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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) MODULES - TEST METHODS FOR THE DETECTION
OF POTENTIAL-INDUCED DEGRADATION -

Part 1-1: Crystalline silicon — Delamination

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization com risi 7
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote intc -nat. »nal
co-operation on all questions concerning standardization in the electrical and electronic fields. . To<his € :d and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Te: inic.' Pzports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publicaticn(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in tt e subject dealt with
may participate in this preparatory work. International, governmental and non-governmental or 'anizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Internatic>=' Organization for
Standardization (ISO) in accordance with conditions determined by agreement between .~e twc organizations.

2) The formal decisions or agreements of IEC on technical matters express, as near' as nousible, an international
consensus of opinion on the relevant subjects since each technical comn.*{ee | as representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internationc! us= and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to €.:s ==~.that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National “om nittees undertake to apply IEC Publications
transparently to the maximum extent possible in their national a 1 regional publications. Any divergence between
any IEC Publication and the corresponding national or reg’onal puulication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. ‘~~cpendent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bc dies.

6) All users should ensure that they have the latest el on of this publication.

7) No liability shall attach to IEC or its direciu. >, €. ployees, servants or agents including individual experts and
members of its technical committees and |F'C lational Committees for any personal injury, property damage or

other damage of any nature whatsoe ‘er, =“.ether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publictior. use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Norma .ve references cited in this publication. Use of the referenced publications is
indispensable for the correst < .plication of this publication.

9) Attention is drawn to the pc sibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not ke 1 !d responsible for identifying any or all such patent rights.

The main task of IEC te~hnical committees is to prepare International Standards. In exceptional
circumstances<, a ‘echnical committee may propose the publication of a Technical Specification
when

e the iequired support cannot be obtained for the publication of an International Standard,
deconi e repeated efforts, or

the suoject is still under technical development or where, for any other reason, there is the
“uture but no immediate possibility of an agreement on an International Standard.

Technical Specification are subject to review within three years of publication to decide whether
they can be transformed into International Standards.

IEC TS 62804-1-1, which is a Technical Specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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The text of this Technical Specification is based on the following documents:

Draft TS Report on voting
82/1566/DTS 82/1596A/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62804 series, published under the general title Photovoltaic ‘PV)
modules — Test methods for the detection of potential-induced degradation, can be found >n
the IEC website.

The committee has decided that the contents of this document will remain unchang=>d until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in tho data 1elated to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued ai A lcter Jate.

IMPORTANT - The 'colour inside' logo on the covar page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore p ‘int this document using a colour printer.
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INTRODUCTION

Potential-induced degradation (PID) refers to any PV module degradation that is caused by the
stress of an electric potential between the active cell circuit and the external surfaces or parts
of the PV module. This part of IEC 62804 is for testing and evaluating the durability of crystalline
silicon PV modules for PID in the mode of delamination (PID-d), as may be induced by the
stress factors of moisture and system voltage.

The applied stresses, with system voltage being the principal factor in IEC 62804-series
documents, manifest themselves in different degradation modes that depend in part on the
module technology. Therefore, a series of technical specifications is being developed to define
PID tests for different PV module technologies and differing PID modes.

IEC TS 62804-1 defines test methods for evaluating power loss by PID in crystalline silicon ?V
modules.

IEC TS 62804-1-1 defines a test method for evaluating delamination by PID in ¢ ystalline silicon
PV modules.

IEC TS 62804-2 defines test methods for evaluating power loss by PID in *hia-film PV modules
and modules with moisture-sensitive components and moisture-bar.'er p ackaging.

Additional TSs in the series may be introduced in the future 1cr :merging module technologies,
mechanisms, or evaluation methods.

Delamination of PV modules is a failure mode that ca~ lexd to electrical shocks, ground faults,
rapid moisture ingress or collection of condens~< I.9isture and can be associated with
corrosion, some loss in photocurrent and hotspots due to degraded transmission of light to the
solar cells, and visual undesirability. Various delamii.ation modes are seen occurring in fielded
modules for which standardized methods fc- accelerated testing do not exist to predict these
vulnerabilities.

Delamination in crystalline silicon V' modules has been found to occur associated with
electrochemical reactions on the siiico.».FV cell surface and metallization (Mon and Ross, 1985,
Matsuda et al. 2012). Moisture his v<2en found to sometimes accelerate the adhesion loss at
interfaces in PV modules, along -\ 'th elevated sodium concentration on the cell surface within
the module package, which muy result from the electric field of system voltage stress (Dhere et
al.,, 2002, Bosco et ali, 2217, Wohlgemuth et al., 2017, Li et al., 2018). Modules with
encapsulation materials € low bulk resistivity have been found to have greater susceptibility to
PID-d under electriz fiei s due to system voltage stress (Hacke et al., 2016). Modules that do
not exhibit significan. cower loss by PID-shunting (PID-s) or PID polarization (PID-p) modes
may still be proie to degradation by the delamination mode examined in this document if, for
example, the Cells are made durable to power loss by these modes, but the encapsulation is of
low bulk res:stivity.

Elavaina dissolved moisture content in encapsulants has been found to increase the bulk
conductivi'y of many encapsulants (Berghold et al., 2014). An accelerated test is therefore
provided in this document to evaluate modules for susceptibility to delamination under the
<tress factors of moisture and system voltage. While mounting and grounding configuration may
be optimized to mitigate PID degradation modes, as a test of the laminate, glass surfaces are
grounded in this document independent of consideration of the intended mounting and
grounding configuration of the module.

The conductivity of glass and resultant charge transfer through it enable electrochemical
reactions within the laminate when subjected to a voltage potential. Therefore, this document
is intended primarily for modules with one or two glass faces. To date, module package
resistivity has been measured to vary by several orders of magnitude. Accordingly, the testing
protocol herein has been found to differentiate susceptible modules from durable modules as a
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function of resistivity for this delamination mode (Hacke et al., 2016). The stress test conditions
contained herein are highly accelerated and have been determined to differentiate susceptibility
of modules to this degradation mode; but their acceleration factor with respect to the rate of
occurrence in various natural environments has not been established. Annex A gives examples
of the degradation modes manifested by application of the protocol and visually similar
examples from the field.

Delamination may additionally occur by other mechanisms, such as from the reaction products
of photocatalysis (Matsuda et al., 2012), and may not manifest under this or other presently
existing standardized testing protocols.

It is known that variability in manufacturing processes can affect the susceptibility of mol'ules
to system voltage stress. Periodic retesting of module samples by the test protocols coi tair.~d
herein, by internal quality assurance programs such as given in IEC TS 62941, and by a~xte nai
audits will aid in verifying not only the durability of the design of the module to svstem v ltage
stress, but also, the effects of any variability of the materials and manufacturing p.ncecscs.
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PHOTOVOLTAIC (PV) MODULES - TEST METHODS FOR THE DETECTION
OF POTENTIAL-INDUCED DEGRADATION -

Part 1-1: Crystalline silicon — Delamination

1 Scope

This part of IEC 62804 defines procedures to test and evaluate for potential-inG ced
degradation-delamination (PID-d) mode in the laminate of crystalline silicon PV mocuilles —
principally those with one or two glass faces. This document evaluates delamination attr’huwoble
to current transfer between ground and the module cell circuit. Elements dsiving the
delamination that this test is designed to actuate include reduced adhesion as< xcia.~d with
damp heat exposure, sodium accumulation at interfaces, and cathodic gas evolution in the cell
circuit, metallization, and other components within the PV module activated by the voltage
potential. The change in power of crystalline silicon PV modules associated.\ith the stress
factors applied (the purview of IEC TS 62804-1) is not considered in the sccune.

Modules are tested in a climactic chamber with damp heat and a,olication of module-rated
system voltage to the cell circuit in each polarity that is specified o. allowed in the module
documentation. This document does not differentiate the effe ~ts of some construction methods
of mitigating PID—for example, the use of rear rail mounts; ec e clips, and insulating frames
that may serve to electrically isolate the module faces:to \ arying extents. The actual durability
of modules to system voltage stress will depend on ti:e . oui.ling design and the environmental
conditions under which the modules are operated. 1 esc tests are intended to assess the
sensitivity of the PV module laminate to PID-d irr¢ spective of actual stresses under operation
in different climates and systems.

2 Normative references

The following documents are refeirea to ir the text in such a way that some or all of their content
constitutes requirements of this ¢oc.:ment. For dated references, only the edition cited applies.
For undated references, the lctest edition of the referenced document (including any
amendments) applies.

IEC 60068-2-78:2012, E: vironmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state

IEC 61215-1:25:8, Ter.estrial photovoltaic (PV) modules — Design qualification and type
approval =- Pa.t 1. Test requirements

IEC 61215-2:2016, Terrestrial photovoltaic (PV) modules — Design qualification and type
aLoroeal - Part 2: Test procedures

IEC £1730-2, Photovoltaic (PV) module safety qualification — Part 2: Requirements for testing
iEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

IEC TS 62804-1, Photovoltaic (PV) modules — Test methods for the detection of potential-
induced degradation — Part 1: Crystalline silicon

IEC TS 62941, Terrestrial photovoltaic (PV) modules — Guidelines for increased confidence in
PV module design qualification and type approval
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