IEC TS 62788-8-1:2024-06(en)

T

IEC TS 62788-8-1

Edition 1.0 2024-06

ECHNICAL

SPECIFICATION

Re) colour
> “ inside

Pa
pr

&

MeJEsurement procedures for materials used i p%otovoltaic modules —

8-1: Electrically conductive adhesive (. ) — Measurement of material

perties \\§\



https://iecnorm.com/api/?name=983a9bdb5f23cb6ca76baf6433d737f7

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2024 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
your local IEC member National Committee for further information.

IEC Secretariat Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

Abouf the IEC

The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares and, ‘puljlishes
Internptional Standards for all electrical, electronic and related technologies.

About IEC publications
The tgchnical content of IEC publications is kept under constant review by the IEC. Please make-sure’ that you haje the
latest jedition, a corrigendum or an amendment might have been published.

IEC puyiblications search - webstore.iec.ch/advsearchform IEC Products & Services Portal - products.iec.ch
The apvanced search enables to find IEC publications by a Discover our powerful searchi‘ehgine and read freely fall the
variety of criteria (reference number, text, technical publications previews, gtaphical symbols and the glgssary.
comm|ttee, ...). It also gives information on projects, replaced  With a subscription yot'will"always have access to up fo date
and withdrawn publications. content tailored to your needs.

IEC Juist Published - webstore.iec.ch/justpublished Electropedia - Wwww.electropedia.org

Stay yp to date on all new IEC publications. Just Published  The world's Jeading online dictionary on electrotechrjology,
detailq all new publications released. Available online andonce  containing more than 22 500 terminological entries in English

a month by email. and French, with equivalent terms in 25 additional langfiages.
. Also"knewn as the International Electrotechnical Vocgbulary
IEC Clstomer Service Centre - webstore.iec.ch/csc (IEVYonline.

If you ish to give us your feedback on this publication or need
furthe assistance, please contact the Customer Service
Centrg: sales@iec.ch.



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=983a9bdb5f23cb6ca76baf6433d737f7

IEC TS 62788-8-1

Edition 1.0 2024-06

TECHNICAL
SPECIFICATION

“ colour
inside

Measurement procedures for materials used.itx photovoltaic modules —
Parnt 8-1: Electrically conductive adhesive (ECA) — Measurement of materia
prdperties

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 27.160 ISBN 978-2-8322-8735-4

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

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=983a9bdb5f23cb6ca76baf6433d737f7

-2- IEC TS 62788-8-1:2024 © |IEC 2024

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 ... 8
N = Y= A o] o Tod= Yo LU | = 12
41 General .12
412 General characteristics ..o WA ... 12
4.2.1 Visual iINSPEeCHION ..o D ... 12
4.2.2 D NSy e B ... 12
4.2.3 RV T o701 1 2P o) SRR ...13
4.2.4 ThixotropiC iINAeX ... O ... 14
4.2.5 FiNeness. ... L N ... 15

413 Mechanical characteristics ... ... T ... 16
4.3.1 Tensile strength / elongation at break ................... 00 ) ...16
4.3.2 Storage normal modulus and loss normal modwlus..............cooeviiiiiiiinenn, ...19

414 Adhesive characteristics ... S ... 21
4.4.1 Lap shear strength.......ooooi o T ... 21
4.4.2 Peel strength ... e S ...23

415 Electrical characteristiCs ... ... e e ...25
4.5.1 Volume reSistiVIty ..o ...25
4.5.2 Contact resistivity ..o s ...28

416 Thermal characteristiCs ... ..o e e ...32
4.6.1 Coefficient of thermal expansion (CTE)......ccccoooiiiiiiiiiiiiieeeeeeeeea ...32
4.6.2 Solids CONtENt ..o e ...34

4)7 CoNditioNS Of USE .ou e e ...35

4. 7.1 LT 1= = | T PP ...35
4.7.2 Sl 0 ot e e ...35
4.7.3 0 Q13 LT PP ...36

5 |Uniform charagterization form (UCF) ... ... 37
5]1 U 0 0 = ...37
5]2 Details of the UCE ..o e ... 37
513 RepPOrtinNg reqUIrEmMENtS ... ...38

6 = 3 7= =] U= ... 38
6.4 Parpose—r e 38
6.2 Details of the data sheet ... ... 38
6.3 Reporting reqUIremMENtS. ... 39

7 Product identification sheet (label)........ .o 39
Annex A (normative) Sampling for lap shear strength test.............coooiiiiiii i, 40
A.1 Sampling for on-line test .. ..o 40
A.2 Sampling for off-line test ... 41
Annex B (normative) Sampling for volume resistivity test ...........cooiiiiiiiiii i 42
Annex C (normative) Sampling of contact resistivity between silver electrode and ECA ....... 44
Annex D (normative) Sampling of contact resistivity between PV ribbon and ECA................ 46

Annex E (informative) Estimate of deviation and elimination of outliers................................ 49


https://iecnorm.com/api/?name=983a9bdb5f23cb6ca76baf6433d737f7

IEC TS 62788-8-1:2024 © |IEC 2024 -3-

E.1 LT a1 =Y PP 49
E.2 Estimate of deviation ... 49
E.3 A~ Yo o /= YN 49
E.4 Outliers elimination ... 49
BB O G AP Y . e 51
Figure 1 — Shape of dumb-bell test specimen (ISO 37:2017) ...ceuiiniiniiiiiiiee e, 16
Figure 2 — Die for dumb-bell test SPECIMEN . ..., 16
Figupe3 — Schematic diagram of tensile strength and elongation at break test e .18
Figufe 4 — Schematic diagram of modulus specimen installation...................coo .0 ...20
Figufe 5 — Schematic diagram of lap shear strength test................coo 0L ...22
Figufe 6 — Schematic diagram of peel strength test (180° peel) ........ccooiiiiiiiiimen o, ...24
Figufe 7 — Schematic diagram of volume resistivity test tooling................. G50y ...26
Figufe 8 — Schematic diagram of volume resistivity test..............cocoi i m M, ... 27
Figufe 9 — Schematic diagram of contact resistivity test between ECA and silver
ClECHrOAE oo e B e ...30
Figufe 10 — Schematic diagram of contact resistivity test betweeny ECA and PV ribbon ...... .31
Figufe 11 — LR scatter plot and linear fit curve ...t N ...31
Figufe 12 — Schematic diagram of ECA life time at various'stages ............ccoooiviiiiiiininninnn, ...35
Figufe A.1 — Schematic sampling diagram of lap shear strength test (on-line)...................] ...40
Figufe A.2 — Picture of ECA on the top of the electrode of a solarcell ....................ooonnll ...40
Figufe A.3 — Picture of a final specimen slice cut*from the bonded assembly ..................... ...41
Figufe A.4 — Schematic sampling diagram of:lap shear strength test (off-line)...................] ...41
Figufe B.1 — Schematic sampling diagram®of volume resistivity test......................... L ... 42
Figufe B.2 — Picture of a volume resistivity test specimen after curing ....................ooll ...43
Figufe C.1 — Schematic sampling.diagram of ECA and silver electrode contact
FE SIS IVITY LS . e A e ...44
Figufe C.2 — Schematic of.an“EVA and electrode contact resistivity test specimen ...........| ...45

Figufe D.1 — Schemati¢tsampling diagram of ECA and PV ribbon contact resistivity test...)...47

Figufe D.2 — Schematic of an ECA and PV ribbon contact resistivity test specimen ........... ...48
Table 1 — Dimensions of dies for dumb-bell test specimens .............coooiiiiiiiiiiiin ) A7
Table 2 <Uniform characterization form (UCF) foran ECA ... ... 37
Table“ 3% Minimum required characteristics for the datasheet......................) ...39
Table E.1 — Contact resistance between ECA and silver electrode............c.oooiiiiin. 49

Table E.2 — Contact resistance between ECA and silver electrode with z scores................... 50


https://iecnorm.com/api/?name=983a9bdb5f23cb6ca76baf6433d737f7

1)

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC TS 62788-8-1:2024 © |IEC 2024

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT PROCEDURES FOR MATERIALS USED
IN PHOTOVOLTAIC MODULES -

Part 8-1: Electrically conductive adhesive (ECA) —
Measurement of material properties

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp

rising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interndtional

cd-operation on all questions concerning standardization in the electrical and electronic fields. To this en|
infaddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as AEC Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee intergésted in the subject dea
may 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 International Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

THe formal decisions or agreements of IEC on technical matters expres§,/as nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical committee has representation frdg
inferested IEC National Committees.

IEIC Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are~made to ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible{for the way in which they are used or fo
misinterpretation by any end user.

In] order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in theirhational and regional publications. Any divergence be
anly IEC Publication and the corresponding national'or regional publication shall be clearly indicated in the

IE[C itself does not provide any attestation ofconformity. Independent certification bodies provide conf
agsessment services and, in some areas,\access to |[EC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.
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members 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
expenses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

Attention is drawn te_the Normative references cited in this publication. Use of the referenced publicati
indispensable for_the correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use
pdtent(s). IEC)takes no position concerning the evidence, validity or applicability of any claimed patent rig
reppect 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 rep

liability shall attach to IEC ornits directors, employees, servants or agents including individual experjs and
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[atest information, which may be obtained from the patent database available at https://patents.iec.c

shallnot be held responsible for identifving anyv or all such natent rights
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IEC TS 62788-8-1 has been prepared by IEC technical committee 82: Solar photovoltaic energy
systems. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting
82/2200/DTS 82/2241/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.
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The language used for the development of this Technical Specification is English.

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 62788 series, published under the general title Measurement
procedures for materials used in photovoltaic modules, can be found on the IEC website.

The rtteerasdectdedthatthecontentsof this decumentwi ematmurehangeduntl the
lity date indicated on the IEC website under webstore.iec.ch in the data related\t9 the
specjffic document. At this date, the document will be

e reconfirmed,
e Withdrawn, or

e revised.

IMBORTANT - The "colour inside” logo on the cover page.of this document indicates
that it contains colours which are considered to be usefulfor the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Electrically conductive adhesive (ECA) is a material composed of conductive fillers blended
with an organic adhesive polymer matrix. Already widely used as an interconnect material in
electronic packaging and interconnection technologies for electronic devices, ECA is beginning
to replace metallic solders as an innovative interconnection method in recent designs of
photovoltaic (PV) modules. In a typical shingled PV module, solar cells are cut into strips and
these solar cell strips overlap each other. ECA is applied in between the top electrode of one
cell strip and the bottom electrode of the adjacent cell strip to form the electric interconnection.
In some back-contact PV module designs, ECA allows the interconnection of solar cells’ rear
busbars to a conductive backsheet. In some PV modules where the solar cells are sensitive to

high
cells

shading loss and interconnect ohmic loss, and have been profiled as a promising alternati

tradi

ECA
envir
char
adhs
dura
of E
perfd
finen
man

Itisi

soldering temperatures, ECA is used to connect PV ribbons to the electrodes of the
The solar cell interconnections based on ECA can effectively reduce mechanical st

ional soldering process.

can be used for wiring and surface assembly in PV modules. Initial{performance
onmental endurance in application are highly dependent on .its~inherent ma

solar
ress,
ve to

and
erial

hcteristics. For instance, adhesive properties are the primary requirement for ECA. Good
sion between ECA and the adherends enables the structural, integrity and long{term
bility of the bonded joint over its service lifetime. Furthermoré€,\the electrical performances

CA, including volume resistance and contact resistance, are essential for the o

itput

rmance and field durability of PV modules. Other characteristics such as viscgsity,
ess, and conditions of use have a significant impact on the process conditions in

ifacturing.

mpractical to perform all the tests on ECA at the RV module level. Evaluation of the inh¢rent

This

matdrial characteristics of ECA is highly desirable for pre-qualification of materials.
document defines test methods for key characteristics of ECA intended for use in photovgltaic
modules.

The
char
the d

material property tests in this . \document cover general characteristics, mecha

nical

cteristics, adhesion characterjstics, electrical characteristics, thermal characteristicq and

onditions of use.
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1 anpn

MEASUREMENT PROCEDURES FOR MATERIALS USED
IN PHOTOVOLTAIC MODULES -

Part 8-1: Electrically conductive adhesive (ECA) —
Measurement of material properties

This
char

adhdsive characteristics, electrical characteristics, thermal characteristics, etc.

The
prod
of m

This

For non-conductive adhesives or tapes used in PV modules;the applicable test methods e

for e

2 Normative references

The

consftitutes requirements of this document\For dated references, only the edition cited apy

For
ame

IEC
IEC

IEC
Poly

ISO/

uncdrtainty~Nin measurement (GUM:1995)

ISO
prop

document defines test methods and datasheet reporting requirements \for
hcteristics of ECA used in photovoltaic modules, involving mechanical characteris

object of this document is to offer a standard test procedure to EGA>manufacturer|
Lict design, production and quality control, and to PV module manufacturers for the pur
bterial screening, material inspection, process control, and failure¥analysis.

document is intended to be applied to ECA used in solar RV modules.

ectrical characteristics in this document may be used.

ollowing documents are referred to in thétext in such a way that some or all of their co

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

50068-1, Environmental testing — Part 1. General and guidance
'S 61836, Solar phatovoltaic energy systems — Terms, definitions and symbols

S 62788-2, Méasturement procedures for materials used in photovoltaic modules — P
meric materials-— Frontsheets and backsheets

EC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expressi

key
stics,

s for
bose

cept

htent
lies.
any

art 2:

bn of

7501 7—Rubber—vutcanized st _ ] ) _

erties

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO

1524:2020, Paints, varnishes and printing inks — Determination of fineness of grind

train

ISO 2393, Rubber test mixes — Preparation mixing and vulcanization — Equipment and
procedures

ISO 2811-1, Paints and varnishes — Determination of density — Part 1: Pycnometer method

ISO 4587, Adhesives — Determination of tensile lap-shear strength of rigid—to—rigid bonded

asse

mblies
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ISO 4664-1:2022, Rubber, vulcanized or thermoplastic — Determination of dynamic properties
— Part 1: General guidance

ISO 5893, Rubber and plastics test equipment — Tensile, flexural and compression types
(constant rate of traverse) — Specification

ISO 7500-2, Metallic materials — Verification of static uniaxial testing machines — Part 2:
Tension creep testing machines — Verification of the applied force

ISO 7886-1, Sterile hypodermic syringes for single use — Part 1: Syringes for manual use

ISO B510-2, Adhesives — Peel test for a flexible-bonded-to-rigid test specimen assembly —
Part|2: 180 degree peel

ISO 10365, Adhesives — Designation of main failure patterns
ISO [11358-1, Plastics — Thermogravimetry (TG) of polymers — Part 1: General principles

ISO [11358-2, Plastics — Thermogravimetry (TG) of polymers =“Part 2: Determinatidn of
activiation energy

ISO [11359-1, Plastics — Thermomechanical analysis (TMA).—"Part 1: General principles

ISO 11359-2:2021, Plastics — Thermomechanical analysis (TMA) — Part 2: Determinatign of
coefficient of linear thermal expansion and glass traasition temperature

ISO [16525-1:2014, Adhesives — Test methods-for isotropic electrically conductive adhesives —
Part|1: General test methods

ISO [16525-2:2014, Adhesives — Test méthods for isotropic electrically conductive adhesives —
Part|2: Determination of electrical characteristics for use in electronic assemblies

ISO 17212, Structural adhesivés — Guidelines for surface preparation of metals and plastics
prior|to adhesive bonding

ISO P3529:2016, Rubber — General procedures for preparing and conditioning test pieces for
physfcal test methods

ASTM D1337-10; Standard practice for storage life of adhesives by viscosity and bond strgngth

ASTM D4287-00, Standard Test Method for High — Shear Viscosity Using a Cone/Plate
Viscopmeéter

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 61836, together
with the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

o |EC Electropedia: available at https://www.electropedia.org/
e |ISO Online browsing platform: available at https://www.iso.org/obp


https://www.electropedia.org/
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3.1

contact resistivity

electrical resistance that is generated on the contact surface between the isotropic electrically
conductive adhesive and the adherend

Note 1 to entry: It is expressed in Q-mm?

Note 2 to entry: Contact resistivity is the resistance times the contact area.

[SOURCE: ISO 16525-2:2014, 3.3, modified — deleted <electronic assembly> and interfacial.]

3.2
coefficient of linear thermal expansion
K-1
revefsible increase in length of a material per unit length per degree change in tempeératufe

[SOUYRCE: ISO 11359-2:1999, 3.2]

3.3
electrically conductive adhesive
adhgsive consisting of conductive fillers that provide electrical conduction and resin that sgrves
for aphesion

Note ] to entry: The resin can either be thermoplastic or cross-linked.

[SOYRCE: ISO 16525-1:2014, 3.1, modified — deleted isotropic, added note.]

3.4
elongation at break
Ey
tensile strain in the test length at breaking-point

[SOURCE: ISO 37:2017, 3.5]

3.5
fouriprobe method
metHod for measuring resistance that consists of two terminals for current application and two
term|nals for voltage measurement

[SOUYRCE: ISO 16525-2:2014, 3.4]

3.6

fineness

read|ngc¢obtained on a standard gauge under specified conditions of test, indicating the depth
Of t < HIUUVC(D) Uf thc yauyv at vvh;uh d;ObIUtU OU:Id palt;u=co ;II thc pluduut dairc 1T d||y
discernible

Note 1 to entry: It is expressed in um.

[SOURCE: ISO 1524:2020, 3.1, modified — fineness of grind was changed to fineness.]

3.7

lap shear strength

force per unit surface area necessary to bring an adhesive joint to the point of failure by means
of stress applied in the longitudinal mode, parallel to the plane of the bond-line

[SOURCE: EN 923:2015, 2.7.18]
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normal modulus
Young’s modulus

component of the applied normal stress, which is 90 degree out of phase with the normal strain,
divided by the strain

E"=

|E‘|sin§

Note 1 to entry: It is expressed in Pa.

[SOU

3.9
peel
forcHd
rate

el

3.10

RCE: I1ISO 4664-1:2022, 3.2.7]

strength
per unit width necessary to bring an adhesive joint to the point of failurg-or to maint
Of failure by means of a stress applied in the peeling mode

RCE: EN 923:2015, 2.7.16]

pot t:e
maximum period of time during which the properties of ECA.in.working conditions could mai

withi
[SOU

3.1
shel
time
work

el

3.12
shin
solar

3.13
solid
perc

h the specified tolerances

RCE: EN 923:2015, 2.4.24]

F life
of storage under stated conditions ddring which an adhesive can be expected to reta
ng properties

RCE: EN 923:2015, 2.4.33]

gled PV module
cell module comprising solar cell strips arranged in a shingled manner

s content
bntage\by mass of non-volatile matter in a product determined under specified

conditions

Bin a

htain

In its

test

[SOURCETEN92372015, 2.4.3]
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3.14

elastic normal modulus

storage normal modulus

elastic Young’s modulus

El

component of the applied normal stress, which is in phase with the normal strain, divided by
the strain

E'=|E"| cosd

Note [ to entry: It1s expressed In Pa.

[SOUYRCE: ISO 4664-1:2022, 3.2.6]

3.15
tensjle strength
maximum tensile stress recorded in extending the test piece to breaking point

[SOURCE: ISO 37:2017, 3.3]

3.16
test length of a dumb-bell
initial distance between reference points within the length ,ef.the narrow portion of a dumhb-bell
test piece used to measure elongation

[SOURCE: ISO 37:2017, 3.10]

3.17
thixotropic index
ratio|of viscosities measured at two shearirates

[SOUYRCE: ASTM D2556-14:2018,,.822.2]

3.18
viscpsity
propgrty of resistance to'steady flow exhibited within the body of the material

Note | to entry: Itis expressed in mPa-s.

[SOURCE: ASTMD4092-07:2013, 3]

3.19
volumesresistivity
Sl rocistancd : . . e . - onal

Note 1 to entry: It is expressed in Q-mm.

Note 2 to entry: Volume resistivity is the volume resistance times the cross-sectional area divided by the length of
the sample.

[SOURCE: ISO 16525-2:2014, 3.2]
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4 Test procedures

4.1 General

Tests shall be carried out under standard atmospheric conditions as described in IEC 60068-1.

ECA is usually stored at a low temperature, and it shall be returned to the experimental ambient
temperature before test.

Specimens shall be pre-conditioned under 23 °C + 2 °C and 50 % £ 10 % RH for at least 4 h,

as s acifind/ran s mn A s daod in 1M 201
ASAVIRRAAC AR CAVACA R RRAVI R AV AV By B B R A ay apw gy pe

4.2 General characteristics
4.2.1 Visual inspection
4.2.11 Purpose

To identify and document visual defects in an ECA.

4.2.1.2 Sampling

ECA|is normally supplied in tubular or canned containers. To. obtain uniform specimens which
are adequately representative of the ECA being sampled; the following procedures shdll be
applied:

a) Hor tubular package, the ECA shall be squeezed oh a substrate with flat and smooth surface.
b) Hor canned packaging, open and stir well before visual inspection.

4.2.1.3 Procedure

Inspg¢ct the specimens under an illumination of not less than 1 000 lux at a 15 cm to 3P cm
view|ng distance for the following:

a) cplour inhomogeneity;
b) impurities;

c) bubbles;

d) any other phenomenon.

4.2.1.4 Reporting requirements
Repart the fallowing information:

a) Note'and report the presence or absence of any phenomenon described in the procedyre.

b) Ihhnfngraph is recommended for documentation

4.2.2 Density
4.2.2.1 Purpose

This test is performed to characterize the density of an ECA.

The density of an ECA can be measured according to ISO 2811-1. The test method consumes
a lot of samples and is not suitable for the daily inspection. In this subclause, a test method
using a small volume measuring tool, such as a syringe, is described.
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4.2.2.2 Apparatus
A syringe with a nominal capacity of less than 5 ml, in accordance with ISO 7886-1.

An analytical balance, accurate to £ 1 mg.

4.2.2.3 Procedure
a) Weigh the empty syringe and record the reading as m;.

b) Fill the syringe with a suitable amount of ECA from a tubular package. Or draw a suitable

amount of ECA into the syringe from a canned package. Ensure no bubbles exist at the
push

i$ located as V.

Veigh the same syringe filled with ECA and record the reading as m..

Vi
d) Qalculate the net weight m of the ECA specimen: m = my — m;.
(alculate the density p, in grams per cubic centimetre.

F

or each ECA sample, at least three specimens shall be prepared and tested.
4.2.2.4 Result

The fensity of an ECA specimen can be calculated from Formula (1).

_m
pV

where

p s the density of ECA specimen (g/¢m3);
m |s the weight of ECA specimen(g);
V' |s the volume of ECA specimen (ml).

4.2.2.5 Reporting requirements

Repaort the following-information:

a) test equipmentinformation;
b) tést condition;
c) specimen quantity;

d) thedeénsity of each specimen and the mean value.

interface between the ECA and syringe. If there exist bubbles, push the plunger te
spme ECA and all bubbles out. Record the volume reading on the syringe where thé plunger

(1)

4.2.3 Viscosity
4.2.31 Purpose

This test is used to measure the viscosity of an ECA. Viscosity affects the production process,
and can also be used as an index to evaluate the stability of an ECA during storage and

application.
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Apparatus

The test apparatus shall conform to ASTM D4287-00.

A cone/plate type viscometer, with a viscosity test range from 1 000 mPa-s. to 1 000 000 mPa-s,
and viscosity test accuracy of at least 1,0 %. A speed of 0,5 rpm to 5 rpm is recommended for
viscosity test of conventional silicone based ECA with a viscosity range of 10 000 mPa-s to
100 000 mPa-s, and the rotor type should be selected according to the device type.

A constant-temperature bath, capable of maintaining a temperature from 5 °C to 80 °C with an
accuracy of 0,1 °C.

NOTH cP =1 mPa-s.

ECA|is a non-Newtonian liquid whose shear stress is not linearly related to shear rate, s
datalunder different shear rates are not comparable. The ECA supplier and the user negd to

reach an agreement on what kind of equipment and parameters should be used for the tes

4.2.3.3

Procedure

a) Turn on the viscometer and constant-temperature bath, and set the bath temperature t

b) I
t

stall an appropriate type of rotor and specimen cup. Adjust.the rotor position to make
e distance between the rotor and the bottom of specimen cup equal to the clear
recommended by the viscometer manufacturer.

tIst temperature, which is recommended to be 25 °C.

c) Remove the specimen cup, transfer 0,5 ml to 2 mKECA into the centre of the specimen

e) Set the rotor speed (n), time length and\the data logging mode. It is recommended tg
he single-point data logging mode.

—

f)
g)

Set @n appropriate time length.'so that the output viscosity value tends to be stable and m

arl‘nd make sure no bubbles exist.
d) Ipstall and fasten the specimen cup.

Tlest and record the data.
Hor each ECA sample, at least.three specimens shall be prepared and tested.

the requirements of the date logging mode. Choose an appropriate rotor and set a proper
spe€ld so that the viscosity reading is between 10 % and 90 % of the full scale.

4.2.3.4

Reporting requirements

Repgrt the following information:

a) test equipment information;

b) test eondition: rotor type and size, speed, time length, temperature;

b the

bt.

b the

sure
gnce

cup,

use

eets
rotor

C) spetimenrquartity;

d) the viscosity of each specimen and the mean value.

4.2.4

4.2.41

Thixotropic index

Purpose

This subclause defines the method for measuring the thixotropic index of an ECA. The
thixotropic index has a profound impact on the printability of an ECA.

4.2.4.2

Apparatus

Refer to 4.2.3.2.
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4.2.4.3 Procedure
a) Test the viscosity value at rotational speed n for a specimen.

b) After the test, let the specimen stand for 10 min before another viscosity test.

c) At the same setting, test the viscosity value again at rotational speed 10 n for the same

S

pecimen.

d) For each ECA sample, at least three specimens shall be prepared and tested.

4.2.4.4 Result

The thixotropic index of an ECA specimen can be calculated from Formula (2).

wher
TI

4.2.4

Repq

77— viscosity @mnrpm
vicosity @10n rpm

e
s the thixotropic index.

.5 Reporting requirements

rt the following information:

a) t

st equipment information;

b) té¢st condition: rotor type and size, speed, time:ength, temperature;

c) specimen quantity;

d) the thixotropic index of each specimen andthe mean value.

4.2.5
4.2.5

The
parti
ECA

Fineness
A Purpose

fineness of the ECA describes the size distribution of the discrete electrically condu
Cles in the resin filler. This subclause specifies a method for determining the finene
filler with a suitable,gauge.

4.2.5.2 Apparatus

Test

The
e.g.

apparatus'shall meet the requirements in ISO 1524:2020.

fineness plate shall be made of hardened steel blocks with a suitable dimen
1 75 mm in length, 65 mm in width and 13 mm in thickness.

(2)

ctive
5s of

sion,

The scraper shall be made of a single or double blade steel sheet with a recommended
dimension of 90 mm in length, 40 mm in width and 6 mm in thickness.

4.2.5.3 Procedure

Test

procedure shall meet the requirements in ISO 1524:2020.

For each ECA sample, at least three specimens shall be prepared and tested.
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Reporting requirements

Record and report the following information:

a) the type of fineness plate;

b) test condition;

c) specimen quantity;

d) the fineness of each specimen and the mean value.

4.3 Mechanical characteristics

4.3.1
4.3.11

Tensile strength / elongation at break

Purpose

This|subclause is to determine the tensile properties of an ECA.

4.3.1.2

Preppre cured ECA films in thickness of 2 mm = 0,1 mm without bubbles,according to ISO 2

Sampling

393.

Therl prepare test specimens according to 1ISO 37:2017, which réeommends specimen type 2
(see|Figure 1). The test length of the specimen shall be 20,0 mfn £ 0,5 mm.

The fimensions of a dumb-bell specimen shall meet the requirements given by the respon

die (pee Figure 2 and Table 1).

For gach ECA sample, at least three specimens shall be prepared and tested.

The fest length shall not exceed the length ofthe narrow portion of the test piece.

— _Testlength S

IEC

Figure~l'— Shape of dumb-bell test specimen (ISO 37:2017)

A

A
Y

C

|
Y

.

VS
__

~

7\

IEC

Figure 2 — Die for dumb-bell test specimen

ding
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4.3.1.3 Apparatus

Test|apparatus shall provide the following conditions:

4.3.1.4 Procedure

In the following, a test procedure using a contact’extensometer is described. For non-co
extensometers, a similar procedure can be uséd according to ISO 37:2017.

a)

b)

Table 1 — Dimensions of dies for dumb-bell test specimens

Dimension
Type 2
mm
A Overall length (minimum) 75
B Width of ends 12,56 +1,0
C Length of narrow portion 25+1,0
D Width of narrow portion 4,0+0,1
E Transition radius outside 8,0+0,5
F  Transition radius inside 12,56 +1,0

ype 2 dumb-bell test specimens in compliance with ISO 37:2017 are.recommended.
he thickness gauge shall meet the requirements specified in méethod A of ISO 23529:2

he extensometer shall have an accuracy in compliance ‘with Class D of ISO 5893.If U
non-contact extensometer, mark the dumb-bell test pieces with two reference mar
define the test length using a suitable marker.

1
1
Tlensile testing machine shall meet the requirements of ISO 7500-2 with accuracy of cla
1
a

Measure the width and thickness atithe centre and at each end of the test leng
illimetres with precision of 0,1 mMm: Use the median value of the three measuremen
cplculate the area of the cross-section. In any one dumb-bell, none of the three thick
easurements of the narrow portion shall differ by more than 2 % from the me
thickness. The width of the fest specimen shall be taken as the distance between the cu
ges of the die in the narrow part.

Insert the test specimen into the tensile-testing machine, ensuring that the specim¢
dgripped symmetrically so that the tension is distributed uniformly over the cross-secti
ig strongly recommended that the load cell be reset to zero before each test. If neces
pply a prestress of 0,1 MPa so that the test piece is not bent when the initial test leng
easured.{Grippers shall have an inner surface that stably holds the material wi
iercing. and causing any other mechanical damage.

lamp the extensometer on the specimen with 20 mm distance (see Figure 3). There
no sign of distortion or damage to the test specimen.

016.
5s 1.

sing
s to

htact

h in
ts to
ness
dian
tting

EN is
bn. It
sary,
th is
hout

shall

Start the machine and monitor the change in length and force until the test part (see 20 mm

part in Figure 3) breaks.
The speed of the moving grip shall be 100 mm/min £ 10 mm/min.

The data shall be discarded and the test shall be repeated if the specimen breaks outside

the test length or if there is any slippage between the extensometer grip and the
specimen that significantly affects the test results.

At least three specimens shall be tested.

test
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Dimensions in millimetre

Key

1 ECA specimen

2 gr

p

3 extensometer

4.3.1

The

Figure 3 — Schematic diagram of tensile strength and elongation at break test

.5 Result

ensile strength can be calculated from:Formula (3).

The glongation at break can be calculatéd from Formula (4).

wher

F
G:
W xt
a:Lf_LO x100 %

0

Y

is the force recorded at break (N);

W is the width of the narrow part of the specimen (mm);

t is the thickness of the test piece over the test length (mm);

e is the elongation at break (%);

Ly is the initial test length (mm);

L; is the test length at break (mm).

3)

(4)
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1.6 Reporting requirements

ord and report the following information:

a) test equipment information;

b) specimen information: curing condition, dimension, shape and quantity;

c) test condition;

d) tensile strength and elongation at break of each specimen and the median value.

4.3.

4.3.

This |test is to quantify the storage normal modulus, loss normal modulus and loss faetor (

2 Storage normal modulus and loss normal modulus

2.1 Purpose

anj)

of ECA. Mechanical modulus directly affects the mechanical coupling between, compongnts,

inclu
thermal mechanical analysis of PV modules, especially at the interconnection’positions, W
ECA|is the bonding material.

Ad
ISO

specimen, and the displacement is measured. ECA is a viscoglastic material, i.e. it shows
an elastic response and a viscous drag when strained. Storage’normal E’ is the stiffness o
viscqelastic material and proportional to the elastically storéd'energy while loss normal mog

E”i
the

The
fact

from|energy-elastic to entropy-elastic.

43.

Prepfre cured ECA films in thickness of 1 mm to 3 mm without bubbles first accordin

ISO

(3 mm to 12 mm).

The

within 15 mm to 20 mm\

Sandpapers could\be used to smooth the specimen.

For

4.3.

ynamic test shall be performed to determine the normal maddlus of ECA accordir
1664-1:2022. In the test, a dynamic force (e.g. a sinuseidal force) is applied td

g proportional to the dissipated energy during the test. Loss factor tand is an indicati
ratio between E” and E'. E’, E” and tand can be/galculated from Formulas (5), (6) ang
de properties depend on excitation frequency-and temperature. The maximum of the
dr (tand), is a good indicator to identify glass‘transition when the material behaviour cha

3.2 Sampling

P393. Cut the ECA film to make test specimen with dimensions about (30 mm to 60 m

specimen length between two clamps is defined as effective length and shall be contr

g¢ach ECA“sample, at least three specimens shall be prepared and tested.

ding the stress and strain within the module. Results of the test offer great help in the

here

g to
the
both
f the
ulus
bn of
(7).
loss
nhges

g to
m) x

blled

23 Apparatus

A dynamic mechanical thermal analyser (DMA) according to ISO 4664-1:2022.

43.

2.4 Procedure

The test shall be performed according to ISO 4664-1:2022 with small-sized test apparatus and
tensile mode selected.

a) Measure the width and thickness at the centre and at each end of the test length in
millimetres with precision of 0,1 mm. Use the median value of the three measurements to

b)

calculate the area of the cross-section. Measure the specimen length between clamps
precision of 0,1 mm.

Install the specimen to DMA (see Figure 4).

with
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c) Set test conditions as follows:

starting temperature: -70 °C;
final temperature: 150 °C;
heating rate: 2 °C/min;

frequency: 1, 5, 10, 15, 30, 50 Hz, with 1 Hz recommended.

d) A static tensile force (0,1 N recommended) shall be applied to the specimen that is sufficient
to prevent buckling of the specimen under the decreasing portion of the superimposed
dynamic load. The measurement shall be performed once on each replicate specimen using

a

n applied strain of 0,1 %.

e) T

Key

2 gr

4.3.2

The
Form

est the specimen.

CA specimen
p

Figure 4 — Schematic diagram of modulus specimen installation
.5 Results

storage normal modulus;.ldss normal modulus and loss factor can be calculated
ulas (5), (6), (7).

from

(5)

(6)

where

AL is the measured amplitude of the dynamic displacement (m);
F is the measured amplitude of the dynamic force (N);

w is the specimen width (m);

is the specimen thickness (m);

(7)
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Ly is the specimen length between clamps (m);

o) is the measured phase angle between the stress and the strain (rad);
E is the storage normal modulus (MPa);
E”  is the loss normal modulus (MPa);

tand is the loss factor.
4.3.2.6 Reporting requirements

Record and report the following information:

a) test equipment information;
b) specimen information: curing condition, dimension, quantity;
c) test condition;

d) The results of the test, i.e., the value of the storage normal modulus E’, loss hormal mog

o
H” and the loss factor tand, the average of E’, E” and tand. Results shall be reporte
test temperatures, including at least -40 °C, 25 °C and 85 °C.

4.4 | Adhesive characteristics
4.4.1 Lap shear strength
4.4.11 Purpose

The purpose of this test is to characterize an ECA’s adhesion property by measuring th
shedr strength of a specimen constructed by an ECA@nd an adherend The test can be class
into [two types: on-line and off-line; On-line tesht is often done by measuring a spec
consfructed by an ECA and solar cells, resembling the structure in a shingled PV mo

ulus
d for

b lap
ified
men
dule.

Off-line test is generally used for incoming_orZoutgoing quality control at an ECA suppli¢r by

measuring a specimen constructed by an ECA and a metal substrate.

4.4.1.2 Sampling

Refer to Annex A.
For gach ECA sample, at least five specimens shall be prepared and tested.

4.4.1.3 Apparatus

A tensile testing_machine, which shall meet the requirements of ISO 7500-2 with accura
clasg 1.

4.41.4 Procedure

cy of

The pracedure shall comply with ISO 4587 as follows:

a) Locate the specimen symmetrically in the grips (see Figure 5), with each grip at 10 mm

1 mm from the nearest edge of the overlap region. Rubber spacers can be used in the grips
so that the force can be applied evenly across the bonding plane.

b) Operate the tensile-testing machine at a speed of 1 mm/min £ 0,2 mm/min with a data
acquisition rate of 10 Hz or greater until the specimen is broken.
c) Measure the length of the adhesive on the broken specimen in millimetres with precision of

0,1 mm. Measure the width of the adhesive on the broken specimen in micrometers with
precision of 1 um.
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Dimensions in millimetre

F
3
1 =
o
S |
ﬁ\lnrlap rnginh . :2_
1
3
F

IEC

Key
1 cdll or metal substrate
2 ECA
3 grp
Figure 5 — Schematic diagram.of lap shear strength test
4.4.1.5 Result

Recqrd the highest force during rupturecas the breaking force for specimen.

Recqrd the type of failure according to ISO 10365, i.e. adhesive, cohesive or adhesive

cohegsive.
The |ap shear strength can be calculated from Formula (8).
F
o, =
S LxW

where

0g is the shear strength (MPa);

F is the breaking force at the point of rupture (N);
L is the length of the adhesive (mm);

W is the width of the adhesive (mm).

4.4.1.6 Reporting requirements

Record and report the following information:

a) test equipment information;

b) specimen information: curing condition, overlap dimension, quantity;

c) test condition;

and

(8)
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d) lap shear strength of each specimen, the mean value and standard deviation.
4.4.2 Peel strength
4.4.21 Purpose

The ECA peel test is used to evaluate the bonding strength between PV ribbon and solar cells,
ECA as bonding adhesive. The test can be classified into two types: on-line and off-line. On-
line test is generally used to measure the bonding strength between a PV ribbon and a solar
cell, resembling the structure in a PV module where ECA is used to bond PV ribbon to a solar
cell. Off-line test is normally used for incoming or outgoing quality control at an ECA supplier
by measuring the bonding strength between a PV ribbon and a metal substrate, with ECA as
bonding material.

NOTH PV ribbon generally is a copper ribbon coated by a certain thickness of tin-based solder. Cohductive [metal
ribbors such as silver can also be used.

4.4.2.2 Sampling
4.4.2.21 General

For gach ECA sample, at least five specimens shall be prepared andtested.

4.4.2.2.2 On-line test

Prepjare a bonded assembly of cel/lECA/PV ribbon as a test specimen. The procedure used for
prepfaring the test specimen is as follows.

a) Hrint or dispense ECA on the front or rear busbarof a solar cell.

b) Attach a PV ribbon on ECA. Make sure the*tibbon is wider than the ECA strip and cqvers
the ECA strip across its width.

c) Use actual production equipment to cure the bonded assembly.

Spegimens for test should represent the'true level of the final product. Therefore, the specimens
shall have the same characteristicslincluding material, structure, and processing parameters.

4.4.2.2.3 Off-line test

In off-line test, metal plates'should be used as rigid adherends instead of the solar cells.

The metal surface 'shall be properly treated to approach the proper conditions, according to
ISO [17212 or the-tequirements from the ECA supplier.

The fgimensions of the metal substrate shall be =2 200 mm in length, 25 mm % 0,25 mm in width,
1,6 mm.£.0,1 mm in thickness.

A rectangular PV ribbon is recommended. The dimensions of the PV ribbon shall be = 350 mm
in length, 0,4 mm to 0,8 mm in width and 0,2 mm to 0,5 mm in thickness.

The dimensions of the bonding surface shall be 100 mm to 150 mm in length, 0,4 mm to 0,8 mm
in width, and 50 um to 100 pym in the bonding thickness.

Prepare a bonded assembly of metal substrate/ECA/PV ribbon as a test specimen. The
procedure used for preparing the test specimen is as follows.
a) Print or dispense ECA on the front of metal plates.

b) Attach a flat PV ribbon with rectangular shape on ECA. Make sure the ribbon is wider than
the ECA strip and covers the ECA strip across its width.

c) Use actual production equipment to cure the bonded assembly.
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4.4.2.3 Apparatus

A tensile testing machine, which shall meet the requirements of ISO 7500-2, with an accuracy
of class 1.

4.4.2.4 Procedure

The peeling strength between the PV ribbon and the solar cell or metal substrate shall be tested
at 180° as defined in IEC TS 62788-2. The procedure shall comply with ISO 8510-2 as follows:

a) Bend back the unbounded end of the PV ribbon.

b) ({lamp the solar cell or metal substrate in the fixed grip and the PV ribbon in the other|grip.
ake sure that the test specimen is accurately positioned between the grips softhaf the
tension applied is distributed uniformly across the width of the test specimen. Rubber
spacers can be used in the grips so that the force can be applied evenly across th'e borjding
lane.

c) Qperate the tensile-testing machine at a speed of 1 mm/min = 0,2 mm/min with a|data
quisition rate of 10 Hz or greater until the specimen is broken.

d) Measure the width of the adhesive on the broken specimen in micrometers with precisipn of
1 um.

Figufe 6 is the schematic diagram of peeling strength test.

N I

IEC

Key
1 cdll or metal substrate

ECA

flexible PV ribbon
fixed grip

a A W N

moving grip (self aligning)

Figure 6 — Schematic diagram of peel strength test (180° peel)
4.4.2.5 Result

Record the highest force during peeling as the peel force of specimen.

Record the type of failure in accordance with ISO 10365, i.e. adhesive, cohesive or adhesive
and cohesive.
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The peel strength can be calculated from Formula (9).

F
6180° =

where
6,g0c is 180° peel strength (N/mm);

9)

F [Tsthepeetforce(F);
/4 is width of the ECA in the bonding area (mm).

4.4.2.6 Reporting requirements

Recard and report the following information:

a) test equipment information;

b) specimen information: curing condition, width of the ECA in the bonding area, quantityj;

c) test condition;
d) el strength of each specimen, the mean value and standard deviation.

4.5 Electrical characteristics
4.5. Volume resistivity
4.5.1.1 Purpose

Volume resistivity is a key electrical propertyceaf ECA. When applied in PV modules, the vo
resistivity affects not only the electrical properties of PV modules, but also the reliabili
modules.

4.5.1.2 Sampling

Refer to Annex B for sampling.
For gach ECA sample, «at least five specimens shall be prepared and tested.

4.5.1.3 Apparatus

ume
ty of

Use @p digital-ehmmeter with measuring range 0,1 mQ to 1 MQ and accuracy of at least 4,1 %

according $0.1S0O 16525-2:2014.

Use pfodur-probe test tooling as below (see Figure 7):

— It shall have two current probes and two voltage probes.
— Four probes shall be fixed into a polypropylene block with spring.
— The distance between two current probes is recommended to be 5,1 cm = 0,2 mm.

— The distance between the voltage probe and current probe is recommended to be 1,3
0,2 mm.

— The width of current probes is recommended to be 2 mm to 10 mm and the width of vo
probes is recommended to be less than 0,5 mm, according to ISO 16525-2:2014.

cm

ltage
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current probes
vdltage probes
sgring

cdble

Figure 7 — Schematic diagram of volume resistivity test tooling

4.51.4 Procedure

Follgw the test procedure as below:

a) Connect the cables of the four-probe tooling. to the corresponding ports of the d

b) T
t

c)

good contact between the metal probes and, the specimen (see Figure 8).

e specimen and the tooling to stabilize the resistance test. The minimum contact for

jgital

ohmmeter. Press the specimen against the.front side of the four-probe tooling to ersure

urn on the digital ohmmeter and do the test. Make sure there is a suitable pressure between

ce of

.5 N shall be used for each probe\'Arigid substrate (plate of plastic) may be used to gress

the sample to the fixture to ensure good electrical contact. Record the stable resist
value.

Ance

easure the width of the 'ECA strip in millimetres with precision of 0,1 mm. Measur¢ the

thickness of the ECA strip’/in micrometers with precision of 1 um.
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a) Schematic diagram of test setup

4 4

A
©
Y
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O O @) O
2 3 3 2
1

IEC

b) Schematic diagram of test circuit

IEC

digital ohmmeter 6 distance between voltage probes (L)
current'source terminals 7 ECA specimen

voltage measurement terminals 8 width of ECA strip (W)

current probes 9 length of ECA strip

voltage probes 10 four-probe tooling

Figure 8 — Schematic diagram of volume resistivity test
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4.51.5 Result

The volume resistivity can be calculated from Formula (10).

W xt
L

p=Rx (10)

where

p s the volume resistivity (Q-mm);

R |s the volume resistance (Q);

W |s the width of the ECA strip (mm);

t s the thickness of the ECA strip (mm);

L s the distance between voltage probes (mm).
4.5.1.6 Reporting requirements

Recard and report the following information:

st equipment information;

b) specimen information: curing condition, ECA strip dimension, quantity;
t¢st condition;
c) vplume resistivity of each specimen, Max, Min, mean and standard deviation;
n estimate of the standard uncertainty of R,“)t, L and the combined standard uncertpinty
p according to 4.2.4 and 5.1.2 of ISO/IEC, GUIDE 98-3:2008, respectively.
Contact resistivity

A Purpose

Confact resistivity is an importaht-parameter to evaluate the quality of the contact between the
ECA|and the conductive substrate, affecting the electrical performance and reliability of PV
modtiles. Contact can occur/in two situations. When ECA is applied to a shingled moflule,
contact occurs between the' ECA and the silver electrodes of solar cells. When ECA is usg¢d to
bond PV ribbons to splar cells, contact occurs between the ECA and PV ribbons. This seftion

4.5.2.2 Sampling
4.5.2.21 General

achH ECA sample, at least five specimens shall be prepared and tested.

4.5.2.2.2 Contact resistivity between ECA and silver electrode

Refer to Annex C for sampling.

Recommended ECA strip dimension: 4 cm to 8 cm in length, 4 mm to 6 mm in width, 50 ym to
200 pm in thickness.

4.5.2.2.3 Contact resistivity between ECA and PV ribbon

Refer to Annex D for sampling.

Recommended ECA strip dimension: 4 cm to 8 cm in length, 2 mm to 4 mm in width, 50 ym to
200 pym in thickness.
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4.5.2.3 Apparatus

Use a digital ohmmeter with measuring range 0,1 mQ to 1 MQ and accuracy of at least 0,1 %
according to 1ISO 16525-2:2014. Use two voltage probes and two current probes to do the
measurement, with probes meeting the requirements as follows:

4.5.2.4 Procedure

4.5.2.4.1 Contact resistivity between ECA and silver electrode

a)

b)

c)

d)

The tip material shall be beryllium copper plated with gold.
The diameter of the tip shall be 0,5 mm to 1 mm.

The probes should have a proper spring to ensure good contact between its tip and the
specimen and not damage the specimen.

lace the sample on a rigid and insulating substrate such as a hard countertop, glass
substrate or acrylic substrate, which will prevent the sample from cracking.
lace the current probe 7, and I, at the first silver electrode 0 and the,last’electrode. Rlace
the voltage probe ¥, at the position Py on the first silver electrode (see Figure 9).

lace the voltage probe V7, at position P, on the electrode 1, ‘inject current from cuprent
robe 7/, and I,, measure the voltage between voltage prebe 7 and V, and record the
resistance between probes 7, and 7, as Ry. Make sure thé/gesistance value is stable. |f the

vplue is not stable, scratch the probe tip against the electrode to test again. If the resisthnce
vplue is still not stable, replace the probe tip and test/again. The distance between elecfrode

and electrode 1 is recorded as L4, which is equal to L (a fixed length value between
neighbouring electrodes). Change the position.of{probe V', to P,...P, in sequence, megsure
nd record the resistance data between probes /', and V', as R,...R,,. The distance betyween
lectrode 0 and electrode n is recorded asiZ,,, which is equal to n*L.

€
Hlot the L R scatter plot with the data of L,...L,, and R4...R,. Fit the scatter plot|with
y|= ax + b. Eliminate the outliers using Z score method (see Annex E). After outlier [data
elimination, if the number of remaining valid data points is less than 2/3 of the original|data
pints or less than 5, the data shall be discarded and the test shall be repeated. Otheryise,
fit the remaining valid data with y = ax + b again. If the fitting is poor (R? is less than 98 %)
r if b is negative, the data‘shall be discarded and the test shall be repeated. Y-intercgpt b
represents the contact resistance R between the ECA strip and the first silver electrqde 0

(gee Figure 11).

easure the width of the ECA strip in millimetres with precision of 0,1 mm. Measure¢ the
idth of silver\electrode 0 in micrometers by a micrometer caliper with precision of 1 um.
easure thie-thickness of the ECA strip in micrometers with precision of 1 ym.

alculaterthe contact resistivity pc from Formula (12).
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Figure 9 — Schematic diagram of contact resistivity test
between ECA and silver electrode

Hlace the sample on a rigid and insulating substrate such as a hard countertop, glass
ubstrate or acrylic substrate, which-will prevent the sample from cracking.

o )

lace the probes I, and I, at the PV ribbon and the last electrode. Place the probe V', gt the
osition Py on the PV ribbon (see Figure 10).

lace the probe ¥, at the-position P, on the electrode 1, inject the current from probe /{ and
b, measure the voltage between probe 7, and V5, record the resistance between probgs 7
nd 7, as R4. Makessure the resistance value is table. If the value is not stable, scratch the

robe tip against-the PV ribbon or electrode to test again. If the resistance value is sti|l not
stable, replace the probe tip and test again. The distance between PV ribbon and elecfrode
1| is recordedras L4, which is equal to L (a fixed length value between neighbouring

lectrodes/PV ribbon). Change the position of probe 7, to P,...P, in sequence, megsure
nd record the resistance data between probes /'y and ¥, as R,...R,,. The distance betyeen
V<ibbon and electrode n is recorded as L, which is equal to nxL.

=T T

Plot the L R scatter plot with the data of L4...L, and R4...R,,. Fit the scatter plot with y = ax
+ b. Eliminate the outliers using Z score method (see Annex E). After outlier data
elimination, if the number of remaining valid data points is less than 2/3 of the original data
points or less than 5, the data shall be discarded and the test shall be repeated. Otherwise,
fit the remaining valid data with y = ax + b again. If the fitting is poor (R? is less than 98 %)
or if b is negative, the data shall be discarded and the test shall be repeated. Y-intercept b
represents the contact resistance R between the ECA strip and the PV ribbon (see

Figure 11).

Measure the width of the ECA strip in millimetres with precision of 0,1 mm. Measure the
width of PV ribbon in micrometers by a micrometer caliper with precision of 1 ym. Measure
the thickness of the ECA strip in micrometers with precision of 1 um.

Calculate the contact resistivity po from Formula (12).
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Figure 10 — Schematic diagram of contact resistivi& test between ECA and PV ribH
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The a@/resistance between probe 7, and V, can be calculated from Formula (11).
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@’ Figure 11 — LR scatter plot and linear fit curve

on

The contact resistivity can be calculated from Formula (12).

R=Rg+Rys+ Ryg = Rg *+ Rys + 2~ Re +

pEXL
Wi (Ryg << Rg)

Wxt

Pe = Rg x W x Wy

(11)

(12)
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where

R is the total resistance (Q);

R¢ is the contact resistance between ECA and the silver electrode or PV ribbon where probe
V4 is positioned (Q);

Rys is the volume resistance of the silver electrode or PV ribbon where probe V' is positioned

(mQ);

Ryg  is the volume resistance of ECA (Q) between probe 7, and 7,;

is the volume resistivity of ECA (Q-mm);

is the contact resistivity of ECA (Q-mm?2);

is the distance between neighbouring silver electrodes (mm);
is the width of ECA strip (mm);
is the width of silver electrode 0 or PV ribbon (mm);

is thickness of ECA strip (mm).

4.5.2.6 Reporting requirements

Recqrd and report the following information:

4.6

test equipment information;
specimen information: curing condition, ECA strip dimension, quantity;
test condition;

an estimate of the standard uncertainty of ®c and the combined standard uncertainty
cplculated according to 4.2.4 and 5.1.2 of ISO/IEC GUIDE 98-3:2008, respectively.

Thermal characteristics

4.6.1 Coefficient of thermal expansion (CTE)

4.6.1.1 Purpose

The purpose of this test is to quantify the coefficient of linear thermal expansion (CTE) fo
ECA| The thermal expansion behaviour is necessary to simulate internal strains d(
temperature changés;for PV module application.

4.6

1.2 Sampling

Preppre cured ECA strip with the dimension of at least 10 mm in length, 5 mm to 6 mm in

and

1. 4nm to 3 mm in thickness. Specimens shall be cured according to the ECA supp

cpntact resistivity of each specimen, maximum, minimum, mean and standard deviation;

pf o

r the
e to

vidth
ier's

spec fication, ||Qing 2 _process as similar as pneeihln to the method used in the ECA u

manufacturing process.

ser’s

For each ECA sample, at least three specimens shall be prepared and tested.

4.6

1.3 Apparatus

A thermomechanical analyser (TMA) in compliance with ISO 11359-1 shall be used. The TMA
may has the capacity to maintain a constant flow of purge gas for the specimen in the range
from 0 to 100 ml-min-! throughout the experiment. Typically, an atmosphere of dry air or an
inert gas (e.g. nitrogen gas with a purity of 99,99 % or higher) should be used to avoid oxidative
degradation during testing.
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4.6.1.4 Procedure
The test procedure shall be performed according to ISO 11359-2:2021.

a) Measure the initial specimen length in the direction of the expansion test in millimetres
precision of 0,1 mm.

b) Place the specimen in specimen holder.

with

c) Apply an appropriate load force to the sensing probe to ensure that it is in contact with the
specimen. Depending on the compressibility of the specimen and the temperature range to

be investigated, a force of between 1 mN and 200 mN is adequate.

d) TjreTecommendedteating procedure for thre specimen s as foltows:

initial temperature: -70 °C;

final temperature: 150 °C;

heating rate: 5 °C/min;

flow rate of purge gas: 50 ml/min recommended;
e) Tlest the specimen.

4.6.1.5 Results

The fifferential coefficient of linear thermal expansion at temperature T shall be obtained
the TMA curve using Formula (13);

The mean coefficient of linear thermal expansion betweén two temperatures 74 and T, shé
obtajned from the TMA curve using Formula (14);

a= L&ES 1 dLidt
LydT L, dT/ dt

AL

1 AL _
L, A

(Lz—Ll)

N 1
(x: —_—
L, (TZ—TI)

~

where
Ly is the lengthyof the specimen at room temperature (mm);
AL | is the difference in length (mm);

AT | is the‘temperature difference (K);

from

Il be

(13)

(14)

a is‘the differential coefficient of linear thermal expansion (K-1):

a is the mean coefficient of linear thermal expansion (K-1).
4.6.1.6 Reporting requirements
Report the following information:

a) specimen information: curing condition, dimension, and quantity;
b) environment temperature and humidity;
c) testing parameters;
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d) the results of the test, i.e., the value of the differential coefficient of linear thermal expansion

a for each specimen, the mean of a and the standard deviation; the value of the mean
coefficient of linear thermal expansion a for each specimen, the mean of @ and the standard
deviation. Results for a shall be reported for different test temperatures, including at least -
40 °C, 25 °C and 85 °C. Results for a shall be reported for different temperature range,
including at least between -40 °C to 25 °C and 25 °C to 85 °C. In case of a specimen
exhibiting a glass transition within the temperature range of measurement, the glass

transition temperature and the test curves shall also be obtained and reported.
4.6.2 Solids content

4.6.

This|subclause is to determine the amount of residual matter of an ECA by analysing-the mass

chanlge using thermogravimetric method.

4.6.2.2 Apparatus

Use fa thermogravimetric anaylzer (TGA) according to ISO 11358-1 and ISO, 11358-2, from
temperature to 800 °C to ensure the organic components in the ECAGare completely bu
The TGA shall have the capacity to maintain a constant flow of purge-gas for the furnace i

oom
ned.
h the

rangge from 20 to 100 ml-min-! throughout the experiment. A dry inert gas (e.g. nitrogen| gas

with | purity of 99,99 % or higher) should be used as purge gas'to avoid hydrolytic degradation

durirlg testing.

4.6.2.3 Procedure

a) Tjare an empty and clean specimen container.

b) Add a certain amount (5 mg to 10 mg is recammended) of ECA into the tared containey.

c) Hut the container into the thermogravimetric analyzer and heat the specimen to 800 °( at a
cpnstant heating rate of 20 °C/min. For standard TGA furnace, the flow rate of furnace purge
gas is recommended to be 60 ml/min and the flow rate of balance purge gas is recommepded
to be 40 ml/min.

d) At least three specimens shall:be tested.

4.6.2.4 Result

The fatio of the residual weight obtained after the test to the initial specimen weight is the solid

contént.

The polid content'can be calculated from Formula (15).

mS

m= x100 %

m

(15)

y

where
m is the solid content (%);
ms is the mass at the start (mg);

m is the mass at the end (mg).

S
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4.6.2.5 Reporting requirements

Record and report the following information:

a) environment temperature and humidity;

b) testing parameters;

c) the TG curve. The solid content results shall be reported for the average of the replicate
measurements.

4.7

4.7.1 General

For the safe use of ECA, this subclause provides a method to evaluate the shelf life.and pdg
of anl ECA over its life time (see Figure 12).

Conditions of use

t life

4.7.2 Shelf life

4.7.2.1 Purpose

This

adhgsive and electrical characteristics before and after storage.

The

Test|the shelf life of an ECA according to ASTM D1337-10.

If m

which are most relevant to the applications. For instance, for ECA usage in shingled mod
lap shear strengthitest is a better choice compared to peeling test for adhesive characteri

The

ECA|supplier

Dispense
Storage Thawing < > Assembly +——™ Cure
Print

§helf life Pot life

Figure 12 — Schematic diagram of ECA life time at various stages

subclause is to determine the shelf\life of an ECA by testing the change of viscd

storage conditions shall be agreed upon between the ECA supplier and the user.

dltiple test methods-for each characteristic are available, select the appropriate me

FCA samples need to be stored under specified storage conditions recommended b

IEC

sity,

thod
ules,
stic.

the

4.7.2; tus

See

See

See

4.2.3.2 for viscosity test.
4.4.2.3 for adhesive characteristics test.

4.5.1.3 and 4.5.2.3 for electrical characteristics test.

4.7.2.3 Procedure

Measure the viscosity, adhesive characteristics and electrical characteristics of the ECA as
freshly received, and after being subjected to storage at various intervals of time (normally in

unit

of days).
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See 4.2.3.3 for the viscosity test on both the freshly received and stored ECA samples.

See 4.4.1.4 or 4.4.2.4 for the adhesive characteristics test on both the freshly received and
stored ECA samples.

See 4.5.1.4 and 4.5.2.4 for electrical characteristics test on both the freshly received and stored
ECA samples.

4.7.2.4 Result

The tolerable Franges for \/icr\ncihjl, adhesive characteristics—and electrical characteristicso0f an

ECA|shall be agreed upon between the ECA supplier and user.

The ishelf life is defined as the maximum storage time (normally days) during,which all the
viscqgsity, adhesive characteristics and electrical characteristics of stored ECA"still remain
withip the tolerable range.

4.7.2.5 Reporting requirements
Recqrd and report the following information:

a) sforage conditions: temperature, humidity;

O
-
—

st values of viscosity, adhesive characteristics and €electrical characteristics of the [ECA
under different storage time;

c) appearance changes of the ECA under different storage times: precipitation, discolordtion,
delamination, etc.

d) the determined shelf life.
4.7.3 Pot life
4.7.3.1 Purpose

By measuring the changes in viscosity, adhesive characteristics and electrical characteristics
of an ECA before and after use\te determine the pot life of the ECA under specified wofking
condijtions, which shall be agreed upon between the ECA supplier and the user.

4.7.3.2 Sampling

The ECA samples need to be placed under prescribed working conditions.

4.7.3.3 Apparatus

See §.2.3:2-for viscosity test.

See 4.4.Z.3for adhesive characteristics test.
See 4.5.1.3 and 4.5.2.3 for electrical characteristics test.

4.7.3.4 Procedure

Measure the viscosity, adhesive characteristics and electrical characteristics of the ECA, as
freshly received and after being subjected to prescribed working conditions at various intervals
of time (normally in unit of hour).

See 4.2.3.3 for viscosity test.

See 4.4.1.4 or 4.4.2.4 for adhesive characteristics test.
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See 4.5.1.4 and 4.5.2.4 for electrical characteristics test.

4.7.3.5 Result

The tolerable ranges for viscosity, adhesive characteristics and electrical characteristics of the

ECA

shall be agreed upon between the ECA supplier and user.

The pot life is defined as the maximum working time (normally hours) during which all the
viscosity, adhesive characteristics and electrical characteristics of the ECA still remain within
the tolerable range.

4.7.3.6 Reporting requirements

Recqrd and report the following information:

a)

t conditions: temperature, humidity;

b) té¢st values of viscosity, adhesive characteristics and electrical charagteristics of the
under different pot time;

c)

ppearance changes of the ECA under different pot times: pretipitation, discolord

delamination, etc.

d) the determined pot life.

5 Uniform characterization form (UCF)

5.1 Purpose

The pniform characterization form for an ECA provides an extensive overview of the gen
mechanical, electrical and thermal characteristics that are related to manufacturing and u
the ECA.

5.2 | Details of the UCF

The

UCF shall be given as an overview table of results according to Table 1. In the comp

document, the table shall includesthe details of the test conditions which defined by the repo

requ
of th
stan

Tabl

rements per test item. The items shall be referenced by the UCF number in the first co
b table. Temperature dependent material properties need to be reported as required i
fard.

p 2 defines the requirements of ECA status (uncured or cured) for different test items

Table 2 — Uniform characterization form (UCF) for an ECA

ECA

tion,

eral,
5e of

eted
rting
umn
h the

UCF Uncured Cured
Test name Reference R X
number specimens | specimens
1 Visual inspection 4.2.1 V —
2 Density [g/cm?] 422 y —
3 Viscosity [mPa-s] 423 v —
4 Thixotropic index 4.2.4 V —
5 Fineness [um] 425 N —

Tensile strength [MPa]
6 4.3.1 — v
Elongation at break [%]

Storage normal modulus and
7 4.3.2 — v
loss normal modulus[MPa]

8 Lap shear strength [MPa] 4.41 — N
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5.3

The
havilg competence of testing and calibration. The UCF shall at least contain the required re
of m

UCF Uncured Cured
Test name Reference . .
number specimens | specimens
9 Peel strength [N/mm] 4.4.2 — y
10 Volume resistivity [Q-mm] 4.51 — v
11 Contact resistivity [Q-mm?] 4.5.2 — v
12 Coeff|C|.ent of_1thermal 461 . N
expansion [K™']
13 Solids content [%] 46.2 N —
14 Shelf life [d] 4.7.2 v —
15 Pot life [h] 473 v —

Reporting requirements

UCF shall be prepared by the ECA manufacturer, based on the resulisoof a test ag

terial characterization tests, and may also contain results of optionalicharacterization

Furthermore, an UCF shall include at least the following information:

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

n)

0)

6

6.1

ti

name and address of the test laboratory and location whére’the tests were carried out

le;

unique identification of the report and each of its pages;

name and address of client, where appropriate;

description and identification of the item tested;

characterization and condition of the test item;

date of receipt of test item and date (s):0f test, where appropriate;
identification of test method used;

reference to sampling procedure, where relevant;

ny deviations from, additions~to, or exclusions from, the test method and any
imformation relevant to a spécific test;

easurements, examinations and derived results supported by tables, graphs, sketches
hotographs as appropriate;

sfatement of the estimated uncertainty of the test results (where relevant);

signature and .title, or equivalent identification of the person (s) accepting responsi
for the content'of the report, and the date of issue;

statement that the report shall not be reproduced except in full, without the w
ppfoval of the laboratory.

here relevant, a statement to the effect that the results relate only to the items tested;

ency
sults
tests.

bther

and

bility

itten

Data sheet

Purpose

Data sheet is a simplification of UCF. It provides an overview of critical technical characteristics
material data from the uniform characterization, which will directly affect the use of the ECA
and the performance of PV module.

6.2

Details of the data sheet

The datasheet shall be given as tabular overview of results according to Table 3. The table
defines the critical technical characteristics of the ECA and defines the requirements of ECA
status (cured/uncured) for different test items.
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The |[data sheet shall be prepared by the ECA manufacturer, based on’\the results of a
agency having competence of testing and calibration. The datasheet shall at least contai
requlred results of material characterization tests, and may also contain results of opt

Table 3 — Minimum required characteristics for the datasheet

UCF Uncured Cured
number Test name Reference specimens | specimens
3 Viscosity [mPa-s] 4.2.3 y —

5 Fineness [um] 425 y —

8 Lap shear strength [MPa] 4.41 — \/
9 Peel strength [N/mm] 4.42 — N
10 Volume resistivity [Q-mm] 4.51 — \/
(! Tontact resistivity [(J-mm-] 4572 — &
14 Shelf life [d] 4.7.2 y —

Reporting requirements

test
h the
onal
wing

bther

and

bility

characterization tests. Furthermore, the datasheet shall inclide” at least the follg

information:

a) title;

b) nlame and address of the test laboratory and locatiofiywhere the tests were carried out

c) unique identification of the report and each of its’ pages;

d) nlame and address of client, where appropriate;

e) description and identification of the item tested;

f) characterization and condition of the test-item;

g) date of receipt of test item and date/(s) of test, where appropriate;

h) identification of test method used;

i) reference to sampling procedure, where relevant;

j) dny deviations from, additions to, or exclusions from, the test method and any
imformation relevant to-a specific test;

k) measurements, examinations and derived results supported by tables, graphs, sketches

hotographs as@ppropriate;

[) statement ofithe estimated uncertainty of the test results (where relevant);

m) al signature and title, or equivalent identification of the person (s) accepting responsi
for thescontent of the report, and the date of issue;

n) whereTelevant, a statement to the effect that the results relate only to the items tested

o) a
approval of the laboratory.

7 Product identification sheet (label)

The following information is required on the product identification sheet:

a)
b)
c)
d)

product name or part number;

name, address and contact information of the manufacturer or importer;

shelf life and recommended storage conditions;

transportation conditions and their maximum duration, if deviating from storage conditi

itten

ons.
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Annex A
(normative)

Sampling for lap shear strength test

Sampling for on-line test

a) Dispense or print certain amount of ECA on the busbar of the first cell. The ECA strip width

S

hall be 300 ym £ 50 ym.

b) G

c)
d)

o0 C =

Spedi
shall
with

41 ' ! el o A Sl L ! ! £ ! ! [T )
Overl UIc UlspCelistU Ul Prifeud LUA WILT UTe Dusudl Ul d SCULUTTU SUIal CEIl. TTIS UV

idth shall be 1 mm £ 0,1 mm (see Figure A.1). (l,b‘
se actual production equipment to cure the bonded assembly. Q

ut the bonded assembly to the required dimension for test. The test specegfeﬁq width
e 20 mm £ 2 mm.

imen for test shall represent the true level of the final product. T re the spec
have the same characteristics including material, structure, an cessing param

the final product from manufacturing process. It is recommem@ o cut directly fron

shingled cell string (see Figure A.2 and Figure A.3).
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Figure Ac1+'- Schematic sampling diagram of lap shear strength test (on-line)
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Figure A.2 — Picture of ECA on the top of the electrode of a solar cell
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Figure A.3 — Picture of a final specimen slice cut from the bonded assembly
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se a metal substrate and pre-treat its surface according to ISO 17212. ,'\

he metal substrate shall be 100 mm £ 0,25 mm in length, 25 mm 0,2@%% in width
.6 mm + 0,1 mm in thickness according to ISO 4587.

Sampling for off-line test

ispense or print a certain amount of ECA on the first metal subﬁtﬂe with a distan
mm to 10 mm from the edge. The ECA strip shall be 1 mm to 231 in width and 50 |
00 um in thickness.

over the dispensed or printed ECA with a second metal Q/ge’trate (see Figure A.4).
he overlap width of two metal substrates shall be 6 m }0,2 mm.
ure the structure to get the final specimen. <<

Specimens for on-line test are made by equipment thfor off-line test are made by hand. Therefor
p dimension of off-line specimens is set to be larger t@xthat of on-line specimens to ensure the accursa
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Annex B
(normative)

Sampling for volume resistivity test

Make specimen on a glass slide substrate with 5 cm to 8 cm in length, 3 mm to 6 mm in width
and 50 ym to 200 ym in thickness. Use a tape with thickness between 50 ym to 200 ym and
uniformity of £ 10 % (including surface roughness) to control the thickness of the specimens.

a) Stick two strips of tape to the glass surface to make a groove with desired width and depth

(geeFigure B3t 244 maskimg tape s Tecommended:
b) Hill ECA in the formed groove and level the ECA with a scraper. See 4.2.5.2 fof sciaper
specifications.
c) Heel off the tapes slowly and properly to ensure the ECA strip left has a flat*and snooth
surface and no air bubbles.
d) Qure the ECA strip under specified conditions recommended by the E€Asupplier. See|also
Higure B.2.
Fronf view 1 2 2 S S
Sidqview [ ] L | I I ]
Step 1 Step 2 Step 3
IEC
Key

Step 1: stick tapes to form groove;

Step 2: fill(ECA in the groove and level it;

Step B:“peel the tape and cure the ECA,;

Step 4: trim the ends (<5 mm from the edges) to ensure thickness uniformity along the length by removing the ends.

1 Glass slide
2 Tape
3 ECA strip

Figure B.1 — Schematic sampling diagram of volume resistivity test
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