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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization.com
national electrotechnical committees (IEC National Committees). The object of IEC is to promote‘intern
operation on all questions concerning standardization in the electrical and electronic fields:"“To this e
hddition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical R
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG\Publication(s)”).
paration is entrusted to technical committees; any IEC National Committee interested/in the subject dea
y participate in this preparatory work. International, governmental and non-governmental organizations |
h the IEC also participate in this preparation. IEC collaborates closely with thé dqternational Organizat
ndardization (ISO) in accordance with conditions determined by agreemeni-between the two organizat

b formal decisions or agreements of IEC on technical matters express, a$ nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fr|
brested IEC National Committees.

[ Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are made to ensure that the technical content
blications is accurate, IEC cannot be held responsible for Jthe way in which they are used or f
interpretation by any end user.

order to promote international uniformity, IEC Nationhal' Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in their national and regional publications. Any divergence be
IEC Publication and the corresponding national orregional publication shall be clearly indicated in the

L itself does not provide any attestation of conformity. Independent certification bodies provide con
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

users should ensure that they have thelatest edition of this publication.

mbers of its technical committées’and IEC National Committees for any personal injury, property dam|
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out of the. publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawn to_the ]Normative references cited in this publication. Use of the referenced publicat
ispensable for thelcarrect application of this publication.

ention is drawn:to‘the possibility that some of the elements of this IEC Publication may be the subject of
hts. IEC shall’/not be held responsible for identifying any or all such patent rights.

28995202-9 has been prepared by IEC technical committee 119: Printed Electronicg
ernational Standard.
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The text of this International Standard is based on the following documents:

Draft Report on voting

119/435/FDIS 119/449/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 wjthdrawn,
e rgplaced by a revised edition, or

e amended.

IMPORTANT - 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 its
contents. Users should therefore print this document using-a colour printer.
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INTRODUCTION

Printing processes are highly promising technologies for the fabrication of flexible electronics
such as flexible displays, sensors, batteries, printed circuit boards, etc. During their lifetime,
flexible printed electronics can experience various mechanical deformations in random
directions such as bending, torsion, creasing, and rolling. Repeated mechanical deformations
lead to significant stress and can cause the failure of flexible electronics products. Therefore,
a standard test method to evaluate the mechanical reliability of flexible printed electronics is
recommended. Mechanical test methods for final products such as flexible displays, sensors,
and batteries are recommended in the industry. Moreover, a mechanical test for printed circuits
and printed devices is recommended because the printing materials will be used and
comnpercialized as basic components to develop the final printed electronics.

To telst the mechanical reliability of printed circuits and printed devices, a propermechanical
test method and a standard pattern are recommended. Several mechanical testymethods for
flexible printed electronics such as the bending test, rolling test, and torsion‘tést are alfeady
propgsed in IEC. These previous methods suggested mechanical test metheds-but they fogused
on measuring the device reliability of the final product such as the flexible\display, sensof, and
battefy rather than the reliability of each component. Therefore, to testthe mechanical reliability
of printed circuits and printed devices, standard printed patterns)are required to perform
mechlanical tests.

In this document, basic conductive traces and features of¢printed patterns are proposed for
mechianical tests. The standard pattern in this document can be a useful guideline to test the
mecaanical reliability of new materials for flexible printed{electronics. The information obtpined
by uging the standard patterns in this document willdbevbeneficial to the ink suppliers to figure
out the best use of their ink and to the users to improve the reliability of their products.
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PRINTED ELECTRONICS -

Part 202-9: Materials — Conductive ink —
Printed patterns for mechanical test

1 Scope

This |part of IEC 62899 describes basic patterns to evaluate the electrical reliability| of a
conduictive layer under mechanical deformation. Using the standard pattern described in this
docuiment, the comparison of the electrical reliability of a conductive layer undermechanical
deformation is possible when the sample dimension is identical.

2 Normative references

The fpllowing documents are referred to in the text in such a way that‘'some or all of their cdntent
consfitutes requirements of this document. For dated references,-only the edition cited applies.
For tindated references, the latest edition of the referemced document (including any
amerjdments) applies.

IEC §2899-202, Printed electronics — Part 202: Materials'~— Conductive ink
IEC 42899-201, Printed electronics — Part 201: Materials - Substrate

IEC §2899-202-5, Printed electronics — Part 202-5: Materials - Conductive ink — Mechanical
bending test of a printed conductive layer«&n an insulating substrate

IEC §2899-502-1, Printed electronics.— Part 502-1: Quality assessment — Organic light emjitting
diodg (OLED) elements — Mechanical stress testing of OLED elements formed on flgxible
subsirates

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC(maintain terminological databases for use in standardization at the follpwing
addrgsses;

o |HC. Electropedia: available at https://www.electropedia.org/

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

3.1

conductive ink

fluid intended for printing in which one or more molecules, polymers, or particles are dissolved
or dispersed, and which becomes an electrically conductive layer by post treatment such as
heating, UV and IR curing

[SOURCE: IEC-62899-202:2016, 3.2, modified — “intended for printing” and “UV and IR curing”
have been added.]

3.2
bending test
deformation test by application of external stress perpendicular to the plane of a printed element
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[SOU

3.3

RCE: IEC-62899-101:2019, 3.12]

torsion test
action of twisting a system, device or substrate, by subjecting one end of the specimen to a

torsio
[SOU

3.4
rollin

nal load, while the other end is held in place, or rotated in the opposite direction

RCE: IEC-62899-101:2019, 3.140, modified — the note has been removed.]

test

test f
and U

[SOU

4

(7))

Stand

a) temperature: (23 £ 2) °C;

b) re

5 NMechanical test methods

The 1

a) bending test: IEC 62899-201, IEC 62899-202-5, IEC 62899-502-1;

b) to
c) rdg

6 H

6.1

To te
stand
torsig
stand
to the
width

br measuring the endurance of a flexible printed electronics system while or aften-
nrolling it onto and from a cylindrical roller with a specified radius

RCE: IEC-62899-101:2019, 3.114, modified — the note has been removed’]

tandard environmental conditions

ard atmospheric conditions for measurement shall apply as specified in IEC 62899-

lative humidity: (50 £ 10) %; in case of paper substrate: (50 + 2) %.

rsion test: IEC 62899-502-1;
lling test: IEC 62899-502-1.

rinted patterns for mechanical test

General

5t the mechanicalreliability of a conductive layer, a proper mechanical test method
ard pattern_are.-necessary. Depending on the mechanical deformations such as ber

nechanical test methods for printed patterns.shall be in accordance with the followin(g:

plling

P02:

and a
ding,

n, and rolling, the mechanical reliability of the printed pattern can be different. Ther

fore,

ard patterns for each mechanical test method are proposed in this document. Accdrding
printing technique used, such as inkjet printing, screen printing, or gravure printing, the
of the pattern can be selected. The tolerance of the sample length and width is £1 mm.

The folerance of the printed pattern length and width shall be £10 %. In this documen}, the

representative dimensions widely used in the printing process are suggested as the printing
pattern for the mechanical test. During mechanical testing, damage formation in the grip part
shall be avoided. For in situ measurement of electrical resistance, the pad area can be used as
a grip part, but the line area shall not be included in the grip part. For an ex situ test which
measures electrical resistance before and after the mechanical test or at regular intervals, the
user can modify the pad size and add extra space at the edge of the sample for stable grip
during mechanical test.
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6.2 Patterns for bending test
6.2.1 General

Bending test methods for printed electronics are specified in IEC 62899-201, IEC 62899-202-5,
and IEC 62899-502-1. For the bending test, the size of the sample and of the printed pattern,
and the pattern direction are important factors in mechanical reliability. In this document, a
basic line pattern and directional pattern are proposed. For electrical measurement, each end
of the pattern may include a conductive pad with a square shape for probe contact. Several
patterns may be printed together on one substrate for multiple measurements. A pad size (P)
of 1 mm to 5 mm is allowed by the user. The margin area, M (0 mm to 5 mm), at the edge of
the sample can be included in the sample to avoid additional stress during sample gripping.

6.2.2 Printed patterns for bending test

The dimensions of the printed pattern and sample for the bending test are showr’in Figure 1.

- 4 >
A~
n
= . mit
v vl
e 5
©
Yy v
Myl -
> L -

IEC

A (sanjple length): 70 mm

B (sanjple width): 10 mm to 30 mm

L (pattern length): L =4 -2 x (P +Af)
M (mafgin area): 0 mm to 5 mm

S (spage): B/3

P (pad|size): 1 mm to 5 mm

W (patfern width): 0,03imm to 3 mm (selected according to the printing technique)

Figure 1 — Printed patterns for bending test

6.2.3 Directional patterns for bending test

According to the direction between the printed patterns and bending directions, the mechanical
reliability can be changed significantly. The patterns for testing the directional property of the
conductive layer are shown in Figure 2. The patterns shall be located at the bending part of the
test machine. By changing the angle between the bending direction and pattern direction, the
electrical resistance change as a function of the angle can be measured. The pattern angles of
0° and 90° shall be tested, but other angles such as 30°,45°, and 60° are optional.
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ple width): 30 mm to 50 mm

ern length): 10 mm to 30 mm

size): 1 mm to 5 mm

ern width): 0,01 mm to 3 mm (selected according to the printing technique)

e between pattern direction and bending direction): 02 to 90°

Figure 2 — Directional-patterns for bending test

Patterns for torsion test

bn test methods for printed eléctronics are specified in IEC 62899-502-1. Patterns
nted by conductive ink on thle flexible substrate. For electrical measurement, each €
httern may include a conductive pad with a square shape for probe contact. The use
t the proper dimension ‘for the width of the pattern. The user may select the pad siz
1 mm to 5 mm.

limensions of the printed pattern and sample for torsion are shown in Figure 3. Fd
n test, the<position of the pattern is very important because the mechanical strg
jed depending on the distance from the torsion axis. For the torsion test, at least
'ns aresrequired, as follows:

pattern shall be on the torsion axis;

shall
nd of
" may
e (P)

r the
ss is
three

2) a

N Fun 1 11 1 b (] £Le - 4l £ £ ) -
TOUTCT Pdalielim STidilh e 10LdleU SUTITICITTIUY TdT 1TOTIT UTE dAlS,

3) additional patterns are prepared between the axis and the edge of the sample.
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A (sanjple length): 70 mm

B (sanjple width): 10 mm to 30 mm
L (pattern length): L =4 — 2 x (P+M)
M (mafgin area): 0 mm to 5 mm

S (spage): (B -P)/4

P (pad|size): 1 mm to 5 mm

W (patfern width): 0,01 mm to 3 mm (selected according to the printing technique)

Figure 3 — Printed patterns for torsion test

6.4 | Patterns for rolling test

Rolling test methods for printed electronics are specified in IEC 62899-502-1. Patterns shpll be
printgd by conductive ink on the flexible substrate.\For electrical measurement, each end of the
pattefn can include a conductive pad with a square shape for probe contact. According o the
printing technique used, such as inkjet printiqg; screen printing, or gravure printing, the width
of thg pattern can be properly selected.

The dimensions of the printed patternand sample for the rolling test are shown in Figure 4(a)
and FKigure 4(b). The straight line, pattern as shown in Figure 4(a) may be used for the rplling
test, gnd the electrical resistance;can be measured before and after the rolling test. For ip situ
moniforing of the electrical resjstance change of the printed pattern during the rolling tesft, the
pad for the electrical contact shall be located on the same side as shown in Figure 4(b) begause
one gide of the sample should be gripped for rolling and will be curled. The pattern length (L)
can ble selected by considering the sample length and pad size. The user can choose the pfroper
pad dize (P) from 1 mm to 5 mm.
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The dimensions of the sample straight pattern are as follows:
A (sample length): 50 mm t6,200 mm
B (pample width): 30 mm to 70 mm
L (pattern length): & =4 — 2 x (P + M)

M} M,, My (margin area): 0 mm to 5 mm

1
S (ppace). BV2’'mm

P (pad size): 1 mm to 5 mm

W (pattern width): 0,01 mm to 3 mm (selected according to the printing technique)

The dimensions of the returning pattern are as follows:
A (sample length): 50 mm to 200 mm
B (sample width): 30 mm to 70 mm
L (pattern length): L = 4 — (P + M, + M,)
My, M,, My (margin area): 0 mm to 5 mm
P (pad size): 1 mm to 5 mm
W (pattern width): 0,01 mm to 3 mm (selected according to the printing technique)

Figure 4 — Printed patterns for rolling test for
(a) simple straight pattern and (b) returning pattern
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Electrical measurement of printed pattern

2023

The electrical resistance change of a printed pattern shall be measured before and after the
mechanical test. The two-wire method for electrical resistance measurement using two pads is
applicable for evaluating the resistance change. For a more accurate evaluation of electrical
resistance, the resistance value of the printed pattern can be measured by the four-probe
method (IEC 62899-202). Pairs of probes for constant-current source and for voltmeter shall be
connected to each pad area of the printed pattern for the four-wire measurement method. The
electrical resistance of the printed pattern can be measured in situ during mechanical
deformations.

6.6

6.6.

1

The 1

a)
b)
c)
d)
e)
f)
9)
h)

6.6.

te

o]

—Reporting-of-therestits
Reporting of the results of the bending test

eport shall include the following items:

specimen identification (including pattern dimension and sample size): &,"B, L, W, S, F

st conditions (temperature, relative humidity);
inting technique;

b
n

bInding test method identification: bending radius, bending strain [1]!, number of beng

nding direction: inner or outer bending;
bminal pattern thickness;

in

>

2

The 1

a)
b)
c)
d)
e)
f)
9)

1

te
pH
to

n

in
n

nTmber of samples;
i

tial resistance value before bending test, resistance value after or during bending
brmalized resistance value according to the.initial resistance after or during bending

Reporting of the results of the torsion test

eport shall include the following items:

specimen identification (including)pattern dimension and sample size): 4, B, L, W, S, F

st conditions (temperature¢relative humidity);
inting technique;
rsion test method identification: torsion angle, rotation angular velocity, number of cy

pminal pattern thickness;

mrmber of samples;
i

tial resjstance value before torsion test, resistance value after or during torsion
prmalized-resistance value according to the initial resistance after or during torsion {

ings;

test,
test.

cles;

test,
est.

Numbers in square brackets refer to the Bibliography.
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