IEC 62899-202-10:2023-08(en)

IEC 62899-202-10

Edition 1.0 2023-08

INTERNATIONAL
STANDARD

%inb
0>
Q,Q [ ”Rols
quq
Y,
S
&
S

Printed electronics —
Pant 202-10: Materials — Resistance measuQQent method for thermoformable
conducting layer \§\



https://iecnorm.com/api/?name=a80faec8ac3cf24bf494d7fad7e1aaee

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2023 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Secretariat

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch

CH-1211 Geneva 20 www.iec.ch

Switzerland
About the IEC
The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares ,and) publishes
Interngtional Standards for all electrical, electronic and related technologies.

About IEC publications

The t

latest

IEC ppblications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a

variet

of criteria (reference number, text, technical

committee, ...). It also gives information on projects, replaced
and wjthdrawn publications.

IECJ
Stay

detaild

st Published - webstore.iec.ch/justpublished
p to date on all new IEC publications. Just Published
all new publications released. Available online and once

a morth by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you

furthe!
Centrg

Wish to give us your feedback on this publication or need
assistance, please contact the Customer Service
: sales@iec.ch.

echnical content of IEC publications is kept under constant review by the IEC. Please make Sure that you ha
edition, a corrigendum or an amendment might have been published.

IEC Products & Services Portal,- products.iec.ch
Discover our powerful search’engine and read freely

access to up to date cantent tailored to your needs.

Electropedia - wiww-electropedia.org

The world's leading online dictionary on electrotechrjology,
containing mere than 22 300 terminological entries in Bnglish
and French, with equivalent terms in 19 additional langyiages.
Also knewn as the International Electrotechnical Vocgbulary

(IEV)online.

e the

gll the
publications previews. With a.subscription you will alway$ have


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=a80faec8ac3cf24bf494d7fad7e1aaee

IEC 62899-202-10

Edition 1.0 2023-08

INTERNATIONAL
STANDARD

“col@ur
inside

Priphted electronics —
Pait 202-10: Materials — Resistance measufément method for thermoformable
conducting layer

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.035.01; 31.180 ISBN 978-2-8322-7325-8

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=a80faec8ac3cf24bf494d7fad7e1aaee

-2- IEC 62899-202-10:2023 © |IEC 2023

CONTENTS

O T T 1 I PP 4
LN I 2 1 1 L O 1 PN 6
1 1T o 1= S 7
2 NOrMative referENCES .. o 7
3 Terms and definitioNs ... 7
4 In-situ resistance measurement method........ ... 9
41 Measured value .9
412 T eSSt SP B CIMEN LR na) ....9
4.2.1 INK STACK .. e ...9
4.2.2 Size and shape......ccoiviiiiiii i N .10
4.2.3 Conductive [ayer 1ayout .........oiiii e e e .10
413 Measurement apparatus ..........oooiiiiii e N .1
4.3.1 General ..o N 11
4.3.2 Elongation equipment ... ST .1
4.3.3 Resistance measurement equipment ................... (O .12
414 Measurement parameters .........ccoooviiiiiiiiiiiii A S .13
4.4.1 Elongation ... N .13
4.4.2 Elongation speed........coeoeiiiiiiii e S .13
4.4.3 Elongation temperature ... .13
415 Measurement ProCeAUIE ..ot e e .13
416 Measuring conductive line elongationi:. ..o .14
417 Data analysis ......ocovveiiiiiiim .14
4.7.1 (=Y a1 Y S .14
4.7.2 Calculating resSUItS .....el@i e .14
4.7.3 Excluding outliers in.data analysis .........ccccoiiiiiiiii i .15
418 MeasuUremMeNnt Fe POt ..t . e e .16
5 Pre-and post-elongationresistance measurement method......................coiin .16
51 Measured ValUe: .. o e .16
5]2 =TT A= oY= o 1y 1= P .16
5]3 Measurement apparatus ... ..o e ..16
5.3.1 Elangation equipment ... .16
5.3.2 Resistance measurement equipment ..o W17
54 Medasurement parameters ... ... .17
5]5 MeasuremMeNnt PrOCEAUIE ... ..iu.ie et et e e e e e e e e eas .17
516 Measuring conductive line elongation..........o.cooeeeeeeeeeneeneeneeneeneeeneeneeneeneeneieeeeeenes A7
5.7 Data ANaAlY SIS ot 17
5.7.1 GBNEIAL .. 17
5.7.2 Calculating reSUILS ... 17
5.7.3 Excluding outliers in data analysis ..........cccooiiiiiiii 18
5.8 MeasuremMeNnt Fe POt . ... . e 18

Annex A (informative) Example report for pre- and post-elongation resistance
L= U] =70 0= o) S PP 19
A1 Test specimen information ... 19
A.2 Elongation parameters . ... 19
A3 R SUIES .o e e 19
A.3.1 Measured line elongation range and elongation at electric break ................... 19


https://iecnorm.com/api/?name=a80faec8ac3cf24bf494d7fad7e1aaee

IEC 62899-202-10:2023 © |IEC 2023 -3-

A.3.2 Analysis of potential outliers ... 20
A.3.3 Average resistance Changes ........ooouiiiiiiii 20
A4 Date of the measurements ... ... 21
Annex B (informative) Guidelines for test specimen shape and conductive layer layout........ 22
B.1 Test specimen shape and dimenSIONS .......ouiiiiiiii e 22
B.2 Conductive layer [ayOUL.... ... 23
B.3 General guidelines for specimen shapes and conductive layer layout.................... 24
Bl O G A Y e s 26
Figufe 1 — Substrate with ink stack in 2D (top) and 3D (bottom) shape ..............ccccccioat ....6
Figufe 2 — Example of test specimen shape ... N .10
Figute 3 — Example of conductive layer layout ............coooiiiiiiiiii e e N, .1
Figute 4 — Example of elongation equipment..........cccoooiiiiiiiiiii b .12
Figufe 5 — Example of test specimen holder.............oo i b .12
Figufe 6 — Example of measuring conductive line elongation ............ .50 . .14
Figufe 7 — Example of conductive line resistance increase (%) as @.function of
€loNGAation tIME (S) .iviiiiiie e e e .15
Figufe A.1 — Conductive layer layout..........cooooiiiiinii A .19
Figufe A.2 — Boxplot of resistance change before outlier, afalysis.............ccoooiiiiiinnnn. .20
Figufte A.3 — Boxplot of conductive line resistance changes ..............ccoooviiiiii i, .21
Figufte B.1 — Example of the test specimen shapes.. .., .22
Figufe B.2 — Example of conductive layer layoutis .. ..o .24
Tablp 1 — Test specimen iNK StackK ........ o0t e aea e .10
Table A.1 — Conductive lines that had-electric break during elongation .............................. .20

Table A.2 — Resistance changes according to line elongation ranges...........c..ccooviiiiiennnn. .21



https://iecnorm.com/api/?name=a80faec8ac3cf24bf494d7fad7e1aaee

1

2)

3)

4)

5)

6)

7)

8)

9)

IEC p2899-202-10 has been prepared by IEC technical committee 119: Printed Electroni
is an Intérnational Standard.

-4 - IEC 62899-202-10:2023 © |IEC 2023

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRINTED ELECTRONICS -

Part 202-10: Materials — Resistance measurement
method for thermoformable conducting layer

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comp
al| national electrotechnical committees (IEC National Committees). The object of IEC is to promote internal
cqg-operation on all questions concerning standardization in the electrical and electronic fields» To this en
injaddition to other activities, IEC publishes International Standards, Technical Specifications, ‘Technical Re
Piiblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC\Publication(s)”).

preparation is entrusted to technical committees; any IEC National Committee interested iin the subject dea
mpy participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with the Iaternational Organizati
Sfandardization (ISO) in accordance with conditions determined by agreement(between the two organizati

rising
tional
H and
ports,
Their
t with
hising
bn for
ns.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internafional

cqgnsensus of opinion on the relevant subjects since each technical ,committee has representation frg
inferested IEC National Committees.

m all

IHC Publications have the form of recommendations for internatignal use and are accepted by IEC National

Cpmmittees in that sense. While all reasonable efforts are made t6 ensure that the technical content g
Pliblications is accurate, IEC cannot be held responsible £0rthe way in which they are used or fo
m|sinterpretation by any end user.

In| order to promote international uniformity, IEC National Committees undertake to apply IEC Public
transparently to the maximum extent possible in their natiohal and regional publications. Any divergence be
anpy IEC Publication and the corresponding national gr,regional publication shall be clearly indicated in the

IHC itself does not provide any attestation of conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fg
sqrvices carried out by independent certification bodies.

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

N¢ liability shall attach to IEC or its; directors, employees, servants or agents including individual expert
members of its technical committeeésrand IEC National Committees for any personal injury, property dama
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees

e
Pdblications.

Aftention is drawn to the“Normative references cited in this publication. Use of the referenced publicati
nfispensable for the“correct application of this publication.

Aftention is drawn\to‘the possibility that some of the elements of this IEC Publication may be the subject of g

rights. IEC shall hot be held responsible for identifying any or all such patent rights.

penses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othef

f IEC
I any

htions
ween
atter.
rmity
r any

5 and
ge or
and
IEC

ns is
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The text of this International Standard is based on the following documents:

Draft Report on voting

119/436/FDIS 119/448/RVD

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

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62899 series, published under the general title Printed electronics,
can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document At this date the document will be

e rgconfirmed,
e withdrawn,

—

bplaced by a revised edition, or

e gmended.

IMAORTANT - The "colour inside” logo on the cover page of this-document indicates that it
cortains colours which are considered to be useful for thecorrect understanding ofj its
corjtents. Users should therefore print this document using a.colour printer.
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INTRODUCTION

In-mould-electronics (IME) manufacturing can include thermoforming during which two-
dimensional electric films with conducting layers are thermoformed into three-dimensional
shapes. During thermoforming, the substrate and printed layers will experience plastic strain
leading to elongation (see Figure 1). The conductive layer’s resistance increases as a function
of plastic strain. Designers of electric circuitry should know how much the resistance changes.
Using a standardized measurement method ensures comparability of the results.

IEC

NOTH 1 The top image shows a 2D-substrate and ink stack after printing and cure.

NOTH 2 The bottom image shows a substrate and ink stack after thermoforming into a 3D shape. The ink layers
have peen elongated.

Figure 1(— Substrate with ink stack in 2D (top) and 3D (bottom) shape
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PRINTED ELECTRONICS -

Part 202-10: Materials — Resistance measurement
method for thermoformable conducting layer

1 Scope

This
char
mea

This

thermoformable substrates can have printed graphic ink as well and coversinsulation layers.

2

The

part of IEC 62899 defines terminology and measurement methods for the resist
ge of conductive ink layer(s) as a function of thermoplastic elongation. The\ me
sures resistance changes in-situ or post-elongation.

document is applicable to thermoformable substrates with conductiv€)ink layers.

Normative references

constitutes requirements of this document. For dated references, only the edition cited apq

For
ame

IEC

3

undated references, the latest edition of the referenced document (including
ndments) applies.

52899-202, Printed electronics — Part 202: Materials — Conductive ink

Terms and definitions

For fhe purposes of this document, thefollowing terms and definitions apply.

ISO
addr|

3.1

and |EC maintain terminglogy databases for use in standardization at the follo
Psses:

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

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

in-mould-electronics

IME
3D
com

circuit \manufactured by integrating and embedding printed electronics and elect
bofents within shaped structures

ance
thod

The

[

following documents are referred to in the text in such a way‘\that some or all of their coftent

lies.
any

wing

onic

Note 1 to entry: Manufacturing steps include, but are not limited to, printing, surface mounting, thermoformin
injection moulding.

3.2

thermoforming
process of shaping heated thermoplastic sheets or other articles, generally on a mould, followed
by cooling

Note 1 to entry:

therm

oformed on a mould.

[SOURCE: ISO 472:2013, 2.1172, modified — Note 1 has been added.]

g and

In this document, the test structures are elongated in the measurement equipment; they are not


https://www.electropedia.org/
https://www.iso.org/obp
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thermoformable substrate
substrate made of a material that deforms irreversibly when subjected to heating and force

3.4

conductive ink
fluid in which one or more conductive materials are dissolved or dispersed, and which is used

to fo

rm an electrically conductive structure

[SOURCE: IEC 62899-202-7:2021, 3.1, modified — “printable fluid intended for printing in which

or mare molecules polymers or particles” is changed to “fluid in which one or more

one

cond
such

3.5

grap
com

Note
either
in ord

Note

Note

[SOU
Note

3.6

insu
film-
becd

[SOL
laye

subgtrate, followed as necessary by the application of a post treatment such as heatin

uctive materials” and “which becomes an electrically conductive layer by post treat

as heating” is changed to “and which is used to form an electrically conductive struetu
hic ink
posite material containing colorants, functional components, vehicle and_additives

I to entry: In most cases, it is applied as a fluid to a substrate by a printing proeess and setting or dryi
physical (evaporation) and/or chemical (polymerizations e.g., oxidation, radiation’ induced, or other) proc
ler to form an image for decorative, informative or technical purposes.

P to entry:  Functional components are materials in the graphic ink that add or enhance its characteristid

B to entry:  Graphic ink forms visual layers after post treatment suych as heating.

JRCE: ISO 2834-2:2015, 3.5, modified — the term{"printing ink” is changed to “graphic
2 and Note 3 are added.]

lation layer
ike structure formed by printing or.coating of insulator ink on a substrate, which
me electrically insulating after postireatment

JRCE: IEC 62899-204:2019, 3:3, modified — “insulating layer” is changed to “insul
” and “electrically insulating-body made of insulator ink, which is printed or coated

ment
re”.]

ng by
PSSes

o

ink”,

can

ation
on a

gu |S
can

stack

changed to “structure formed by printing or coating of insulator ink on a substrate, which
becdme electrically insulating after post treatment”]

3.7

ink gtack

combinationsofink layers printed on a substrate

Note [l torentry: Ink layers can include graphic ink layers and conductive layers, or conductive layers only. A
can a|sqQinctlude an insulation layer.

3.8

elongation

increase of length of a test piece

[SOURCE: ISO 1924-3:2005, 3.3]

3.9
elon

gation at break

percent elongation of a test piece at rupture

[SOURCE: I1SO 1382:2020, 3.171, modified — in the term, “ultimate elongation” has been
removed.]
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3.10

plastic strain
plastic strain component of a controlled strain

Note 1 to entry: The strained specimen does not return to its original size and shape after the deforming forc

been

removed.

e has

[SOURCE: ISO 23718:2007:2007, 1.6.28, modified — in the term, the symbol has been removed
and Note 1 is added.]

3.11

glasp transition temperature

temperature where a polymer substrate changes from a rigid glassy material to a soft|(not
melted) material, and is usually measured in terms of the stiffness, or modulus

[SOURCE: ISO 11119-2:2020, 3.22, modified — in the term, the symbol has been-removed.]
3.12

meltling temperature

temperature at which transition between fully or partially crystalling‘solid becomes a liqujid of
varigble viscosity, which is indicated by an endothermic peak in thes\DSC curve

[SOUWRCE: ISO 15309:2013, 3.4, modified — in the term, the symbol has been removed, Note 1
and Note 2 have been omitted.]

4 In-situ resistance measurement method

41 Measured value

The measured value is the conducting layerresistance change (%) as a function of time (s) or
elongation (mm) at specified elongationzspeed (mm/s) and temperature (°C).

Resllts include also conducting layer resistance change (%) between pre- and post-elonggtion
at specified elongation (mm). and elongation speed (mm/s). Resistance measurements are
madg at room temperature (°C).

4.2 | Test specimen

4.2.1 Ink stack

Selert the substrate material that can be elongated at elevated temperatures, i.e., it shall be

The following four types of stacks are permitted:

a) s
b) s
c) s
d) s

ubstrate and conductive layer;
ubstrate, graphic layer and conductive layer;
ubstrate, conductive layer and insulation layer;

ubstrate, graphic layer, conductive layer and insulation layer.

phic
erial

The substrate, conductive ink layer, graphic ink layer and insulation layer form an ink stack (see
Table 1).
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Table 1 — Test specimen ink stack

Material Specifications

Substrate Thermoformable material Nominal thickness shall be 0,175 mm or more. The
tolerance of the nominal thickness shall be £10 % for
maximum and minimum values.

Graphic layer Thermoformable graphic This layer is optional. If used, select graphic ink materials,
inks layer thicknesses and number of layers.

Conductive layer Thermoformable conductive | Select conductive ink materials, layer thicknesses and
inks number of layers.

Insulation Ia\llnr Thermoformable insulation This In\J/nr s nrr_\fir\nal If ||end, select insulation mah:ri'-|3,
layer layer thicknesses and number of layers.

NOTE 1 Films thinner than 0,175 mm can have internal stresses that cause flaws to the thermoformed ‘shages.

NOTE 2 Test specimen with thicker substrate, for example, > 0,50 mm, will have longer heating times,|and
temperature distribution can be less homogeneous.

4.2.% Size and shape

The |size of the elongated area shall be smaller than the size 6fythe heater element in the
meagurement apparatus. However, the size of the test specimen ¢an be larger so that it cgn be
fastgned into the test specimen holder of the measurement equipment.

The test specimen shape shall be suitable for uniaxial €longation (see Figure 2). The subsfrate
shall be narrower in the elongation area than outsidenit. This is to concentrate conductivg line
elongation to the intended area. The substrate alsq has an hour-glass shape, and its middle is
slightly curved. This is to improve uniform elongation of conductive ink lines. See more [from
Anngx B.

IEC

NOTH The ned rectangle comprises the elongation area.

Figure 2—Exampleof-test specimenshape

4.2.3 Conductive layer layout

All conductive lines shall have the same width in the elongated area. This is to minimize the
elongation differences between the conductive lines. Suitable line widths are, for example,
0,3 mm, 0,45 mm, 0,6 mm, 1,0 mm, and 1,5 mm. The line width of 0,3 mm can be suitable only
for appropriately stretching conductive inks or for small elongation (e.g., < 20 %). The
conductive line width in the test specimen shall be recorded in the test report.

The conductive layer layout shall also include reference dots on both sides of conductive lines
in the elongation area. They are used to measure the actual elongation of the conductive lines.
The distance between the dots shall be below 10 mm, it can be for example 5 mm. If the test
specimen ink stack includes an insulation layer, it shall not hide the reference dots. For
example, the insulating layer is transparent or it has openings for the reference dots.
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Outside the elongation area, the conductive lines shall be at least two times wider than the
conductive lines in the elongated area. This is to concentrate conductive line elongation to the
intended area. The conductive line length is defined by sample size. Conductive lines shall
make electrical contact with the test specimen holder. In addition, there shall be a clearance
between the edge of the substrate and the conductive lines, for example 12 mm. This is to
minimize the elongation differences between the conductor lines. Figure 3 shows an example
of the layout.

Select the conducting layer thickness from a range that the conductive ink manufacturer has
specified. If the conductive ink manufacturer has not specified layer thicknesses, it can be
agreed between the user and supplier. Conducting layer thickness values shall be measured

from

at least three different samples. In each sample, at least both edge lines and the m|ddle

line $hall be measured. The recommendation is not to measure samples that have beef)printed

sequ

NOTH
NOTH

NOTH
pre- g

4.3
4.3.1

entially.

IEC

1 The black lines show the conductive layer.
2 The red rectangle comprises the elongated area.

3 The conductive layenlines will not necessarily contact the test specimen holder if they are used on
nd post-resistance measurements.

Figure 3 — Example of conductive layer layout

Measurement apparatus

General

ly for

The measurement apparatus consists of elongation equipment and resistance measurement
equipment.

4.3.2 Elongation equipment

The elongation equipment shall include:

a) test specimen chamber with holder;

b) h

eater element with temperature sensors;

c) elongation element.

An example of the elongation equipment is shown Figure 4. The measurement apparatus also
includes a cover because measurements shall be made at constant temperature (the cover is
not shown in Figure 4).
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The test specimen chamber with holder shall isolate the temperature from the ambient
temperature so that requirements for the heater element are fulfilled. Figure 5 shows an
example of the test specimen holder.

The heater element shall be able to heat the test specimen to the elongation temperature in
less than 30 min and hold the temperature at target temperature + 3 °C.

The elongation element shall be able to define length at constant speed.

Q IEC
N

Figure 4 — Example c@e ongation equipment

O
3

NOTH &he photo on the left shows how the specimen sample aligns with the bottom part of the holder.

NOTE 2 The photo on the right shows the specimen sample when the top part of the holder is in place. The red
arrow points to a pin that the resistance measurement equipment connects to.

Figure 5 — Example of test specimen holder

4.3.3 Resistance measurement equipment

Resistance measurement equipment shall comply with the test equipment specified in
IEC 62899-202. The resistance measurement equipment connects to the test specimen holder.
Figure 5 shows an example of the connection. The measurement interval shall be at least 20
divisions of the final elongation length. The measuring equipment shall create a file where
resistance values are saved as a function of elongation or as a function of time.
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4.4
4.4

Measurement parameters

A1 Elongation

The measurement range shall be from O strain to the specified elongation. The target elongation
shall be selected from the following values: 10 %, 15 %, 20 %, 25 %, 30 %, 40 %, 50 %, 75 %,
and 100 %. The target elongation shall be recorded in the test report.

4.4

.2 Elongation speed

The elongation speed shall be selected from the following values: 2 mm/s, 3 mm/s, 4 mm/s,

4.4

.3 Elongation temperature

O C 7 a ' varae €10 c a—Sa way—as in

oforming. Elongation speed shall be recorded in the test report.

The plongation temperatures are substrate material-specific. Select the elongation temperature

(Te

)[from a range that is between the substrate material glass transition temperature and the

melt|ng (or thermal decomposition) temperature. The selected elongationytemperature shdll be
suitgble also for the printed ink layers and the insulation layer. They shall not decompose gt T¢.

Elongation temperature shall be recorded in the test report. If protective gas medium is usg¢d in

the

4.5

glongation equipment chamber, that shall also be recorded,

Measurement procedure

The felectrical resistance shall be measured at room demperature before and after elongdtion.
The Electrical resistance changes shall also be measured while the test specimen is elongated

at a ppecified temperature.

The measurement procedure is as follows:

h)

leasure electrical resistance from the' conductive lines at room temperature.

asten the test specimen to the holder in the horizontal or vertical direction. A small amount
f force is applied to the test specimen, so that it does not hang loose during heating.

et the measurement parameters for elongation temperature, elongation speed and target
longation distance. Thé_parameters are defined in 4.4.

Vait until the test_specimen has reached the elongation temperature (set temperature
3 °C).

tart in-situ resistance measurement. Then start elongation. Continue elongation|and
esistance measurement until elongation reaches its set value or until all conductive |ines
ecome pof-conductive.

H+ < O (n O T =

Ln_O S (N

top theresistance measurement.

ol

efnove the test specimen from the holder. Avoid touching the heating element during test
Napima o s Aol Aldaornatin s, 4 o naoccibl + IWEP-NT IEET-% 11 K 12\ haoagtina laranant oanA test
PCUIIIICII rermruvar. I‘\Il.UIIICll.IVCIy, LLYLE™J PUOQIUIU U vwWwdait uirrar ure IICGLIIIH \*2AIRRAVIRASNC I RAV RSN
specimen have cooled to a temperature below 45 °C. Then remove the test specimen from
the holder.

Measure electrical resistance from the conductive lines at room temperature.

The measured samples shall include at least 30 conductive lines with the same values of line
width, elongation temperature, elongation speed and target elongation distance. At least 5 of
those shall be in-situ resistance measurements.
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Measuring conductive line elongation

The conductive lines do not always have uniform elongation. Thus, their actual elongation shall
be measured using the reference dots that are part of the conductive layer layout. Elongation
measurement shall be done after the test specimen have cooled down to room temperature.

Measure the distance between adjacent dots on both sides of the conductive lines using an
optical microscope or other suitable image acquisition system. Its magnification shall be
10 times or more. Figure 6 shows an example of conductive line elongation measurement
between dots. Then add the distances to calculate the line elongation 4Ly,. Use 4Ly,when

calculating the conductive line resistance change 4R as function of elongation AL.

The

IEC
Figure 6 — Example of measuring conductive line elongation

conductive lines can elongate also outside the intended area. Check those ared

conductive lines visually. Other methods, such as-X:ray analysis, can also be used. If it is f

that

4.7

elongation can affect conductive line resistance, a note should be made about it.

Data analysis

4.7.1 General

All o
elon

f the analysed samples shall_.have the same values of line width, elongation tempera
jation speed and target €loehgation distance. If any of those parameters change, m

sepgrate analysis.

4.7.2 Calculating(results

The
(mm
elon

measured value is the conductive layer resistance R (Q) as a function of elongatio

pation 4L (mm) or of time T (s). Figure 7 shows an example.

s of
bund

ure,
ke a

n AL

or functigh of time T (s). Plot the resistance change 4R (%) into a graph as a function of
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The lines show measurements from different samples.

Figure 7 — Example of conductive line resistancecincrease (%)
as a function of elongation time (s)

Resylts include also the conducting layer resistance change (%) between pre- and

elon
mea

jation at specified elongation (mm) and elogngation speed (mm/s). Resist
surements are made at room temperature. Calculate the resistance change 4R

Formula (1):

Grod
elon

char
resis

4.7.3

To in

is the resistance value before elongation at room temperature, expressed in ohms

p the resistance change values for each conductive line according to their meas
pation 4Ly,. An example of grouping is 2,5 % elongation range. Calculate the resist

ge values for each’group. Table A.2 shows an example. Also make a boxplot of the gro
tance changeés: Figure A.2 and Figure A.3 show examples.

Excluding outliers in data analysis

hpfove result accuracy, outliers from data analysis should be excluded. Potential ou

show

as’ data points outside + 3 standard deviation. They can also be identified from box

bost-
Ance
with

(1)

(Q);

) is the resistance value after 4L elongation at room temperature, expressed in ohmsg (Q).

ured
Ance

iped

liers
lots

as an asterisk mark, see Figure A.2. Exclude the potential outlier data points from the data
analysis if:

ne defects correspond to a potential outlier, see 4.6;

e measurement or data entry errors correspond to a potential outlier.

If a reason cannot be identified for the potential outliers, include them in data analysis.
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4.8 Measurement report
The measurement report shall include the following items:

a) test specimen information including:
e description of ink stack (see Table 1);
e conductive layer layout, showing the conductive lines in the intended elongation area;

e average thickness and thickness range of conductive lines in the elongated area, as well
as number of thickness measurements. Include also at least one profilometry
measurement that shows the conductive line cross-sectional area;

b) glongation parameters:

1) elongation temperature;

) use of protective gas medium, when applicable;
J) elongation speed and target elongation distance;
c) results:

1) measured line elongation range; also include elongation atye€lectric break, When
applicable;

2) plot of resistance changes during elongation as a function of elongation or time;

3) analysis of potential outliers, when applicable. This inclddes number of conductive |ines
that were excluded from data analysis as outliers and reasons for excluding them;

4) analysis of resistance changes (before and afterelongation) at room temperature;

d) date of the measurements.

The |[measurement report should also include_test specimen material characteristics thaf are
conglidered important for result comparison_and reuse.

5 Pre-and post-elongation resistance measurement method

5.1 Measured value

The |[measured value is the\conducting layer resistance change (%) between pre- and post-
elongation at specified elongation (mm) and elongation speed (mm/s). Resistance
meagurements are made*at room temperature (°C).

5.2 | Test specimen

The fest specimen has a uniaxial elongation shape. The ink stack is the same as in 4.2.1|The
size |of théTelongated area is the same as in 4.2.2. The conductive layer layout is similar to
4.2.3, exeept that the conductive lines do not have to contact the test specimen holder.

5.3 Measurement apparatus
5.3.1 Elongation equipment
The elongation equipment shall include:

a) test specimen chamber with holder for mechanical fastening;
b) heater element with temperature sensors;
c) elongation element.

The test specimen chamber with holder shall isolate the temperature from ambient temperature
so that requirements for the heater element are fulfilled.
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The heater element shall be able to heat the test specimen to the elongation temperature in

less

than 30 min and hold the temperature at target temperature £ 3 °C.

5.3.2 Resistance measurement equipment

Resistance measurement equipment shall comply with the test equipment specified in
IEC 62899-202.

5.4

Measurement parameters

Measurement parameters are the same as in 4.4.

5.5
The

The

Measurement procedure

electrical resistance shall be measured at room temperature before and aftet elongat

measurement procedure is as follows:

a) Nleasure the electrical resistance from the conductive lines at roomtemperature.

b) F
g

c) S

d) \

I+

asten the test specimen to the holder in the horizontal or vertical direction. A small am
f force is applied to the test specimen, so that it does not hang’loose during heating.

et the measurement parameters for elongation temperature, elongation speed

dlongation distance. The parameters are defined in 4.4!

Vait until the test specimen has reached the elahgation temperature (set temperd
3 °C).
tart elongation and maintain it to the set distance.

=)
=
s

emove the test specimen from the holder. Avoid touching the heating element during
pecimen removal. Alternatively, it is possible to wait until the heating element and the
pecimen have cooled to a temperature below 45 °C. Then remove the test specimen

the holder.

g)

The
elon

5.6

easure the electrical resistance from the conductive lines at room temperature.

jation temperature, elopgation speed and target elongation distance.

Measuring conductive line elongation

Condluctive line elongation measurement is same as in 4.6.

5.7

5.7.1

Data analysis

General

on.

ount

and

iture

test

test
from

measured samples shall include at least 30 conductive lines with same values of line width,

All o

I-hn anal\lcnrl camnlnc shall-have-the-same—values of line width nlnng:\hnn fnmpnrg

ure,

Voo

elongation speed and target elongation distance. If any of those parameters change, make a
separate analysis.

5.7.2 Calculating results

The reported value is the resistance change 4R between pre- and post-elongation values.

Calc

ulate the resistance change 4R with Formula (1).

Group the resistance changes for each conductive line according to their measured elongation
4Ly. An example of grouping is 2,5 % elongation range. Calculate the average resistance
change values for each group and make a boxplot of the grouped resistance changes, as
instructed in 4.7.2.
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Excluding outliers in data analysis

Excluding outliers in data analysis is the same as in 4.7.3.

5.8

Measurement report

The measurement report shall include the following items:

a) test specimen information including:

description of ink stack (see Table 1);

b)

DO N s D

—

3
d) d

The

mea

)
)
)
)

)
)

)

measurement report can also include test specimen material characteristics that
congidered important for result comparison and reuse. Annex A shows an example
surement report.

longation parameters:

bsults:

ate of the measurements.

<l i 1 1 4 la H 4l <l ' I + 4lo HY <l <l 1 i
CUTTUUCUVE TdyTT TdyUULl, STTUWIITY T CUTTUULLIVT TITTTOS 1T T TTTICTITUTU ©luTTyaltiurt dl

average thickness and thickness range of conductive lines in the elongated area,) as
as number of thickness measurements. Include also at least one profilon
measurement that shows the conductive line cross-sectional area;

elongation temperature;
use of protective gas medium, when applicable;
elongation speed and maximum elongation distance;

elongation at electric break, when applicable;

measured line elongation range and elongation at électric break, when applicable;

analysis of potential outliers, when applicable {T'his includes number of conductive
that were excluded from data analysis as outliers and reasons for excluding them;

analysis of resistance changes (before and-after elongation) at room temperature;

ea,

well
netry

ines

are
of a
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Annex A
(informative)

Example report for pre- and post-elongation resistance measurement

A1

Test specimen information

Description of ink stack:

Con
area

Aver
valu

The
317

A.2

IUth dtU. pUiyballL)UlldtU fiilll, tiliblr\llb'bb 0,375 ITITTT,
raphic layer: black colour ink;

onductive layer: silver filled conductive ink.

uctive layer layout is shown in Figure A.1. Red rectangle shows the intended elong
The conductive line width in the intended elongation area is 0,6 mm,

Al
A2

4
4
4
O
— &+ 0 s o o o

IEC
Figute A.1 — Conductive layer layout

age thickness of conductive layer lines in the elongation area is 10,8 uym, the meas
bs ranging between 7,7 um and 13,1 ym. Nine conductive lines have been measured.

average crosssectional line area is 5163 um2. The measured values range bety
1 um2 and6-089 pm?Z2.

Elongation parameters

ation

ured

veen

The sample temperature during elongation was between 150 °C and 155 °C.

The target elongation distance was 18 mm (30 %). Elongation speed was 3 mm/s.

A3

Results

A.3.1 Measured line elongation range and elongation at electric break

The measured conductive line elongation varied between 15,0 % and 30,0 %. Twelve
conductive lines had electric break during elongation. They are listed in Table A.1.
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Table A.1 — Conductive lines that had electric break during elongation

Elongation range (%) Number of measured Number of lines that Elongation at electric
lines had electric break break (%)
15,0 ... < 17,5 12 0 -
17,5 ... < 20,0 7 1 18,5
20,0...<225 4 1 22,3
22,5...<25,0 5 4 22,5; 22,8; 23,3; 23,8
25,0..<275 4 4 25,0; 25,0; 25,5; 26,7
27,5 ... < 30,0 T T 78,0
2 30 1 1 30,0

A.3.2

Analysis of potential outliers

Figufe A.2 shows boxplots of line resistance changes for different elongation ranges.| The
boxpglots indicate two potential data outliers.

e No reason was detected for the conductive line corresponding to-the outlier in the elongation

-

i i |

ange 15,0 ... < 17,5 %.

he conductive line corresponding to the outlier in the elongation range 17,5 ... < 20]0 %
ad a defect outside the intended elongation area. Thus, this measurement was rempved
hen calculating average resistance changes.

Boxplot of resistance change (%)
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Figure A.2 — Boxplot of resistance change before outlier analysis

A.3.3

Average resistance changes

Table A.2 shows the average resistance changes according to elongation ranges for the
conductive lines that did not have electric break. Figure A.3 shows the same data as boxplots.
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Table A.2 — Resistance changes according to line elongation ranges

Elongation range (%)

NOTH One outlier has been removed

Figure A.3 — Boxplot of conductive line resistance changes

A.4| Date of the measurements

Meagurements were made in September 2022.

Elongation range (%) Average resistance Standard deviation of Number of conductive
change (%) resistance change (%) lines
15,0 ... < 17,5 25,8 9,5 12
17,5 ... <20,0 12,5 6,1 6
20,0 ... <225 45,0 28 3
22,5..<250 107 - 1
Boxplot of resistance change (%)
120
— 100 A
X
(0]
2 80
(W]
£
o
[0]
2 60
S
@
2]
(0]
X 40
4
20 - Q O
O | T T T T
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IEC
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Annex B
(informative)

Guidelines for test specimen shape and conductive layer layout

B.1 Test specimen shape and dimensions

Sample shape should enhance deformation of conductive lines in the intended elongation area
and minimize the deformation outside of this area. The test specimen shape should be different

fromrthrecommuomnty acknmowledged—“‘dumb-beft sthapes. T his s because a narrow parattet-gided
regign in the centre of the test specimen can increase the deformation outside of the intended
elongation area. Figure B.1 shows an example of test specimen shape and dimensjons!
Ly
A
v
A
N
= B
Y
Ry
Y
IEC
Symbol Dimension (mm)
w, 55
w, 250
L, 60
L, 350
R, 60

minimum width of the elongation area;

W, sample width;

L, length of the elongation area;
L, sample length (clamp to clamp);
R, curvature radius of the elongation area.

The regions on the sample sides filled with the hatch pattern represent the regions that are clamped to the holders.

Figure B.1 — Example of the test specimen shape
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