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PREFACE

This UL Standard is based on IEC Publication IEC 61215-1-4: Second edition Terrestrial Photovoltaic (PV)
Modules — Design Qualification and Type Approval — Part 1-4: Special requirements for testing of thin-film
Cu(In,Ga)(S,Se), based photovoltaic (PV) modules. IEC publication IEC 61215-1-4 is copyrighted by the

IEC.

This edition has been issued to satisfy UL Standards policy.

This UL Standard 61215-1-4 Standard for Terrestrial Photovoltaic (PV) Modules — Design Qualification

and Typ
Photovol
second e

Requiren

These m

Approval — Part 1-4: Special Requirements for Testing of Thin-Film Cu(In,Ga)(S,S
ic (PV) Modules, is to be used in conjunction with the second edition of UL 61215-
Jition of UL 61215-2.

ents of this Standard, where stated, amend the requirements of UL 61215-t.and UL 61

pterials are subject to copyright claims of IEC and UL. No part' of this publicatio

reproduced in any form, including an electronic retrieval system, without the-prior written permiss

All requej
Approval
modules,

Note — Alth
responsibili

5ts pertaining to the Terrestrial Photovoltaic (PV) Modules. < Design Qualification
- Part 1-4: Special requirements for testing of thin-film Cu(In,Ga)(S,Se), based photov
61215-1-4, Standard should be submitted to UL.

bugh the intended primary application of this Standard is stated in‘its Scope, it is important to note that it
y of the users of the Standard to judge its suitability for their particular purpose.

e), Based
1 and the

215-2.

n may be
sion of UL.
and Type
pltaic (PV)

remains the
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FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

TERRESTRIAL PHOTOVOLTAIC (PV) MODULES - DESIGN QUALIFICATION AND TYPE APPROVAL
— Part 1-4: Special requirements for testing of thin-film Cu(In,Ga)(S,Se), based photovoltaic (PV)

modules

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

Internationgl Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guid
referred to 3s “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee

the subject
liaising wit

Standardizgtion (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The fornal decisions or agreements of IEC on technical matters express, as nearly as possible, -an international ¢

opinion on {

3) IEC Pub

sense. Whilg all reasonable efforts are made to ensure that the technical content of IEG, Publications is accurate, IEC cg

responsible

4) In order

maximum gxtent possible in their national and regional publications. Any“divergence between any IEC Publica

correspond

5) IEC itselffldoes not provide any attestation of conformity. Indepefident certification bodies provide conformity assessn
and, in soe areas, access to IEC marks of conformity. IEC\is not responsible for any services carried out by

certification

6) All users

7) No liability shall attach to IEC or its directors,"employees, servants or agents including individual experts and mq

technical c
whatsoever,

reliance upgn, this IEC Publication or any other IEC Publications.

8) Attention

9) Attention
not be held

Internatiopal” Standard IEC 61215-1-4 has been prepared by IEC technical committee

dealt with may participate in this preparatory work. International, governmental and non-governmental d
the IEC also participate in this preparation. IEC collaborates closely with the International Org

he relevant subjects since each technical committee has representation from all interésted IEC National Com

for the way in which they are used or for any misinterpretation by any end*user.

o promote international uniformity, IEC National Committees undertake to apply IEC Publications transpg

g national or regional publication shall be clearly indicated inthe latter.

bodies.

Should ensure that they have the latest edition of this publication.

mmittees and IEC National Committees for any personal injury, property damage or other damage o
whether direct or indirect, orfor costs (including legal fees) and expenses arising out of the publicatio

is drawn to-the possibility that some of the elements of this IEC Publication may be the subject of patent rig
esponsiblefor identifying any or all such patent rights.

standardization-in-the electrical and electronic fields.—To this end and in-addition-to other activities EC pub”shes

bs (hereafter
interested in
rganizations
hnization for

onsensus of
mittees.

cations have the form of recommendations for international use and are aceepted by IEC National Comntittees in that

nnot be held

rently to the
ion and the

ent services
independent

mbers of its
any nature
h, use of, or

is drawn to the Normative references cited in this publication. Use of the referenced publications is indisperjsable for the
correct appljcation of this publication.

ts. IEC shall

82: Solar

photovoltaic energy systems.

This second edition cancels and replaces the first edition of IEC 61215-1-4, issued in 2016, and
constitutes a technical revision.

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

a) A cyclic (dynamic) mechanical load test (MQT 20) added.

b) A test for detection of potential-induced degradation (MQT 21) added.

c¢) A bending test (MQT 22) for flexible modules added.
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Informative Annex A of 61215-1:2021 explains the background and reasoning behind some of the more
substantial changes that were made in the IEC 61215 series in progressing from edition 1 to edition 2

The text of this standard is based on the following documents:

FDIS Report on voting

82/1827/FDIS 82/1852/RVD

Full inforrpation on the voting for the approval of this standard can be found in the report

indicated

This docu

n the above table.

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

This standard is to be read in conjunction with IEC 61215-1:2021 and IEC 61215-2:2021.

A list of a

|l parts in the IEC 61215 series, published under the general title) Terrestrial photovg

modules + Design qualification and type approval, can be found on the IECwebsite.

The committee has decided that the contents of this publicationy witf remain unchanged until th
date indidated on the IEC web site under "http://webstore.iec.ch" in the data related to th
publicatiof. At this date, the publication will be

« reconfirmed,

e withdrawn,

* replaced

* amended.

by a revised edition, or

pn voting

Itaic (PV)

e stability
b specific

IMPORT,
contain

NT - The 'colour.inside’ logo on the cover page of this publication indicates tha
colours whichrare considered to be useful for the correct understanding of its ¢

Users should therefore print this document using a colour printer.

it
bntents.
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TERRESTRIAL PHOTOVOLTAIC (PV) MODULES — DESIGN
QUALIFICATION AND TYPE APPROVAL - Part 1-4: Special
requirements for testing of thin-film Cu(ln,Ga)(S,Se), based
photovoltaic (PV) modules

1 Scope

This docliment lays down requirements for the design qualification of terrestrial photovoltai¢ modules
suitable fpr 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. T
are not cgnstrued as a quantitative prediction of module lifetime.

In climat¢s where 98" percentile operating temperatures exceed 70 °C, asers are recomn
consider [testing to higher temperature test conditions as described in IEC TS 63126. User
qualification of PV products with lesser lifetime expectations are recommended to consid
designed|for PV in consumer electronics, as described in IEC 63163 (under development). Use

pst results

nended to
s desiring
er testing
rs wishing

to gain cpnfidence that the characteristics tested in IEC 61215 appear consistently in a manufactured

product may wish to utilize IEC 62941 regarding quality systems{n PV manufacturing.

This docyment is intended to apply to all thin-film Cu(In,Ga)(S,Se), based terrestrial flat plate m
such it agldresses special requirements for testing of ¢his technology supplementing IEC 612
and IEC §1215-2:2021 requirements for testing.

This docyment does not apply to modules used-with concentrated sunlight although it may be
low concg¢ntrator modules (1 to 3 suns). For {low concentration modules, all tests are performed
irradiance, current, voltage and power levels expected at the design concentration.

The objegt of this test sequence is to:determine the electrical characteristics of the module and t
far as possible within reasonable ‘constraints of cost and time, that the module is capable of wi
prolonged exposure outdoorsiy Accelerated test conditions are empirically based on those ne
reproduc¢ selected obseryed field failures and are applied equally across module types. Ad
factors mfay vary with pfoduct design and thus not all degradation mechanisms may manife
general information on‘accelerated test methods including definitions of terms may be found in IE

Some long-term.degradation mechanisms can only reasonably be detected via component test
long times required to produce the failure and necessity of stress conditions that are expensive f{

bdules. As
15-1:2021

Litilized for
using the

b show, as
hstanding
cessary to
celeration
5t. Further
FC 62506.

ng, due to
0 produce

over large ‘areas. Component tests that have reached a sufficient level of maturity to set pass/

ail criteria

with high confidence are incorporated into the IEC 61215 series via addition to Table 1 in IEC 6
contrast, the tests procedures described in this series, in IEC 61215-2, are performed on module

1215-1. In
S.

This document defines PV technology dependent modifications to the testing procedures and

requirements per IEC 61215-1:2021 and IEC 61215-2:2021.
2 Normative references

The normative references of IEC 61215-1:2021 and IEC 61215-2:2021 are applicabl
modifications.

e without
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3 Terms

and definitions

This clause of IEC 61215-1:2021 is applicable without modifications.

4 Test samples

This claus

e of IEC 61215-1:2021 is applicable without modifications.

5 Marking and documentation

6 Testin

This claus[ of IEC 61215-1:2021 is applicable without modifications.

This claus

Special c3
specific re

7 Pass
This claus

The maxin

e of IEC 61215-1:2021 is applicable with the following modifications:

re has to be taken for stabilizing the power output of the module using MQT 19 procg
quirements stated in 11.19 below.

triteria
e of IEC 61215-1:2021 is applicable with the following modifications.

num allowable value of reproducibility is set to¢.=2,0 %.

The maximum allowable value of measurement uncertainty is set to m; = 4,0 % for modules d

single-jun
8 Major
This claus
9 Repor

This claus

ction cells, and my = 5,0 % for modules.containing multi-junction cells.
visual defects

e of IEC 61215-1:2021 is.applicable without modifications.

t

e of IEC 61215~1:2021 is applicable without modifications.

10 Modifications

This claus

e Of IEC 61215-1:2021 is applicable without modifications.

11 Test flow and procedures

The test flow from IEC 61215-1:2021 is applicable.

11.1 Visual inspection (MQT 01)

This test of IEC 61215-2:2021 is applicable without modifications.

11.2 Maximum power determination (MQT 02)

This test of IEC 61215-2:2021 is applicable without modifications.

dure with

ontaining
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1

11.3 Insulation test (MQT 03)

This test of IEC 61215-2:2021 is applicable without modifications.

11.4 Measurement of temperature coefficients (MQT 04)

This test of IEC 61215-2:2021 is applicable without modifications.

11.5 Placeholder section, formerly NMOT

This subdlause of IEC 61215-2:2021 does not require technology-specific modifications.

11.6 Pe

This test

11.7 Pe

This test

rformance at STC (MQT 06.1)
pf IEC 61215-2:2021 is applicable without modifications.
rformance at low irradiance (MQT 07)

bf IEC 61215-2:2021 is applicable without modifications.

11.8 Outdoor exposure test (MQT 08)

This test

bf IEC 61215-2:2021 is applicable without modifications.

11.9 Hat-spot endurance test (MQT 09)

This test

Cu(In,Ga
without i
limit the t

pf IEC 61215-2:2021 is applicable with:the following modifications:

(S,Se), thin-flm modules may(exhibit performance changes with extended time
ht exposure (the “dark soak?leffect). In order to minimize the influence of this dark s
me delay between the outdoor exposure or stabilization and the hot spot procedure to

n storage
bak effect,
within 2 to
ht beyond
n the dark

This subclause of IEC 61215-2:2021, test MQT 09, is applicable without modifications.

11.9.3 Classification of cell interconnection

This subclause of IEC 61215-2:2021, test MQT 09, is applicable without modifications.

11.9.4 Apparatus

This subclause of IEC 61215-2:2021, test MQT 09, is applicable without modifications.
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11.9.5 Procedure

MQT 09.2 of IEC 61215-2:2021 shall be performed for any monolithically integrated (MLI) module design.

If the module is constructed by interconnection of cell-like substructures, MQT 09.1 of IEC 61215-2:2021
may be applicable.

11.9.6 Final measurements

This subclause of IEC 61215-2:2021, test MQT 09, is applicable without modifications.

11.9.7 RLquirements

This subc
11.10 U\
This test g
11.11 TH
This test g
MQT 11 o
Method A
0,1 x STG
applied in
Method B
During the
specified
temperatu

the chamk

The techn
forward bi
power cur

ause of IEC 61215-2:2021, test MQT 09, is applicable without modifications.
Y preconditioning test (MQT 10)
f IEC 61215-2:2021 is applicable without modifications.

ermal cycling test (MQT 11)
f IEC 61215-2:2021 is applicable with the following modifications:

IEC 61215-2:2021 can be conducted according‘to the following methods:
Perform MQT 11 as defined in IEC 61213-2:2021, with the technology specific curren
peak power current. If 0,1 x STC peakipower current is less than 100 mA, then 100 m
stead.

Perform MQT 11 as defined.in IEC 61215-2:2021 with the following modifications:
thermal cycling test, set.the continuous current flow during the heat up cycle to the tq
current noted belowsat temperature from 0 °C to 85 °C. Maintain current flow dy
re dwell and cooldown cycle until the module temperature is below 0 °C. As necess3
er temperature to maintain module temperature below 85 °C.
plogy specific current which needs to be applied according to MQT11 of IEC 61215 2

bs current of 0,1 x STC peak power current to 0,3 x STC peak power current. If 0,1 x
rent.isless than 100 mA, then 100 mA may be applied instead.

t equal to
A may be

chnology
ring high
ry, adjust

shall be a
5TC peak

The current flow applied during Method B is shown superimposed on the temperature cycle in Figure 1.
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Minimum dwell time
10 min

Continue for specific g
number of cycles /

Forward bias current

N
3
=z
)
x. :
3 :
c h
3 :
= 3
o :
g

0% 10130 % of (-
(If lmpp <[1 A, increase
LRPEr limit to 100 mA)

"""""""""""""""""""""""""""" e O

Temperature (°C)
o

A
o

1 2 3 4 5 6 7 8

Time (ff)
IEC
su2511b

Figure 1
Current flow using(MQT 11 Method B

11.12 Humidity-freeze test (MQT 12)

This test f IEC 61215-2:2021 is applicable with the following modifications:

MQT 12 of IEC 61215-2:2021 canbe conducted according to the following methods:

Method A) Perform MQT 12 as defined in IEC 61215-2:2021.

Method B)) Perform MQT 12 as defined in IEC 61215-2:2021 with the following modifications:

During the humidity freeze test, set the continuous current flow during the heat up cycle to the technology
specified | current noted below at temperature from 0 °C to 85 °C. Maintain current flow dpring high
temperatire-dwelland-cool-dewn-—eyeleuntilmeodule temperature-hasreached-0°C-Asneecessary, adjust

the chamber temperature to maintain module temperature below 85 °C.

The technology specific current which needs to be applied according to MQT12 of IEC 61215 2 in Method
B shall be a forward bias current of 0,1 x STC peak power current to 0,3 x STC peak power current, with a
minimum of 100 mA.

The current flow applied during Method B is shown superimposed on the humidity-freeze cycle in Figure 2.
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1 full cycle

(85+5) % RH No RH control

8 Maximum time - 4 h ______

Minimum dwell time - 20 h

\ Continue for specific
/ number of cycles
o Maximum 100°Ch =~ N\ FA—

Forward bias current

] S W .~ 10/% to 3p % of |
(If 1, < 1A increase
upper limft to 100 mA)

Temperature of module (°C)

B B T e P ERCEEEEREY o DS RRPRRS - <0.5mA
. ) l—>]
Maximum cycle time 30 min

minimum dwell time

Time | (h)

IEC
su2512b

Figure 2
Current flow using MQT 12 Method B

11.13 Damp heat test (MQT 13)

This test df IEC 61215-2:2021 is applicable with the following modifications:

MQT 13 of IEC 61215-2:2021 can be conducted according to the following methods:
Method A) Perform MQT 13 as defined in IEC 61215-2:2021.

Method B) Perform MQT 13 as defined in IEC 61215-2:2021 with applied forward bias:

11.13.1 Procedure

a) Attach T suitabtetemperature—sensor (see—apparatus tequirements of MQT—tt)tothe—front or back
surface of the module(s) near the middle. If more than one module of the same type are tested
simultaneously, it will suffice to monitor the temperature of one representative sample.

b) Connect the temperature-monitoring equipment to the temperature sensor(s). Connect each module
individually to the appropriate voltage supply by connecting the positive terminal of the module to the
positive terminal of the power supply and the second terminal accordingly. During the damp-heat set the
applied voltage to Vi,,, £ 5 % at STC taken from the data-sheet and limit the current of the power supply to
less than 25 % of /. at STC.

c¢) Throughout the test monitor the module’s applied voltage and current. Report /-V trend. If current limit is
reached, applied voltage can drop below Vo, 5 % at STC.
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