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PREFACE

This UL Standard is based on IEC Publication IEC 61215-1: Second edition Terrestrial Photovoltaic (PV)
Modules — Design Qualification and Type Approval — Part 1: Test Requirements. IEC publication IEC
61215-1 is copyrighted by the IEC.

This edition has been issued to satisfy UL Standards policy.

This is the UL Standard for Terrestrial Photovoltaic (PV) Modules — Design Qualification and Type
Approval — Part 1: Test Requirements. This UL Part 1 is to be used in conjunction with UL 61215-2.

These malerials are subject to copyright claims of IEC and UL. No part of this publicatipn may be
reproduced in any form, including an electronic retrieval system, without the prior written. permigsion of UL.
All reques}s pertaining to the Terrestrial Photovoltaic (PV) Modules — Design Qualification and Type
Approval -{Part 1: Test requirements, 61215-1, Standard should be submitted to UL.

Note — Althodigh the intended primary application of this Standard is stated in its Scope, it is_important to note that|it remains the
responsibility jof the users of the Standard to judge its suitability for their particular purpose.
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1 UL 61215-1

FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

TERRESTRIAL PHOTOVOLTAIC (PV) MODULES - DESIGN QUALIFICATION AND TYPE APPROVAL

— Part 1: Test requirements

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
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4) In order g

Pubtieation{sy—Hheir-preparationis-entrusted-to-technicat-committees—anytECNatioral-Committe
ealt with may participate in this preparatory work. International, governmental and non-governmental
the IEC also participate in this preparation. IEC collaborates closely with the International Or|
bn (ISO) in accordance with conditions determined by agreement between the two organizations:

decisions or agreements of IEC on technical matters express, as nearly as possible, @n/international
relevant subjects since each technical committee has representation from all interested1EC National Co

ations have the form of recommendations for international use and are accepted.by IEC National Com|
all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC
r the way in which they are used or for any misinterpretation by any end user.

promote international uniformity, IEC National Committees undertake to apply IEC Publications trans

maximum extent possible in their national and regional publications. Any\divergence between any IEC Publig

correspondin

5) IEC itself d
and, in somg
certification b

6) All users s

7) No liability
technical con
whatsoever,

reliance upon

8) Attention ig

) national or regional publication shall be clearly indicated in theMatter.

oes not provide any attestation of conformity. Independent certification bodies provide conformity assesg
areas, access to IEC marks of conformity. IEC.jis. ‘a0t responsible for any services carried out b
bdies.

ould ensure that they have the latest edition'of this publication.

shall attach to IEC or its directors, employees, servants or agents including individual experts and n
hmittees and IEC National Commiittees for any personal injury, property damage or other damage
hether direct or indirect, or for eosts (including legal fees) and expenses arising out of the publicat
| this IEC Publication or any othef IEC Publications.

drawn to the Normative, references cited in this publication. Use of the referenced publications is indisp4

correct application of this publicdtion:

9) Attention is

drawn to thie/possibility that some of the elements of this IEC Publication may be the subject of patent ri

not be held rgsponsibl€ for identifying any or all such patent rights.
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Internationpl Standard IEC 61215-1 has been prepared by IEC technical committee 82: Solar ;Photovoltaic

energy systenTs:

This second edition of IEC 61215-1 cancels and replaces the first edition of IEC 61215-1, published in
2017; it constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous edition:

a) Addition

b) Addition

of a test taken from IEC TS 62782.

of a test taken from IEC TS 62804-1.

c) Addition of test methods required for flexible modules. This includes the addition of the bending test

(MQT 22).
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d) Addition of definitions, references and instructions on how to perform the IEC 61215 design qualification
and type approval on bifacial PV modules.

e) Clarification of the requirements related to power output measurements.

f) Addition of weights to junction box during 200 thermal cycles.

g) Requirement that retesting be performed according to IEC TS 62915.

h) Removal of the nominal module operating test (NMOT), and associated test of performance at NMOT,

from the IE

61215 series

Informative
changes th

The text of

Annex A explains the background and reasoning behind some of the more
bt were made in the IEC 61215 series in progressing from edition 1 to edition 2«

his standard is based on the following documents:

substantial

FDIS Report on voting

82/1828A/FDIS 82/1848/RVD

Full inform
indicated in

This docum

A list of all
modules —

The commi

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

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

parts in the IEC 61215 series, published under the general title Terrestrial photoy
Design qualification and type approval, can be found on the IEC website.

date indicated on the IEC web site’ under "http://webstore.iec.ch" in the data related to t

publication,

At this date, the publication will be

* reconfirmed,

« withdrawn

* replaced

y.ayevised edition, or

on voting

oltaic (PV)

ftee has decided that the contents of this publication will remain unchanged until the stability

he specific

*« amended.

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

Whereas Part 1 of this standard series describes requirements (both in general and specific with respect
to device technology), the sub-parts of Part 1 define technology variations and Part 2 defines a set of test
procedures necessary for design qualification and type approval. The test procedures described in Part 2
are valid for all device technologies.
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1

TERRESTRIAL PHOTOVOLTAIC (PV) MODULES - DESIGN
QUALIFICATION AND TYPE APPROVAL - Part 1: Test requirem

1 Scope

ents

This document lays down requirements for the design qualification of terrestrial photovoltaic modules
suitable for long-term operation in open-air climates. The useful service life of modules so qualified will

depend on their design, their environment and the conditions under which they are operated.
are not constrd ftati ot feti

In climateg where 98th percentile operating temperatures exceed 70 °C, users are.recon]

Test results

mended to

consider testing to higher temperature test conditions as described in IEC TS 63126. Users desiring

qualification of PV products with lesser lifetime expectations are recommended to cons
designed for PV in consumer electronics, as described in IEC TS 63163 (under developm
wishing td gain confidence that the characteristics tested in IEC 61215 _appear consis
manufactufed product may wish to utilize IEC 62941 regarding quality systems in PV manufact

This docurpent is intended to apply to all terrestrial flat plate module*materials such as crysta
module typges as well as thin-film modules. It does not apply to systems that are not longterm g
such as flexible modules installed in awnings or tenting.

This document does not apply to modules used with concentrated sunlight although it may be
low concentrator modules (1 to 3 suns). For low concentration modules, all tests are performg
irradiance,|current, voltage and power levels expected at the design concentration.

This docufent does not address the particulafities of PV modules with integrated electror
however bg used as a basis for testing such-PV modules.

The object
as far as
withstandir
necessary
Acceleratid
manifest. F
found in IE

Some long
long times

ve of this test sequence is:td_.determine the electrical characteristics of the module g
possible within reasonable constraints of cost and time, that the module is
g prolonged exposure outdoors. Accelerated test conditions are empirically base
to reproduce selected observed field failures and are applied equally across mg
n factors may~vafy with product design, and thus not all degradation mecha
Further general information on accelerated test methods including definitions of ter
C 62506.

-term degradation mechanisms can only reasonably be detected via component tes
required to produce the failure and necessity of stress conditions that are expensive

der testing
ent). Users
tently in a
iring.

lline silicon
pplications,

utilized for
d using the

ics. It may

nd to show,
capable of
d on those
dule types.
nisms may
ms may be

ting, due to
to produce

over large areas. Component tests that ave reached a sufficient fevet of maturity 1o set pass/fail criteria
with high confidence are incorporated into the IEC 61215 series via addition to Table 1. In contrast, the
tests procedures described in this series, in IEC 61215-2, are performed on modules.

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.

IEC 60269-6, Low-voltage fuses — Part 6: Supplementary requirements for fuse-links for the protection of
solar photovoltaic energy systems
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IEC 60891, Photovoltaic devices — Procedures for temperature and irradiance corrections to measured I-V
characteristics

IEC 60904-1, Photovoltaic devices — Part 1: Measurement of photovoltaic current-voltage characteristics

IEC TS 60904-1-2:2019, Photovoltaic devices — Part 1-2: Measurement of current-voltage characteristics
of bifacial photovoltaic (PV) devices

IEC 60904-3, Photovoltaic devices — Part 3: Measurement principles for terrestrial photovoltaic (PV) solar
devices with reference spectral irradiance data

IEC 6090410, Photovoltaic devices — Part 10: Methods of linear dependence and linearity méasurements
IEC TS 60904-13, Photovoltaic devices — Part 13: Electroluminescence of photovoltaic modules
IEC 61140,|Protection against electric shock — Common aspects for installation and equipment

IEC 6121542, Terrestrial photovoltaic (PV) modules — Design qualification and’type approval — Part 2: Test
procedures|

IEC 617301, Photovoltaic (PV) module safety qualification — Partd: Requirements for construction
IEC 61730, Photovoltaic (PV) module safety qualification =Part 2: Requirements for testing
IEC TS 61836, Solar photovoltaic energy systems — Terims, definitions and symbols

IEC 6185311, Photovoltaic (PV) module performance testing and energy rating — Part 1: Irra@liance and
temperature performance measurements and power rating

IEC TS 62782, Photovoltaic (PV) modules— Cyclic (dynamic) mechanical load testing
IEC 62790,|Junction boxes for photovoltaic modules — Safety requirements and tests

IEC TS 64804-1, Photovoltaic (PV) modules — Test methods for the detection of potentjal-induced
degradation — Part 1: Crystalline silicon

IEC 62852,|Connectors for DC-application in photovoltaic systems — Safety requirements and tgsts

IEC TS 62915, Photovoltaic (PV) modules — Type approval, design and safety qualification — Retesting

IEC 62941, Terrestrial photovoltaic (PV) modules — Quality system for PV module manufacturing

IEC TS 63163: —'Terrestrial photovoltaic (PV) modules for consumer products — Design qualification and
type approval

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

" Under preparation. Stage at the time of publication: ADTS.
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3 Terms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions in IEC TS 61836 apply, as well as the
following.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
* |[EC Electropedia: available at http://www.electropedia.org/

+ ISO Online browsing platform: available at http://www.iso.org/obp

3.1
bins of power classes
power (typ|cally maximum power) sorting criteria from the PV module manufacturer

3.2
toleranceg <on label>
value rangg of electrical parameters on the label of the PV module as given By the manufacturer

3.3
MQT
Module Qyality Test

3.4
type approval

conformity[test made on one or more items representative of the production
[SOURCE]IEC 60050-311:2001, 311-06-08 — Type test]

3.5
reproducibility <of measurements>
closeness [of agreement between the results of measurements of the same value of a quantity, when the
individual measurements are made under different conditions of measurement:
— principle jof measurement,

— method of measurement,

— observer

— measuring instruments,

— reference standards,

— laboratory,

— under conditions of use of the instruments, different from those customarily used,

after intervals of time relatively long compared with the duration of a single measurement [consistent with
the International Vocabulary of Metrology (VIM), 3.7].

Note 1 to entry: The concepts of "principle of measurement" and "method of measurement" are respectively defined in VIM 2.3 and
2.4.
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Note 2 to entry: The term "reproducibility" also applies to the instance where only certain of the above conditions are taken into
account, provided that these are stated.

Note 3 to entry: It is recommended that laboratories determine their reproducibility according to the formulas and principles in ISO
5725-2.

[SOURCE: IEC 60050-311:2001, 311-06-07]

3.6
flexible module
PV module that exhibits a radius of curvature of 500 mm or less in at least one direction according to the

manufacturprs-spesification-and-is-capable-of-bending-to-conformio-a-flat-orcurved-surface

Note 1 to entry: A curved module with a rigid shape is not considered a flexible module.

Note 2 to entry: Radius of curvature is defined as shown in Figure 1. During testing, the applied radius of curvature is n¢ smaller than
that specified by the manufacturer.

Flexible module

Radius of curvature

=&

sup962
Figure 1

Geometry'that shows radius of curvature of a flexible module

3.7
representative sample
sample tha{ includes all the components of the module, except some repeated parts

Note 1 to entry: The representative samples shall use all key materials and subassemblies, as detailed in Clause 4.

3.8
very large module
module that exceeds the size of standard 2,2 m x 1,5 m commercially-available simulators

Note 1 to entry: A very large module exceeds 2,2 m in length or width, or exceeds 1,5 m in both dimensions. Thusa 3 m x 0,3 m
module is considered very large, as is a 2,2 m x 2,2 m module.

Note 2 to entry: Very large modules are exempt from class A simulator spatial irradiance uniformity requirements, as detailed in IEC
61215-2 MQT 02.

Note 3 to entry: During test sequences representative samples may be substituted for very large modules, within the limits described
in Clause 4.
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Note 4 to entry: In future editions, the size threshold to be considered a very large module will likely increase to larger dimensions.

3.9

bifacial PV

modules modules that can convert irradiation received on both the front-side and rear-side into electric
energy by means of the photovoltaic effect

3.10

bifaciality coefficients
ratios between the |-V characteristics of the rear-side and the front-side of a bifacial module each
measured under Standard Test Conditions (STC — IEC TS 61836), namely the short-circuit current
bifaciality €oefficient @i, the open-circuit voltage bifaciality coefficient ¢, and the maxirhum power
bifaciality qoefficient @p,ax

Note 1 to entrly: Bifaciality coefficients are fully defined in IEC TS 60904-1-2:2019, 6.2.

3.1

bifacial ngmeplate irradiance

BNPI

higher irra]:iance at which nameplate verification is performed for bifacial modules, corresponding to 1 000
W/m? on the module front and 135 W/m? on the module rear, applied.in any method allowed by IEC TS
60904-1-2

3.12

bifacial stress irradiance

BSI

higher irragliance at which currents for stress are measured on bifacial modules, correspondipg to 1 000
W/m? on the module front and 300 W/m? on the.module rear, applied by any method allowed in IEC TS
60904-1-2/ /-V characteristic at which may be extrapolated from lower irradiances

4 Test sgmples

The PV module samples shall have been manufactured from specified materials and components in
accordancg with the relevant, drawings and process sheets and have been subjecied to the
manufactufer’s normal inspection, quality control and production acceptance procedures. The PV modules
shall be complete in every detail and shall be accompanied by the manufacturer’s handling, mqunting, and
connection instructions.\When the PV modules to be tested are prototypes of a new design and not from
production| this fact shall be noted in the test report (see Clause 9).

The numbTr of test samples required is derived from the applicable test sequences (see Clause 11).

Special test samples may be required for tests such as the bypass diode test MQT 18 (see IEC 61215-2).

For qualification of multiple bins of power classes within the boundaries given in IEC TS 62915 at least 2
modules each, from the lower end, median and higher end power class shall be used for testing. If median
power class does not exist the next higher class shall be used. If qualification of a single power class shall
be extended to further bins of power classes within the boundaries given in IEC TS 62915 then at least 2
modules each, from the lower end and higher end power class shall be used for label verification (see
Gate No.1in 7.2.1). If a power class is extended only towards higher (or lower) bins, then modules only
from the higher (or lower) bins, respectively, shall be used for verification of rated label values.

Qualification to multiple bins of power classes does not increase the minimum requirement of one control
sample used in 7.2.3.
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It is advisable to provide additional spare samples meeting the same output power requirements.

If applicable, the test samples shall be used to represent a group or family of products, or variations in the
materials, or production processes used to produce the modules. The additional samples required for the
test programme are then derived from IEC TS 62915.

For very large modules (as defined in 3.8), representative samples (as defined in 3.7) may be used for all
qualification tests given in Clause 11 and IEC 61215-2. During the design and manufacturing of the
representative samples, attention should be paid to reach the maximum similarity to the fullsize product in
all electrical, mechanical, and thermal characteristics related to quality and reliability. The cell,
encapsulation methods, interconnects, terminations, clearance and creepage distances around all edges,

and distan
the actual
large modu
be no less
the shorter
dimension,
any test, th
each MQT,
were used
determinati
Prax(Lab_G
However, fi
either at thq
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NOTE ltis pre|

Prior to beg
care may in
imaging ac
in transit.

2 Numbers in

‘1

e through solid insulation (relied upon insulation and cemented joints) shall be the
ull-size products. Limits are placed on how much one may reduce the dimensjon
le in making representative samples for qualification testing. The reduced dimens
than one half the dimensions that define a very large module. In other words, whe
dimension, the representative sample shall be at least 0,75 m wide.n reducing
the representative sample shall be at least 1,1 m long. If representative samples a
b test report shall include a table listing the dimensions of the proeduct being qualifi
the dimensions of the samples tested. The table shall contain the statement, "Small
for some tests as noted above. Use of smaller samples ‘may affect test re
bn of maximum power degradation during testing (7=2.3) on a representativ
bateNo.1) refers to the representative sample’s initial stabilized measured pov
br verification of rated label values (7.2.2) a standdrd)production product shall be
test facility or utilizing a test at the manufacturer.ménitored by the testing entity.
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jected only to MQT 16 (static mechanicaklead test) and the requirements therein.

bntative sample used for MQT 09 (het-spot endurance test) shall contain the same
pass diode (i.e. the same substring size) as the full-size product.

ferable in any test to measure a fullssize sample, rather than a representative sample, when equipment si
inning the qualification test, care should be taken not to damage the samples in fr

cording to IEC TS,60904-13 before and after shipping to make sure cracks have not
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ame as on
5 of a very
on(s) shall
n reducing
the longer
re used for
ed, and for
br samples
sults." For
e sample,
er output.
measured,

juired, and

number of

Fe allows.

hnsit. Such

clude adherencesto best practices in packing and shipping,[1]? as well as electroluminescence

developed
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T T arcTrT
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P St pe th s 1D AA940 cnring o el o oll b |
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anufacturer

For the req

claims bifaciality on the nameplate or datasheet, or if the module exhibits a maximum power bifaciality
coefficient =2 20 %. If a module is to be tested as a monofacial module, the test laboratory shall verify that

the module

is monofacial by at least one of the following methods:

a) Information from the manufacturer showing that the rear of the cell is fully metallized;

b)S

pectrally-resolved backsheet transmission data from the module manufacturer; or

c) Determination of bifaciality coefficient on one sample according to the procedure in IEC TS
60904-1-2.
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5 Marking and documentation

5.1

Name plate

Each module shall include the following clear and indelible markings. Unless otherwise indicated, all the
electrical parameters refer to STC:

a) name, registered trade name or registered trade mark of manufacturer;

b) type or model number designation;

c) serial ny

d) date an
manufactu

e) maximu

f) class of protection against electrical shock (as defined in IEC 61140 and IEC 61730-1);

g) voltage
reported a
irradiance

h) current
reported af

i) module 1
modules, R

j) For bifac]
values for
Pvoc, and t
1-2.

k) For flexi

For items
according

mber (unless marked on other part of product);

d place of manufacture; alternatively serial number allowing to trace the date a
e

M system voltage;

at open-circuit or V. including tolerances. For bifacial modules, open-circuit volta
two irradiance levels. The first required irradiance;level is 1 000 W/m?. The seco
s BNPI, as defined in 3.11.

at short-circuit or /. including tolerances, For bifacial modules, short-circuit currg
two irradiance levels, defined in 5.19).

haximum power or P, including binning and tolerances as defined in 3.1 and 3.2.
Phax Shall be reported at the two,ifradiance levels, defined in 5.19).

al modules the following.infermation including tolerances, shall be given on the nam
the short-circuit current bifaciality coefficient @, the open-circuit voltage bifaciality
ne maximum power bifaciality coefficient @pa, Mmeasured at STC as defined in IEC

ble modules;-thre minimum radius of curvature.

h) throigh i) all electrical data shall be shown as relative to STC (1 000 W/m?, 25
to [EC TS 61836), except for bifacial modules where two irradiance levels are 1

nd place of

ge shall be
hd required

nt shall be

For bifacial

eplate: The
coefficient
TS 60904-

°C, AM1.5
equired, as

defined in &.1g)

Internation

Complianc

al symbols shall be used where applicable.

e of marking is checked by inspection and MQT 06.1.

5.2 Documentation

5.21

Minimum requirements

Modules shall be supplied with documentation describing the methods of electrical and mechanical
installation as well as the electrical ratings of the module. The documentation shall state the class of
protection against electrical shock under which the module has been qualified and any specific limitations
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required for that class. The documentation shall assure that installers and operators receive appropriate
and sufficient documentation for safe installation, use, and maintenance of the PV modules.

NOTE It is considered to be sufficient that one set of documentation is supplied with the module shipping unit.
5.2.2 Information to be given in the documentation

a) all information required under 5.1 e) to i), and in addition j) for bifacial modules and k) for flexible
modules;

b) reverse current overload rating in accordance with IEC 61730-2 MST 26;

— oyercurrent protection device type and rating are e.g. given in IEC 602696., Qvercurrent
protection devices with a 1 h, 1,35 I, overload rating, where I, is the rated valuerof-the ¢vercurrent
protection device, are recommended;

—recommended maximum series/parallel PV module configurations;
c) manufacjurer’s stated tolerance for V., s and maximum power output under standard test conditions;
d) temperafure coefficient for voltage at open-circuit;
e) temperafure coefficient for maximum power;
f) temperatdire coefficient for short-circuit current.

All electricgl data mentioned above shall be shown as relative to standard test conditions (1000 W/m?,
25 °C, AM1|.5 according to IEC TS 61836). Moreover the following parameters shall be specified:

g) performgnce at low irradiance (MQT 07):
Internationgl symbols shall be used where applicable.
Compliancg is checked by inspection and MQT 04 through MQT 07.

The electrigal documentation shall include a detailed description of the electrical installation wiring method
to be used.[This descfiption shall include:

h) the minimum cable diameters for modules intended for field wiring;

i) any limitations on wiring methods and wire management that apply to the wiring compartment or box;
j) the size, type, material and temperature rating of the conductors to be used;
k) type of terminals for field wiring;

) specific PV connector model/types and manufacturer to which the module connectors shall be mated.
Statement of the connector type only (such as "MC4 compatible ") is not sufficient information to satisfy
this requirement. Connector model/types and manufacturers shall be included;

m) the bonding method(s) to be used (if applicable); all provided or specified hardware shall be identified
in the documentation;
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n) the type and ratings of bypass diode to be used (if applicable);
o) limitations to the mounting situation (e.g., slope, orientation, mounting means, cooling);

p) a statement indicating the fire rating(s) and the applied standard as well as the limitations to that rating
(e.g., installation slope, sub structure or other applicable installation information);

g) a statement indicating the design load per each mechanical means for securing the module as
evaluated during the static mechanical load test according to MQT 16. At discretion of the manufacturer
the test load and/or the safety factor y,,, may be noted, too.

To allow f
instruction
equivalent

"Under no
current an
marked or]
ratings, co

pr increased output of a module resulting from certain conditions of use, the
5 shall include relevant parameters specified by manufacturer or the following state

'mal conditions, a photovoltaic module is likely to experience conditions that prd
/or voltage than reported at standard test conditions. Accordingly, the values of

this module should be multiplied by a factor of 1,25 when determining comporn)
nductor current ratings, and size of controls connected to the RV output.”

5.2.3 Assembly instructions

These sha
the degree]

6 Testing

required to facilitate complete and safe assembly-of the product.

The test Iaboratory shall use a laboratory sim@lator control module to be able to detect d

measurem
sequence

reproducib,
check sim

The modu
Qualificatig
boxes refe
in the resp
componen
was met. R
performed

A, which is taken from the modules under test and is described in 7.2.3 rel
lity r. The laboratory simulator control module is a stable module used on a perio
lator output after calibration to a specific irradiance.

es shall be divided into groups and subjected to the qualification test sequences
n test sequences-are to be carried out in the order specified. The MQT designa
- to the corresponding test definitions in IEC 61215-2. Technology-specific test detai
ective parts.of this standard. Required module component tests are listed in Table

Prior Certifications may be used to fulfill these requirements, as long as the certific
in accordance with all conditions noted in Table 1.

installation
ment or the

duce more
Isc and VOC
ent voltage

| be provided with a product shipped in subassemblies, and shall be detailed and adequate to

ifts in their

ent results. The laboratory simulator control module is different than the control module from

hted to the
dic basis to

n Figure 2.
tions in the

Is are listed
1. For each

qualification, the test report shall note the test laboratory name and date when the fequirement

htions were

Intermediate measurements of maximum power (MQT 02) and insulation test (MQT 03) are not required,
but they may be used to track changes.

Any single test executed independently of a test sequence, e.g., on special test samples for MQT 09 and
MQT 18, shall be preceded by the initial tests of MQT 01, MQT 02, MQT 03, and MQT 15 as appropriate.

In carrying out the tests, the tester shall strictly observe the manufacturer's handling, mounting, and
connection instructions. Sequence A may be omitted if the module type has been tested according to IEC
61853-1. In this case the relevant test results from IEC 61853-1 shall be stated or referenced in the final
report. For bifacial modules Sequence A cannot be omitted until IEC 61853-1 has been amended to take
bifacial modules into account.
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Test conditions are summarized in Table 3. The test levels in Table 3 are the minimum levels required for
qualification. If the laboratory and the module manufacturer agree, the tests may be performed with
increased severities. In this case this shall be noted in the test report.

For flexible modules (see 3.6), the mounting substrate and adhesive or attachment means shall also be
included in the test. If more than one mounting substrate or adhesive or attachment means is allowed per
the manufacturer’s specification, then the tests shall use the combination that is considered to be the
worst case. The chosen combination(s) shall be reported, as per Clause 9, j).
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12 Modules

MQT 01
Visual inspection

I

MQT 19.1
Initial Stabilization®

MQT 06.1
Performance at STC
(Followed by Gate No. 1)

MQT 03
Insulation test
I
MQT 15
Wet leakage current
1 Modulg 1 Module 2 Modules 2 Modules 2 Modules 4 Module
Sequencd A Sequence B Sequence C Sequence D Sequénce E Sequence F
MQT 07 MQT 08 Outdoor MQT 10 MQT 11 MQT 13 MQT 21
Performange Exposure Test UV precondition test Thermal cycling test Damp heat test PID test
_ atlow , 60 kWh/m? 15 kWh/m? 200 cycles 1000 h
irradianci I -40°Ct085°C 85°C/85%RH
| | MQT 20
MQT 04 MQT 18.1 h )
et || oo ol et
emperatyre a
Pk Sy thermi}' test 1000 cycles @ 1 000 Pa 1 Module® 1 Module
| | |
MQT 19.2 MQT 11 MQT 16 MQT 17
Final Stabilization Thermal cycling test Static mechanical Hail test
I 50 cycles load test
MQT 06.1 “40°Cto85°C (design load)
Performance at STC | |
| MQT 12
MQT 09 Humidity freeze'test MQT 22
Hot-spot 10 Cygles Bendlng test
endurance test® -40 °G.fo 85 °C Flexible module only
| 85 % RH 25 cycles /
/
MQT 18.2
Bypass diode 1 Module 1 Module
functionality test .
MQT 14.1
Retention of
— 1 Module (-, junction box test
measured togetherwith
modules from Sequences B-E
as coftrokand to
determine teproducibility, \
MQT 19.2
Final stabilization
i
MQT 06.1
Performance at STC
I
MQT 03
Insulation test
|
MQT 15
Wet leakage current test
IEC

su1130c
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If the bypass diodes are not accessible in the standard modules, a special sample can be prepared for the bypass diode
thermal test (MQT 18.1). The bypass diode should be mounted physically as it would be in a standard module, with lead wires
attached, as required in MQT 18 of IEC 61215-2:2021. This sample does not have to go through the other tests in the
sequence.

In sequence B, a different module may be used for the Hot-spot endurance test (MQT 09) than is used for the bypass thermal
diode test (MQT 18.1). For this separate module the following test sequence is permissible: MQT 01, MQT 19.1, MQT 06.1
(gate 1), MQT 03, MQT 15, MQT 09, and MQT 18.2.

The initial stabilization MQT 19.1 may include the verification of an alternate stabilization procedure (see IEC 61215- 2:2021).

In Sequence A, tests MQT 07, and MQT 04 may be performed in any order. These tests may also be performed on separate
modules (rather than sequential tests on one module), provided that each module used has proceeded through the entire test
flow preceding sequence A.

If representative samples are utilized in Sequence E_one extra module full-sized _is required _and shall he suhjected only to

MQT 16 apd the requirements therein.

Figure 2

Hull test flow for design qualification and type approval of photovoltai¢c modules
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Table 1
Required component tests

Component Shall pass this test

Junction box

IEC 61215-2:201x MQT 14.2, which cites IEC 62790 "Test of cord anchorage."

Connectors

same cable size and type as used in the modules under test.

IEC 62852. Compliance shall be obtained with the connector in combination with the

7 Pass criteria

7.1 Gen€g

Modules U

(detailed ip Clause 5), comparison of measured electrical quantities with the nameplate (g

detailed in
this claus
(summariz

The desig
requireme

Tat
nder test are subject to several types of requirements. These include wequire
this clause), comparison of measured power before and after stress ({gate No. 2"

), component requirements (detailed in Table 1), and the reguirements of
ed in Table 3 and Figure 2).

is deemed to have met the qualification requirements of\7.2:2 gate No. 1, if thg
ts of Table 2:

Table 2
Summary of Gate No. 1 requirements

d markings
ate No. 1",
detailed in
each MQT

y meet the

Sam

ble size (in modules) Requirement

<10 All modules shall'pass. No failure is allowed.

210

A single failure.is allowable. All other modules shall pass.

NOTE A sam

If modules
the modulg
options. Tk
the require
The secon
further tes

modules. Nlodule'labels shall be redefined and samples shall be resubmitted for testing.

ble size <10 is only encountered during-retesting.

fail to meet the requirements listed in Table 2 then two new samples shall be tested
s that failed to meet the gate No. 1 criteria. If a new failure occurs, the module supp
e first option is_that the module labels for the existing sample set shall be redefine
ments of Table\2/are met, and testing on that same sample set shall continue to th
d option is.that the design is deemed not to have met the qualification requiremen
ing constifutes a new attempt at qualification and thus requires a completely ng

for each of
lier has two
d such that
b next step.
ts, and any
w batch of

In addition

iftWao or mare modules fail to meet the remaining test criteria (7 2 3 Gate Na 2 7 2.4 electrical

circuitry, 7.3 visual defects and 7.4 electrical safety), the design shall be deemed not to have met the
qualification requirements. If one module fails any test, two additional modules meeting the requirements
of Clause 4 shall be subjected to the entire series of tests of the respective test sequence. The
requirement for two additional modules applies for tests where originally only one module was required, as
well as for tests where originally two modules were required. For example, a failure in the hot-spot
endurance test requires a test repetition with two additional modules. A single failure in the 50 thermal
cycles test (one module not meeting the test requirements) requires a test repetition with two additional
modules as well.

If one or both of these modules also fail, the design shall be deemed not to have met the qualification
requirements. If, however, both modules pass the test sequence, the design shall be judged to have met
the qualification requirements.
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The module design shall meet the requirements of all criteria to be deemed as qualified according to this
document. Each test sample shall be subject to the following criteria.

7.2 Power output and electric circuitry
7.2.1 Identification of rated values and tolerances
Gate No. 1 criteria detailed in the following subclauses require use of rated values and tolerances from the

nameplate and product datasheet. This clause describes in detail, with examples, how to identify the
relevant information. Application of the information in this clause results in consistent requirements when

extraneous _information is given, or when information appears to be missing or conflicting. Rated values
and tolerances shall each be identified for module power, short-circuit current, and open-circjit voltage.
Thus, this dause details how to identify these six pieces of information.

NOTE 1 Histprically, some products have quoted multiple components of uncertainty, or have used'different te|

uncertainty, su
tolerance, wh
providing add
interpret such

Information
prescribed
initial stabil
differ from
calculation
shall be ex
respectively
short-circui

NOTE 21SO ¢

Formulas (
indicated b
Prnax(NP) is
stated on t
nameplate,
binning ang
Prmax(NP) d
not satisfyir

The toleran

ch as "tolerance," "production tolerance," "measurement uncertainty," etc. Also, some products have n
ch might be interpreted as 0 % tolerance or as missing information. While a mapufacturer is not pf
tional information, or having 0 % tolerance, application of the rules in this clause provide a consistg
Situations.

identified in this clause relates to STC current-voltage measurements, obtained in {
py following the flow chart of Figure 2. Thus, the obtained values are those measure
zation performed according to IEC 61215-2 MQT 19:4.“Required stabilization procg
one product to the next, as specified in the technology-specific parts IEC 6121
of tolerances is the responsibility of the modulé.manufacturer. Each tolerance (t;

plicitly stated as a single value for each of the’performance parameters (Pax, VY
). For bifacial modules, the six pieces of infermation (values and tolerances for moq
current, and open-circuit voltage) shall also be identified at BNPI to evaluate Gate N

uide 98-3 provides further guidance regarding-how to combine multiple sources of uncertainty.

1) and (2) in 7.2.2 verify that/the modules produce at least as much power as th
y combining the nameplate” rating and tolerance. The minimum nameplate po
the module power output specified on the nameplate. If a single value for modu

rminology for
ot provided a
ohibited from
nt manner to

he manner
d only after
dures may
5-1-x. The
t2 and t3 )
loc and ISC
ule power,
o.1.

b minimum
wver rating,
e power is

he nameplate, P, (NP) is simply that value. If a range of module powers is stated on the

Prax(NP) is the power at the lowest end of that range. Subclause 5.2.2 requires

tolerance infarmation from the nameplate is reproduced in the datasheet. In the
prived from the.datasheet is different than that on the nameplate, the module shall be
g 5.2.2 ahd-thus does not meet the requirements of IEC 61215-1.

that power
case that
judged as

ce,\ly,; is the tolerance in % for P, stated on the nameplate and datasheet, as

5.1i)and 5

r|equired by

2:2a). If the tolerance is asymmetric about P....(NP), the tolerance referring to the|low power

limit shall be utilized as t,. If the tolerance is not stated on the nameplate or is not stated on the datasheet,
then t; = 0. If tolerance is not reduced to a single value on the nameplate or data sheet (for example, if
multiple tolerances or measurement uncertainty components are specified) the smallest number, not a
combination of multiple numbers, shall be utilized.

Formulas (3) and (4) verify, for safety reasons, that the module does not produce more voltage at open
circuit, or current at short-circuit, than the maximum indicated by combining the nameplate rating and
tolerance. The maximum open circuit voltage V,.(NP) and maximum short-circuit current /,(NP) are those
specified on the nameplate. If a range for open-circuit voltages or short-circuit currents is stated on the
nameplate, V,(NP) or I,(NP) is to be taken as the highest value in that range. The tolerance (t, for open
circuit voltage, or t; for short-circuit current) is that specified on the nameplate and in the product
documentation, as required by 5.1g), 5.1h), and 5.2.2c). If t, (or t3) is asymmetric about V (NP) (or
Isc(NP)), the tolerance referring to the higher end of the range shall be utilized. If £, or {3 is not stated in the
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documentation and on the nameplate, that tolerance shall be identified as 0. In the case that V,,(NP),
Is«(NP), or the tolerances in these quantities are different when derived from the datasheet than from the
nameplate, the module shall be judged as not satisfying 5.2.2 and thus does not meet the requirements of
IEC 61215-1. If a tolerance is not reduced to a single value on the nameplate or data sheet (for example, if
multiple tolerances or measurement uncertainty components are specified) the smallest number, not a
combination of multiple numbers, shall be utilized.

Figure 3 shows partial nameplates, datasheets, and derived values for four hypothetical products. These
examples illustrate the rules for identifying rated values and tolerances that were described in the
preceding subclauses.
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Product Z300W Product Z series
- Electrical Data at STC
Maximum power (P, ) 300 W
3% Peak power watts +3 % - P (W) 300 | 305 | 310
Maximum power voltage (V) 37V Max?mum power voltage - V, (V) 37 37,2 | 37,5 P (NP)=300W;f,=3%
Maximum power current (/) 81A Maximum power current (/. ) (A) 81 | 82 |827 Vo (NP)=459V: t = 5%
- - 3 oc ’ ' 2
Open circuit voltage * (V) 459V Open circuit voltage * - V.. (V) 459 | 4591459 I (NP)=89A t,=5%
Short circuit current @ (,SC) 89A Short circuit current @ - [ (A) 8,9 8,92 | 8,98
Maximum DC system voltage 1000V Module efficiency - n,, (%) 14 | 142 144
a +5 % |/ —0 % tolerance 2+5 % /-0 % tolerance on /. and V.
Product X series
Product X30pW Electrical Data at STC
Maximum popver (P, ) 296 to Peak power watts* - P__ (W) 296 to | 301 to | 306 to P) INP)=p9s W: t =0 %
e 300 | 305 | 310 VO NP = A5 9Vt = a9
Maximum poyver voltage (V_) 37V ; oc N2 °
mp Maximum power voltage - V__ (V) 37 | 372 | 375 Iy (NP)=8J0 A t,=4%
Maximum pojver current (/) 81A Maximum power current (I._) (A) 81 | 82 | 827
Open circuit Yoltage * (V) 459V Open circuit voltage ¢ - V,, (V) 459 | 459 |\ 459 If t, is not $pecified, it is
Short circuit durrent * (1)) 89A Short circuit current - I, (A) 89 | 8,92 898 takei to be 0
Maximum D{ system voltage 1000V Module efficiency - n_ (%) 14 (42 | 144
a+4 % /-0 % tolerance a+4 % / production tolerance
Product Y series
Product Y30pW Electrical Data at STC
Maximum poper (P, ) 3(10 w Peak power watts - P_. (W) 300 | 305 | 310 P (NP)=300W;t =0%
+3%/-0 Power output tolerance (%) -0/+3|-0/+3|-0/+3 V.. (NP)=459V;t,=2%
Maximum pover voltage (V, ) 37V Maximum power, yoltage - Vi (V) 37 | 372|375 I (NP)=8DA t.=2%
Maximum poyver current (/. ) 81A Maximum powerctrrrent (I_ ) (A) 81 | 82 | 827 ¢ is ot rebiuced 0 a sinl
= — is not regluced to a single
Open circuit Yoltage 2° (V. ) 459V Open cllrcu.vt Voltage *° - V. (V) 45,9 | 459 | 459 Zvalue. Tus, the smallegr
Short circuit qurrent 2° (/_ ) 8,9A Short circtit current 2° - [ . (A) 89 | 892 | 898 value is cHosen. The same
Maximum D system voltage 1000V Module efficiency - n (%) 14 14,2 | 14,4 situatiop exists for ¢,.
a2 %measurement uncertainty 2 #2 %measurement uncertainty
®+10 fs tolerance I, and V,, *>+10 % tolerance I, and V.
Product T series
el R D Electrical Data at STC
Maximum poher (Pa) 300 W o
Power selectfon (£ W) Peall( power watts® - P__ (W) 300 310
Maximum pojver voltage (Vmp) 37V Max!mum power voltage - Vm V) 87 37.5 Fails to megt requirements
Maximurm pojver current {7} B1A Maximum power current (Ime (A) 8,1 8,27 Ef IEC 6(112 5_f1 522, "
ircui a. ower edge of power bin is
Open circuit Yoltage (V) 459V Open C.IFCUlIt voltage * - V. (V) 459 | 459 295 W ongr amgplate, but
Short circuit ustent (T, 89A Short direuit current * - . (A) 89 | 898 is 300 W of datasheet
- Madule efficiency - n (%) 14 144
Maximum DC System voltage TO00 V LA
3 % tolerance on P, _, I, Vs *23 % tolerance on P, Ig, Voo
IEC

su3963

Figure 3

Examples of hypothetical partial nameplates (left column), datasheets (center column), and
derived rated values and tolerances (right column)


https://ulnorm.com/api/?name=UL 61215-1 2021.pdf

JULY 28, 2021 UL 61215-1 27

7.2.2 \Verification of rated label values — Gate No. 1

All modules shall be stabilized following method MQT 19.1 from IEC 61215-2:2021 (for technology specific
requirements, see sub-parts of IEC 61215-1). After stabilization the modules shall be measured in
accordance with MQT 6.1 (Pax(Lab)) and shall meet the following criteria:

Po.ax Verification:

Each individual module shall meet the following criterion:

1,65
2 | 7
P (Lab)*x |1+ ——|>P_ (NP)x |l — —
where
P max (Lab is the measured maximum power at STC of each‘module in the stabilized state;
P max (NP is the minimum rated nameplate power of each module without tolerances;
my is the measurement uncertainty in % of faboratory for P« (expanded combjned
uncertainty (k=2), ISO/IEC Guide 98-3);-the factor 1,65/2 is used to convert fhe
confidence intervals from two-sideddo one-sided at 95 % level of confidence; m; shall
include a component from spectral'mismatch, based either on measured spgctral
response or the worst-case possibility for a given technology type; m, shall be less
than stated in the technolagy:specific parts of this standards series;
4 is the manufacturer’s rated lower tolerance in % for Py,y.

For P..«(Lfb) the following criterion shall apply:

1,65 |
Po(Lab) x |1+ —2——|> P, (NP)
100
where
Prax(Lab) is the arithmetic average of the measured maximum STC power of the modules in

stabilized condition.

For multiple bins of power classes this formula has to be applied to each power class under investigation.

NOTE Formula (2) is not intended for power verification of a batch in mass production as systematic differences between different
labs and reference devices are unavoidable. In such cases, formula (1), which includes the relevant uncertainties, better describes
the application to average values.

Ve verification:
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Each individual module shall meet the following criterion:

3)
1,65
Voo(Lab) x |1+ =2 ml| Vo (NP)x |1+ 4
a — " |< AL
oc 100 oc 100
where
Voc (Lab) is the measured maximum V¢ of each module in the stabilized state;
Voc (NP) is the maximum rated nameplate V¢ of each module without tolerances;
my is the measurement uncertainty in % of laboratory for V¢; (expanded uncerfainty
(k=2), ISO/IEC Guide 98-3); the factor 1,65/2 is used to convert'the confidenge
intervals from two-sided to one-sided at 95 % level of confidence;
t is the manufacturer’s rated upper tolerance in % for Vige
If V,; cannot be measured due to module-integrated electronies (such as MOSFETs), the|module is
exempt from the V, verification requirement. This exemption shall be noted in the test report. \{,; shall not
be determined by any means other than direct measurement, such as extrapolation.
I5c verificat|on:
Each indivilual module shall meet the following criterion:
(4)
1,65
Ioo(Lab)x 1+ 2y (NP) x 1+ﬂ
s¢ 100 |~ %€ 100
where
Isc (Lab) is the measured maximum /g of each module in the stabilized state;
Isc (NP) is the maximum rated nameplate /sc of each module without tolerances:;
my is the measurement uncertainty in % of laboratory for Is¢; (expanded uncertainty
(k=2), ISO/IEC Guide 98-3); the factor 1,65/2 is used to convert the confidence
intervals from two-sided to one-sided at 95 % level of confidence;
t3 is the manufacturer’s rated upper tolerance in % for /g

If I, cannot be measured due to module-integrated electronics (such as MOSFETSs), the module is exempt
from the Iy, verification requirement. This exemption shall be noted in the test report. I, shall not be
determined by any means other than direct measurement, such as extrapolation.

Prax Verification of lowest power class:
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Each individual module that is used for the qualification of low end power classes shall meet, in addition to
the previous stated criteria for P,,,, Voc and Igc, the following criterion relating to an upper power limit:

(5)

1,65
P_. (Lab) % I—T—m1 > P . 4(NP) x 1—ﬂ
max 100 = ‘ max4 100
where
Praxa (NA) is the maximum rated nameplate power of each lowest power class module] without
tolerances;
i is the manufacturer’s rated upper tolerance in % for P,.x(NP). 4/is selected subject

to the same rules as for t; (see Figure 3), except that if the tolerance is asynmetric
about P,,,4(NP), the tolerance referring to the high poweriimit shall be utilized.

The last cfiterion ensures that the modules of the lowest power class stay within the upper tolerance of
that class. [The last criterion is only applicable for the qualification<f the lowest power class. It gnsures that
a module manufacturer can make modules in the lowest power ¢lass that are free from majof flaws, and
thus the loyest power class is not used as a repository for damaged modules after qualification|is obtained
using severely underrated modules.

For bifacia| modules, P4 /s, and V. shall each becmeasured at the two irradiances specified in 5.1. The
Gate No. 1|criteria for P, s, and V.. shall be applied at both irradiances.

A systemalic variation to either higher or lewer output power or bifaciality coefficient will be stated in the
final report

7.2.3 Maximum power degradation during type approval testing — Gate No. 2

At the end|of each test sequence or for sequence B after bypass diode test, the maximum pwer output
drop of egch module P}, (Lab_GateNo. 2) shall be less than 5 %, referenced to the mogule’s initial
measured putput power 'R, (Lab_GateNo. 1). Each test sample shall meet the following criterfon:

(6)

[ \
PrLab_GateNo.2) = 0,95 % Pry(Lab_GateNo-1)- (T ﬁ

The reproducibility rin % shall be determined for P, and shall be used in the formula. The reproducibility
shall be less than or equal to that stated in the technology specific parts of this standards series.

The reproducibility r is verified by comparing the control module(s) from sequence A after initial
stabilization (beginning of the test) and after final stabilization (end of tests from sequence B to E). The
second test shall be performed after completing all tests. The following applies:

a) All modules from sequences B (after MQT 18.1), C, D and E are measured together with one control
module from Sequence A.
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b) If a) cannot be used due to test flow (different completion time of sequence or customer requests
restrictions) the following applies:

For each sequence B (after MQT 18.1), C, D and E one control module from sequence A shall be
defined. The control module is stabilized and measured together with the modules from the
applicable sequence B (after MQT 18.1), C, D or E. For each determined value r the requirement
for r shall be fulfilled.

The reproducibility parameter r is not equal to the total measurement uncertainty of MQT 06.1. It is
advisable that the same solar simulator is used for P, (Lab_Gate No. 1) and P, (Lab_Gate No. 2).

If the meag
check with
test is resp
19.1. If all
control moc
technology

For bifacial
5.19).

7.2.4 Eleg

Samples ar

ured r exceeds the technology specific limit for the control module the laborato

checks confirm the measurement equipment is performing correctly, this. indicat
ule has drifted by more than the technology specific limit. In this case/_proceed b
specific limit for r.

modules, Gate No. 2 shall each be assessed only at the larger,irradiance (BNPI) s

ttrical circuitry

e not permitted to exhibit an open-circuit during the tests.

7.3 Visual defects

There is no
7.4 Electi
a) The insu

b) The wet
sequence.

c) Specific

visual evidence of a major visual deféct, as defined in Clause 8.
ical safety
ation test (MQT 03) requirements are met at the beginning and the end of each sequ

leakage currenttest' (MQT 15) requirements are met at the beginning and the e

equirements of the individual tests are met.

needs to

ts own internal reference module(s) whether the test equipment is faulty, or thé module under
pnsible for the poor reproducibility, or it is not in a stable state after applied procedure MQT

s that the
using the

specified in

ence.

nd of each

8 Major vrsual defects

The purpose of the visual inspection is to detect any visual defects that may cause a risk of reliability loss,
including power output.

In some instances more detailed inspection may be required to finally decide if major visual defects exist

or not.

For the purpose of design qualification and type approval the following observations are considered to be

major visua

| defects:

a) Broken, cracked, or torn external surfaces.

b) Bent or misaligned external surfaces, including superstrates, substrates, frames and junction boxes to
the extent that the operation of the PV module would be impaired.
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c) Bubbles or delaminations forming a continuous path between electric circuit and the edge of the

module.

d) If the mechanical integrity depends on lamination or other means of adhesion, the sum of the area of all

bubbles sh

all not exceed 1 % of the total module area.

e) Evidence of any molten or burned encapsulant, backsheet, frontsheet, diode or active PV component.

f) Loss of mechanical integrity to the extent that the installation and operation of the module would be

impaired.

g) Crackeg
electrical ¢

h) Voids in
over more

i) Broken i
i) Any shor
k) Module
9 Report
Following 1
specificatiq
a) a title;
b) name ar
c) unique i
d) name ar

e) descript
and/or whe

/broken cells which can remove more than 10 % of the cell’s photovoltaic active'’ar
rcuit of the PV module.

, or visible corrosion of any of the layers of the active (live) circuitry of the modul
than 10 % of any cell.

terconnections, joints or terminals.
f-circuited live parts or exposed live electrical parts.

markings (label) are no longer attached or the information is unreadable.

n for the module. Each test report shall include at least the following information:

d address of the test laboeratory and location where the tests were carried out;
Hentification of the report and of each page;
d address-ofclient, where appropriate;

on andridentification of the item tested, including indication if it has been evaluated fi
therit'is has been evaluated as a flexible module;

ea from the

e extending

ype approval, a report of the qualification‘tests, with measured performance characteristics and
details of dny failures and re-tests, shall be prepared by the test agency. The report shall conta

n the detail

br bifaciality

f) characte

g) date of r

rization and condition of the test item;

eceipt of test item and date(s) of test, where appropriate;

h) identification of test methods used;

i) reference to sampling procedure, where relevant;

j) any deviations from, additions to, or exclusions from, the test method and any other information relevant
to specific tests, such as environmental conditions, or the irradiation dose in kWh/m? at which stability is

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

photograph

s as appropriate including:

— temperature coefficients of short-circuit current, open-circuit voltage and peak power,

- po
— bif:

wer at STC and low irradiance,

aciality coefficients at STC and low irradiance (for bifacial modules),

—the maximum shaded cell temperature observed during the hot-spot endurance test,

ectrum of the lamp used for the UV preconditioning test,

—-m

—th

—h4

— maximum power loss observed after all of the tests,

— fg
perf

— Cg

voltage, polarities, and mounting configuration;

—ch
18.2

— if
medg
medg
reqy
[) any failur
m) a repres

n) the test |

0) a summ
tendencies

bunting method(s) utilized in the static mechanical load test,
b positive/negative test loads and the safety factor y,,, used in the static mechanical I¢

il ball diameter and velocity used in the hail test,

r flexible modules, the diameter of the cylinder over whieh the module was 4
pbrmance of MQT 22, and

nditions of potential induced degradation (PID) test(MQT 21) including applied ra

oice of test method where procedures allow more than one option (e.g. Method A o
; final stabilization method in MQT 19.2, etc.)

open-circuit voltage, short-circuit current, or associated temperature coefficients
sured due to module-integrated~electronics, these quantities shall be reportg

surable due to module-integrated electronics." Any resulting exemptions fro
irements on /;; or V.. shall also-be noted.

bs observed and any retests performed;
entation of the markings of the module type including manufacturer’s power toleranc
hb name and-date, for each component qualification required in Table 1;

ary. of.results from all pass criteria defined in Clause 7 in absolute and relative
te_either higher or lower values are observed this has to be included in the report

ad test,

ent during

ed system

r B in MQT

cannot be
d as "not
m Gate 1

change. If
The used

stabilization

procedure (Irradiance, temperature, time) needs 10 be stated In detall,

p) a statement of the estimated uncertainty of the test results (where relevant); state the reproducibility r

from the co

ntrol module that is used for Gate No. 2.

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

r) where rel

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

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

laboratory.
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10 Modifications

Changes in material selection, components and manufacturing process can impact the qualification of the
modified product.

Retesting shall be performed according to IEC TS 62915. The recommended test sequences have been

selected to identify adverse changes to the modified product.

During retesting, tests that are performed on representative samples do not need to be repeated if the only
change to a product is one of size, and the change in product size still allows use of the same

representative sample size already tested.
The number of samples to be included in the retesting program and the pass/fail criteria~are ffo be taken
from the refevant clauses/subclauses of this document.
11 Test flow and procedures
For design qualification and type approval the following test flow and procedures apply. Table 3
summarizgs the different tests. The full test flow is given in Figure 2. A\déscription of the tegts and test
procedures is given in IEC 61215-2:2021. Technology-relevant differénces are described in the respective
technology| specific part of this standards series.
Table 3
Summary of test.levels
Test Subclause in IEC Title Test conditions
61215-2:2021

MQT 01 41 Visual inspection See list of major visual defects in Clause|8

MQT 02 4.2 Maximumpower See IEC 60904-1 for monofacial moduleg and IEC

determination TS 60904-1-2 for bifacial modules

MQT 03 4.3 Insulation test est levels vary between 500 V minimum pnd 1,35 x
(2000 + 4 x V) maximum depending op system
voltage, module class, and presence of gemented
joints. See MQT 03 procedure for further|detail.

MQT 04 4.4 Measurement of temperature See IEC 60891

coefficients See IEC 60904-10 for guidance
MQT 06.1 4.6 Performance at STC Cell temperature of 25 °C at STC
Irradiance: 1 000 W/m? (and BNPI, for bifacial
modules) with IEC 60904-3 reference sojar spectral
irradiance distribution
Requirements see Clause 7

MQT 07 4.7 Performance at low irradiance | Cell temperature: 25 °C
Irradiance: 200 W/m? with IEC 60904-3 reference
solar spectral irradiance distribution

MQT 08 4.8 Outdoor exposure test 60 kWh/m? total solar irradiation

MQT 09 4.9 Hot-spot endurance test Exposure to irradiance in worst-case hot-spot
condition as per the technology specific part and IEC
61215-2. For monofacial modules, irradiance is 1 000
W/m?. For bifacial modules the irradiance is BSI.

MQT 10 4.10 UV preconditioning 15 kWh/m? total UV irradiation in the wavelength
range from 280 nm to 400 nm, with 3 % to 10 % UV
irradiance in the wavelength range from 280 nm to
320 nm, at a module temperature of 60 °C. For

Table 3 Continued on Next Page
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Table 3 Continued

Test

Subclause in IEC
61215-2:2021

Title

Test conditions

bifacial modules, exposure is repeated on the rear

side.

MQT 11

4.11

Thermal cycling test

50 (Sequence C) or 200 (Sequence D) cycles from
—-40 °C to +85 °C with current as per technology
specific part up to +80 °C, with 5 N weight hanging

from the junction box.

MQT 12

4.12

Humidity freeze test

10 cycles from +85 °C, 85 % RH to —40 °C with

circuitry continuity monitoring

MQT 13

4.13

Damp heat test

1000 h at+85 °C, 85 % RH

MQT 14

4.14

Robustness of termination

Test of junction box retention and Cord’an

chorage.

MQT 15

4.15

Wet leakage current test

Test voltage increase at a rate not'exceeding 500 V/s

to 500 V or the maximum system voltage
module, whichever is greater. Maintain th
this level for 2 min. Sélution temperature
2)°C.

for the
P voltage at
s (22 £

MQT 16

4.16

Static mechanical load test

Three cycles of uniform load specified by
manufacturer, ‘applied for 1 h to front and
surfaces in turn. Minimum test load: 2 40

the
back
Pa

MQT 17

Hail test

Ice ball impact directed at 11 locations. R
mihimum ice ball diameter of 25 mm and
28,0'm/s.

bquired
speed of

MQT 18

4.18

Bypass diode thermal test

MQT 18.1: Bypass diode thermal test:
1hatl,and 75 °C

1hat1,25times /,;and 75 °C

MQT 18.2: Bypass diode functionality tes
At 25 °C perform voltage and current meg
For bifacial modules, /s in the conditions
that measured at elevated irradiance BSI

surements
Bbove is

MQT 19

4.19

Stabilization

Three consecutive output power measurg
P, and P using MQT 02. STC output poy
determined using procedure MQT 06.1.

ments Py,
eris

MQT 20

4.20

Cyclic (Dynamic) Mechanical
load test

IEC TS 62782
1000 cycles at 1 000 Pa

MQT 21

4.21

Potential induced degradation
test

IEC TS 62804-1
+85 °C, 85 % RH at maximum system vol
h

tage for 96

MQT 22

4:22

Bending test — for flexible
modules only

25 cycles rolled up (without damage) aro
cylinder with a diameter specified by the 1
manufacturer over which the flexible mod
bent

nd a
hodule
lles can be
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Annex A
(informative)

Changes from previous edition
A.1 General

This annex is included with edition 2 of the IEC 61215 series to better explain the project team’s reasoning
in developing some of the changes made since edition 1. This annex is informative, describing the
development history and rationale. This annex does not modify or complete any of the test procedures
found in the IEC 61215 series.

The following changes are discussed in this annex:

* Procedurgs for bifacial modules

* Use of representative samples

+ Addition ¢f dynamic mechanical load test

+ Addition ¢f test for potential induced degradation

+ Simulator requirements

* Referencgs to retest guidelines

» Weight on junction boxes

» Correctioh to monolithically-integrated hot-spot'endurance test
* Number gf modules in sequence

* Removal jof nominal module operating temperature (NMOT)
* Very low gurrents during thinfilm tests

* Limit bypass diode testing to three diodes

* Revert the insulatioh test to 2005 version

* Bending fest

» Stabilization option for boron oxygen LID (MQT 19.3)

To create edition 2, a number of minor corrections and clarifications to the edition 1 wording were also
made. These minor changes are not discussed in this annex.

A.2 Procedures for bifacial modules

The IEC 61215 new edition includes text related to bifacial modules, whereas edition 1 did not. The new
edition includes several instructions related to bifacial modules:

* Procedures for measuring bifacial modules are included via references to IEC TS 60904-1-2.
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* Where test levels need to be adjusted for bifacial modules due to potentially higher currents during
operation, these increased values are specified.

+ Additional reporting requirements (e.g. bifaciality coefficients) are described.

» Tests that may be omitted because referenced standards have not yet been modified to account for
bifaciality are noted.

Qualification of bifacial modules requires measurement of several quantities beyond those required for
monofacial modules. The short-circuit current bifaciality coefficient @5, the open-circuit voltage bifaciality
coefficient @y, and the maX|mum power blfaC|aI|ty coefficient cppmax shall be listed on the nameplate, as
per IEC 61245-+2024--5-4)—Fhese-coe -MQT 6.1. Any
significant eV|at|on between the measured and Ilsted values shall be noted in the test repoft, @s per IEC
61215-1:2021, 7.2.2. MQT 07, performance at low irradiance, also requires calculationcefith¢ bifaciality
coefficients|at low irradiance.

Qualification of bifacial modules requires performance measurement (MQT 06.1)at three ifradiances.
These irradjances are

+ 1 000 W/m? (the irradiance at STC, as defined in IEC TS 61836),

« conditiond equivalent to 1 000 W/m? on the front side and 135 W/m?26n the back side (BNPI, |as defined
in 3.11), and

« conditiond equivalent to 1 000 W/m? on the front side and-300 W/m? on the back side (BSI, ag defined in
3.12).

BNPI and |BSI may be applied in any method allowed by IEC TS 60904-1-2, such as [single-side
illumination| at equivalent irradiance, or double-side illumination. If single-side illumination is (tilized, the
simulator s¢tting depends on the moduIe bifaciality through the equivalent irradiance defined in p0904-1-2.
Extrapolati¢n of performance parameters at.BSI from the values of 1 000 W/m? on front and 340 W/m? on
back is pospible if the flasher is unable to achieve high enough irradiance for BSI.

BNPI is us¢d for nameplate verification. 135 W/m? rear irradiance is chosen for BNPI based |on several
published studies that find, W|th typical module spacmg and light-colored soil, the rearside irragliance is in
the range o¢f 100-150 W/m? when 1 000 W/m? is incident on the front side.[2] [3] [4] [5] [6]|BNPI thus
conveys an|approximation of typical power gain due to bifaciality.

BSl is used to measuré:guantities that determine applied stress conditions. A 300 W/m, rear irfadiance in
BSI is usefl to represent worst case (most stressful) conditions with a reflective (0,5 albedo) ground
cover.[7] Tg ensure'safe products, this worst case condition is used to set the stress levels.

For bifacia]| modules, measurements at both STC and BNPI are used for Gate No. 1, [while only
measurements at BNPI are utilized for and Gate No. 2 criteria. For final Gate No. 2 measurements (post
stress,) STC measurement and re-evaluation of bifaciality coefficients are not required, in order to keep
cost of qualifying bifacial modules reasonable. Instead, Gate No. 2 is evaluated only at the more stringent
condition, BNPI, where possible series resistance and other fill factor losses induced by stress are
expected to be largest. By not requiring STC measurement or re-evaluation of the bifaciality coefficients
for the final Gate No. 2 measurement, time-consuming (expensive) steps of re-calibration simulators at
multiple intensities, only to obtain a less stringent test, is avoided. Requirements for measurement
intensities and evaluation of bifaciality coefficients requirements are stated in IEC 61215-1:2021, 7.2.2 and
7.2.3, and in IEC 61215-2:2021, 4.6.3 "Measuring at STC (MQT 06.1)".

For several tests, stress levels are increased from values based on one-sun front side illumination, in order
to account for potentially higher currents during bifacial module operation with backside illumination.
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* The test current is increased for the bypass diode thermal test MQT 18.1. For bifacial modules, MQT
18.1 specifies 1,25 times the module short-circuit current at the elevated irradiance BSI. Use of this higher
current is required in IEC 61215-2:2021, 4.18.1.4b).

* The test current is also increased in the same manner for the bypass diode functionality test MQT 18.2,
as specified in IEC 61215-2:2021,4.18.2.3.2 b).

* In MQT 11 the technology-specific current to be applied during thermal cycling is larger for bifacial
modules. IEC 61215-1-1:2021 specifies that the technology specific current which needs to be applied
according to test MQT 11 of IEC 61215-2:2021, shall be equal to the peak power current at the elevated
irradiance BSI.

* In MQT (
elevated ir
the cell ar
module fes

A.3 Use

At present
dimension
product is
samples 1

representative sample is one that includes all the components.6f the module, except some rep

and is thg
verification|

A represer
"very large
simulator,

simulators
showed th
various teg
project tea
between n
products W
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Limits are

9, determination of the cell shading percent and the prolonged exposure are peffo
fadiance BSI. If double-side illumination is used to produce BSI, both the back.and
e shaded in the same way. During cell selection, any cell that is permarnently s
ture (such as the junction box) is added to the list of selected cells.

bf representative samples

there are products intended to be qualified via IEC 61215, that.are much larger (e.g
than typical test equipment. Requiring a test lab to obtain’custom test equipm
brohibitively expensive and would create an unfair barrierto qualification. Thus, ref

refore smaller than the actual product. A fullsized sample is still required for
(Gate No. 1).

tative sample may be utilized if a modul€is "very large," as defined in IEC 6121
" module is taken to be anything that\will not fit on the largest commercially-a
or in the necessary environmental,“*chambers. The largest commercially-av
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m decided that defining a«ery large module as 2,2 m x 1,5 m is a reasonable d
pt providing a barrier to certification for large products, but encouraging certification
hen possible. By this definition, a module is considered very large if it exceeds 2
or exceeds 1,5 m.in-both dimensions.
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the dimendions that-define a very large module. In other words, when reducing the shorter din
representative sample shall be at least 0,75 m wide. In reducing the longer dimension, the ref
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mini-modulexfor qualification testing. The use and dimensions of representative samples shall

ive modules:for qualification testing. The reduced dimension(s) shall be no less th
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haded by a
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the test report.

If representative samples are utilized in Sequence E, then one extra module, full-sized, is required, and
shall be subjected only to MQT 16 (the static load test) and the requirements therein. The extra module is
required because mechanical load on a representative sample is not the same as doing it on a full-size
module. (To give an extreme example, a 10 m x 10 m x 5 mm glass pane may collapse under its own
weight, whereas a 1 m x 1 m x 5 mm glass pane may resist the 2 400 Pa loading.) However, a general
way to convert load requirements from one sample size to the next, for all product designs, does not exist
at the time of publication. Also, because of space limitations in the damp heat chamber, the full-size
module cannot be required to undergo the entire sequence E. Thus, as a compromise, an extra full-size
module in sequence E to supplement the representative sample. The full-size module will be evaluated for
structural and safety failures (e.g. broken glass) via the visual inspection (MQT 01) that is embedded in
MQT 16. If a design is susceptible to MQT 16 failures that involve DH (for example, a glue that debonds
after DH), such effects are best detected using the representative sample.
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If there are MLT failures that involve DH (for example, a glue that is not strong after DH), such effects will
be captured by the test on the representative sample.

The project team considered whether more thermal cycles should be required when MQT 11 is performed
on a representative sample. It was considered that thermomechanical fatigue tends to increase with
sample size, and therefore extra thermal cycles might be needed to qualify a fullsize product while
stressing a smaller representative sample. However, finite element modelling concluded that the cell size,
not the module size, is the critical dimension for thermomechanical fatigue, and thus extra thermal cycles

are not wari

ranted.

A.4 Addition of dynamic mechanical load test

A Dynamic
according t
PV module
stress, but
selected. E
stress leve
subject of ¢
processing

Mechanical Load (DML) test has been added in the IEC 61215 new edition and'is
b IEC TS 62782. The DML test was developed to evaluate the potential for cell-brea
5[8]. The goal was to find a load that would break cells that were already damaged
vould not break intact cells during the stress. During experiments, a load level of 1 (
ffect on the cells appeared to saturate at 1 000 cycles. These results forfed the b
s utilized in IEC TS 62782 and the IEC 61215 new edition. DML has “subsequentl
ther studies.[9], [10], [11] The DML test is intended to detect cell"damage that is
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ly-cracked cells occurs. Early studies how long it takes cracks to open up, and ther¢fore (even
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A.5 Addi1ion of test for potential induced degradation

Potential induced degradation (PID) has been observed to cause power output degradation in some
fielded modules. Examples of such reports can be found in the literature.[16], [17], [18], [19], [20] Thus, an
accelerated test to screen for PID susceptibility has been added in edition 2 of the IEC 61215 series, as
MQT 21.

The PID test, MQT 21, is performed in parallel with other tests, in a new Sequence F. Sequence F requires
two modules per installation polarity allowed by the manufacturer. If only one installation polarity is
allowed, only two modules receive PID stress. However, all four modules are subjected to Gate No. 1
verification, in order to keep Gate No. 1 statistics independent of the number of allowed installation
polarities.

The test procedure for MQT 21 is based on the previously published IEC TS 62804-1. The 85 °C / 85 %
RH / 96 h stress ("85/85/96") stress utilized in IEC 61215 edition 2 is one of three stress level options in
IEC TS 62804-1. Numerous accelerated test studies preceded the development of IEC TS 62804-1. PID
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has been studied to the extent that reviews of PID, including experimental dependencies, derived
acceleration, and underlying mechanisms, can be found in the literature.[21], [22] Literature reports vary
regarding acceleration factors. Equivalent outdoor exposure for the 85/85/96 stress utilized in IEC 61215
edition 2 has been estimated by different groups between 2 to 20 years,[23], [24], [25], [26], [27] for the
effect of a humid climate (e.g. Florida, USA) on a crystalline Si module. The differences in the literature
reports may reflect a need for utilization of different physical models in some studies, experimental
uncertainty, and different behavior among the products tested.

All products (modules based on crystalline Si cells, or thin film cells) are subjected to the same stress
conditions when executing MQT 21. The same stress conditions are applied even though it is likely that
acceleration factors differ from one product to the next, particularly for thin film modules, where the
underlying physical mechanism for PID is different than that in x-Si modules. It is estimated that the
acceleratidn Tactors for thin film modules are substantially smaller than that of typical c-Si mpdules.[28],
[29], [30] The methodology of defining stress levels that are empirically observed to separate failed versus

successful
study,[31]

explicitly s
were adde

The 85 °C
some othdg

selected b¢cause:

fielded products, then applying these conditions to all modules, is rooted in-the "JP
which formed the basis for several of the IEC 61215 series stress tests. /A few
ating the methodology of the IEC 61215 series (constant stress conditions acros|
1 to the scope.

85 % RH /96 h level is probably more stressful (in terms of years of equivalent exp
r MQT’s, for c-Si in most use environments. However, this. relatively harsh co

| block buy
sentences
s products)

osure) than
hdition was

+ Data shoy thin film modules need a higher accelerated stress-lgvel than Si modules to reprdduce early-
life PID failures.

* Prior to the inclusion of a PID test in IEC 61215, several major module manufacturers had already
selected the 85 °C / 85 % RH / 96 h stress level for intefnal qualification programs.

* Use of a ljght soak may lead to some power recovery, therefore justifying increasing the stresg level.

* Increased use of modules in potentially harsh PID-prone environments, such as very rainy climates, may
warrant a harsher test.

The way ih which modules are mounted has been observed to affect PID.[32] [33] Thus,| during the

chamber t
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resistance

PID stress
These are
voltage bi

illumination.

pst in IEC 61215 (and IEC TS 62804-1), on request by the manufacturer, module
s described in thevinstallation manual during testing, if the manufacturer statq
is achieved viagmopunting method.

on CIGS«may be applied with a modest forward voltage bias applied across the inte
the same conditions approved for the damp heat test (MQT 13) in IEC 61215-1-4
s prevents effects that do not occur when stress is applied under field-ref

s might be
s that PID

rnal circuit.
:2021. The
resentative

A wet leakage current test (MQT 15) is part of the final measurements within MQT 21. This wet leakage
current test is to be performed within 8 hours of the end of the PID stress, as in IEC TS 62804-1. The
inclusion of the test, with a time limit, is motivated by the increase in leakage current seen in some
modules during in-situ monitoring, and may have a time scale for reversibility that is similar to the PID.

A final stabilization, MQT 19.2, is performed prior to gate 2 on all modules that have been subjected to PID
stress. The conditions for this final stabilization are described in the technology-specific parts (IEC 61215-
1-x).

For crystalline Si modules, the final stabilization is a short light soak (2,0 kWh/m?) meant to reverse the
effects of PID-polarization, which results from the movement of charge within the module,[34] as opposed
to PID-shunting (PID-s), which results from movement of Na within the module, a slower process. Tests on
some modules show that PID-polarization (PID-p) does not occur when PID stress is applied with field-
representative illumination,[35] and thus should not be allowed to cause design qualification failure when
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administering a dark PID stress test. UV has been shown to be important in reversing PID-p.[36] Thus, the
class CCC solar listed as required apparatus in MQT 19.2 shall fulfill the class C spectral requirements
over at least the short-wavelength portion of the extended wavelength range described in IEC 60904-9, for
stabilizations performed after PID testing. For bifacial modules, light is applied to the rear side during this
stabilization.[37] Since a small amount of PID-s may reverse during a short light soak,[38] the light soak is
applied to the front of monofacial modules, to obtain a consistent comparison of test results across module
types.

For thin-film modules, the final stabilization is included to put metastabilities into the light-soaked state and
obtain an accurate Gate No. 2 performance measurement. Thus, the thin-film light soak is performed in
nearly the same manner as other thin-film final stabilizations (MQT 19.2). One additional requirement
exists for final stabilization of thin-film modules after PID stress: Once the stabilization criterion is met, the
light soak shall be terminated within two irradiation intervals (as defined in the technology-specific parts of
MQT 19). This time limit is included to prevent attempts to reverse Na migration with extremely long light
soaks that are many times that needed to account for metastability.

After the c
Between th

bmpletion of MQT 21, module storage conditions between subsequent/tests are [controlled.
ese test steps, the modules are to be maintained indoors, in the dark;” and at temperatures

25 °C or bg

There is alg

technology
attempts to

A.6 Simu

A.6.1 General

Edition 2 r

classificatio
letter of the

spectral

m
simulator r{quirements in MQT 02 (maximum power determination), MQT 6.1 (performance at

MQT 07 (p

IEC 61215-

a) a class H

sample,

b)a BBA o

the solar simulator(and a data correction according to IEC 60904-7, or

c)aAAAsi

oTy

low. No more than 48 h elapse between the end of MQT 21 and the’beginning of
o time limit between MQT 19.2 and MQT 06.1: It is either 48 h orthe time limit speq
specific stabilization procedure, whichever is shorter. These\controls are intended
reverse Na migration before Gate No. 2 via anomalous storage time and conditions.

Jator requirements

bvises both the spectral and uniformity tequirements for simulators. (Notation fo|
ns are defined according to IEC 60904-9: The AM1.5 spectral match is denoted
three-letter simulator classification. EForexample, a CBA simulator is categorized wi
tch, a type B spatial uniformity, and a type A temporal stability.) The revision

rformance at low irradiance),
2:2016 allowed three options for simulators during the measurement listed above:

BA or better simulator plus a reference device of the same size and cell technology

[ better simulator, plus the spectral responsivity of the module, plus the spectral dis

mulator. Several changes have been made to these requirements:

MQT 19.2.
ified in the
to prevent

I simulator
by the first
th a type C
applies to
STC), and

as the test

tribution of

pe A spatial uniformity is required.

« A simulator with type C or better spectral class may be utilized.

» There are more possibilities for how one obtains data to use in a spectral mismatch correction
(IEC 60904-7). The spectral response data may be taken by any test lab that is accredited for that
measurement. The sample used to obtain the spectral response data may be the test module or
may be a reference cell made with the same bill of materials as the test module.

* It is specifically stated that the component of uncertainty due to spectral mismatch shall be
included my, the uncertainty used in evaluating Gate No. 1. Maximum allowable values for m; are
specified in the technology-specific parts.

* Use of either spectral mismatch correction or a matched reference module (or cell) is required.
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The procedures in MQT 02 and MQT 6.1 are based on the most accurate measurement protocols that are
practical with current technology. This high level of accuracy is appropriate for the nameplate verification
and design qualification of IEC 61215. However, other types of documents refer to IEC 61215 maximum
power determination. Such documents include warranties, quality assurance documents, and extended
stress tests. A note has been included to remind users that less stringent requirements may be
appropriate for non-IEC 61215 applications. The note reads: "MQT 02 measurement procedures are
intended for minimal uncertainty, as performed by an accredited testing laboratory. Lesser requirements,
such as use of CAB class simulators, may be appropriate for other applications, such as quality control in
the factory. Applications that only require repeatability, such as comparing module performance before and
after an extended stress, may wish to relax spectral mismatch correction requirements."

A.6.2 Rationale for changes to spectral requirements

Revisions o the spectral requirements were made to limit possible spectral mismatch.in,a
manner, while still allowing test labs several practical choices as to how to achieve an acceptal
measurement.

systematic
ly accurate

The previdus text of IEC 61215 allowed using a solar simulator with Class Ayspectral matc
rating meagurements without spectral correction. This option was originally intended to provide)
achieve a|low spectral mismatch. However, more recent work has shown that requiring
spectrum is neither necessary nor sufficient for low spectral mismatch,[40}; [41], [42], [43] In g
using a Class A spectrum does not guarantee a smaller spectral mismatch error than using a

h for power
one way to
a Class A
ther words,
Class B or

Class C spectrum. In some cases, spectral mismatch errors can even be larger for a Class
compared fo Class C.[44], [45] The actual spectral mismatch errof depends on the procedures
samples, gnd test samples used.

Therefore,[the revised text of IEC 61215 has relaxed the-spectral requirement to Class C, &

A spectrum
5, reference

ut includes

wording regarding procedures to reduce spectral mismatch errors. The wording is basically the same as
IEC 60904-7: either the solar simulator irradiance is.calibrated using a reference sample hav|ng spectral
response that is similar to the device under test, ofva full calculation of the spectral mismatch efror is made
per IEC 60P04-7.

Support fof this position can be found in several literature studies. Excerpts from some of these studies

are reprodyiced here (with bold type added for emphasis):

+ ...classification of a solar,simulator does not provide any information about measurement
errors...related to photovoltaiciperformance measurements...such errors are dependent on the actual
measurement devices and-procedures used.[40]

» ...spectral class of:*a solar simulator is not necessarily an indicator for the precision of

measurement. With appropriate reference devices and measurement procedures also clasy C spectral
match yields a goed’comparability for c-Si PV modules.[41]
* ...the si Il mismatch

factor].[42]

* No benchmarking of solar simulators is therefore possible based only on the spectral match
information.[42]

...not always the spectrum of higher class would lead to the lower [spectral] mismatch factor. [43]

It is specifically stated that the component of uncertainty due to spectral mismatch shall be included in m,,
and maximum allowable values for m; are specified in the technology-specific parts. As stated in IEC
61215-1:2021, m, is to be calculated based either on measured spectral response or the worst-case
possibility for a given technology type. Worst case possibilities can be evaluated from a combination of
published data and the lab’s database of measurements.


https://ulnorm.com/api/?name=UL 61215-1 2021.pdf

42 UL 61215-1 JULY 28, 2021

This approach provides several options for test labs unable to invest in a module spectral response
system, while keeping uncertainty within reasonable bounds via limits on m4. A lab may choose reference
modules such that no spectral mismatch correction is needed. Size requirements on the matched
reference module have been removed. The lab may also measure cell spectral response, where a
reference cell with the same bill of materials as the test module is available. The lab may also obtain
spectral response data on such a reference cell, or on the test module, from another accredited test lab.

A.6.3 Rationale for changes to uniformity requirements

The change in simulator uniformity requirements from B to A was made based on an analysis of
uncertainty in power rating which includes contributions from several factors including irradiance
nonuniformit rrent mismatch between cells within a m | tral mismatch, m le temperature,
contact res|stance, and the procedure(s) used to calibrate simulator irradiance. Uncertainty)values listed
below (in Table A.1) are from Figure 7 of the referenced work,[46] using a coverage factor k'= 2.

Table A.1
Published uncertainty values as a function of simulator uniformity class

Approximate power rating uncertainty due'to all effects, when simulator

- - - d - ,
Irradiance nonuniformity irradiance is calibrated using a reference module’s...

...maximum power ...short-circuit current
2% (class A limit) 2,6 % 3.2%
g % (class B limit) 32% 6,2 %

For modul
nonuniform
power outp,
irradiance

determinati

Polls of wq
meeting ar
indicated th

The new e
"very larg
simulator.
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module cre
to utilize th

e|
Tt is recognized-that class A uniformity simulators larger than 2,2 m x 1,5 m

ps with higher fill factor, such as new high-efficiency Si modules, effects of
ty may be greater, since higher fill factor implies that a change in current changes

honuniformity would be too large forisome measurements, such as the maxim
pn of Gate No. 1.

rking group 2 members representing test labs were performed during a workir
d during a IEC 61215 new edition project team meeting. All such members in
at they already use simulators with class A uniformity.

ition includes one exception to the new uniformity requirement. For evaluation of
modules (as defined in IEC 61215-1:2021, 3.8) may be measured with a class B

ly availabletat present, and thus imposing use of a class A uniformity simulator on g
htes an unfair barrier to qualification. At present, only a small fraction of the market i

b exemption for very large modules. In future years, as module sizes and availab

irradiance
he module

ut more sharply. Based on this information; the project team decided the uncertaintjes for 5 %

um power

g group 2
attendance

bate No. 2,
uniformity
are rarely
very large
s expected
lity of very

large simuITtors evolves, the size definition for a very large module should be adjusted accordingly.

A.7 References to retest guidelines

IEC 61215 Edition 2 requires the use of IEC TS 62915 to determine if a retesting is needed. This
requirement is stated as, "Retesting shall be performed according to IEC TS 62915." To avoid any future
contradiction between IEC 61215-1 and IEC TS 62915, all further description of conditions that might
generate the need for retesting have been removed from IEC 61215-1:2021.

A.8 Weight on junction boxes

Poor adhesion of the junction box to the module has been observed in both fielded modules and
accelerated tests.[47], [48], [49], [50] Thus, in edition 2, the thermal cycling test (MQT 11) is modified to
include a 5N weight hanging from the junction box.
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