3 Diodes

Charge mobility measurement through TOF or (SCLC) measurements can also be used to
evaluate the performance of the semiconductive layer in a metal-semiconductor-metal
configuration. The test method should be described, detailing the preparation method for the
device contacts and the voltage measurement regimes used to conduct the study.
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6.3.2 Dielectric properties

The dielectric properties of the semiconductor film can be measured by forming a capacitor
structure using the semiconductor as a dielectric in between two metal plates. The metal plates
can be formed by thermal evaporation or sputtering and patterned by shadow masking or
photolithography. The semiconductor ink can be coated by spin, slot die coating, or printing and
dried using a hot plate or oven. Film thickness should be measured using a stylus profileometer
or similar equipment with the required accuracy for the film thickness. Measurement of the
capacitance of a known thickness of the semiconductor (at a frequency of 1 kHz) will enable
the relative permittivity ¢, to be calculated using the formula:

where
d is the semiconductor thickness,
& is the vacuum electric permittivity,

A is the area of the capacitor,
C is the measured capacitance.

For applications where the semiconductor is operating at higher frequencies, the capadgitance
can b¢ measured at different frequencies to establish 4¢he variation of the permittivily with
frequepcy. For the capacitance measurement either{a) ‘capacitance meter, LCR magter or
frequency analyser can be used. Any parasitic capacitance in the measurement leads pr test
fixture[should be accounted for. 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_ recOommended 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
thickngss of the semiconductor film. If a_targe dielectric loss is measured in the film, dye to a
high charge concentration in the semicanductor, then the frequency of the measurement can
be indreased from 1 kHz to 10 kHzl_or 100 kHz. Alternatively, the capacitance-voltage CV
technique can be used to vary thelapplied bias across a metal-insulator-semiconductor-metal
structdre during capacitance measurement. The applied DC bias can be used to compare the
capacitance values of the structure for both depletion and accumulation of charges |in the
semicgnductor.

6.3.3 lonization potential

lonizalion potential’can be measured using photoelectron spectroscopy in air. The test method
and the film pfeparation conditions should be described, including the atmospheric confitions
in the |aboratory.

6.3.4 —Band-gap-efsemiconductorfilm

The band-gap of the semiconductor film can be measured using the Tauc method applied to a
UV-Vis absorption plot of the film or absorbance spectrum fitting (ASF) method. The test method
and the film preparation conditions should be described, including the atmospheric conditions
in the laboratory.

6.4 Optical properties
6.4.1 Overview

The tests specified in 6.4.2 through 6.4.6 shall be used for transparent or equivalent materials.
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6.4.2 Luminous transmittance
6.4.2.1 General

Luminous transmittance is presented as total luminous transmittance.

6.4.2.2 Measurement method

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 can be used.

The dgtailed product specifications shall specify the applicable measurement method,

6.4.2.3 Measuring equipment

MeasUring equipment shall be as specified in ISO 13468-1:2019, Clause\4, for single-beam
instrurhents or ISO 13468-2:2021, Clause 4, for double-beam instruments, as approlpriate.
MeasUring equipment according to ISO 13655 or ISO 5-2 can be used)

6.4.2.4 Wavelength or wavelength range used in the test

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

6.4.2.5 Report of the results

The repport shall include the following items:

a) measurement method and equipment,

b) measuring wavelength or wavelength range;
c) speg¢cimen thickness;

d) luminous transmittance.

6.4.3 Chromaticity
6.4.3.1 General

According to 1ISO/11664-4, chromaticity is presented as CIE (1976) L*a*b* colour space

6.4.3.2 Measurement method
The meastrementmethod—shalt-be-thereflectedtght-methodorthe—transmittedHght-ethod,

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 reflecting diffuser shall be a perfect reflecting diffuser or a reference diffuser used for
calibrating 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: 1SO 5-2, ISO 5-3, ISO 3664 or ISO 13655, and shall be specified in the detailed
product specifications.
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6.4.3.4 Expression of the results

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 the trading partners (supplier
and purchaser), 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.

6.4.3.5 Report of the results

The report shall include the following items:

a) md
b) me

c) ch
co

specific coordinate axes of the L*a*b* colour space).

6.4.4
6.4.4.1

Colour

the difference from the standard chromaticity and standard deviation.

6.4.4.2

Accorq

6.4.4.3

Accorg

6.4.4.4

Accord
same
that al
pair of
and th

6.4.4.5

Colour

asuring mmstrament and 1ight Source,
asurement method (reflected light or transmitted light);
omaticity (numerical values of each of the L*a*b* coordinate axes, plotted in the

our space, or the numerical value of a specific coordinate axis or numerical values
Uniformity of colour
Principle

differences are obtained at 10 points on the specimen.and’their average is evalug

Measuring equipment

ing to 6.4.3.3.

lHluminant (light source)

ing to 6.4.3.3.

Measurement method

nstrument and under the same conditions. Five or more pairs of points are seleg
10 points are chasen, as shown in Annex B. From the colour difference betwee
points, the mean-colour difference, the difference between the reference chron
£ mean, and the“standard deviation are calculated.

Calculation of colour difference

difference is calculated by using the colour difference formula based on the nun

L*a*b*
of two

ted by

ing to 6.4.3, chromaticity)shall be measured at 10 points on a single specimen using the

ted so
h each
aticity

herical

sed on

values| of'€ach of the L*a*b* coordinate axes, or using the colour difference formula ba
lightness, chroma, and hue.
The colour difference based on the L*a*b* colour system is calculated by using the following
formula:
1
* * 2 * 2 * 2 D)
an=| (ot o oo o
where:
AE*ab is the colour difference based on the L*a*b* colour system;

AL*, Aa*, Ab* is the difference in L* and difference in colour coordinates a* and b*

chromaticity between the pair of points obtained in 6.4.3.

of the
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The colour difference based on the luminosity, chroma, and hue is calculated by using the
following formula:

1

an = (ot o (aaan] "

where:
AE*ab is the colour difference based on the L*a*b* colour system:;

AL* is the difference in luminosity L* of the chromaticity between the pair of points obtained
mo.4.3;

AC*ab]| is the difference in ab chroma of the chromaticity between the pair of points|oltained
in 6.4.3;

AH*ab| is the difference in ab hue of the chromaticity between the pair of points obtaijned in
6.4.3.

The cqlour difference formula in CIE DE 2000 (see CIE Publication No.42 in the Bibliography)
may also be used for calculating colour difference.

6.4.4. 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.
6.4.5 Haze
6.4.5.1 Measurement method

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

6.4.5.2 Report of the'results

The report shall jigelude the following items:

a) thigkness-of-the specimen;
b) typle ofilight source;

c) haze

6.4.6 Refractive index
6.4.6.1 Measurement method

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

6.4.6.2 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 489:2022, Table 1, shall be used.
When using a plastic film for the substrate, choose the contact liquid in consideration of the
refractive index, swelling and melting of the substrate.
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6.4.6.3 Conditioning

Conditioning 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

(suppli

er and purchaser), if necessary.

6.4.6.4 Report of the results

The re

port shall include the following items:

a) refractometer used, and the type of light source and wavelength;

b) refractive index;

c) dispersion (if applicable).

7 S
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