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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC MODULES — EXTENDED-STRESS TESTING -

Part 1: Modules

FOREWORD

ddition to other activities, IEC publishes International Standards, Technical Specifications, Technhical

baration is entrusted to technical committees; any IEC National Committee interested imthe subject d

with the IEC also participate in this preparation. IEC collaborates closely with the International Organiz

Sta

hdardization (ISO) in accordance with conditions determined by agreement betweéen the two organiza

Theg formal decisions or agreements of IEC on technical matters express, as néarly as possible, an interr

con

ensus of opinion on the relevant subjects since each technical committee has representation fi

interested IEC National Committees.

IEQ 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 t@ ensure that the technical content
Pullications is accurate, IEC cannot be held responsible for ¢he way in which they are used or

mis|

In

nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

trarlsparently to the maximum extent possible in their national*and regional publications. Any divergence b
any| IEC Publication and the corresponding national or regional publication shall be clearly indicated in th

IEQ itself does not provide any attestation of conformmity. Independent certification bodies provide cor]
asspssment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible

ser
Al

No
me
oth

ices carried out by independent certification.bodies.
isers should ensure that they have the latest edition of this publication.

iability shall attach to IEC or its disectors, employees, servants or agents including individual expe|
nbers of its technical committeessand”IEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegq

expenses arising out of the pdblication, use of, or reliance upon, this IEC Publication or any oth
PuRlications.

Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publica
indispensable for the cofrect application of this publication.

Attgntion is drawn to the/possibility that some of the elements of this IEC Publication may be the subject o
rights. IEC shall not\bé held responsible for identifying any or all such patent rights.

IECT
systems. It.is"a Technical Specification.

The t

S 63209-1 has been prepared by IEC technical committee 82: Solar photovoltaic ¢

International Electrotechnical Commission (IEC) is a worldwide organization for standardization-conjprising
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote-~interrjational
peration on all questions concerning standardization in the electrical and electronic fields. To'this gnd and

eports,

licly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”)} Their

It with

participate in this preparatory work. International, governmental and non-governmental-organizations|liaising

ion for
ions.

ational
fom all

ational
of IEC
or any

cations
etween
b latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

patent

nergy

xtof this Technical Qpnr\ifir‘qfinn is based on the fnlln\A/ing documents:
DTS Report on voting
82/1820/DTS 82/1873/RVDTS

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

A list of all parts in the IEC 63209 series, published under the general title Photovoltaic modules
— Extended-stress testing, can be found on the IEC website.

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, 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/standardsdev/publications.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e anmhended.
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INTRODUCTION

Existing qualification test standards such as IEC 61215 standard series have been very useful

for identifying module designs that avoid most early field failures, but are not intended o

r able

to demonstrate long term performance in all locations within the scope of those documents. In
order to assess the risk of product failure it has become industry practice for the different
stakeholders to require results of test protocols beyond baseline type approval and safety tests
according to the IEC 61215 standard series and IEC 61730 standard series. These extended
stress test protocols primarily contain aforementioned baseline tests in different sequences
and/or increased test duration or number of cycles. They originate from the various experiences

made by third parties such as test institutes/ independent engineering firms/ owners engi
and a i ;
to failure” approach, aimed to identify weaknesses rather than to replicate field perforn
They flo not provide detailed reliability or durability predictions/estimates, but have been
to reveal deficiencies.

With many variants of extended stress test protocols in use, a standardized approach is de
The included set of extended stress test sequences is intended to standardize the v
appropches used by different industry participants, with a benefit of da_common data s
reliab|lity reviews, and a practical benefit to module manufacturersCwho are faced wi
challenge of running (and maintaining after product changes) a- number of very similg
protogols in parallel.

This plobal reference comparative document utilizes, a~’common denominator app
considering all the sequences of the variants, and adds to this subset sequences th
uniquely positioned to capture special failure modes; while excluding sequences wher
condifions and durations do not show results that are useful for assessing modulg
perfomance. This document is intended to align~extended test protocols, in order to

neers

“test
ance.
seful

sired.
prious
et for
h the
r test

roach
pt are
e test

field
make

results from different institutes more directly comparable and to reduce test costs and timg lines

for the industry.

This document is intended to provide-a' set of data to be used for qualitative reliabilif

y risk

analysis, highlighting potential failure)modes and areas possibly in need of improvement. It is

only useful for rank ordering modules and materials for special cases, for very large differ
in performance, or with respect\to-specific understood failure modes and mechanisms. A
module level rank ordering or-service life prediction is beyond the scope of this docum

Ences
obust
bnt. A

serieg of component testtsuites is in development to complement the module level tes{ing in

this specification.
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PHOTOVOLTAIC MODULES — EXTENDED-STRESS TESTING -

Part 1: Modules

1 Scope

This document is intended to provide information to supplement the baseline testing defined in
IEC 6 : o DA . e N ; .

standardized method for evaluating longer term reliability of photovoltaic (PV) modules
different bills of materials (BOMs) that may be used when manufacturing those modules. The
included test sequences in this specification are intended to provide information for compgrative
qualitative analysis using stresses relevant to application exposures to target known failure
modes.

A sigpificant constraint imposed was that the test duration was limited, recognizing that
customers of the test will proceed with decisions before the test resdlts’are available, if tHe test
takes|[too long. With this business-relevant limitation, some known failure modes cannot be
accurately addressed, most notably those related to long-term_dltra-violet light (UV) exposures.
While[failure modes related to UV stress are known to occurconboth front and back side|of PV
modules, the testing time required to achieve a dose of UV.stréss that causes changes obgerved
in the|field during the module’s intended lifetime withoutOverstressing is beyond the scppe of
this dpcument. The included backside UV stress sequénee gives increased confidence for[some
backsEeets with regard to backside cracking, and a frontside UV stress sequence |s not
included at all, leaving gaps for failure modes,‘such as encapsulant discoloration, froptside
backsheet cracking, frontside delamination, etc:

Other|limitations of extended stress testipgiare described in Annex A. This document ideptifies
vulnefabilities without attempting to gather the information needed to make a servige-life
predigtion, which would require identifying failure mechanisms and their dependencies orn all of
the stfesses. Annex B contains a.brieéf background of the origins of the tests.

Out of scope for this documentis its use as a pass-fail criterion. The same module deployed in
two different locations may fail/degrade in different ways, so a single test protocol canfgot be
expegted to simultanepusly exactly match both results, and will depend upon where anfl how
the product is deployed: Additionally, both false positives and false negatives may occuf: due
to the|lhighly accelérated and extended nature of some of the stress exposures, the testg may
causel some changes that do not occur in the field for some module designs, and degraglation
which(is difficult to accelerate will be missed.

This dqocument was developed with primary consideration for c-Si modules, as reflected |in the
target difailure modes- l—lr\\Alﬂ\IQr‘, the npplind stresses are hased aon the service enviro ment’
and as such are relevant to generalized PV modules. Interpretation of the data resulting from
these tests should always include the possibility that a design change may cause a new failure
to occur. In particular, modules with different form factors (e.g. made without the standard glass
frontsheet) may be found to differ in the way they fail. In every case, the data collected in this
extended-stress test procedure is used as input to an analysis that may then identify the need
for additional testing, to more fully assess module performance relative to the intended
deployment conditions.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. 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 TS 60904-1-2, Photovoltaic devices - Part 1-2: Measurement of current-voltage
characteristics of bifacial photovoltaic (PV) devices

IEC TS 60904-13, Photovoltaic devices — Part 13: Electroluminescence of photovoltaic modules

IEC 61215-1, Terrestrial photovoltaic (PV) modules — Design qualification and type approval —
Part 1: Test requirements

IEC 61215-1-1:2021, Terrestrial photovoltaic (PV) modules — Design qualification and type
approval — Part 1-1: Special requirements for testing of crystalline silicon photovoltaic (PV)
modules

IEC 6{1215-1-2, Terrestrial photovoltaic (PV) modules — Design qualification and type approval
— Pant 1-2: Special requirements for testing of thin-film Cadmium Telluride (€CdTe) pased
photopoltaic (PV) modules

IEC 6{1215-1-3, Terrestrial photovoltaic (PV) modules — Design qualification-and type approval
— Part 1-3: Special requirements for testing of thin-film amorphous silicon based photoyoltaic
(PV) modules

IEC 6[1215-1-4, Terrestrial photovoltaic (PV) modules — Design’qualification and type approval
— Part 1-4: Special requirements for testing of thin-film Cu(In;GA)(S,Se), based photovoltaic
(PV) modules

IEC 6[1215-2:2021, Terrestrial photovoltaic (PV) medules — Design qualification and type
approyal — Part 2: Test procedures

IEC 6{1730 (all parts): Photovoltaic (PV) module safety qualification
IEC 6[1730-2, Photovoltaic (PV) module safety qualification — Part 2: Requirements for tdsting
IEC TS 61836, Solar photovoltaic.enéergy systems — Terms, definitions and symbols

IEC TP 62782, Photovoltaic, (PV) modules — Cyclic (dynamic) mechanical load testing

3 Terms, definitions and abbreviated terms

For thie purposes-of this document, the terms and definitions in IEC TS 61836 apply, as well as
the followings

ISO ahdlEC 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

3.1

Module Quality Test

MQT

Module Quality Test in accordance with IEC 61215-2

3.2

Module Safety Test

MST

Module Safety Test in accordance with IEC 61730-2
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4 Selection of test samples

This document describes data collection methodology. Sample selection, number of samples,
and or sample sets are left to the user, based on the purpose of the data collection. The number
of samples used in each test may vary between the test sequences and may be selected to
emphasize the stresses anticipated in the current application. The confidence in the test results
will be greater for a larger number of test samples, and inclusion of multiple samples is
encouraged.

5 Characterization and stabilization techniques to be applied

5.1 General

The characterization methods are as described in published standards, such as the AEC $1215
standard series, including the technology-specific portions of these. Baseline_characterigation
shall be completed before application of stress, and repeated after subsequent applicatipns of
stresq to establish the trend of response to that stress. Additional interpiediate tests may be
included between application of stresses at the customer’s request. For“example, addjtional
charagterization may be beneficial after mechanical stress is applied(

5.2 |Physical measurement

Physi¢cal module measurements shall include weight, length, width, and thickness (depth) of
frame| Additionally, the cell dimensions shall be recorded/Photographs of module and example
cells ghall be recorded.

5.3 [|Visual inspection

Observations are completed as defined inEC 61215-2, MQT 01. All observations shjall be
recorded and reported as part of the final_.report. Photographs shall be used to document any
changes and included in the final report:

For the visual inspection of the backsheet after UV exposure, magnification of 10X or gfeater
is recommended using an illumidation of at least that specified in IEC 61215-2, MQT 01.

5.4 Initial stabilization

Initial |stabilization shall-be completed as defined in IEC 61215-2, MQT 19.1. All measurements
(as dgfined in 5.5) shall be recorded after each stabilization step. These data shall be ingluded
in thelfinal report.

5.5 Performance

The perfofrmance at Standard Test Conditions shall be measured as defined in IEC 61215-2,
MQT 06.1. The performance at low-irradiance conditions shall be measured as defined in
IEC 61215-2 MQT 07. If the test lab does not have the capability to accurately measure at low
irradiance, the low irradiance measurement may be omitted. In both cases, the measurements
shall be recorded including Vo, Ige, Vip and I, in addition to the maximum power.
Performance of bifacial modules shall be characterized using IEC TS 60904-1-2 with Standard
Test Conditions applied to both the front side and the back side for initial and final
characterizations. Additionally (and for intermediate measurements), bifacial modules shall be
characterized under bifacial nameplate irradiance (BNPI) as defined in IEC 61215-1. All
measurements shall be included in the final report.

5.6 Insulation test

The insulation shall be tested as defined in IEC 61215-2, MQT 03. The insulation resistance
measurement shall be recorded and reported as part of the final report.


https://iecnorm.com/api/?name=d267cbe0d28e87b8db2cbad41423f38a

IEC TS 63209-1:2021 © |IEC 2021 -9-

5.7 Wet leakage current

The wet leakage current shall be measured as defined in IEC 61215-2, MQT 15. The measured
leakage current shall be recorded and reported in the final report.

5.8 Electroluminescent imaging

Electroluminescent imaging shall be completed as defined in IEC TS 60904-13, using both low
and high injection levels for the initial characterization for all tests. For the post-stress
characterization, the low-injection imaging is optional for test sequences 1-4. The low-injection
image is required after the PID stress in test sequence 5. All high-injection images and
conditions used for their measurement shall be included in the final report. Low-injection images
shall the included in the final report for the PID test sequence 5, but may be omitted for thg final

reporf for the other test sequences if they are indistinguishable from the high-injection images.

5.9 [Insulation thickness test
For modules being stressed according to sequence 3, the final insulation)thickness shall be

measlired on any polymeric insulation sheets using the procedure described in IEC 61730-2,
MST 04. The measured thicknesses shall be reported. No pass-fail criteria are applied.

5.10 [Thermal cycling

Thermal cycling shall be performed according to IEC 61215-2, MQT 11 with applied cprrent
defindd in the technology specific subclauses of IEC 61215-1-x. For bifacial modules, current
appligd during MQT 11 shall be that defined in IEC 61215-1-1:2021: the peak power curient at
bifacial stress irradiance (BSI).

5.11 |Humidity freeze

Humidity freeze shall be performed according to IEC 61215-2, MQT 12 with any technology
specific modifications made consistent with IEC 61215-1-x.

5.12 |Final stabilization

Final stabilization shall be applied according to MQT 19.2 in IEC 61215-1 and the technplogy-
specific parts of the IEC 61215 series. In sequence 4 (damp heat) of this document, each final
stabilization shall include.the stress-specific stabilization for B-O LID, as specified in MQT 19.3
of IEQ 61215-2:2021.

6 Djata collection and stress application

6.1 General

The ihdividual stress nppli(‘nfinn methods (\A/ithmlt pncq-fail r‘ritnria) are as descrided in
IEC 61215 series and IEC 61730 series, including the technology-specific parts of these. This
document describes which characterization tools to apply after each interval of stress
application. The sequences are summarized in Clause 8.

6.2 Initial characterization

Physical measurements shall be recorded as described in 5.2 to identify variations from sample
to sample and to precisely define the properties of the test samples for further comparison. In
the final report, these measurements shall be reported and compared with any corresponding
values found on the product specifications sheet.

All modules shall be characterized before application of stress using the methods described in
5.2 to 5.8.
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es are subjected to five types of test sequences.

Test sequence 1: Thermal fatigue

2021

Test sequence 1 is intended to test for thermal fatigue-related failures, such as solder bond
failure. It follows sequence D of IEC 61215-1 and is then extended to repeat the sequence two
additional times, with characterization at intermediate steps. Initially, the modules shall be
characterized as described in 6.2. The stresses and characterizations are completed according

to:

— Stress:

- Pg

The dtress and post-stress characterization shall be completed three times. A total ¢

therm
All da

6.4

Test
conce
moun
test s
provia

The s
- St

st-stress characterization:
IEC 61215-2 MQT 01 Visual inspection (5.3)
IEC 61215-2 MQT 19.2 Final stabilization (5.12)

IEC 61215-2 MQT 06.1 Performance at STC and MQT 07 Performance at low irrad
(5.5)

IEC 61215-2 MQT 03 Insulation test (5.6)
IEC 61215-2 MQT 15 Wet leakage current test (5.7)
Electroluminescent imaging according to IEC TS 60904+13 (5.8).

bl cycles shall be applied.
a shall be reported. No pass-fail criteria shall be applied.

Test sequence 2: Mechanical stress

Eequence 2 applies mechanical-stress in a sequence intended to uncover or r
rn about reliability problems stemming from cell cracking. For modules designed
ed directly on another surface, it may be difficult to define how to do the mechanicg
bquence. In this case, an-assessment should be made about whether such a test
e useful information, and} if not, the test would be omitted.

pquence includes (after 6.2 initial characterization):

[€SS!

IEC 61216-2 MQT 16 Static mechanical load test. For the purpose of this
sequenee, 2 400 Pa will be used regardless of the design load specified for the m

IECTS 62782 Cyclic (dynamic) mechanical load 1 000 cycles of 1 000 Pa press

iance

f 600

bduce
to be
| load
would

5tress
bdule.

ure at

room temperature

IEC 61215-2 MQT 11 Thermal cycling (50 cycles, 5.10)
IEC 61215-2 MQT 12 Humidity freeze (10 cycles, 5.11).

— Post-stress characterization:

As for test sequence 1 in 6.3.

All data shall be reported. No pass-fail criteria shall be applied.
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6.5

Test sequence 3: Sequential testing including UV stress to module back

This sequence is intended to evaluate degradation of polymeric backsheets, but it is also
important to consider degradation of all polymeric materials — a test that is designed to duplicate

backs
chose

heet field results may also identify degradation of other module materials. The samples
n for the test may be modules from the production line or mini modules. It is recognized

by the community that the time required for a high-confidence UV-stress test is longer than the
time today’s business models typically allow, so the defined test is a compromise.

Ifam

ini module is used, its construction shall be designed to be as similar as possible to the

design of the full-size module. As an example, for conventional silicon modules, the mini module

will in

clude:

—  Us
is

—  Us
—  Us
—  Us
—  Us
— In
- Le
In eve

full-si;
other

UV ddg
other

e of the same bill of materials (different glass is allowed — if a different glass.is, used, it
specified in the report).

e of the same lamination conditions.

e of same spacing between cells and between the cells and the edge,'of the modul

(4

e of same cell-interconnection geometries.

e of same junction box and other metal-interconnect (bus wires; etc.) geometries.
clusion of at least two rows of cells and at least two cells pérjrow.

ngth and width both > 20 cm.

ry case, the goal is to design a mini module thatwill be as similar as possible fo the

re modules with special attention to the stresses. that may occur for the backshegt and
polymeric materials.

gradation is usually synergistic with otherzenvironmental stressors, requiring inclugion of
stresses. So, test sequence 3 combines multiple tests from IEC 61215-2 to tgst for

weathlering-related failures (those caused.by a combination of UV, moisture, heat, and thermal

cyclin
Initial
applie
- St

j or other mechanical stress.)

y, the modules shall be characterized as described in 6.2. Then, the following shall be
d to the back of the modulé:

[€SS!

IEC 61215-2 M@T13 Damp heat (200 h only)

IEC 61215-2 MQT 10 UV exposure to back side as described in IEC 61730-2 MBT 54
with incredsed dose of 60 kWh/mZ2. The UV irradiance shall be controlled within thefrange
of 130/W/m2 and 200 W/m?2 and the average value and range reported as part pf the
finalseport.

IEC61215-2 MQT 11 Thermal cycling (50 cycles, 5.10) plus IEC 61215-2 MQT 12

Humidity freeze (10 cycles 5. 11)

IEC 61215-2 MQT 10 UV exposure to back side as described in IEC 61730-2 MST 54
with increased dose of 60 kWh/mZ2. The UV irradiance shall be controlled within the range
of 130 W/m2 and 200 W/m?2 and the average value and range reported as part of the
final report.

IEC 61215-2 MQT 11 Thermal cycling (50 cycles, 5.10) plus IEC 61215-2 MQT 12
Humidity freeze (10 cycles, 5.11)

IEC 61215-2 MQT 10 UV exposure to back side as described in IEC 61730-2 MST 54
with increased dose of 60 kWh/mZ2. The UV irradiance shall be controlled within the range

of 130 W/m2 and 200 W/m?2 and the average value and range reported as part of the
final report.

IEC 61215-2 MQT 11 Thermal cycling (50 cycles, 5.10) plus IEC 61215-2 MQT 12
Humidity freeze (10 cycles, 5.11)
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IEC 61215-2 MQT 10 UV exposure to back side as described in IEC 61730-2 MST 54
with short dose of 6,5 kWh/mZ2. The UV irradiance shall be controlled within the range of
130 W/m2 and 200 W/m2 and the average value and range reported as part of the final
report.

— Post-stress characterization:

The fq

final visual inspection)

All da

6.6

Test 9
identi

The s

All da

Some
IEC 6
new c

IEC 61215-2 MQT 01 Visual inspection (5.3) is completed after each stress step, with
the addition of the inspection using magnification, as described in 5.3.

As an option, the visual inspection (5.3) may be omitted after the first set of stress
applications. In this case, the first two 60 kWh/m2 UV exposures may be combined into
a single 120 kWh/m2 UV exposure and similarly, the thermal cycling and humidity freeze
exposures may be combined to 100 cycles and 20 cycles, respectively.

Other characterization may be completed at customer request, especially, lif visual
change is noted. Power measurement and electroluminescence are omitted, as they are
unlikely to correlate with field performance of the backsheet.

llowing characterization is completed at the end of the entire sequence-(in addition|to the

C 61215-2 MQT 03 Insulation test (5.6).
C 61215-2 MQT 15 Wet leakage current test (5.7).
C 61730-2 MST 04 Insulation thickness (5.9).

a shall be reported. No pass-fail criteria shall be applied.

Test sequence 4: Damp heat

equence 4 applies damp heat stress to.Uncover problems with the packaging and/or to
y corrosion. The sequence includes (after initial characterization in 6.2).

[ess:

IEC 61215-2 MQT 13 Damp:heat test 1 000 h
st-stress characterization:

for test sequence 1 in'6.8.

ress and post-stress characterization shall be completed a second time.
a shall be reported. No pass-fail criteria shall be applied.

modules_can show transients related to metastable defects. The relevant procedures in
1215=2.should be followed and for interpretation of the data it should be kept in mind that

modu

ellitypes may show metastabilities that differ from historical behaviour. For example,|some
j i i ~ ires if

not kept in the dark at room temperature.

6.7

Test sequence 5: Potential-Induced Degradation (PID) testing

Test sequence 5 applies damp heat stress with voltage bias to uncover problems with
degradation associated when the module is placed in a system and operated at a voltage that

is quit
includ

e different from ground, causing small leakage currents within the module. The sequence
es (after initial characterization in 6.2):
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Stress:

e |EC 61215-2 MQT 21 85 °C / 85 % relative humidity applying the rated maximum system
voltage in whatever bias polarities are allowed by the manufacturer’s documentation.
The stress shall be applied for twice the time requested for MQT 21, which would
currently result in 192 h. Details of the stress application and follow up characterization
and stabilization procedures designed to increase the value of this test, including any
technology-specific procedures, will follow the IEC 61215-series definition of MQT 21.

Post-stress characterization:
As for test sequence 1in 6.3.

All data—shall be rnpnrfnd No Ir_\aee-fnil criteria shall be npplind

7

Report

The results shall be reported, normally in a test report, and shall include c@alibthe inforn
requepted by the client and necessary for the interpretation of the test and all inforn
required by the method used. Each test report shall include at least the(folowing informg

a)
b)
c)
d)

e)

q)

itle;

me and address of the test laboratory and location where’the tests were carried ou
ique identification of the report and of each page;

me and address of client, where appropriate;

O S5 € oo

scription and identification of the items tested;

chiaracterization and condition of the test items:
ddte of receipt of test items and date(s) of t€st, where appropriate;
id¢ntification of test methods used;

reference to sampling procedure, and definition of bill of materials if there is no is§

hation
hation
tion:

tue of

copfidentiality; or definition of bill of materials in a way that respects confidentiality, but

waquld allow future comparisons;

if the test items varied in any.way (such as use of a minimodule) describe the differ
begtween the test items(_lincluding the glass type and the module dimensiong
construction differences;

anly deviations fromy“additions to or exclusions from the test method, and any
information relevantto specific tests, such as environmental conditions or test meth
procedures andrelevant logs, especially if chamber conditions are deviated from pla

measurements, examinations and derived results supported by tables, graphs, sketche
photographs as appropriate, including results of all pre-stress and post-
chlaracterization;

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

ences
and

other
bds or
ned;

s and
5tress

a signature and title, or equivalent identification of the person(s) accepting responsibility for

the content of the report, and the date of issue;

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

where relevant, a statement to note any observations that would have been deemed a failure
by IEC 61730. Specifically, such notes would include when application of the stress normally

applied in IEC 61730 caused degradation that would not have passed IEC 61730. Whi
test is not a pass-fail test, it is useful to understand when the result would have b
failure under regular safety testing;

le this
een a

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

approval of the laboratory.

A copy of this report shall be kept by the manufacturer for reference purposes.
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8 Test flow and procedures

The full test flow is given in Figure 1.

‘ 5.2 Physical measurement ‘

5.3 Visual inspection — IEC 61215 MQT 01

5.4 Initial stabilization — IEC 61215 MQT 19.1

5.5 Performance at STC and low irradiance — IEC 61215 MQT 06.1 and 07

5.6 Insulation test — IEC 61215 MQT 03

5.7 Wet leakage current test — [EC 61215 MQT 15

5.8 EL imaging — IEC TS 60904-13 (Isc, 0,1  Isc)

(N R S0 [ I ) SE—

|
6.6 Sequence 4

|
6.7 Sequenc

6.3|Sequence 1 6.4 Sequence 2 6.5 Sequence 3 P
I | | l |
Thgrmal cycling Static load Damp heat (200 h) Damp heat PID (+ and/of -)
(400 cycles) MQT 16 MQT 13 (1000 h) (192 h)
MQT 11 - P MQT 13 MQT 21
1 with 10X magnification
1[19.4[6.1/7]3]15]eL| [1[19.2[6.1/7]3]15]EL 1[19.2]6.17]3]15]eL| [1 [19.2[6.17]3]5]EL
' ' Repeat '
Thgrmal cycling Cyclic load 3times | N Damp heat
(400 cycles) 1000 x at 1 000 Pa | | i (1 000 h)
MQT 11 IEC TS 62782 | UV on backside \ MQT 13
! (60:KWh/m2, |
1193 [6.1/7]3[15]eL| [1]19.2]6.1/7][3]15]EL] | 60°€ 5 °C) v [119.2[6.1/7]3]15]EL
! [— ! MQT 10 I
Thegrmal cycling Thermal cycling ! [{With 10X magnification !
(400 cycles) (50 cycles) . T :
MQT 11 MQT 11 : Thermal cycling !
1198 [6.7[3[15]eL| [1]19.2]6.1/7[3]15 kL] | | (50 cyclesyMQT 11 |
I | !
|
Humidity'freeze : Humidity freeze !
(10 cycles) i | (10 cycles)yMQT 12 |
MQT 12 ! |
| [1 with 10X magnification | |
1492 e.17]31s]EL| | 3 E——
UV on backside
(6,5 KWh/m2,
60° C 5 °C)
MQT 10

1 with 10X mag. [ 3 [ 15
I

| Insul. thick. MST 04 |

NOTE PID bias is selected to match data sheet value(s), but static load is 2 400 Pa regardless of design load.

Figure 1 — Full test flow — Each box refers to the corresponding MQT in IEC 61215-2

IEC
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A1

Annex A
(informative)

Appropriate use of IEC TS 63209-1 —
Potential weaknesses of the included test sequences

General

PV module qualification tests are not intended to establish long-term reliability. There is a gap

in the

industry as to how to appronriately and consistently evaluate anticinated module
J Ll Ll J J L

long-

term [
accur

erformance for various applications. This is not an easy task, and impossible to be
hte at a reasonable time and cost. It is anticipated that this is an evolutionary lprg

00 %
cess,

and that test procedures will improve and adjust as new module designs are used; and field

exper
inteng
allowi
used

not be

Inhere
comm
about
of >25
a cha

of potential weaknesses associated with the data.

A.2 | False negatives/false positives

Errongous interpretations of test results come in the form of false positives and
negatfves [1].

Some|failures will be missed (false positives) by under stressing the material, or by fai
apply [the appropriate combination of stresses. Other, non-representative, failures will be
(false|negatives) arising from greater bias towards the more accelerated degradation mog
promqting failure mechanisms that might not be relevant for much longer than the exg
lifetimle.

In on¢ example“of-a false negative, extended testing conducted on a module design

manu
Follov
appro

ences are evaluated. The stress tests laid out in this document are a'starting
ed to provide a standardized method for extended reliability testingZof PV mg
hg comparison of designs, and supporting a long-term risk analysis.) The tests are
o find weaknesses in a design, so that one can focus work in those areas as may g
needed.

only understood that designing a test sequence with aceéleration factors greate
6% to 10x will lead to highly speculative results; the combination of a target of servi
years and target test duration of <6 months resulfs in a 50x acceleration factor. 1
lenging problem, and the analysis of these lab-fesults should include an understg

nt to any accelerated stress test is the risk of drawing\erroneous conclusions|

point,
dules
e best
r may

It is
- than
ce life
'his is
nding

false

ing to
seen,
es [1]
ected

juring

acturing uhcovered a problem with the solder flux for a certain subset of modul

kKimate acceleration factors. When extrapolated to the use condition, they indicat

s [2].

-on experiments were conducted at different stress levels, enabling the determination of

that

the expected amount of degradation was unlikely to be significant to the project. If taken gt face

value the whole project may have been scrapped at the cost of millions of dollars. While there
certainly was a weakness in the subset of modules, it was determined that this was not likely
to be discernible on a project level, thus concluding that the initial result was a false negative.

One example of a false positive led to the large-scale deployment of modules containing a new,
unique backsheet material that later proved to be faulty [3], [4]. Modules from several
manufacturers passed qualification tests and presumably internal acceptance testing. Despite
this, it took as little as 4 years in the field for cracks to penetrate completely through the

backs

1

heet.

Numbers in square brackets refer to the Bibliography.
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Approximations to service life

It is important to note that the test results are not intended to be used for service life prediction.

With unknown and varied acceleration factors for different materials and designs located in
different application environments, there is no unique number delineating the equivalency of
test time to service time for the whole module. There is instead an unknown range of likely
potential acceleration factors. While the sequences are intended to cause degradation that is
most relevant to field experience, it is not expected to capture all failure modes which may be
observed in various locations [5] to [8]. The same module deployed in two different locations
may fail/degrade in different ways, so a single test protocol cannot be expected to

simulffaneously exactly match bofh resulis. Stresses are chosen 1o replicate fallures in thé
but will sometimes also cause other degradation pathways to occur.

A.4

Ideall
Howe
a pro
causi

Relev

exposjure are a significant gap in current standardized testing for PV modules; howe

parall
could

applidation if UV stresses are not considered.

Similg

is a very harsh condition that may cause degradation beyond what will be observed in the

Design to test

, the product design is optimized for the application including thetargeted servig
ver, new products are often designed to meet the test requirements instead. This g

g irrelevant failure modes to be fixed (false negative).

ant to field experience, stresses designed to capture degradation related to long te

b| extended component testing document is currently in development [9]. Thus, a m
have superior performance in this set of §equences, but inferior performan

rly, the 85 °C/85 % relative humidity cendition for testing potential-induced degra

field,

e life.
an be

lem if some stresses are very accelerated or extended while others are under-utilized

m UV
ver, a
odule
ce in

Hation
field.
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Annex B
(informative)

Background on IEC TS 63209-1

B.1 General

The development of IEC TS 63209-1, as well as IEC 61730 and IEC 61215, is complicated and
based largely on years of empirical observation of failure modes coupled to the tests found to
uncover relevant design weaknesses, horizontal design standards, and an understanding of the
use ephvironment [8]. Following review of known extended stress protocols offered byvarious
partieg, consensus among the participants drafting this document was to utilize' only test
chambers and conditions already part of other IEC PV standards, so that testers would noj need
to invest in new equipment to aid in broader adoption of the methodology [10].

The choice was made to focus on known degradation modes and to create sequences that aim
to ideptify these failure modes but with greater allowance for longer term,tests as compafed to
IEC 6{1730 and IEC 61215. Extensive research has gone on elsewhete to correlate labofratory
stresq level to field applied stresses. The experiences of representative industry particjpants
obserying failure modes in testing and field deployment informed the discussion$ and
consensus decisions leading to the proposed sequences.

The bpckground on the five sequences of IEC TS 632094 are summarized below.

B.2 | Sequence 1: Thermal fatigue — Thermal cycling 600 cycles = 3x IEC 61215
(similar to other extended stress protocols)

This i$ based on computational models indicating that between 400 and 600 TC is roughly|lequal
to 25 |years, depending on the climate;«with respect to solder bond fatigue. Other bongs are
expegted to behave differently, so the meaning of the test should be interpreted in the cpntext
of the|specific module design.

B.3 | Sequence 2: Mechanical stress (adds static load to sequence similar {o
other extended.stress protocols)

The choice was made’to create a new mechanical stress sequence including both stat{c and
dynamic loads, as:they simulate different sources of stress within the lifecycle of the module
and mjay resulttin different failure modes or accelerate the same failure mode at different|rates.
Results using.the proposed sequence were produced, demonstrating that cell cracks| were
formef by the static load test, but that the dynamic mechanical load test was needed to fause
them to.epen up and affect cell performance.

B.4 Sequence 3: Combines UV, moisture and temperature/mechanical cycling
to stress polymeric components

In many industries studying outdoor weathering and accelerated weathering, UV combined with
water are known to generate more representative degradation faster than either stress alone.
Therefore, the order of sequence 3 seeks to gain the benefit of combining the stresses without
building a specialized chamber.

It is difficult to sufficiently accelerate UV exposure stress to mimic expected module lifetimes in
a test duration reasonable to apply to PV modules, and the sequence provided is not expected
to capture degradation of polymeric components related to long term UV exposure — this is left
to a parallel extended component testing document, currently in development.
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