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PHOTOVOLTAIC (PV) MODULES - TEST METHODS FOR THE DETECTION

1
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The main task of IEC technical committees is to prepare International Standards. In except
circumstances, a technical committee may propose the publication of a Technical Specific

OF POTENTIAL-INDUCED DEGRADATION -

Part 1-1: Crystalline silicon — Delamination

FOREWORD

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

rising

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

cqg-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/\['echnical Re
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Rublication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested 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 thednternational Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

THe formal decisions or agreements of IEC on technical matters express, as‘nearly as possible, an interng
cgnsensus of opinion on the relevant subjects since each technical committee has representation frd
inferested IEC National Committees.

IE[C Publications have the form of recommendations for international use and are accepted by IEC N3
Committees in that sense. While all reasonable efforts are made %0 ensure that the technical content d
Pyblications is accurate, IEC cannot be held responsible fof¢the way in which they are used or fo
misinterpretation by any end user.

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

IEC itself does not provide any attestation of corformity. 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.

members of its technical committeesland 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 (puplication, use of, or reliance upon, this IEC Publication or any othe]
Pyblications.

Attention is drawn to thésNormative references cited in this publication. Use of the referenced publicati
inflispensable for the _correct application of this publication.

Attention is drawngto'th'e possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall*not*be held responsible for identifying any or all such patent rights.

liability shall attach to IEC or its directors, employees, servants or agents including individual experjs and
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the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future 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 Photovoltdic
modliles — Test methods for the detection of potential-induced degradation, can be~foun

the

The pommittee has decided that the contents of this document will remain unchanged unt
stability date indicated on the IEC website under "http://webstore.iec.ch" in“the data relat

the

A billngual version of this publication may be issuedatva later date.

IEC website.

pecific document. At this date, the document will be

—

pconfirmed,

withdrawn,

—

bplaced by a revised edition, or
amended.

(PV)
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| the
bd to

IMR

ORTANT - The 'colour inside' logo enthe cover page of this publication indicdtes
that it contains colours which are considered to be useful for the correct understand
of its contents. Users should therefore print 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
moduletechnologyTherefore—aseries of technical specifications-is being developed-todefine

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 crystallinelsilicon PV
modtles.

IEC TS 62804-1-1 defines a test method for evaluating delamination by PIBD\in crystalline silicon
PV modules.

IEC TS 62804-2 defines test methods for evaluating power loss by PID in thin-film PV modules
and modules with moisture-sensitive components and moistureébarrier packaging.

Additional TSs in the series may be introduced in the futuresfor emerging module technologies,
mechanisms, or evaluation methods.

Delamination of PV modules is a failure mode that:can lead to electrical shocks, ground fgults,
rapid moisture ingress or collection of condénsed moisture and can be associated |with
corrgsion, some loss in photocurrent and hotspots due to degraded transmission of light tp the
solaf cells, and visual undesirability. Various:delamination modes are seen occurring in figlded
modulles for which standardized methodstfor accelerated testing do not exist to predict these
vulngrabilities.

Delamination in crystalline silicon*PV modules has been found to occur associated |with
electrochemical reactions on thesilicon PV cell surface and metallization (Mon and Ross, 1985,
Matsuda et al. 2012). Moisture has been found to sometimes accelerate the adhesion logs at
interfaces in PV modules, along with elevated sodium concentration on the cell surface within
the module package, which may result from the electric field of system voltage stress (Dhere et
al.,, 002, Bosco et‘al., 2017, Wohlgemuth et al., 2017, Li et al., 2018). Modules [with
encapsulation materials of low bulk resistivity have been found to have greater susceptibillty to
PID-f under electric fields due to system voltage stress (Hacke et al., 2016). Modules thEt do

not gxhibit significant power loss by PID-shunting (PID-s) or PID polarization (PID-p) mpdes
may |still be~prone to degradation by the delamination mode examined in this document if, for
examplef the cells are made durable to power loss by these modes, but the encapsulation|is of
Iow@ulk resistivity.

Elevated dissolved moisture content in encapsulants has been found to increase the bulk
conductivity 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
stress 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 modules
to syistem voltage stress. Periodic retesting of module samples by the test protocols contgined
here|n, by internal quality assurance programs such as given in IEC TS 62941, and'by external
audits will aid in verifying not only the durability of the design of the module to system vol|tage
stresgs, but also, the effects of any variability of the materials and manufacturing.processeg.
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PHOTOVOLTAIC (PV) MODULES - TEST METHODS FOR THE DETECTION

1

This

OF POTENTIAL-INDUCED DEGRADATION -

Part 1-1: Crystalline silicon — Delamination

Scope

part of IEC 62804 defines procedures to test and evaluate for potential-ind

degrpdation-delamination (PID-d) mode in the laminate of crystalline silicon PV modu
prindipally those with one or two glass faces. This document evaluates delamination‘attribu
to current transfer between ground and the module cell circuit. Elements\ driving

dam
circ

heat exposure, sodium accumulation at interfaces, and cathodic gas evolution in thé
it, metallization, and other components within the PV module activated by the vo

deIaLFination that this test is designed to actuate include reduced adhesion ‘associated

potential. The change in power of crystalline silicon PV modules associated with the s
factgrs applied (the purview of IEC TS 62804-1) is not considered in-the scope.

Mod

iles are tested in a climactic chamber with damp heat and application of module-

system voltage to the cell circuit in each polarity that is spéecified or allowed in the mg
documentation. This document does not differentiate the effects of some construction met
of mjtigating PID—for example, the use of rear rail moUnts, edge clips, and insulating fra

that
of m

may serve to electrically isolate the module faces.to varying extents. The actual dura
bdules to system voltage stress will depend on the mounting design and the environm

con<1itions under which the modules are operated. These tests are intended to assesg

sens

in di

2

The

tivity of the PV module laminate to PID-d,irrespective of actual stresses under oper
fferent climates and systems.

Normative references

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

consftitutes requirements of thissdocument. For dated references, only the edition cited apy

For
ame

IEC

state

IEC

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

50068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, st

51215-1:2016, Terrestrial photovoltaic (PV) modules — Design qualification and

apprpval—)Part 1: Test requirements

uced
es—
able
the
with
b cell
tage
ress

ated
dule
hods
mes
bility
ental

the
ation

htent
lies.
any

pady

type

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

IEC 61730-2, 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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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 61836 and
IEC TS 62804-1 apply.

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

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

4 amples

Representative and identical samples shall be procured, two for each polarity of the sygtem
voltage that is specified or allowed in the module documentation. An additional ‘€eontrol mqgdule
that ghall remain unstressed for use as a visual comparison with the stressed’modules shall be
procpired. Optionally, an additional module for testing alongside these.‘may be procurefl for
evalliation with the damp heat component of the stress but without-system voltage sjress
applied to differentiate the effect of the applied system voltage. Modules not explicitly reqyiring
string connections with one terminal grounded shall be tested in both polarities. The laminates
for tpst shall be constructed with the same process and design as the model type tp be
evalllated—it shall contain components including cells, encdpsulant, backsheet, and g]ass,
mad¢ with the same manufacturing process, inclusive of process tools, materials, design) and
process conditions. As a test of the laminate, inclusionof the module frame or mouhting
hardware is not required.

The |modules shall have been manufactured ¢from specified materials and components in
accordance with the relevant drawings and process sheets and have been subjected t¢ the
mantifacturer's normal inspection, quality centrol, and production acceptance procedures.

If mpdules are submitted to anothersparty for testing, they shall be accompanied by the
mantfacturer's handling, mounting;, and connection instructions, including the maximum
pernjissible system voltage. Markings on the module shall conform to the requirements of
IEC $1215-1 and IEC 61730-2.(lf the modules tested are prototypes of a new design and not
from|production, this fact shall*be noted in the test report (see Clause 6).

The test results relate-only to the module construction tested. If a module manufacturer uses
sevefral sources forPY-module components, module designs, cell designs, process desigrs, or
diffefing process tset” points and tolerances for a given PV module model designation, |then
addifional mogdules for each permutation are required for evaluation with this document.
However, changes of the junction boxes, cables, frames, mounting hardware, and connetftors
do npt indicate retest.

5 Testprocedures
5.1 General

In the following stress tests, an extended damp heat exposure is first performed to allow
moisture to diffuse into the module, which can reduce interface adhesion in regions of the
module laminate and increase conductivity in some polymeric materials. This exposure is
followed by application of voltage bias stress to the cell circuit with use of a grounded
conductive electrode (foil) on the module glass surface. The resultant electric field creates and
drives mobile ions, depending on the polarity applied, to or from the module glass and the
silicon cells and connected conductive parts. Delamination may occur by, for example, cathodic
gas evolution. The overview of the test procedure is given in Figure 1.
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4 Modules
v

MQT 01
Visual inspection

v
MQT 15
Wet leakage
current test

¥

MQT 13
Damp heat test

v
Clause 5.5
Voltage stress test
2 (+V), 2 (=V) modules,
optional no-bias module
v
MQT 15
Wet leakage
current test

¥

MQT 01
Visual inspection

IEC,

Module quality tests (MQT) refer to procedures in IEC 61215-2.

Figure 1 — Test flow

5.2 | Initial visual inspection

Perform I[EC 61215-2 Visual inspection,”(MQT 01) for each module. Especially note| and
photpgraph any pre-existing areas of ‘delamination or bubbles in the laminate. If thefe is
evid¢nce of major visual defects as_defined in IEC 61215-1, then this test procedure shgll be
term|nated or restarted at Clause-4 with different samples.

5.3 | Wet leakage current test

resistance does not meet the requirements of MQT 15, then the module shall be replacedq and
documented (see'€lause 6) and this test restarted at Clause 4 with different samples, of the
test procedure{terminated.

Perf%rm IEC 61215-2"Wet leakage current test (MQT 15) for each module. If the insulation

5.4 | Damp heat test

For Qmplne that will n\/nnhlnlly ||ndnrgn stress hy sysiem \/nlfagn bias and for the opt onal
module evaluated with the damp heat component of the stress only, perform IEC 61215-2 Damp
heat test, MQT 13, inclusive of the post-test requirements of IEC 61215-2:2016, 4.13.4,
MQT 01, Visual inspection and MQT 15, Wet leakage current test. If a module does not meet
the requirements of MQT 01 or MQT 15, then this test procedure shall be terminated or restarted
at Clause 4 replacing all samples.

5.5 Voltage stress test
5.5.1 General

This procedure shall be performed (Voltage stress test commenced) between 2 days and 7 days
after completion of 5.4 (MQT 15, Damp heat test). The modules shall be stored in the laboratory
or workroom environment out of direct sunlight.
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5.5.2 Apparatus

a)

b)

c)

d)

f)

5.5.3 Voltage stress test procedure

a)

An environmental chamber suitable for accommodating the modules under test and capable
of controlling temperature and humidity independently to achieve the severities indicated in
5.5.4, with non-porous, electrically insulating module mounts (e.g., polytetrafluoroethylene,
glazed porcelain), with minimal contact area to the module. Electrical insulation of the
individual modules from the chamber and each other is required. Using such insulating
mounts, multiple modules may be placed horizontally in a chamber with horizontal support
beams that permit air circulation around the modules. The test shall be carried out in an
environmental chamber for damp heat, with requirements for the test chamber and its usage
given in |IEC 60068-2-78:2012, 4.1 and 4.4, respectively; however, this document shall
supersede where conditions and specifications differ.

NOTE 1 Insulator mounts are used to prevent alternative paths for leakage current between the biased pctive
Cell circuit and the intended ground point(s) and for the safety of personnel and equipment.

Yensors and data logger for recording the environmental conditions (chamber air
temperature, relative humidity). Temperatures and relative humidity shall be measured and
recorded in 5 min or lesser intervals.

C voltage power source capable of applying the module-rated maximum system voltage in
e designated polarity of the modules under test with sufficient current to maintain thg set-
int voltage with tolerance of 0,5 % and an appropriate device for resolving and recording
the leakage current from each module to ground in 5 min Or lesser intervals (optipnal:
easure and record applied bias voltage). For testing a wide yariety of modules, capapility
f sourcing and measuring current supplied by the D€ voltage power source in the
x 1073 Ato 1 x 1078 A range transferred through each module under bias is required.

= 0O

=0

NOTE 2 Current and voltage measurements and their recording+are primarily intended as indicators of stgbility,
iniformity, and continuity of the stress test conditions and/not/intended as performance criteria for the module
inder test. These may also be analyzed for trends in behaviour (e.g., the effects of moisture penetration).

sulated wire rated for application of the intended test voltage, temperature, and humjdity;
odule manufacturer-specified or stainless=steel hardware for electrical connections tp the
odules at the grounding points. If themodule laminate is provided without grounding
ints, then an electrically conductive adhesive (including, for example, electrically
cpnductive adhesive tape) is required.

emperature sensors applied te'each module recorded in 5 min or lesser intervals provjding

curacy of 1,0 °C in a manner that demonstrates temperature uniformity of the modules.
Tlemperature sensors and\{hieir wires mounted to the module shall be electrically insulating
:It all applied temperatures and humidity levels so that they do not impact the voltage|bias
nd leakage current between the module and the intended grounding points.

An electrically conductive foil (e.g., aluminium or copper, 8 ym to 150 pym in thickness) and
a flexible polymeric mat to distribute a load of 30 Pa minimum on the foil to follow the sufface
morphology-6fithe module glass to achieve a uniform electrical conducting electrode.

Hor,ea¢ch module, connect the positive and negative electrical terminal wires (leads, fags,
studs; screws, connectors) to each other and to the high voltage DC terminal of the ppwer
supply with the insulated wire rated for the intended test voltage. Two modules are
connected for application of the positive system voltage to the modules’ cell circuit and two
modules are connected for application of the negative system voltage to the modules’ cell
circuits, or as is specified or allowed in the module documentation. Cover the PV module
primary light-facing glass surface with the electrically conductive foil to achieve contact to
the surfaces. The foil shall be compressed onto a module grounding point of the module
frame with a stainless-steel annulus washer and bolt and/or nut (if applicable) and
connected to the ground terminal of the DC voltage supply. Any coatings on a metallic
module frame shall be abraded off under the area of the annulus washer. If there are no
grounding points on the module laminate, then electrically conductive adhesive (including
electrically conductive adhesive tapes) may be used to connect the grounding wire to the
foil and complete the electrical circuit to the ground terminal of the DC voltage supply. Place
modules horizontally on non-porous electrically insulating mounts described in 5.5.2a). To
achieve more consistent adherence of the conductive electrode to the module, apply a
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homogeneous load of 30 Pa minimum to the electrically conductive foil on the light-facing
surfaces of the module using a flexible polymeric mat.

In the case that the substrates or rear surfaces are made of glass, additionally apply ground-
connected conductive foil to it and place the module on a conforming, soft polymeric surface
so that the foil is pressed to the glass by the module’s weight on at least 95% of the exposed
rear-surface glass area. Support the modules and the conforming, soft polymeric material
on which they rest using a rigid supporting platform isolated from the chamber with non-
porous electrically insulating mounting material.

Orientations other than horizontal are permissible if they meet the requirement of module
to module isolation and applied pressure of 30 Pa minimum normal to the module face to

procured, place the optional module for testing with the above for evaluationcwith the
damp heat component of the stress, without application of the voltage and electrically
donductive foil, electrically isolated from the other modules that are tested with voltage|bias
in the climactic chamber.

b) Hecording of sensor data shall be commenced, and prescribed stresses.shall be applied to
the modules according to the severities listed in 5.5.4. The ramps t6}and from the sjiress
cpnditions and the stress test itself shall be performed in a continuous and uninterrdpted
anner. The chamber temperature shall be ramped from ambient™to the specified sjress
temperature. When both the chamber air temperature and thesmodule temperature rpach
the set point within the tolerance, increase the chamber relative humidity to arrive af the
specified relative humidity. When the temperature and relative humidity set pointd are
reached within the prescribed tolerances, start a 12 h:to 24 h stabilization period fof the
environmental conditions. At the end of this period, switch on the voltage to the prescribed
sfress level (rated maximum system voltage and ‘polarity). The prescribed dwell period
egins when the voltage has arrived at the prescribed severity. For the cooling phase to
ambient temperature at the end of the damp heat dwell, turn off the humidity generatior] and
simultaneously begin to cool the chamber_so’that the modules reach 23 °C + 5 °C within
1h. The specified applied voltage shalkbe switched off when the module temperature
reaches 23 °C £ 5 °C. The voltage stress-test duration shall correspond to the time thgt the
prescribed voltage severity at the prescribed dwell temperature and relative humidity| was
gpplied, not including periods of ramps in temperature. Reference the profile in Figure|2, to
ble used in conjunction with onglof the severities listed in 5.5.4 and the actual namep|late-
rated system voltage bias of\the modules under test.
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Figure 2 — Example test time-temperature-humidity-voltage profile for application
of stress in an environmental chamber

5.5.4 Severities

Two test conditions that are not necessarily equivalent are given:
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Method (A) is given for use when it is desired to perform the testing in the common chamber
condition of IEC 61215-1 MQT 13 and if there is no chamber capable of applying the preferred

conditions of Method (B) available. The conditions are:

— Module temperature: 85 °C £ 2 °C.
— Chamber relative humidity: 85 % + 3 % relative humidity.

— Dwell: 240 h + 2,4 h at the above-stated temperature and relative humidity (not including

stabilization).

— Voltage: module-rated system voltage, in the prescribed polarities, applied for the above-

given dwell duration and during ramp down of temperature to ambient conditions.

MetHod (B) is performed at a reduced temperature and higher humidity level. These condi
provide sufficient acceleration, are closer to field-representative conditions, and ‘are
prefgrred. The conditions are:

odule temperature: 72 °C + 2 °C.

hamber relative humidity: 95 % + 3 % relative humidity.

fabilization).

oltage: module-rated system voltage, in the prescribed polarities, applied for the ab

\Y
g
— DQOwell: 240 h £ 2,4 h at the above-stated temperature and relative humidity (not incld
s
\
gliven dwell duration and during ramp down of temperature’to-ambient conditions.

5.6 | Wet leakage current test

Perform Wet leakage current test (IEC 61215-2 MQJ _15) after storage at (23 £5) °C w|
relatjve humidity less than 75 % under open-circuit conditions for a period of between 2 h
4 h gfter completion of the Voltage stress test, 5.5,

5.7 | Final visual inspection

Within 96 h of completion of 5.6, perform |IEC 61215-2 Visual inspection (MQT 01) for
moduyle with the following modifications:

NOTH Delamination can manifest or significantly continue to propagate after termination of the stress test.

Refefence Annex A, which*gives photographs of examples of delamination that ma
prodliced by application ‘of the test protocol in this document. Consider also that delamin
may foccur at any interface in the module. Classify any delamination occurring as a result o
test procedure, e.g.( not seen in the control module or in 5.2, Initial visual inspection, as foll
Tally| the number of cells and other module parts seen to be affected, including:

a) oJer-cell'areas on the primary light-facing side of module,

tions
thus

ding

ove-

ith a
and

each

y be
ation
f this
OWS.

b) undet-cell areas; and

c) non-cell areas (e.g., bussing ribbons) for each module tested using the delamination

categories (A), (B), and (C), defined as follows:

(A) Delamination occurring of in-plane dimension (width) of less than 2 mm. A long, narrow

delaminated area of width less than 2 mm would be considered category (A).

(B) Delamination occurring of minimum in-plane dimension greater than 2 mm. If there are

areas of delamination of both less than 2 mm width and greater than 2 mm width

on a

given cell or component, then consider the delamination over the cell or component as

category (B).

(C) Out-of-plane bubble formation visible in polymeric sheets. Tally affected cells in category

(C) independent of (i.e., in addition to) categories (A) and (B).
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Test report

The test report shall contain the following data and information:

a)
b)
c)

d)
e)

h)

i)
k)
1)

m)

a title;
name and address of the test laboratory and location where the tests were carried out;

unique identification of the report and of each page, and a clear identification of the purpose

of the test report;

name and address of client, where appropriate;

sampling procedure; for prototype modules, modules made on alternate ~0or
roduction tools, or not randomly selected, such details of the deviation from the stan
test method shall be noted;

date of receipt of test items and date(s) of test, where appropriate;

description, photographs (inclusive of any observed delamination), and-idéntification o
ms tested including test procedure, nominal biases and polarjities” of voltage s
pplied, grounding and mounting methods used during the test,(referencing (docun
odel, date, page) the specifications in the module manufacturers documentation (W
relevant);

characterizations, conditions, and the results obtained of the-test items; this includes:
o[ wet leakage current test results of each module;

o| visual inspection and photographs obtained before and after stress testing for
module, including tallies of the delamination types determined in 5.7;

o[ data files that include test voltage (if, récorded), module leakage current, md
temperature, chamber temperature, and chiamber relative humidity;

o| statement of the measured averagex minimum, and maximum of module temperat
relative humidities, and leakage currents during the test;

o a time-parameter diagram shawing the sequencing of these characterizations
conditions;

aldescription, including photegraphs, of any deviations from, additions to, or exclusions
the testing or test methed;and any other information relevant to a specific test, sug
special test conditions, with reference to the specifications in the module’s document
(Wwhere relevant);

easurements, examinations, and derived results supported by tables, graphs, sketd
nd photographs;“as appropriate;

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

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

f the
ress
nent,
here

cach

dule

res,

and

from
h as
ation

hes,

bility

statement about the domain of products (modules) to which the test result applies;

n) a statement whether the module tested is certified to IEC 61215 and IEC 61730-2 and
whether testing is performed for control of design and development changes in accordance

with [IEC TS 62941 or other change or quality management program;

0) a statement that the report shall not be reproduced except in full, without the written

approval of the laboratory.
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Annex A
(informative)

Examples of delamination

IEC

5
E
¥
#
-
}
!

IEC IEC

(c) (d)
Figure A.1 — Examples of delamination occurring over cell
Figure A.1: Examples of delamination occurring in the field, (a,b); examples of similar

delamination reproduced by application of damp heat and module-rated system voltage bias
to the cell circuit in negative (-) voltage polarity, (c,d).
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