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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 1: Crystalline silicon

FOREWORD
1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardization conjprising
all [national electrotechnical committees (IEC National Committees). The object of IEG, is to gromote

intgrnational co-operation on all questions concerning standardization in the electrical andpefectronic fiqlds. To
this| end and in addition to other activities, IEC publishes International Standards, Technical Specifigations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter)referred to ap “IEC
Pullication(s)”). Their preparation is entrusted to technical committees; any IEC Natiomal Committee intgerested
in fhe subject dealt with may participate in this preparatory work. International; governmental and non-
rnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates |closely
the International Organization for Standardization (ISO) in accordance ‘with conditions determiped by
agreement between the two organizations.

2) Thdg formal decisions or agreements of IEC on technical matters express)\as nearly as possible, an interrjational
consensus of opinion on the relevant subjects since each technicalscommittee has representation ffom all
interested IEC National Committees.

3) IEQ Publications have the form of recommendations for intefnational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are miade to ensure that the technical content|of IEC
Pullications is accurate, IEC cannot be held responsible\for the way in which they are used or for any

nterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC . National Committees undertake to apply IEC Publications
trarjsparently to the maximum extent possible in\their national and regional publications. Any divgrgence
betyveen any IEC Publication and the correspondihg national or regional publication shall be clearly indiqated in
the|latter.

5) IE( itself does not provide any attestation of conformity. Independent certification bodies provide corfformity
asspssment services and, in some areasy access to IEC marks of conformity. IEC is not responsible for any
seryices carried out by independent certification bodies.

6) Al

7) No [iability shall attach to IEGC or its directors, employees, servants or agents including individual expefrts and
memmbers of its technical committees and IEC National Committees for any personal injury, property danmpage or
othér damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegs) and
expenses arising out~of-the publication, use of, or reliance upon, this IEC Publication or any othHer IEC
Puflications.

isers should ensure that they-have the latest edition of this publication.

8) Attgntion is drawn“tfo the Normative references cited in this publication. Use of the referenced publicajions is
indispensable-for.the correct application of this publication.

9) Attgntion_js~drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patént rights. IEC shall not be held responsible for identifying any or all such patent rights.

tnternationat—Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

Th T | ] £ 1O ¢ bt [l raaitt H + P
e marrt dOonN Ul n-v wourmnoedarl CUTTTIImmic T o 1o v proparc

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

IEC TS 62804-1, 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 standard is based on the following documents:

DTS Report on voting
82/885/DTS 82/921A/RVC

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

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

A list [of all parts in the TEC 62804 series, published under the general fitle l-’hotovolta/T (PV)
modules — Test methods for the detection of potential-induced degradation, can berMound on
the IEIC website.

The committee has decided that the contents of this publication will remainynchanged until
the sfability date indicated on the IEC website under "http://webstoredec.ch" in thg data
relatefd to the specific publication. At this date, the publication will be

e regonfirmed,
e withdrawn,
e replaced by a revised edition, or

e anmended.

A bilirgual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo;on the cover page of this publication indi¢ates
that |it contains colours which _are considered to be useful for the co[lrect
understanding of its contents. Users should therefore print this document using a
coloyfr printer.
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INTRODUCTION

This part of IEC 62804 is for testing and evaluating the durability of crystalline silicon
photovoltaic modules to stresses that induce potential-induced degradation (PID). The applied
stresses, mainly system voltage, manifest themselves in different degradation mechanisms
depending on the module technology. A series of Technical Specifications is therefore
proposed to define PID tests for different photovoltaic module technologies.

IEC TS 62804-1 defines test methods for evaluating PID in crystalline silicon PV modules.

IEC TS 62804-2 defines test methods for evaluating PID in thin-film PV modules

Additipnal Technical Specifications in the series may be introduced in the future faremerging
module technologies.

Voltage potential that exists between the active circuit and the grounded module surfacgs can
lead [fo module degradation by multiple mechanisms including ioni¢’ transport ipn the
encapsulant, superstrate or substrate; hot carriers in the cell; redistribution of charges that
degrafe the active layer of the cell or its surfaces; failure of adhésion at interfaceq, and
corrogion of module components. These degradation mechanisms in crystalline silicon
photoyoltaic modules caused by voltage stress and promoted’ by high temperatur¢ and
humidity have been labeled potential-induced degradation, polafization, electrolytic corrpsion,
and efectrochemical corrosion. They are most active in wet or damp environments, and in
envirghments prone to soiling of modules with conductive, acidic, caustic, or ionic species
that I¢ad to increased conduction on the module surfaces. In the field, modules have| been
obseryed to degrade in positive as well as negative polarity strings depending on thle cell
constfuction, module materials, and design. The testing in this Technical Specification
therefpre specifies the evaluation of the effectscof voltage stress in both polarities for mqdules
that may be operated in either polarity, orf\in the polarity defined by the manufacfurer’'s
documented specifications. Some crystalline silicon module designs undergoing slystem
voltage bias stress have shown degradation manifested by junction failure, leading to changes
in the| reverse-bias breakdown characteristics and a resulting degradation in safety befause
of the increased potential for development of hot spots in the module. This Technical
Specification describes two methods to measure the ability of a module to withstand
degrafation from system voltage effects that manifest in the relatively short term.

The dftress-test levels insthis Technical Specification have not been related to those pf the
natural environment.-Modules types undergoing damp heat chamber testing with a 60 °[C and
85 % [relative humidity stress level with the temperature, humidity, and bias voltage rgmped
simulaneously atithe start of a 96 h stress test were found resistant to PID in outdoor tegsts in
Florida, USA~However, to improve reproducibility, test details including environmental
chamber temperature and humidity ramps and tolerances have been tightened, which very
significantly,reduce the total stress applied and invalidate the correspondences prevjously
found| The relevance to real outdoor stress conditions of the test contained herein usipg foil
as the gluuud conductoris—atso ot provemn: Attermativetevets 'ucyunu' thebasic—stresslevels
in this Technical Specification are thus included.

It is known that variability in manufacturing processes can affect the susceptibility of modules
to system voltage stress. Retesting of module samples by the test protocols contained herein
and according to sampling plans of IEC 60410, internal quality assurance programs, or
external audits will aid in verifying not only the durability of the design of the module to
system voltage stress, but also the effects of variability of the materials and manufacturing
processes.
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PHOTOVOLTAIC (PV) MODULES -
TEST METHODS FOR THE DETECTION
OF POTENTIAL-INDUCED DEGRADATION -

Part 1: Crystalline silicon

1 Scope

This ;I’art of IEC 62804 defines procedures to test and evaluate the durability of crystalline
silicon photovoltaic (PV) modules to the effects of short-term high-voltage stress’inc|uding
potential-induced degradation (PID). Two test methods are defined that dornot inhgrently
produce equivalent results. They are given as screening tests—neither test\includes all the
factorp existing in the natural environment that can affect the PID rate. The.umethods depgcribe
how tp achieve a constant stress level.

one or two glass surfaces, silicon cells having passivating dielegtric layers, for degragation
mechanisms involving mobile ions influencing the electric field‘gyver the silicon semiconductor,
or elefctronically interacting with the silicon semiconductor jtself. This Technical Specifigation
is not|intended for evaluating modules with thin-film technologies, tandem, or heterostryicture
devicgs.

The z[sting in this Technical Specification is designed for crystallihe-Silicon PV modulep with

This Technical Specification describes methods. 10" measure the module design’s abifity to
withstand degradation from system voltage effects that manifest in the relatively short|term.
The tpsting in this Technical Specification;doés not purport to examine certain conlbined
effects that may occur over longer periods\of time in modules such as encapsulation failure,
which| could lead in turn to rapid mgaijsture ingress and electrochemical corrosion] This
Technjical Specification does not incorporate illumination of the module that can affect thie rate
of degradation.

The te¢st methods are designed.'to measure PID sensitivity and will give results accordjing to
the sfress levels and the module grounding configuration inherent to the respective [tests.
Becayse stress method«a), testing in an environmental chamber, employs a non-condgnsing
humidity level to serve(as a conductive pathway to electrical ground, it frequently applieg less
stresq toward the centre of the module face and the PID effect is concentrated towafd the
module edges as.\a’ result. Stress method (b), contacting the surfaces with a grounded
condyctive electrode, evaluates cell sensitivity and some effects of the component pacKaging
materjals such_as glass and encapsulant resistivity, but does not differentiate the effects of
some |construction methods of mitigating PID, for example, the use of rear rail mounts,| edge
clips, jand jnsulating frames.

The actual durability of modules to system voltage stress will depend on the environmental
conditions under which they are operated. These tests are intended to assess PV module
sensitivity to PID irrespective of actual stresses under operation in different climates and
systems.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.
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IEC 60068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat,
steady state

IEC 60410, Sampling plans and procedures for inspection by attributes

IEC 61215:2005, Crystalline silicon terrestrial photovoltaic (PV) modules - Design
qualification and type approval

IEC 61730-2:2004, Photovoltaic (PV) module safety qualification — Part 2: Requirements for
testing

ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories

3 Sphmples

Four fepresentative and identical samples (two for each polarity of thesystem voltage {hat is
specified or allowed in the module documentation) shall be procured,for each test. Mgdules
not explicitly requiring string connections with one terminal grounded shall be tested in both
polarifies. The modules for test shall be constructed with the same process and design as the
mode| type to be evaluated—it shall contain components<including cells, encapgulant,
backsheet, glass, and frame made with the same manufacturing process (process |tools,
materjals, design, and process conditions).

Modules shall be taken at random from a production batch or batches in accordance with
IEC 6P410. The modules shall have been manufactured from specified material§ and
components in accordance with the relevant drawings and process sheets and have| been
subje¢ted to the manufacturer's normal inspection, quality control, and production accegtance
proceflures. A control module of equivalentisize and design that will not be stress tested shall
be adglitionally procured.

When|submitted to another party fortesting, the submitted modules shall be complete inlevery
detail|and shall be accompanied,"by the manufacturer's handling, mounting and conngction
instrugtions, including the mjaximum permissible system voltage. Markings on the module
shall ponform to the requirements of IEC 61215:2005, Clause 4. If the modules testdd are
prototypes of a new design and not from production, this fact shall be noted in the test report
(see Clause 5).

The t¢st results-relate only to the module construction tested. If a module manufacturef uses
several sources, for PV module components, module designs, cell designs, process depigns,
or differing<process set points and tolerances, then four modules per permutation shall be
testeq. Changes of the junction boxes, cables, and connectors do not indicate retest hoyever.
In cagesvwhere the cell, module, or materials process variability or tolerances are [large,
testing of more than two samples per polarity will be useful for improving the confidence in the
results.

If the module documentation and the nameplate specify usage of the module in strings of only
one voltage polarity with respect to earth ground (one terminal of the module string tied to
earth ground), then the number of modules selected for test shall be halved and stressed only
in that specified polarity.

If the PV module is provided with or is specified for use with a specific means for grounding,
then the grounding means shall be included and considered a part of the test sample. If the
PV module is provided with or is specified for use with means for mounting that could
additionally influence the module grounding, then the means for mounting shall be included
and considered a part of the test sample.
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4.1

General

IEC TS 62804-1:2015 © IEC 2015

The procedures given in the following subclauses shall be performed in the order given. Any
intended or unintended changes and deviations shall be recorded and reported in detail, as

indic

ated in Clause 5 i).

There are two methods described in this Technical Specification for application of the voltage

stress as follows (see Figure 1):

a) T Ot;IIU ;II all UIIV;IUIIIIIUIItG: bhalllbcl, VVh;bh ;O bGOCd \AN| pIUV;d;IIB all C:Ubtllba: L;Ullt Ct On
theé module surfaces with elevated relative humidity of 85 % and temperature;
b) Cgntacting the surface by covering it with a grounded, electrically conducting-electrpde in
a {emperature-controlled environment with a relative humidity less than 60 %.
4 modules
Preconditioning/
Sunlight exposure
(real or simulated)
10.1
Visual inspection
10.2 10.2
Maximum power Maximum power
determination determination
(Optional) 10.7 (Optional) 10.7
Performance-at Performance at
low irradianee low irradiance
PID stress test
method (a) or (b)
10.15 (Optional) 10.15
Wet leakage Wet leakage
current test current test
2(+V), 2(-V) modules
(Optional) (Optional)
Electroluminescence Electroluminescence
at /s and 0,1/ at /s and 0,1/
MST 13 101
Ground continuity Visual inspection
test
IEC
Figure 1 — PID test flow
NOTE

10.x and MST references are to clauses in IEC 61215:2005 and 61730-2:2004, respectively.
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4.2

a)
b)
c)

d)

e)

f)

g)

4.3

4.31 Apparatus

a)

b)

d)

Pre-stress tests

All modules shall be exposed to sunlight (either real or simulated) to a target irradiation
level according to the procedure for stabilization for crystalline Si modules within
IEC 61215:2005, Clause 5.

Perform IEC 61215:2005, 10.1, Visual inspection.

Perform IEC 61215:2005, 10.2, Maximum power determination, including on the control
module.

Optional: Perform IEC 61215:2005, 10.7, Performance at low irradiance, including on the
control module.

NOTE 1 _Loss of module power due to PID is frequently more apparent at low irradiance.

Pgrform IEC 61215:2005, 10.15, Wet leakage current test. If a wetting agent is used|in the
wet leakage current test, all surfaces of the modules shall be immediately andCthorqughly
rinsed following the wet leakage current test with water of resistivity notsless| than
0,05 MQ cm that is used to generate humidity for the testing described in 4:3.2.3 (helow)
and according to IEC 60068-2-78:2012, 4.1. In all cases, all surfaces ofithe module ghould
bel wiped dry with clean cotton or paper towels and not evaporatively air-dried as the final
step for the goal of avoiding sediments on the module face. This test procedure shall be
terminated at this point if the module does not meet the requirements of IEC 612152005,
10.15, Wet leakage current test.

Optional: Perform electroluminescence imaging at 1 and 0,4,short circuit current (/g.)

NQTE 2 Electroluminescence images are useful to identify degraded cells, which appear darker than the
others.
Pgrform IEC 61730-2 MST 13, Ground continuity "test, if the module has exposed
conductive parts. The current for determining the{resistance between conductive parts is
hgwever not specified; any current or voltage such that resistance can be evaluated may
bg applied.

Voltage stress test procedures

dgsignated polarity of the modules under test with sufficient current to maintain thg set-
pdint voltage with tolerance” of 0,5 % and an appropriate device for resolving and
mopnitoring the leakage current from the module to ground.

DC voltage power source capable of applying the maximum system voltage E the

Inpulated wire ratedwfor the intended test voltage, temperature, and humidity; module
manufacturer-specified or stainless steel hardware for electrical connection tp the
mpdules.

Sensors and.data logger for recording the environmental conditions (chamber air
temperature) " relative humidity), module temperatures to an accuracy of +1,0°Q in a
mannersthat demonstrates uniformity over the modules and testing space, and lepkage
cyrrents’ (optional: applied bias voltage) of each module in 1 min or lesser intgrvals.
Tgmperature sensors and their wires mounted to the module shall be electrically
insulating at all applied temperatures and humidity levels so that they do not impact the
voltage bias and leakage current from the module.

NOTE Current and voltage measurement and their recording are intended as indicators of stability,

uniformity, and continuity of the stress test conditions and not intended as performance criteria for the module
under test.

For procedure a) in 4.3.2, an environmental chamber capable of controlling temperature
and humidity independently to achieve the stress levels for the test; non-porous,
electrically insulating module support; or for procedure b) in 4.3.3, a material (e.qg.,
aluminium or copper foil 8 um to 150 um in thickness) and a flexible polymeric mat to
provide weighting on the foil to follow the surface morphology of the module glass to
achieve a uniform electrical conducting electrode.



https://iecnorm.com/api/?name=06c41ac31630ddbbb7004fbeea36f61e

-10 - IEC TS 62804-1:2015 © IEC 2015

4.3.2 Stress method a), testing in damp heat using an environmental chamber
4.3.2.1 General

Application of heat and humidity in an environmental chamber promotes ionic conduction in
some module packages and the adsorbed humidity provides electrical connections in
declivities and pores on the module surface. The humidity functions to extend the ground
potential over the face of module glass thereby introducing voltage stress. The potential
frequently does not extend uniformly over the module face.

4.3.2.2  Severity

Thesdq severities represent the minimal stress levels for detection of PID.

— Mepdule temperature: 60 °C + 2 °C.
— Chamber relative humidity: 85 % + 3 % relative humidity.

— Dwell: 96 h at the above stated temperature and relative humidity (not including
stabilization).

— Vogltage: module rated system voltage and polarities applied for.the above given|dwell
dyration and during ramp down of temperature to ambient conditions.

Suggested common temperatures to use for the detection .6f PID in modules that do not
displaly degradation at 60 °C or when further acceleration isksought are 65 °C and 85 °C¢. The
appligd severities and test durations should be clearly marked in the test report accordling to
Clausg 5 h).

4.3.2.B Environmental chamber

The teést shall be carried out in an environmental chamber for damp heat in accordancg with
IEC 6D068-2-78:2012; however, this Technical Specification shall supersede where conditions
and specifications differ. The ramps to apd:from the stress conditions and the stress tesf{ itself
shall be performed in a continuous and.'uninterrupted manner.

The total temperature tolerance of:+ 2 °C is intended to take account of absolute errors|in the
measlirement, slow changes of\témperature, and temperature variations of the working gpace.
Howeyer, to maintain the relative humidity within the required tolerances, it is necesspry to
keep the temperature difference between any two points in the working space at any mpment
within| narrower limits-yThe required humidity conditions will not be achieved if| such
tempgrature differences exceed 1 °C. It may also be necessary to keep shorf-term
fluctugtions within\+ 0,5 °C to maintain the required humidity. The chamber and mjodule
IoadirF; configutations within the chamber shall be characterized for achieving the required
severities and.tolerances at the various positions within the test space.

4.3.2.|4 Procedure

a) The module shall be placed into an environmental chamber supported by a non-porous
electrically insulating mounting material. Modules shall be placed by default in any upright
position; however, this placement may be changed if it is helpful to better achieve the
intended goals of this test method, including improved air circulation, temperature and
relative humidity uniformity, tolerances, and set points, or implementation of the module’s
specifically documented mounting or grounding instructions.

NOTE Insulator mounts are used to prevent alternative paths for leakage current between the biased active
cell circuit and the manufacturers intended ground points, if any are provided, and for the safety of personnel
and equipment. The insulation of the individual modules from each other may also be required to control the
path to ground.

b) The method of the connection at the grounding point shall be based on the installation
manual. For continuous metallic frames encasing the perimeter of the module that have
grounding points or that have points for mounting the module that are not specified to be
used on insulating mounting structures, the ground terminal of the voltage power supply
shall be connected to a grounding point of the module with the manufacturer-specified
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c)

d)

grounding hardware, or if not specified, an insulated wire terminated with a crimped-on
ring terminal attached with a stainless steel nut, bolt, and star washer. Thin layer coatings
on the metallic frame shall be removed by abrasion to achieve metal-to-metal contact
between the connector and the module frame.

In the case of modules with frames that are not continuous or compliant with IEC 61730-2
MST 13, non-metallic frames, and metallic frames with insulating surfaces that cannot be
reasonably penetrated anywhere by abrasion, all module mounting points and grounding
points available on the module shall be connected at those points of attachment to one
another and to the ground terminal of the DC voltage supply with insulated wire terminated
with a crimped-on screw connector and stainless steel annulus washers in contact with the
module.

Modules without frames (frameless modules) should be tested with the supplied molnting
brackets that are consistent in every way with that specified in the module .installation
manual. If none are specified in the installation manual or if the specifications do not
indlicate a specific bracket model or materials and dimensions of mountingibrackets|, then
the¢ stress test shall include a conductively adhered conductive foil on the\perimeter [of the
module that spans from the module edges to the active cell circuity) The foil, |which
siulates a grounded module frame, is connected to the ground terminal of the DC vpltage

supply.
THe testing shall reasonably accommodate requests by thé\module manufactufer to

reproduce manufacturer-specified mounting configurations jthat could influencg the
electrical resistance between the module surfaces and ground. Specifically, if

1%

1)] the PV module is provided or is specified for us€)'with an insulating structufe for
mounting, and

2)| the module is designed and specified not to b&/connected to ground,

then such method of mounting the module shall be implemented to the extent pogsible.
THe base of that structure or portion designed to be mounted to a building structure|or on
the ground shall be thoroughly grounded:‘and connected to the ground terminal of the DC
voltage power supply during the course of the test.

Pgsitive and negative electrical terminal wires (leads, tags, studs, screws, connectqrs) of
thé module shall be connected~to one another and to the appropriate energizdd DC
voltage terminal of the power.supply with insulated wire rated for the intended test vdltage.

Stfesses are applied to thesmodule in chamber according to the severities listed in 4.3.2.2
referencing the example-/profile in Figure 2. Recording of sensor data shall be
commenced. The chamber temperature shall be ramped from ambient to the sp¢gcified
stless temperaturesVWhen the chamber air temperature and the module temperature [reach
the¢ set point within~tolerance, increase the relative humidity to arrive at the presgribed
sejverity. When'\the temperature and relative humidity set points are reached withjn the
prescribed tolerances, start the 12 h to 24 h stabilization period for the environmental
conditions( At the end of this period, switch on the voltage to the prescribed stresq level
(rgted ,maximum system voltage and polarity). The prescribed dwell period begins|when
the voltage has arrived at the prescribed severity.

ch- tho alnanhaca ta amhinnt tarma et e~ (DOF O Ay Ianeoa) ot ln.
LN A~ uuulllls PTaot—to aoteht tCTPCiaturC(Zzo— U O 1Coo)—at LI

dwell, turn off the humidity generation and simultaneously begin to cool the cha mber SO
that the modules reach the ambient temperature in a maximum of 1 h. The specified
applied voltage shall be switched off when the module temperature reaches 25 °C + 5 °C.
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4.3.3 Stress method b), contacting the surfaces with a conductive electrode

4.3.3. General
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Figure 2 — Example test time-temperature-humidity-voltage profile
for application of stress in an environmental chamber

This test method grounds all glass module surfaces, thereby introducing a constant ground
potential across the glass module face. It does not account for module-level designs intended
to mifigate degradation by reducing leakage currenf\pathways to ground. For example, it
defeals protections that may be placed in the modulé construction to minimize metal cpntact

to thelmodule.

4.3.3.p Severity

Thesq severities represent the minimal stress levels for detection of PID.

Module temperature: 25 °C + 1 2€/
Relative humidity: less than. 60" %.
Dyvell duration: 168 h.

Voltage: module rated system voltage and polarities applied for the above given|dwell
ddration.

Suggested commorn‘temperatures to use for the detection of PID in modules that do not
displaly degradation at 25 °C or when further acceleration is sought are 50 °C and 60 °C¢. The
appligd severities and test durations should be clearly marked in the test report accordjing to

Clausk 5 h).

4.3.3.3 Procedure

a)

b)

Cover the PV module surfaces with the electrically conductive medium (e.g., aluminium
foil or copper foil) to achieve contact to the surfaces and the frame (if applicable). 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 and connected at this point 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. Apply a homogeneous load of 30 Pa
minimum to the electrically conductive medium on the light-facing surfaces of the module
using a flexible polymeric mat. Apply the ground-connected conductive foil also to the
substrates or rear surfaces that are made of glass 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.

In the case of modules with frames that are not continuous or compliant with IEC 61730-2
MST 13 and module frames, clamps, or mounting brackets with insulating surfaces that
cannot be reasonably penetrated anywhere by abrasion, all module mounting points and
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c)

4.4

d)

e)

grounding points available on the module shall be connected and fixed at those points of
attachment to the ground terminal of the DC voltage supply with insulated wire and
stainless steel annulus washers in stable electrical contact with the foil and the module
surface(s). Any coatings on metal shall be abraded off under the area of the annulus
washers.

Recording of sensor data shall be commenced and prescribed stresses shall be applied to
the modules according to the severities listed in 4.3.3.2 referencing the example profile in
Figure 3 if performed in a 25 °C ambient room with less than 60 % relative humidity.
Voltage shall be switched on at the start of the stress test to the shorted module leads,
applied continuously over the course of the test, and switched off at the end of the stress
test. The test duration shall correspond to the time that the prescribed voltage severity
q ”‘G € o€t H F “.. a v, 6 .. STOS v LAY frOm
ambient conditions, the example in Figure 2 and 4.3.2.4 d) and e) shall be ‘dgded in
cdnjunction with the severities listed in 4.3.3.2.

Application of voltage
168 h

)
w

26

25 ® -
24

23

22

Tnmr\nrm‘urn (C)

21

20

Time

Figure 3 — Test time-temperature-voltage profile for stress method
performed in 25 °C ambient

Post-stress tésts

Perform IEC-634215:2005, 10.2, Maximum power determination between 2 h and 6 h after
cdmpletion-0f 4.3.2 or 4.3.3, including the control module. Maintain the modules inddors at
24 °C orobelow and out of direct sunlight until ready for the maximum power
dqtermination.

Optional: Perform IEC 61215:2005, 10.7, Performance at low irradiance, including ¢n the
control module.

Optional: Perform IEC 61215:2005, 10.15, Wet leakage current test within 8 h after
completion of 4.3.2 or 4.3.3.

NOTE The decision to perform IEC 61215:2005, 10.15, Wet leakage current test after stress testing may be
based on observations of, for example, large increases in leakage current from the module during stress
testing.

Optional: Perform electroluminescence imaging at 1 and 0,1 [/, within two days of
completion of 4.3.2 or 4.3.3.

Perform IEC 61215:2005, 10.1, Visual inspection.
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Test report

A test report with measured performance characteristics and test results if prepared by a test
agency shall be in accordance with ISO/IEC 17025. The test report shall contain the following
data and information:

a)
b)
c)

d)

e)

f)
g)

h)

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

unique identification of the certification or report and of each page, and a clear
identification of the purpose of the test report;

Ngrmeand addaress of CHemt, Where appropriate;

a |serial number and production date such that the bill of materials can /e tfaced;
reference to sampling procedure; for prototype modules, modules made oncalternate or
pillot production tools, or not randomly selected, such details of the deviation from the
standard test method shall be noted;

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

ddscription, photographs, and identification of the items tested including test procédure,
grpunding and mounting methods utilized during the test, referencing (document, model,
ddte, page) the specifications in the module manufacturer's documentation (Wwhere
relevant);

chiaracterizations, conditions, and the results obtained ofithe test items; this includes

o [ a clear statement of the stress method used.{environmental chamber methjod or
conductive electrode method) and the nominal stress parameters (temperature,
relative humidity, voltages) and durations applied;

o | wet leakage current test results of each."module (stress voltage polarities of| each
sample tested shall also be indicated);

o | visual inspection results, photographs, and, optionally, electroluminescence imaging
results obtained before and aftér stress testing for each module (stress vpltage
polarities of each sample tested shall also be indicated);

o [ maximum power at standard test conditions according to IEC 61215:2005,]10.2,
determined initially and.after stress testing (including the control module) and the
extent to which each\module degraded expressed as a relative percent changg from
the initial value (stress voltage polarities of each sample tested shall also be
indicated). This~reporting procedure shall also be applied for performance 3t low
irradiance, if tested;

o | data files«that include test voltage, module leakage current, module temperature,
chamberdemperature, and chamber relative humidity;

o | statement of the measured average, minimum, and maximum of module temperatures,
relative humidities, and leakage currents during the test. Also include a |time-
parameter diagram;

a description, including photographs, of any deviations from, additions to, or exclusions
from the testing or test method such as polarities not tested and any other information
relevant to a specific test, such as special test conditions, with reference to the
specifications in the module’s documentation (where relevant);

measurements, examinations, and derived results supported by tables, graphs, sketches,
and photographs (including optional electroluminescence images), as appropriate;

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

a signature and title, or equivalent identification, of the person(s) accepting responsibility
for the content of the certificate or report, and the date of issue;

m) a 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;
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