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printed layer on flexible substrate by the 90° peel method

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 p
brnational co-operation on all questions concerning standardization in the electrical andceléctronic fie
5 end and in addition to other activities, IEC publishes International Standards, Te€hnical Specific
Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter| referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intg
the subject dealt with may participate in this preparatory work. International,” governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

eement between the two organizations.

e formal decisions or agreements of IEC on technical matters expressyas nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fri
brested IEC National Committees.

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

order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in(their national and regional publications. Any dive
ween any IEC Publication and the corresponding national or regional publication shall be clearly indic

[ 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 the latest edition of this publication.

enses arising out Of)the publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawn te'the Normative references cited in this publication. Use of the referenced publicat

ention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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liability shall attach to IEC ‘or’its directors, employees, servants or agents including individual experts and
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
otHer damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
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2809.202.7 has heen prnpgrod hy IEC technical committee 119: Printed Electronic

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

Draft Report on voting

119/342/FDIS 119/345/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, Part1 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/standardsdev/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 "http://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.

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 corrpct
undefrstanding of its contents. Users should therefore«print this document using a
CO|O\|Ir printer.
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INTRODUCTION

A printed layer on a flexible substrate is widely employed as an electrode or interconnection
for flexible devices. An integral component of this conductive body of the devices is
conductive composite material and is commercialized as conductive ink.

A simple tape test method has been widely used for qualitative adhesion measurement, but it
cannot be used to measure strong adhesion between the printed layer and the flexible

subst

rate.
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5ion between a thin printed layer with dense microstructure and the flexible substrat

strength value can be measured after an additional metal electroplating protess
brinted layer to increase the printed layer thickness to provide a stable grip
ion testing machine. However, it is not suitable for testing a printed. (ayer which
s structure susceptible to contamination of the interface between _the- printed laye
le substrate during the electroplating process.

pfore, a quantitative and reliable adhesion test method \is" used to measure
'stand interfacial adhesion of the printed layer to the flexible substrate and its long
ility.

5 document, a new standard test method to measure the peel strength of a printed
flexible substrate is proposed. This method calls)for peeling the flexible substrate in
additional metal electroplating on the printed layer. It is useful to monitor and con
ickness dependence of the peel strength of\arlayer on the same flexible substrate.
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PRINTED ELECTRONICS -
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Part 202-7: Materials — Printed film — Measurement of peel strength for

printed layer on flexible substrate by the 90° peel method

1 Scope
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For the purposes of this document, the following terms and definitions apply.

ISO
addrd

3.1

cond
ingre
elect

bart of IEC 62899 provides a test method to measure the peel strength of a printed
flexible substrate. This method calls for peeling the flexible substrate instead
onal metal electroplating on the printed layer. The method described in this“docy
e used to compare the peel strengths of the printed layers on the same flexible sub

le substrate is weaker than any other interface between the pripfed layer an
5ive, the adhesive and the panel.

ormative references

ollowing documents are referred to in the text in suchha’way that some or all of]
nt constitutes requirements of this document. For dated references, only the e
applies. For undated references, the latest edition<oef the referenced document (incl
mendments) applies.

2899-202:2016, Printed electronics — Part 202: Materials — Conductive ink

erms and definitions

Sses:

C Electropedia: available at http://www.electropedia.org/

O Online browsing platform: available at http://www.iso.org/obp

uctive.material
Hient-of ‘a printing or coating material, which itself is electrically conductive or bec
ically“’conductive by post treatment such as heating

layer
bf an
ment
strate
r and
1 the

their
dition
Liding

and IEC maintain terminolegical databases for use in standardization at the follpwing

pmes

[SOU

3.2
cond

RCE: IEC 62899-202:2016, 3.1]

uctive ink

printable fluid intended for printing in which one or more molecules, polymers, or particles are
dissolved or dispersed, which becomes an electrically conductive layer by post treatment

such

as heating

[SOURCE: IEC 62899-202:2016, 3.2, modified — in the definition, "fluid" has been replaced
with "printable fluid intended for printing".]
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3.3

printed layer

conductive body made of conductive ink and of uniform thickness which is very small in
proportion to length and width

EXAMPLE Printed Ag, printed Cu.

3.4

peel strength

strength required to separate the printed layer from the flexible substrate at a constant pulling
force

Note 1| to entry: Peel strength is calculated as the average peel load/sample width.

Note 2 to entry: Average peel load is obtained by several measurements at a steady state load displacement after
the inifial load increase.

3.5
flexible substrate
subsfrate with flexibility such that it can bend during the 90° peel“test and on wWhich
conduyctive ink is printed

Note 1 to entry: Examples of flexible polymers are polyimide, polyethylene terephthalate, polyethylene
naphthalate, and polyester).

4

[d)]

tandard atmospheric conditions

Standard atmospheric conditions for measurement.for the peel strength of a printed layer on
flexiblle substrate shall apply as specified in IEC462899-202:2016, Clause 4:

a) tdmperature: (23 £ 2) °C
b) rglative humidity: (50 £ 5) %

5 Test sample

5.1 General

The test sample for the peel strength test shall be prepared using a printed layer on a flgxible
subsfrate.

5.2 | Size of test'sample

For yniform-adhesion test, a rectangular shape is recommended. The size of the test panel
can pbe 50 ' mm x 120 mm, for example. Stable peel strength data can be obtained with
subsfrate thlckness ranges from 25 pm to 125 uym. The size of the printed layer sh

0,1 mm accuracy and use the average W|dth for peel strength calculatlon

5.3 Applicability of the method

The schematic of the peel test is illustrated in Figure 1. With the peel test, the adhesion
between printed layer and flexible substrate can be measured. The flexible substrate is fixed
by narrowing the gap in the grip part in Figure 1. This measurement method is applicable only
when the peel strength between the flexible substrate and the printed layer is smaller than the
cohesive force of the printed layer, the peel strength between the printed layer and adhesive,
the peel strength between the adhesive and panel and the strength of the flexible substrate.

e F (sub-layer) < F (layer), F (layer-ad), F (ad-panel), F(sub);
o F (sub-layer): peel strength between the flexible substrate and printed layer;
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(layer): cohesive force of the printed layer;

(layer-ad): peel strength between the printed layer and adhesive;
(ad-panel): peel strength between the adhesive and test panel;

(

sub): tension strength of the flexible substrate.
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Figure 1 — Schematic of peéltest of the printed layer on a flexible substrate

esting method and test apparatus

General

D0° adhesionitest requires a 90° peel tester fixture to determine the adhesive str

ength

betwe¢en a flexible substrate and printed layer, where the printed layer lies together with the

flexiby

perpe
layer

le subsfrate on the test panel. The gripped end of the flexible substrate is stu
ndicularly to the printed layer while the rest of the substrate is bonded to the p
so’that it forms a 90° bend.

k on
inted

6.2

Test apparatus

Using a peel tester as shown in Figure 2, a peeling force shall be applied to a flexible
substrate. As shown in Figure 2, a peel tester to apply a peeling motion on samples shall be

used.

The linear length shall be at least 50 mm.
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Flip over the test sample and attach a printed layer on the test panel and cure at (23 + 2) °C
and (50 + 5) % humidity. Place the test panel with the test sample applied on it on the table of
the peel tester. Fasten the test panel using a bolt and nut to perform the peel test with a peel
force applied to the test sample. The sample to be tested is held on a table which moves
horizontally and at the same velocity is pulled from the specimen vertically. As the peeled
layer is pulled vertically up and off, the sample is free to move horizontally, maintaining a
90° angle. The flexible substrate is fixed by narrowing the gap in the grip part in Figure 2. The
load and the displacement shall be measured using a load cell and displacement sensors
installed on the universal testing machine during the test. The range of the load cell is from
20 N to 100 N. Stable peel strength data can be obtained with ranges from 0,01 N/mm to
2,0 N/mm. Perform preliminary tests in order to achieve the appropriate failure mode. Specify

the rnqnlrnmnnfc of related nqlllpmnnf such as a load r\nll, and allow cnfhng ub the

apprgpriate speed.

IEC

N

Load cell

F

gxible substrate
Pripted layer
Adhesive

a b WO DN

Tept panel

Figure 2 — Apparatus for peel test of the printed layer on a flexible substrate

6.3 | Test procedure

The test procedureis as follows.

a) Initiate the_edge delamination formation by marking with a typical marker pen (permanent
miarker or indelible marker) on the flexible substrate edge (approximately 30 mm |long)
béfare ink printing.

b) Apply conductive ink priniing and curing to form the printed layer. The prinied layer should
be uniform and adhere to the substrate perfectly.

c) Apply adhesive on the printed layer surface. The thickness of the cured adhesive shall be
(500 £ 50) um. The thickness of the adhesive may be decided between the supplier and
the consumer.

d) Flip over the specimen and attach a printed layer on the test panel and cure at room
temperature in air. The liquid adhesive becomes solid when cured. The size of the test
panel is 50 mm x 100 mm.

e) Place the test panel with the specimen applied on it on the table of the peel tester. Fasten
the test panel using a bolt and nut to perform the peel test with a peel force applied to the
specimen. The gripped end of the flexible substrate is stuck up perpendicularly to the
printed layer while the rest is bonded to the test panel so that it forms a 90° bending.

f) Measure the value of the load cell against the displacement
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For example, the conditions can be selected as below:
The peeling speed shall be 50 mm/min.

However, if there are special requirements, the peeling speed can be determined by a
reasonable agreement between the user and the supplier.

7 Data analysis

71 Peel strength calculation

As shown in Figure 3, the peel strength is defined as the average peel load value divided by
the gample width for more than three sample measurements of the steadysstate [load-
displacement behavior after the initial load increase. Steady-state is a section| in”which the
load [is constant. After the peel test of three or more samples, the derived“data shall be
checked and similar values of peel strength shall be used.

P=F|W

P is|the peel strength, in N/mm,
F is|the average load in N,
W is|the width of test sample in mm.

A

Load (N)

-J\ paD A AN P S A AN P
‘ TTYT
l

Figure 3 — Typical peeling curve measured during the peel test
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7.2 Report of the results

The report shall include the following items:

Y

test environment (temperature, humidity)

T

specimen identification (including film thickness, sample size and film materials)

Qo O

)
)
) material of the adhesive layer (type, thickness and rigidity of the adhesive)
) peeling speed

)

D

peel strength
f) identification of the peeling interface selected from the following:

1) printed layer / substrate
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