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INTERNATIONAL ELECTROTECHNICAL COMMISSION

THIN-FILM TERRESTRIAL PHOTOVOLTAIC (PV} MODULES —
DESIGN QUALIFICATION AND TYPE APPROVAL

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrolechnical committees (IEC National Committees). The object of IEC is ifo promote
international cc-operation on all guestions concerning standardization in the electrical and electronic fields. To
this end and in addition to other aclivities, IEC pubiishes Iniernational Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides [hereafter referred fc as "JEC
Publication(s)"). Their.preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory werk. International, governmenta! and non-
governmeantal organizaiions liaising with the IEC also participate in this preparation. [EC collaborates closely
with the International Organization for Standardization (1S0) in accordance with conditions determined by
agreement between the two organizations.

2} The formal decisions or agreements of IEC on technical matiers express, as nearly as possible, an international
consensus of ppinion on the relevant subjects since each technical commitiee has representation from all
interested |IEC Nzfional Commitiees.

3} |EC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, |EC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) 1n order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any |IEC Publication and the corresponding nationa! or regional publication shall be clearly indicated in
the latter. .

5) |EC provides no marking procedure to indicate iis approval and cannot be rendered respensible for any
equipment declared to be in conformity with an IEC Publication. '

8) All users should ensure that they have the latest edition of this publicaticen.

7} Ne liability shall attach to |EC or its directors, employees, servants or agents including individuz! experts and
members of its technical commiitees and 1EC National Commitiees for any persenal injury, property damage or
other damage of any nature whatsoever, whether direci or indirect, or for costs (inciuding legal fees) and
expenses arising oui of the publication, use of, or refiance upon, this {EC Publication ar any other 1EC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referanced publications is
indispensable for the correct application of this publication.

9} Attention (s drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. JEC shall not be held responsible for identifying any or all such patent rights.

International Standard |EC 681645 has been prepared by IEC technical committee 82: Solar
photovoliaic energy systems.

This second edition cancels and replaces the first edition published in 1896. This edition
constitutes a technical revision.

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

The major change is In the pass/fail criteria. 1t no longer relies on meeting a plus/minus
criterion before and after each test, but rather on meeting the rated power after all of the tests
have been completed and the modules have been light-soaked. This was done to eliminate
the technology-specific preconditioning necessary to accurately measure the changes caused
by the test. {Some modules lose power in light while others lose power during dark heat.)
Since all modules must work after exposure to light, this seemed liked a good approach and
will streamline the test procedure, hopefully reducing the testing cost.

s Updated Normative references.
« Added a definition of “minimum value of maximum output power”.
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Modified the wording in Major visual defects to allow some bending and misalignment
without failure.

Added requirements to the report from ISO/IEC 17025.

Removed the "Twist Test” as was done from 1EC 61215, since no one has ever failed this
test.

Made the pass/fail criteria for insulation resistance and wet leakage current dependent on
the module area.

Added the temperature coefficient of power (8) to the required measurements.

Modified temperature coefficient secticn to allow for measurements under natural sunlight
or a sojar simulator.

Deleted reference plate method from NOCT.

Added apparatus sections to those test procedures that did not have apparatus sections in
edition 1.

Rewrote the hot-spot test.

Eliminated edge dip method from wet leakage current test.

Changed mechanical load test to 3 cycles to be consistent with other standards.
Added bypass diode thermal test.

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

FDIS Report on voting
82/512/FDIS 82/528/RVD

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

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

The cemmittee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstare.iec.ch” in
{he data related to the specific publicaticn. At this date, the publication wiil be

reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.
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THIN-FILM TERRESTRIAL PHCTOVOLTAIC (PV} MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL

1 Scope and object

This International Standard lays down reguirements for the design qualification and type
approval of terrestrial, thin-film photovaltaic modules suitabie for iong-term operation in
general open-air climates as defined in IEC 60721-2-1. This standard is intended to apply to
all terrestrial flat plate module materials nof covered by (EC 61215,

The test sequence is derived from IEC 61215 for the design qualification and type approval of
terrestrial crystalline silicon PV maodules, However, it ho longer relies on meeting a2 plus/minus
criterion hefore and after each test, but rather on meeting a specified percentage of the rated
minimum power after all of {he tests have been completed and the modules have been light-
soaked. This eliminates the technology-specific preconditioning necessary to accurately
measure the changes caused by the test.

This standard does not apply to modules used with concentrators.

The object of this test sequence is to determine the electrical and thermal characieristics of
the module and to show, as far as possible within reasonable constraints of cost and time,
that the module is capable of withstanding prelonged exposure in climates described in the
scope. The actual life expectancy of modules so qualified wiil depend on their design, their
environment and the conditions under which they are pperated,

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, tha latest edition
of the referenced document (incijuding any amendments) applies.

IEC 60068-1: Environmenfal testing — Part 1: General and guidance

IEC 80068-2-21: Environmental festing - Part 2-21: Tests — Test U: Robustness of
terminations and integral mounting devices

IEC 80068-2-78:2001, Environmental testing — Part 2-78; Tests — Test Cab: Damp heai,
steady state :

{EC 80410, Sampling plans and procedures for inspection by attribuies

IEC 60721-2-1, Classification of environmental conditions — Part 2-1. Environmental
conditions appearing in nature — Temperature and humidity

IEC 60891, Procedures for femperature and irradiance corrections fo measured [~V
characteristics of crystalline silicon photovoltaic (PV) devices

IEC 60804-1:2008, Photovoliaic devices — Part 1: Measurements of photovoliaic current-
voltage characteristics

IEC 80904-2, Photovoitaic devices ~ Parf 2: Requirements for reference solar devices
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IEC 60804-3, Photavoltaic devices — PFart 3: Measurement principles for terrestrial
photovoltaic (PV) solar devices with reference spectral irradiance data

IEC 60904-7, Photovoltaic devices — Part 7: Computation of spectral mismatch error
introduced in the testing of a photovoltaic device

IEC 60904-8, Photfovoltaic devices — Part 9; Solar simulator performance requirements
IEC 60904-10, Photovoltaic devices — Parf 10. Methods of linearity measurements

|EC 81215, Crystalline silicon terrestrial phofovoltaic (PV) modules — Design qualification
and type approval

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

3 Sampling

Eight modules for qualification testing (plus spares as desired) shall be taken at random from
a production batch or batches, in accordance with the procedure given in IEC 60410. The
modules shall have been manufactured from specified materials and components in
accordance with the relevant drawings and process sheets and shall have been subjected to
the manufacturer's normal inspection, quality centrel and production acceptance procedures.
The modules shall be complete in avery detail and shall be accompanied by the
manufacturer's handling, mounting and connection instructions, including the maximum
permissible system voltage.

If the bypass diodes are not accessible in the standard modules, a special sample can be
prepared for the bypass diode thermal test (see 10.18). The bypass diode should be mounied
physicaily as it would be in a standard module, with a thermal sensor placed on the diode as
required in 10.18.2. This sample does not have to go through the other fesis in the sequence.

When the modules io be tested are prototypes of a new design and not from production, this A
fact shall be noted in the test report (see Clause 8).

4 Marking

Each module shall carry the following clear and indelible markings:

* name, monogram or symbol of manufacturer;

+ iype or model number;

+ serial number;

+ polarity of terminals or leads (colour cading is permissible);

»  maximum sysiem voltage for which the module is suitable;

e nominal and minimum values of maximum output power at STC, as specified by the
manufacturer for the product type.

The minimum value of maximum output power refers to the lowest stabilized power that the
manufacturer specifies for the product type (for example after any light induced degradation
or recovery).

NOTE If the modules ta be tesied are protoiypes of a new design and not from production, the resuits of this test
sequence may he used to establish the module minimum power rating.




61646 € 1EC.2008 -9-

The date and place of manufacture shali be marked on the module or be traceable from the
serial number.

5 Testing

The modules shall be divided into groups and subjected to the gualification test sequences in
Figure 1, carried out in the order laid down. Each box refers to the corresponding subclause
in this standard, Test procedures and severities, including initial and final measurements
where necessary, are detalled in Clause 10. However, with regard to the tests of 10.2, 10.4,
10.6 and 10.7, it should be noted that the procedures laid down in |IEC 60891 for temperature
and irradiance corrections to measured |-V characteristics apply only to linear modules. Use
[EC 60904-10 to assess linearity. If the module is non-iinear, these tests shall be carried out
within 25 % of the specified irradiance and within £2 °C of the specified temperature.

NOTE 1 Where the final measurements for one fest serve as the initial measurements for the next test in the
sequence, they need not be repeated. In these cases, the initial measurements are omitied from the test.

For diagnostic purposes, intermediale measurements of maximum power (10.2) may be undertaken before and
after individual tests.

NOTE 2 The control module should be stored in accordance with the manufacturer's recommendaztion.

Any single test, executed independently of 2 test sequence, shall be preceeded by the initial
tesis of 10.1, 10.2 and 10.3.

In carrying out the tests, the tester shall strictly observe the manufacturer's handling,
mounting and connection insfructions. Tesis given in 10.4, 10.5, 10.6 and 10.7 may be
omitted if future 1EC 81853 has been or is scheduled to be run on this module typs.

Thin film technologies can have different stabilization characteristics. It is impossible tc define
a single stabilisation procedure applicable to all thin film technologies. This procedure tests
the modules “as received" and attempts to reach a stabilised condition before final test.

Test conditions are summarized in Table 1.

NOTE 3 The test levels in Table 1 are the minimum levels sequired for qualification. If the laboratory and the
moduie manufacturer agree, the tests may be performed with increased severities.

6 Pass criteria

A moduie design shall be judged to have passed the qualification tests, and therefore, o be
IEC type approved, if each test sample meets all the following criteria.

a) after the final light soaking, the maximum output power at STC is not less than 90 % of the
minimum value specified by the manufacturer in Clause 4;

NOTE The pass/fail criteria must consider the laboratory uncertainty of the measuremenl. As an example, if
the laboratory extended uncertainity, 2 sigma of the STC measurement, is =5 %, then & maximum power
.measurement greater than 85,5 % of the minimum specified value would be the pass criteria,

by no sample has exhibited any open-circuit during the tests;
c) there is no visual evidence of a major defect, as defined in Clause 7;
d) the insulation test requirements are met after the tests;

e} the wet leakage current test requirements are met at the beginning and the end of each
sequence and after the damp heat test;

fy specific requirements of the individual tests are met.
If fwo or more modules do not meet these test criteria, the design shall be deemed not to

have met the guaiification requirements. Should one module fail any tesi, another two
modules meeting the requirements of Clause 3 shall be subjected to the whole of the relevant
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test sequence from the beginning. If one or both of these modules also fail, the design shall
be deemed not to have met the qualification requirements. If, however, bath modules pass the
test sequence, the design shall be judged to have met the qualification requirements.

7 Major visual defects

For the purpeses of design quallflcatmn and type approval, the following are considered to be
major visual defects:

a) broken, cracked, or torn external surfaces, including superstrates, substrates, frames and
juncticn boxes;

b) bent or misaligned external surfaces, including superstrates, substrates, frames and
junction boxes to the extent that the installation and/or operation of the module would be
impaired;

c) voids in, or visible corrosion of any of the thin film layers of the active circuitry of the
module, exiending over more than 10 % of any cell;

d) bubbles or delaminations forming a continuous path between any part of the electrical
circuit and the edge of the module;

e) loss of mechanical integrity, to the exient that the installation and/or cperation of the
imodule would be impaired,

f) Module markings (label} is no longer attached or the information is unreadable.

8 Report

Fellowing type approval, a certified report of the qualification tests, with measured
performance characteristics and details of any failures and re-tests, shall be prepared by the
test agency in accordance with ISO/IEC 17025, Each certificate or test report shall include at
least the foliowing information.
a) Atitle. .
b) Name and address of the test laboratory and location where the tests were carried out.
) Unique identification of the certification or report and of each page.
d) MName and address of client, where appropriate.
) Description and ideniification of the itern tested.
f) Characterization and condition of the test item.
g) Date of receipt of test item and date(s) of test, where appropriate.
h) Identification of tesi method uysed.
i} Reference to sampling procedure, where relevant.

i) Any deviations from, additions to or exclusions from the test methed, and any other
infermation relevant to a specific tests, such as environmental conditions.

k) Measurements, examinations and derived results supported by tables, graphs, sketches
and photographs as appropriate including temperature ccefficients of short circuif current,
open circuit voliage and peak power, NOCT, power at NCCT, STC and low irradiance, the
maximum shaded cell temperature observed during the hot-spot test, spectrum of the lamp
used for the UV prescreening test, minimum power observed after light soaking and any
failures observed. If the maximum power loss cbserved after each of the tests has been
measured it should also be reported.

[) A statement of the estimated uncertainty of the test results {(where relevant).

m) A signature and title, or equivatent identification of the perscn(s) accepting responsibility
for the content of the certificate or report, and the date of issue.

n) Where relevant, a statement to the effect that the results relate only fo the items tested.
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0) A statement that the certificate or report shali not be reproduced except in full, without the
written approval of the laboratory.

A copy of this report shall be kept by the laboratory and manufacturer for reference purposes.
9 Modifications

Any change in the design, materials, components or processing of the module may require &
repetition of some or all of the qualification tests io maintain type approval.




-12 - 61646 @ IEC:2008

§ Modules

10,1
Wsual inspaction
|
102
Max power detarmination
|
10.3
Insulation test

]
70.15
Wet leakage current test

1 Moduia 1 Madule 2 Modutes 2 Meduies 2 Medules
0ne 10,10 10.11_ ] 1013
Outtdoor exposure test UV precondition test Thermal eycling test Damp heat test
0 KWhim* 15 kwn/m* 200 cycles 1000 h
¢ I I ~40°C 10 B5°C 85 °C
T B5 % RH
04 o ] 10,11
Measuremert of Thermal cycling test
temperature coefficients 5C cycles
' (see Nole 1) —40°C 0 B5 °C
— |
’ 105 l !
NOCT
! 10,12
I (see Note 2) Humidity freeze tast
T 10 cycles
. 08 m ~40°C 0 85T
c Perfarmanca at 85 % RH 1 Madule 1 Module
n ' 8TC and NOCT [see Note 1)
t
r 107 ] 1 Mockule 1 Madvle 10.16 l . !
© Performance at Mechanical : Hall test ‘
! low irradiance {sze Note 1) Toad test L
- T 10.14
Robustness of
o8 terminations test
Bypass diode erminations fas
thermal test
{see Noie 3) _J
I
I 108
} Hol-spot
1 endurance test
|
T
1015
Wet [eakage
current test
10.19
Light soaking
10,16 [
. Wet leakage
current test | EC 567/08
NQTE 1 May be omitted if future IEC 61853 has been performed.

NOTE 2 In the case of modules not designed for open-rack mounting, the NOCT may be replaced by the
equilibrium mean solar cel) junction temperature in the standard reference envircnment, with the module mounted
as recommended by the manufacturer.

NOTE 3 If the bypass diodes are not accessible in the siandard modules, a special sample can be prepared for
the bypass diode thermal test {10.18). The bypass dicde should be mountsd physically as it would be in a standard
module, with a thermal sensor glaced on the diode as required in 10.18.2, This semple does not have to go through
the other tests in the sequence.

NOTE 4 For diagnostic purposes intermediale measurements of maximum power (10.2) may be undertaken
before and after individual tests. If the ¢ontrol module is used for these measurements make sure it has been pre-
condifioned per the manufacturers recommendation.

Figure 1 — Qualification test sequence
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Table 1 — Summary of test ieveis

Test Title Test conditions

10.1 Visual inspection See detailed inspection list in 10.1,2

10.2 Maximum Power Determination See JEC 609041
Dielectric withsland at 1 000 V d.c, + twice the maximum
system voltage for 1 min, For modules with an area less thap
0,1 m?2 the insulation resistance shall not be less than 400 MQ.,

10.3 insulalion iest For modules with an area larger than 0,1 m2, the measured
insulation resistance times the area of the module shalf not be
less than 40 MQ-m2, Measured at 500 V or maximum system
vollage, whichever is greater.
See detail in 10.4

10.4 Measurement of temperaiure coefficients
See 1EC 60904-10 for guidance.
Total solar irradiance: 80D W-m-2

10.5 Measurement of NOCT Ambient temperature; 20°C
Wind speed: 1 m-s1
Cell temperature: 25 °C and NOCT

10.6 Performance at STC and NOCT Irradiance: 1 000 and 800 W-m—2 with |EC 60904-3 reference
solar spectral irradiance distribution
Cell temperature: 25 °C

10.7 Performance at low irradiance Irradiance: 200 W-m~2 with IEC 60904-3 reference
solar spectral irradiance distribution

10.8 Qutdoor exposure test 80 kWh-m-2 total solar jrradiation under resistive load
One hour exposure to 1 000 W-m—2 irradiance

10.8 Hot-spot endurance test
in warst-case hot-spot condition
15 kWh-m-2 total UV irradiation in the wavelength range from

10.10 UV Freconditioning 280 nm to 385 nm with 5 kWh-m—2 UV irradiation in the
wavelength range from 280 to 320 nm under resistive load.

10.11 Thermal cyeling test 50 and 200 cycies from — 40 °C to +85 °C

10.12 Humidity freeze test 10 cycles from +85 °C, 85 % RH o —40 °C

10.13 Damp heat test 1 000 h at +85 °C, 85 % RH

10.14 Robustness of terminations test As in |[EC 80068-2-21
See detail in 10.15
Test performed at test voltage 500 V or maximum systems
voltage, whichever is higher for 1 min. For modules with an

10.15 Wet leakage curren! test area less than 0,1 m2 the insulation resistance shall not be
less than 400 M{). For modules with an area larger than 0,1 m?
the measured insuiation resisiance times the area of the
module shall not be less than 40 MQ-m2.
Three cycles of 2 400 Pa uniform load, applied for 1 h to front

10.16 Mechanical load test and back surfaces in turn. Optional snow load of 5 400 Pa
during last front cycle.

10.17 Hail test ' 25 mm diameler ice ball at 23,0 m-s-", directed at 11 impact
logations

. One hour at I;c and 75 °C

10.18 Bypass dicde thermal {est

One hour at 1,25 times /. and 75 °C
_— . Light exposure of 800 W-m~2 to 1 000 W-m—2 under resistive
10.19 | Light-soaking Joad until Ppgy is Stable within 2 %,
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10 Test procedures

10.1 Visual inspection
10.1.1 Purpose

To detect any visual defects in the module.

10.1.2 Procedure

Carefully inspect each module under an illuminaticn of not less than 1 000 lux for the
following conditions:

~ cracked, bent, misaligned or tarn external surfaces;

~ faulty interconnections or joints;

-~ voids in, and visible carrosion of any of the thin film layers of the active circuit;

-~ visible corrosion of output connections, interconnections and busbars;

~ failure of adhesive honds;

~ bubbles or delaminations forming a continuous path between a cell and the edge of the
module;

~ tacky surfaces of plastic materials;

~ faulty terminations, exposed live electrical parts;

~ any other conditions which may affect performance.

Make note of andfor photegraph the nature and pesition of any cracks, bubbles or

delamination, etc., which may worsen and adversely affect the module performance in
subsequent tests.

10.1.3 Requirements

Visual conditions other than the major visual defects listed in Clause 7 are acceptable for the
purpose of type approval.

10.2 Maximum power determination
10.2.1 Purpose

To determine the maximum power of the module before and after the various environmental
tests. Repeatability of the test is the most important factor.

10.2.2 Apparatus

a) A radiant source {natural sunlight or a solar simulator Class BBA or better in accordance
with I1EC 609804-9.

b) A PV reference device in accordance with IEC 60904-2. {f a Class BBA simulator is used,
the reference device shall be a reference module of the same size with the same cell
technology {fo match spectral responsej as the test specimen.

¢) A suitable mount for supporting the test specimen and the reference device in a plane
normal to the radiant beam.

d) Apparatus for measuring an |-V curve in accordance with |EC 60204-1.

10.2.3 Procedure

Determine the current-voitage characteristic of the module in accordance with I1EC 60904-1 at
a specific set of irradiance and temperature conditions {a recommended range is a cell




61646 @ IEC:2008 - 15 ~

temperature between 25 and 50 °C and an irradiance between 700 W-m=2 and 1100 W-m—2)
using natural sunlight or a class BBA or better simulator cenforming to the requirements of
IEC 60904-8. In special circumstances whenh modules are dasigned for operation under a
different range of conditions, the current-voltage characteristics can be measured using
temperature and irradiance levels similar to the expected operating conditions, For linear
moedules temperature and irradiance corrections can be made in accordance with IEC 80891.
For nonlinear modules the measurement shall be performed within +5 % of the specified
irradiance and within 22 °C of the specified temperature. Every effort should be made io
assure that peak power measurements are made under similar operating conditions, that is,
minimize the magnitude of the correction by making all peak power measurements on a
particular medule at approximately the same temperature and irradiance,

NOTE The control module may be used as a check every lime the test modules are measured.

10.3 Iinsulation test
10.3.1 Purpose

To determine whether or not the module is sufficiently well insulated between current carrying
paris and the frame or the outside world, '

10.3.2 Apparatus

a) A d.c. voltage source, with current (imitation, capable of applying 500 V or 1 000 V plus
twice the maximum system voltage of the module {as marked on the module - see Clause
4} according tc item ¢) of 10.3.4,

b} An instrument to measure the insulation resisiance.

10.3.3 Test conditions

The test shall be made on modules at ambient temperature of the surrounding atmosphere
(see |EC 60068-1) and in a relative humidity not exceeding 75 %.

10.3.4 Procedure

a) Connect the shorfed output terminals of the module to the positive terminal of a d.c.
insulation tester with a current limitation.

b} Connect the exposed meia! parts of the module to the negative terminal of the tester.
If the module has no frame or if the frame is a poor electrical conductor, wrap a conductive
foil around the edges and over the back of the module. If the module does not have a
glass superstrate, also wrap the foil around the front of the module. Connect the foil to the
negative terminal of the tester.

¢} Increase the voltage applied by the iester at a rate not exceeding 500 V.s~! to a
maximum equal to 1 000 V pius twice the maximum system voltage (i.e. the maximum
system voltage marked on the module by the manufacturer, see Clause 4). If the
maximum system voltage does not exceed 50 V, the applied voltage shail be 500 V.
Maintain the voltage at this level for 1 min.

d} Reduce the applied voltage to zero and shorf-circult the terminals of the test equipment
to discharge the voltage build-up in the module.

g) Remove the short circuit.

f) Increase the voltage applied by the test equipment at a rate not to exceed 500 V.5~ to
500 V or the maximum system voltage for the moduie, whichever is greater. Maintain the
voliage at this level for 2 min. Then determine the insulation resistance.

g) Reduce the applied voltage to zero and shart-circuit the terminals of the test equipment
o discharge the veltage build-up in the module.

h)y Remove the short circuit and disconnect the test equipment from the module.
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10.3.5 Test requirements
— no dielectric breakdown or surface tracking during step c);

-~ for modules with total area less than 0,1 m2, the insulation resistance shall not be less
than 400 M&;

— for modules with total area larger than 0,1 m2 the measured insulation resistance times
the area of the module shall not be less than 40 MQ-m?2.

10.4 Measurement of temperature coefficients

10.4.1 Purpose

~

To determine the temperature coefficients of current (&) and voltage (5) and peak power {J)
from module measurements. The coefficients so determined are valid at the irradiance at
which the measurements were made. For linear modules, they are also valid over an
irradiance range of +30 % of this level. This procedure supplements that in 1EC 60881 for
megsuring these coefficients from a represeniative set of single cells. The {emperature
coefficients of a thin-film module may depend upon the irradiation and the thermal history of
the module. When temperature coefficients are referred tc, the history concerning the
conditions and the results of irradiation along with thermal tests shall be indicated.

10.4.2 Apparatus
The following apparatus is required ta control and measure the test conditions:
a) a radiant source {natural sunlight or solar simulator, class BBB or better in accordance

with IEC 60804-8} of the type to be used in subsequent tests;

b) a PV reference device having a known shori-circuit current versus irradiance characterlstm
determined by calibrating against an absclute radiometer in accordance with [EC 60004-2;

¢) any eguipment necessary to change the temperature of the test specimen over the range
of inierest;

d) a suitable mount for supporting the test specimen and the reference device in the same
piane normal o the radiant beam;

e) apparatus for measuring an I-V curve in accordance with IEC 60904-1,

10.4.3 Procedure

There are two acceptable procedures for measuring the temperature coefficients.

10.4.3.1 Procedure in naturaf sunlight

a) Measurement in natural sunlight shall only be made when;
— the total irradiance is at least as high as the upper limit of the range of interest;
— the irradiance variaticn caused by short-{erm oscillations {clouds, haze, or smoke) is
less than £2 % of the total irradiance as measured by the reference device;
—~ the wind speed is less than 2 m-s~".

b) Mount the reference device co-planar with the test module so that both are normal to the
direct solar beam within +5°. Connect to the necessary instrumentation.

NOTE The measurements described in the following subclauses should be made as expeditiously as possible
within a few hours on the same day to minimize the effect of changes in the spectral conditions. If not, spectral
carrections may be reguired.

c) If the test module and reference device are equipped with temperature controls, set the
controls at the desired level.

d) If temperature controls are not used, shade the specimen and the reference device from
the sun and wind until its temperature is uniform within 41 °C of the ambient air
temperature, or allow the test specimen to equilibrate to its stabilized temperature, or cool
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the test specimen fo 2 point below the required test temperaiure and then let the module
warm up naturally. The reference devicé should also stabilize within +1°C of its
equilibrium temperature before proceeding.

e) Record the current-voltage characteristic and temperature of the specimen cencurrently
with recording the short-circui{ cutrent and temperature of the reference device ai the
desired temperatures, If necessary, make the measurements immediately after removing
the shade.

f} The irradiance Gg shall be calcuiated in accordance with {EC 608891 from the measured
current (/sc) of the PV reference device, and its calibration value at STC (7). A correction
should be appiied to account for the temperature of the reference device 7}, using the
specified temperaiure coefficient of the reference device a;..

Go 2%‘ ><[1"‘5“?0 (Tm —25)]

ITC

Where o, is the relative temperature coefficient [°C~'] at 25 °C and 1 000 W-m-2,

g) Adjust the temperature by means of a controller or alternately exposing and shading the
test module as required to achieve and maintain the desired temperature. Alternately, the
test modlule may be allowed to warm-up naturally with the data recording procedure of
item d) perfermed periodically during the warm-up.

h) Ensure that the tesit module and reference device temperature are stabilized and remain
constant within £1 °C and that the irradiance as measured by the reference device
remains constant within 1 % during the recording period for each data sei. All data must
be taken at 1 0060 W-m-2 or be {ranslated to that irradiance leve! using IEC 60891. The
transiation can only be performed within the range of irradiance where the module is linear
as defined in IEC 60804-10.

i) Repest steps d) through h). Moduie temperatures shall be such that the range of interest
s al least 30 °C and that it is spanned in at least four approximately egual increments.
A minimum of three measurements shall be made at each of the test conditions.

10.4.3.2 Procedure with a solar simulator

a) Determine the shori-circuit current of the module at the desired itradiance at rocom
temperature, in accordance with 1EC 60504-1.

b) Mount the test module in the equipment used to change the terﬁperature. Connect to the
instrumentation,

c} Set the irradiance so that the test moduie produces the short-circuit current determined in
item aj}.

d) Heat or cool the module to a temperature of interest. Once the module has reached the
desired temperature, measure /s, I, and peak power. Change the module temperature in
steps of approximately 5 °C over z range of interesi of at least 30 °C and repeat

measurements of /., V. and peak power.

NOTE 1 The compleie current-voltage characteristic may be measured at each temperature to determine the
iemperature change in voltage al peak power and current at peak power.

NOTE 2 Care should be taken to assure that the test module is correctly pre-conditioned before each
measuremeant. '

10.4.2.3 Calculation of temperature coefficients

a) Plot the values of I, V,. and P,,, as functions of temperature and construct a least-
squares-fit curve through each set of data.

b) From the slopes of the least squares, fit straight lines for current, voltage and Pp,,,.
Calculate @, the temperature coefficient of short circuit current, g, the temperaiure
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coefficient of open circuit voltage, and &, the temperaiure coefficient of Pp,,, for the
module.

NOTE 1 See (EC 60904-10 to determing if the test moduies can be considered to be linear devices.

NOTE 2 The temperature coefficients measured in this procedure are only valid at the irradiance level and
spectrum at which they were measured. Relative temperature coefficients expressed as percentages can be
determined by dividing the calculated e, f, and &by the values of current, voitage and peak power at 25 °C,

NOTE 3 Because the fill factor of the module is a function of temperature, it is not sufficient to use the product of
& and # as the temperature coefficient of peak power,

10.5 Measurement of nominal operating cell temperature (NOCT)
16.5.1 Purpose
To determine the NOCT of the module.

10.5.2 Introduction

NOCT is defined as the equilibrium mean solar cell junction temperature within an open-rack
mounted module in the following standard reference environment (SRE):

- tilt angle: at 45° tilt from the horizontal
~ total irradiance: 800 W-m=2

- ambient temperature: 20 °C

~ wind speed: 1 m-s~1

—~ electrical load:; nit {open circuit)

NOCT can be used by the sysiem designer as a guide to the temperature at which a module
will operate in the field and it is therefore a useful parameter when comparing the perform-
ance of different module designs. However, the aciual operating temperature at any particular
time is affected by the mounting structure, irradiance, wind speed, ambient temperature, sky
temperature and reflections and emissions from the ground and nearby objects. For accurate
performance predictions, these factors shall be taken into account.

In the case of modules not designed for open-rack mounting, the method may be used to
determine the equilibrium mean solar cell junction temperature in the SRE, with the module
mounted as recommended by the manufacturer.

10.5.3 Principle

This method is based on gathering actual measured cell temperature data under a range of
environmental conditicns incifuding the SRE. The data are presented in a way that allows
accurate and repeatable interpolation of the NOCT.

The temperature of the solar cell junction (7)) is primarily a function of the ambient
temperature (T,,), the average wind speed (/) and the total solar irradiance () incident on
the active surface of the module. The temperature difference (T; — T.mp) is largely
independent of the ambient temperaiure and is essentially linearly proportional ta the
irradiance at levels above 400 W-m™2. The procedure cails for plotting (7} ~ Tamp) a@gainst G
for a period when wind conditions are favourable. A preliminary NOCT valug is then
determined by adding 20 °C to the value of (7 — T, interpclated at the SRE kradiance of
800 W-m—2. Finally, a correcticn factor, dependent on the average temperature and wind
speed during the test period, is added to the preliminary NOCT to correct it to 20 °C and

1 m-s=.

10.5.4 Apparatus

The following apparatus is required:
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a) An open rack to support the test module{s) and pyranometer in the specified manner (see
10.5.2). The rack shall be designhed to minimize heat conduction from the modules and to
interfere as little as possible with the free radiation of heat from their front and back
surfaces.

NOTE In the case of moduies not designed for open-rack mounting, the test module(s) should be mounted as
recommended by the manufacturer.

b) A pyranomeier, mounied in the plane of the module(s) and within 0,3 m of the test array.

¢c) Instruments to measure wind speed down to 0,25 m.s~! with an accuracy of £10 % or
0,2 m-s~! whichever is greater and wind direction with an accuracy of %10°, installed
appreximately 0,7 m above the top of the module(s) and 1,2 m to the east or west.

d) An ambient temperature sensor, with a time constant approaching that of the module(s),
installed in & shaded enclosure with good ventilation near the wind sensors.

g) Cell temperature. sensors, attached by solder or thermally conductive adhesive io the
backs of two sclar cells near the middle of each test module, or other eguipment
necessary for IEC-approved measurement of cell temperature.

f) A data acquisition system with femperature measurement accuracy of £1 °C to record the
following parameters within an interval of nc more than 5 s:

— irradiance;

— ambient temperature;
— cell temperature;

- wind speed;

-~ wind direction.

10.5.5 Test module mounting

Tilt angle: the test module(s) shall be positioned so that it is tilted at 45° = 5° to the horizontal
with the front side pointed toward the equator.

Height. the bottem edge of the test module(s} shall be 0,6 m or more above the local
horizontal plane or ground level.

Configuration: to simuiate the thermal boundary conditions of modules installed in an array,
the test module{s) shall be mounted within & planar surface that extends at least 0,6 m
beyond the module(s) in all directions. For modules designed for free-standing, open-back
installations, black aluminium plates or other modules of the same design shall be used to fill
out the remaining open area of the planar surface.

Surrounding area: there shall be no obstructions to prevent full irradiance of the test
module(s) during the period from 4 h before local solar noon 1o 4 h after local solar ncon. The
ground surrounding the module(s) shall nat have an abnormally high solar reflectance and
shall be flat and level or sloping away from the tesi fixture in all directions. Grass, cother types
of vegetation, black asphait or dirt are accepiable for the local surrounding area.

10.56.6 Procedure

a) Set up the apparatus with the test module(s), as described in 10.5.4. Ensure that the test
module{s) are open-circuited.

b) On a suitable, clear, sunny day with little wind, record, as a function of time, the cell
temperature, the ambient temperature, the irradiance, wind speed and wind direction.

¢) Reject all data taken during the following conditions:
— irradiance below 400 W-m—2;

— in a 10 min interval afier the irradiance varies by more than 10 % during a data
collection run;
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~ wind speeds outside the range 1,0 m-s=~1 £ 0,75 m.s~1;
~ ambient temperatures outside the range 20 °C = 15 °C or varying by more than & °C;
~ a 10 min interval after a wind gust of more than 4 m-s~1;

_~ wind direction within £20° of east or west.

From a minimum of 10 acceptable data peints covering an irradiance range of at least
300 W-m—2, making sure that data points are from both before and after solar noon, plot
(Ty— Tamp) @s a function of irradiance. Use regression analysis to fit the data points.

Determine the value of (7 = Tymp) at 800 W-m—2 and add 20 °C to give the preliminary
value of NOCT.

Calculate the average ambient temperature, T, and the average wind speed, V,
associated with the accepiable data points and determine the appropriate correction factor
from Figure 2.

Add the correction factor to the preliminary NOCT to correct it to 20 °C and 1 m-s~". This
sum is the NOCT of the module.

Repeat the entire procedure on a different day and average the two values of NOCT if
they are within 0,5 °C. If the difference is more than 0,5 °C, repeat the procedure on a
third day and average all three values of NOCT.
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Figure 2 — NOCT correction factor

10.6 Petformance at STC and NOCT
10.6.1 Purpose

To determine how the electrical performance of the module varies with load at STC
(1 000 W-m—2, 25°C cell temperature, with the IEC 680904-3 reference solar spectral
irradiance distribution) and at NOCT, an irradiance of 800 W-m—2, with the |EC 60904-3
reference solar specfral irradiance distribution.
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10.6.2 Apparatus

a) A radiant source (natural sunlight or a sclar simulator Class BBB or better) in accordance
with 1EC 60904-9.

by A PV reference device in accerdance with IEC 60804-2. If a Class BBB simulator is used,
the reference device shall be a reference module of the same size with the same cell
technology to match spectral response.

c) A suitable mount for supporting the test specimen and the reference device in a plane
normal to the radiant beam.

d) Apparatus for measuring an I-V curve in accordance with Ciause 4 of [EC 80904-1:2006.

e) Equipment necessary to change the temperature of the test specimen te the NOCT
temperature measured in 10.5.

10.6.3 Procedure
10.6.3.1 Standard Test Conditions (STC)

Maintain the module at 25 °C and trace its current-voltage characterisiic at an irradiance of
1 000 W-m—2 (as measured by a suitable reference device), in accordance with 1EC 60904-1,
using natural sunlight or a class BBB or better simulator conforming to the requirements of
{EC 60904-9.

10.6.3.2 Nominal Operating Cell Temperature (NOCT)

Heat the module uniformly to NOCT and trace its curreni-voltage characteristic at an
irradiance of 800 W-m™2 {as measured by a suitable reference device), in accordance with
IEC B80804-1, using natural sunlight or a class B or better simulator conforming to the
requirements of the IEC 60%204-9,

If the reference device is not spectrally matched tc the test module, use [EC 60904-7 to
calculate the spectral mismatch correction.

10.7 Performance at low irradiance
10.7.1 Purpose

To determine how the electrical performance of the module varies with load at 25 °C and an
irradiance of 200 W-m—2 (as measured by a suitable reference device), in accordance with
{EC 60904-1 using natural suniight or a class BBE simulator conforming to [EC 60204-9.-

10.7.2 Apparatus
a) A radiant source {natural sunlight or @ solar simulator Class BBB or betiter in accordance
with [EC 60g04-9.

b) Equipment necessary to change the irradiance to 200.W-m~2 without affecting the relative
spectral irradiance distribution and the spatial uniformity in accerdance with 1EC 60904-10.

c) A PV reference device in accordance with I1EC 60904-2.

d) A suitable mount for supporting the test specimen and the reference device in a plane
normal to the radiant beam.

g) Apparatus for measuring an I-V curve in accordance with 1EC 60904-1.

10.7.3 Procedurse

Determine the current-voltage characteristic of the module at 25 °C % 2 °C and an irradiance
of 200 W-m™ {as measured by a suitable reference device), in accordance with |EC 609041
using natural suniight or a class BBB simulator conforming to IEC 60904-9. The irradiance
shall be reduced to the specified level by using neutral filters or some other technique which
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does nol affect the spectral irradfance distribution. (See IEC 80804-10 for guidance on
reducing the irradiance without changing the spectral irradiance distribution.)

10.8 Outdoor exposure test
10.8.1 Purpose

To make a preliminary assessment of the ability of the module to withstand exposure to
outdoor conditions and to reveal any synergistic degradation effects which may not be
detected by laboratory tests.

NOTE Caution should be taken in making absolute judgments abouti module life on the basis of passing this test
because of the shoriness of the test ahd the environmental variabilily of the iest conditions. This iest should only
be used as a guide or indicator of possible problems.

10.8.2 Apparatus

a} A device capable of measuring solar irradiance, with an uncertainty of less than
+50 W-m~2.

by Means to mount the module, as recommended by the manufacturer, co-planar with the
irradiation measuring device.

c) A load sized such that at STC the module will operate near the maximum power point.
10.8.3 Procedure

a) Attach the resistive load to the moduie and mount it outdoors, as recommended by the
manufacturer, co-planar with the irradiation monitor. Any hot-spot protective devices
recommended by the manufaciurer shall be installed before the module is tested.

b) Subject the module io an irradiation fotaling 60 kWh-m~2, as measured by the monitor,
under conditions conforming fo general open-air climates, as defined in IEC 60721-2-1.

10.8.4 Final measurements

Repeat tests 10.1, 10.2, and 10.3.

16.8.5 Requirements

— no evidence of major visual defects, as defined in Clause 7;

— the maximum ouiput power at STC shall exceed the manufaciurer’s minimum power rafing;
— insulation resistance shall meet the same requirements as for the initial measurements.

10,9 Hot-spot endurance test
10.9.1 Purpose

To determine the ability of the module to withstand hoi-spot heating effects, e.g. solder
melting or deterioration of the encapsulation. This defect could be provoked by faulty cells,
shadowing or soiling.

10.8.2 Hot-spot effect

Hot-spot heating occurs in a module when iis operating current exceeds the reduced shori-
circuit current (J,) of a shadowed or faulty cell or a group of cells. When such a condition
occurs, the affected cell or group of cells is forced into reverse bias and dissipates power,
which can cause overheating.

NOTE 1 Narmally ne bypass dicdes are included in the interconnection circuit of the serially connected thin-film
cells. Therefore, reverse voltage of shaded cells is nol limited and module vcltage can force a group of cells inlo
reverse hias,
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NOTE 2 The electrical performance of a thin-film meodule can already be negatively affected by shori-term
shading. Care must be taken that effects caused by seiting worst case conditions and het-spot endurance testing
are clearly separated. The values of Ppgyqs Praxz 8N€ Paxg are collected for this purpose,

NOTE 3 While absoluie temperature and relative power loss are not criteria of this test, the most severe hot-spot
conditions are utilized to ensure safety of the design.

Figure 3 iliustrates the hot-spot effect in a thin-film module consisting of a serial connection of
cells, when a different number of celils is totally shadowed. The amount of power dissipated in
the shaded cells is egual io the product of the module current and the reverse valtage
developed across the group of shaded cells. For any irradiance level, maximum power js
dissipated, when the reverse voltage across the shaded cells is equal to the voltage
generated by the remaining illuminated cells in the module (worst case shading condition).
This is the case when the short circuit current of the shaded module equals the maximum

power current of the non-shaded module.

T

]

I R I

4 celis 3 celis
shaded shaded

A A

Module voltage

1 gell | Non-shaded
shaded module

Module current

/

IEC 589/08

Figure 3 — Hot-spot effect in a thin-film module with serially connected cells.
The worst case shading condition is shading of 4 cells at the same time

10.9.3 Classification of cell interconnection
Solar cells in a thin-film module are connected in one of the following ways:

Case 8: Series connection of all cells in a single string {most common case). A bypass
diode can only be used between the module terminals.

Case PS: Parallel-Series connection, i.e. a parallel connection of blocks, where each block
consists of a series connection of a certain number of celis. Bypass diodes can be
used for each block.

Case SP: Series-Parallel connection, i.e. a series connection of blocks, where each block
consists of a parzllel connection of a certain number of cells. Bypass diodes can
be used for each block.

Each configuration requires a particular hot-spot testing procedure,
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10.8.4 Apparatus

Radiant source: Natural suniight, or a class CCB (or bettér) steady-state solar simulator
conforming to IEC 80804-8 with an irradiance of 1 000 W-m-2.

Module |-V curve tracer.

Equipment for current measurement.

Opaque covers suitably sized to completely shadow & group of neighbouring test cells.
An appropriate temperature detector, if required.

10,8.5 Procedure

The hot-spot test is performed with the module is exposed to 800 to 1 000 W-m~2. Any hot-
spoi protective devices recommended by the manufacturer shall be instalied before the
module is tesied.

10.9.5.1 Case S

a)

k)

Expose the unshaded module to the radiant source at 800 to 1 000 W-m=2, When thermal
stabilization is attained, measure the module -V characteristic and determine the
maximum power current range where P > 0,98 P 4. {The module power measured after
preconditioning).

Short-circuit the module and monitor the short-circuit current.

Starting from one edge of the moduie, use an opaque cover to shade one cell completely.
Move the cover paralle! io the cells and increase the shaded module area (number of
shaded celts) until the short-circuit current falls within the maximum power current range
of the non-shaded module. In these conditions, the maximum power is dissipated within
the selected group of cells.

Move an opague cover (of the dimensions found in ¢) slowly across the module and
monitor the module short-circuit current. if ai a certain position the short-circuit current
fails outside of the maximum power current of the non-shaded module range, reduce the
size of the cover in small increments until the maximum power current condition is
attained again. During this procass, the irradiance shall not changs by more than +2 %.

The final width of the cover determines the minimum area of shading that results in the
worst case shading condition. This is the shaded area {o be used for hot-spot testing.

Remove the cover and visually inspect the module.

NOTE Reverse bias operation of the cells in step d) can cause junction breakdown and lead fo visibie spots
irregularly spread across the module area. These defects can cause a degradation of maximum output power,

Re-measure the module |-V characterisiic and defermine maximum power P .o,
Place the cover cn the candidate module area and short-circuit the module,

Expose the module again to 800 to 1 000 W-m~2. This test shall be performed at a module
temperature in the range 50 °C % 10 °C. Note the valug of ;. and keep the module in the
condition of maximum power dissipaficn. If necessary, re-adjusi the shadow to maintain
the 7. within the specified ievel determined in step a).

Maintain these conditions for a total exposure time of 1 h.

At the end of the endurance test, determine the hottest area on the shaded cells using an
appropriate temperature detector.

10.9.5.2 Case PS

2)

Expese the unshaded module to 800 to 1 000 W-m—2. When thermal stabilisation is
attained, measure the module -V characteristic and determine the maximum power P 1.
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b) Shori-circuit the module and take at random at least 10 % of the parallel blocks in the
module, shadow an increasing area of the biock until the maximum temperature is
determined using thermal imaging equipment or other appropriate means.

¢} Re-measure the module -V characteristic and determine maximum power P a,0.

d) Apply the shadow found in step b) and maintain these conditions for a total exposure time
of 1 h.

g) At the end of the endurance test, determine the hottest area on the shaded ceils using an
appropriate temperature detector.

10.9.5.3 Case SP

a) FExpose the unshaded module to the radiant source at 800 to 1 000 W-m=2. When thermal
stabilization is attained, measure the module 1-V characteristic and determine the
maximum power current range (/nin <7 < Inyay) Where P> 0,99 Py

b) Then calculate the maximum power current range tc be applied {/(*)) according to the
following formula.

Tin ! P+ Igg® (P=1)1P <I(*) < Ipax ! P+ Igg % (P = 1}P
P: number of parallel strings of the module
c) Short-circuit the module and monitor the short-circuit current.

d) Starting from one edge of ane siring of the module, use an opaque cover o shade one cell
completely. Move the cover parallel to the cells and increase the shaded module area
{(number of shaded cells) until the shori-circuit current falls in the maximum power current
range {/(*)) of the non-shaded module. In these conditions, the maximum power is
dissipated within the selected group of cells.

e) Cut the opague cover o the experimentally found size.

f) Move the cover slowly across the module and monitor the module shori-circuit current. If
at a certain position, the short-circuit current falis outside of the maximum power current
range (/(*)) of the non-shaded module, cut the cover in increments of one cell until the
maximum power current condition is attained again. During this process, the irradiance
shall not change by more than +2 %.

g) Re-measure the module I-V characteristic and determine maximum power P, o.
h) Place the cover on the candidate module area and short-circuit the moduie.

i) Expose the module again fo 800 to 1 000 W-m~2, This test shail be performed at a module
temperature in the range 50 °C + 10 °C. Note the value of /5 and keep the module in the
condition of maximum power dissipation. If necessary, re-adjust the shadow to maintain
the I, within the specified level determined in step a).

§) Maintain these conditions for a total expesure time of 1 h.

k) At the end of the endurance test, deiermine the hottest area on the shaded cells using an
appropriate temperature detector.

10.9.6 Final measurements

Repeat tests 10.1 and 10.3.

NQOTE The power after hot-spot testing may be measured for diagnostic purposes,

10.9.7 Requirementis
— No evidence of major visual defects, as defined in Clause 7.
— Insulation resistance shall meet the same requirements as for the initial measurements.

NOTE t  There is ng pass/fail requirement for power |oss during the hot-spot test.

NOTE 2 Cell damzge caused by reverse bias in the hot-spot test is not considered a void or corrasion of the thin
film layers,
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10.10 UV preconditioning test

10.10.1 Purpose

To precondition the medule with ultra-violet (UV) radiation before the thermal cycle/humidity
freeze tests io identify those materials and adhesive bonds that are susceptible to UV
degradation.

10.10.2 Apparatus

a)

b)

€

Equipment to control the temperature of the module while it is irradiated by UV light. The
equipment must be capable of maintaining the moduie temperature at 60 *°C + &6 °C.

Means for measuring and recording the temperature of the module(s} to an accuracy of
*2 °C. The temperature sensors shall be attached to the front or back surface of the
module, near the middle. If more than one module is tested simultaneously, it will suffice
to monitor the temperature of one representative sample.

instrumentation capakle of measuring the irradiation of the UV light produced by the UV
light source at the test plane of the module(s), within the wavelength ranges of 280 nm to
320 nm and 320 nm to 400 nm with an uncertainly of £15 %.

A UV light source capable of preducing UV irradiation with an irradiance uniformity of
+15 % over the test plane of the module(s) with no appreciable irradiance at wavelengths
below 280 nm and capabie of providing the necessary irradiation in the different spectral
regions of interest as defined in 10.10.3.

A load sized such that at STC the module will operate near the maximum power point.

10.10.3 Procedure

a)

Using the calibrated radiometer, measure the irradiance at the proposed module test plane
and ensure ithat at wavelengths between 280 nm and 400 nm, it does noi exceed
250 W-m—2 (i.e. about five times the natural sunlight level) and that it has a uniformity of
+15 % over the test plane.

Attach the resistive load to the module and mount if in the fest plane at the location
selected in a), normal tc the UV irradiance beam. Make sure that the module

temperature is 60 °C = 5 °C.

Subject the module(s) to a total UV irradiation of 15 kWh-m~2 in the wavelengih range
between 280 nm and 400 nm, with 3 % o 10 % of the total energy within the wavelength
band between 280 nm and 320 nm, while maintaining the module temperaiure within the
prescribed range.

10,10.4 Final measurements

Repeat tests 10.1 and 10.3.

10.10.5 Requirements

no evidence of major visual defects, as defined in Clause 7,
insulation resistance shalli meet the same requirements as for the initial measurements.

10.11 Thermal cycling test

10.11.1 Purpose

To determine the ability of the module to withstand thermal mismatch, fatigue and cther
stresses caused by repeated changes of temperature.
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10.11.2 Apparatus

a)

b)

c)

)

A climatic chamber with automatic temperature control, means for circulating the air inside
and means to avoid condensation on the module during the test, capable of subjecting one
or more modules to the thermal cycle in Figure 4.

Means for mounting or supporting the module(s) in the chamber, so as to allow free
circulation of the surrounding air. The thermal conduction of the mount or support shall be
low, so that, for practical purposes, the module(s) are thermally isolated.

Means for measuring and recording the temperature of the module(s) to an accuracy of
1 °C.

Means for monitoring, throughout the test, the continuity of the internal circuit of each
module.

P

Maximum cycle time

. .|
{
|
[
]
i
]
|
]

Temperature
of module {°C)

100 °C/h max. Minimum dweil
time 10 min

+85 -
Continue for specified
number of cycles
+25 7
Minimum dwell
time 10 min
~40 T

t
!
I
|
]
|
6I

L1 ! [ 1_L L I‘_A_I 1 ! | I | Lt I_! NS _l_ .
1 2 3 4 5 7 8 e Time (h)
IEC 550/08

Figure 4 — Thermal cycling test

10.11.3 Procedure

a)
b)

d)

Install the module(s) at room temperature in the chamber.

Connect the temperature monitoring equipment to the temperature sensor(s}. The
temperature sensors shall be attached to the front or back surface of the module, near the
middle. If more than one module is tested simultaneously, it will suffice to monitor the
temperature of one representative sample,

Close the chamber and, subject the module(s} o cycling between module temperatures of
-40 °C + 2 °C and +85 °C + 2 °C, in accordance with the profile in Figure 4. The rate of
change of temperature between the low and high extremes shall not exceed 100 °C/h and
the module temperature shall remain stable at each extreme for a period of at least
10 min. The cycle time shall not exceed 6 h. The number of cycles shall be as shown in
the refevant blocks in Figure 1.

Throughout the test, record the module temperature and monitor the continuity of the
modules. ‘

10.11.4 Final measurements

After a minimum recovery time of 1 h, repeat test 10.1 and 10.3.
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10.11.8 Requirements

—~ No evidence of major visual defects, as defined in Clause 7.

~ Insulation resistance shall meet the same reguirements as for the initial measurements.
-~ No open circuits during the course of {he test.

10.12 Humidity-freeze test
10.12.1 Purpose

To determine the ability of the module to withstand the effecis of high temperature and
humidity followed by sub-zero temperatures. This is not a thermal shock test.

10.12.2 Apparatus

a) A climatic chambér with automatic temperature and humidity control, capable of subjecting
one or more modules to the humidity-freeze cycle specified in Figure 5.

b} Means for mounting or supporting the module(s) in the chamber, so as io allow free
circulation of the surrounding air. The thermal conduction of the mount or support shail
be low, so that, for practical purposes, the module(s) are thermally isolated.

¢) Means for measuring and recording the module temperature to an accuracy of £1 °C. (It
is sufficient to monitor the temperature of one representative sample, if more than one
moduie is heing fested.)

d) Means for monitoring, throughout the test, the continuity of the internal circuit of each

module.
i Continue for total of 10 cycles
[
. 85 %+5%RH u No RH control N
+85 ——
e
2 100 °C/h max.
©
“E’. Room temperaturs
2 \
15 ]
-E Start of cycie End of cycle
= 0 |-
200 °C/h max,
40 —
3,5 h min.
L 20 h min. _J, 4 hmax. _l

Time (h)
IEC 591/08

Figure 5§ — Humidity-freeze cycle
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10.12.3 Procedure

a) Aftach a suitable temperature sensor to the front or back surface of the module(s) near the
middle.

b} Install the module(s) at room temperature in the climatic chamber.

¢) Connect the temperature monitoring equipment to the temperature sensor(s).

d) After closing the chamber, subject the moduie(s) to 10 complete cycles in accordance with
Figure 5. The maximum and minimum temperatures shall be within £2 °C of the specified
levels and the relative humidity shall be maintained within 5 % of the specified value at
the maximum temperature (85 °C}.

g) Throughout the -test, record the module temperature and monitor the continuity of the
module({s).
10.12.4 Final measurements

Repesat tests 10.1, and 10.3 within two to four hours after the completion of the test.

10.12.5 Requirements

— No evidence of major visual defects, as defined in Clause 7.

- Insulation resistance shall meet the same reguirements as for the initial measurements.
— No open circuits during the course of the test.

10.13 Damp heat test

10.13.1 Purpose

To determine the ability of the module to withstand the effects of long-term penetration of
humidity.

10.13.2 Procedure

The test shall be carried out in accordance with |EC 60068-2-78 with the following provisions:

a) Preconditioning

The module(s), being at room temperature, shall be introduced into the chamber without
precanditioning.

b) Severities
The following severities are applied:

Test temperature: gs°Cz2°C
Relative humidity: 85 % +5 %
Test duration: 1000 h

10.13.3 Final measurements

After a recavery time of heiween 2 h and 4 h, repeat tests 10.3 and 10.15. Repeat test 10.1.

10.13.4 Requirements

— No evidence of major visual defects, as defined in Clause 7.
— Insulation resistance shall meet the same requirements as for the initial measurements.
—  Wet leakage current {est shall meet the same requirements as the initial measurements.



61646 © IEC:2008 -31-

10.14 Robustness of terminations test
10.14.1 Purpose

To determine that the terminations and the attachment of the terminations to the body of the
module will withstand such stresses as are likely to be applied during normal assembly or
handling operations.

10.14.2 Types of terminations
Three types of module terminaticns are considered:

type A: wire or flying lead;
type B: fags, threaded studs, screws, etc.;
type C: connector,

10.14.3 Procedure

Preconditioning: 1 h at standard atmospheric conditions for meastirement and test.

10.14.3.1 Type A terminations
Tensile test: as described in 1IEC 60068-2-21, {est Ua, with the following provisions:

— all terminations shall be tested;
— iensile force shall never exceed the module weight.

Bending test: as described in IEC 60068-2-21, test Ub, with the following provisions:

— all terminations shall be tested;
—~ method 1-10 cycles {one cycie is one bend in each opposite direction).

10.14.3.2 Type B terminations
Tensile and bending tests:

a) for modules with exposed terminals, each termination shall be tested as for type A
terminations;

b) if the terminafions are enclosed in a protective box, the following procedure shall he
applied:

A cable of the size and type recommended by the module manufacturer, cut to 2 suitable
jength, shall be connected to the terminations inside the box using the manufacturer's
recommended procedures. The cable shall be taken through the hole of the cable gland,
taking care to utilize any cable clamp arrangement provided. The lid of the box shall be
securely replaced. The module shall then be tested as for type A terminations.

Torgue test: as described in 1EC 60068-2-21, test Ud, with the following provisions:

— all terminations shall be tested;
—  severity 1.

The nuts or screws should be capable of being loosened afterwards, unless they are
specifically designed for permanent attachment.

10.14.3.3 Type C terminations

A cable of the size and type recommended by the module manufacturer, cut fo a suitable
length, shall be connected to the outpui end of the connector, and the tests for iype A
terminations shall be carried out.
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10.14.4 Final measurements

Repeat tests 10.1 and 10.3.

10.14.5 Requirements
— No evidence of major visual defects, as defined in Clause 7.
— Insulation resistance shall meet the same requirements as for the initial measurements.

10.15 Wet leakage current test
10.15.1 Purpose

To evaluate the insulation of the module under wet operating conditions and verify that
moisture from rain, fog, dew or melted snow does not enter the active parts of the module
circuitry, where it might cause corrosion, a ground fault or a safety hazard.

10.15.2 Apparatus

a) A shallow trough or tank of suificient size to enable the module with frame to be placed in
the solution in a flat, horizental pesition. It shall contzin a water/wetting agent solution
sufficient to wet the surfaces of the module under test and meeting the following
requirements:

Resistivity: 3 500 Q-cm or less
Temperature: 22°C+£3°C

The ‘depth of the solution shall be sufficient to cover all surfaces except junction box
eniries not designed for immersion.

b} Spray equipment containing the same solution.

c) DC voltage source, with current limitation, capable of applying 500 V or the maximum
rated system voltage of the module, whichever is more.

d) Instrument to measure insulation resistance.

10.15.3 Procedure

NOTE 1 All connections shall be representative of the recommended field wiring installation and precautions shall
be taken to ensure that leakage currents do not originate from the instrumentation wiring attached te the module.

a) Immerse the module in the tank of the required solution to a depth sufficient to cover all
surfaces except junction box entries not designed for immersion. The cable entries shall
be thoroughly sprayed with solution. If the module is provided with a mating connecter, the
connector should be immersed during the test.

b) Connect the shorted output terminals of the medule to the posi’tive terminal of the test
equipment. Connect the liquid test solution to the negative terminal of the test equipment
using a suitable metallic conductor.

¢) Increase the voltage applied by the test equipment at a rate not to exceed 500 V-s~1 to
500 V or the maximum system voltage for the module (see marking Clause 4}, whichever
is greater., Maintain the voltage at this level for 1 min. Then determine the insulation
resistance,

d) Reduce the applied voltage to zero and short-circuit the terminals of the test equipment to
discharge the voltage build-up on the module.

NOTE 2  Ensure that all of the wetting agent has been rinsed off the modules before continuing additional tests,

10.15.4 Requirements

—  For modules with an area less than 0,1 m?, the insulation resistance shall not be less than
400 M, .
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~ for modules with an area larger than 0,1 m?, the measured insulation resistance times the
area of the module shall not be less than 40 MQ-mZ2.

10.16 Mechanical load test
10.16.1 Purpose

To determine the ability of the module to withstand wind, snow, static or ice loads,

10.16.2 Apparatus

a) A rigid test base which enables the modules to be mounted front-side up or front-side
down. The test base shall enabie the module to defiect freely during the load application.

b) Instrumentation to monitor the electrical continuity of the module during the iest.

c) Suitable weights or pressure means that enable the load to be applied in a gradual,
uniform manner.

10.16.3 Procedure

a) Equip the module so that the electrical continuity of the internal circuit can be monitored
continuousty during the test.

b) Mount the module on a rigid structure using the method prescribed by the manufacturer.
(If there are different possibilities, use the worst one, where the distance between the

fixing points is at maximum).

¢} On the frant surface, apply gradually a load corresponding to 2 400 Pa, spread uniformly.
Maintain this load for 1 h. .

dy Without removing the module from the rigid structure, apply the same ioad on the back
surface of the module.

e} Repeat steps ¢} and d) for a total of three cycles.

NOTE 1 2 400 Pa correspond to a wind pressure of 130 km-h-1 (approximately £800 Pa) with a safety factor of 3
for gusty winds. If the module is io be qualified to withstand heavy accumulations of snow and ice, the load applied
to the front of the module during this test is increased from 2 400 Pa to 5 400 Pa.

NOTE 2 Test condiiions higher than 2 400 Pa might become necessary if the module is to be quaiified for general use in areas
with snow or wind ioads exceeding 2 400 Pa. For example, snow Joad requirements can be concluded from relevant national
standards or snow load maps.

NOTE 3 [f different mounting methods for the module are permitted, the test is to be performed with differeni test
configurations representing the range of envisaged mounting methods.

10.16.4 Fina! measurements
Repeat tests 10.1 and 10.3.
10.16.5 Requirements

— No evidence of major visual defects, as defined in Clause 7.
- Insulation resistance shall meet the same requirements as for the initial measurements.

10.17 Haii test
10.17.1 Purpose

To verify that the module is capable of withstanding the impact of hailstones.

10.17.2 Apparatus

a) Moulds of suitable material for casting sphericai ice balis of the required diameter. The
standard diameter shall be 256 mm, but any of the other diameters listed in Table 2 may be
specified for special environments.
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A freezer, controlled at -10 °C £ 5 °C.
A storage container for storing the ice balls at a temperature of —4 °C + 2 °C,

A launcher capable of propelling an ice ball at the specified velocity, within £5 %, so0 as {o
hit the module within the specified impact location. The path of the ice ball from the
launcher to the module may be horizontal, vertical or at any intermediate angle, so long as
the test requirements are met.

Rigid mount for supporting the test module by the method prescribed by the manufacturer,
with the impact surface normal to the path of the projected ice ball.

A balance for determining the mass of an ice ball to an accuracy of £2 %.

An instrument fcr measuring the velocity of the ice ball to an accuracy of *2 %. The
velocity sensor shall be no more than 1 m from the surface of the test module.

As an example, Figure 6 shows in schematic form a suitable apparatus comprising a
horizontal pneumatic launcher, a vertical module mount and a velocity meter which
electronically measures the time it takes the ice ball to traverse the distance between two Jight

beams.
Table 2 — Ice ball masses and test velocities
Diameter Mass Test velocity Diameter Mass Test velocity
mm g m-s-1 mm g m-s~-1
12,5 0,894 18,0 45 43,8 30,7
15 1,63 17,8 55 80,2 33,8
25 7,53 23,0 65 1320 36,7
35 20,7 27,2 75 203,0 39,5
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Figure 6 — Hail test equipment

10.17.3 Procedurs

a)

b)

f)

9

Using the moulds and the freezer, make enough ice balls of the required size for the test,
including some for the preliminary adjustment of the launcher.

Examine each one for cracks, size and mass. An accepiable ball shall meet the following
reguirements:

— no cracks vigible to the naked eye;

— diameter within £5 % cof that required;

— mass within £5 % of the appropriate nominal value in Table 2.

Place the balls in the storage container and leave them there fer at ieast 1 h before use.

Ensure that all surfaces of the launcher likely to be in contact with the ice balls are near
room temperature.

Fire a number of trial shots at a simulated target in accordance with step g) below and
adjust the launcher until the velocity of the ice ball, as measured with the velocity sensor
in the prescribed position, is within 5 % of the appropriate hailstone test velocity in
Table 2.

Install the module at room temperature in the prescribed mount, with the impact surface
normal fo the path of the ice ball.

Take an ice ball from the storage container and place it in the launcher. Take aim at the
first impact location specified in Table 3 and fire. The time between the removal of the ice
bal} from the container and impact on the meodule shall not exceed 60 s.
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h) Inspect the module in the impact area for signs of damage and -make a note of any visua!
effects of the shot. Errors of up to 10 mm from the specified location are acceptable.

i} If the module is undamaged, repeat steps g) and h) for all the other impact locations
shown in Table 3, as illustrated in Figure 7. :

Table 3 - Impact locations

Shot T Location
Number

1 A corner of the medule window, not mare than 50 mm frem the frame.
2 An edge of the moduie, not more than 12 mm from the‘ frame.

3.4 Qver the edge of the circuit,

5,6 Cver the circuit near cell interconnects.

7.8 Near the point of mounting ¢n the circuit.

9,10 In the center of the clrcuit, farthest from the mounting points.

11 Any poinl which may prove especially vulnerable to hail impact.

Mounting point

°038 99099 A ¢

L T 5
— — — o ——
S T — T |
E —_— = =< —|
E ' == == == —————
= — —= —
E= == :
L = —
Mounting point——/
IEG 852108

Figure 7 — Impact locations

10.17.4 Final measurements
Repeat tests 10.1 and 10.3.
10.17.5 Requirements

— No evidence of major visual defects, as defined in Clause 7.
— Insulation resistance shall meet the same reguirements as for the initial measurements.

10.18 Bypass diode thermal test
10.18.1 Purpose

To assess the adequacy of the thermal design and relative long-term reliability of the bypass
diodes used to limit the detrimental effects of module hot-spot susceptibility.

If the bypass diodes are not accessible in the module type under test, a special sample can
be prepared for this test. This sample shall be fabricated to provide the same thermai
envircnment for the diode as a standard production modules under fest and dces not have to
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be an active PV madule, but must have access tc measure the temperature of the diode(s)
during the test. The test shall then proceed as nermal. This speciat test sample shall be used
only for the bypass diode thermal test and not for the cther tests in the sequence.

10.18.2 Apparatus

d)

Means for heating the module to a temperature of 75 “C £ 5 °C.

Means for measuring and recording the temperature of the module(s) to an accuracy of
31 °C.

Means for measuring the temperature of any bypass diodes provided with the module.
Measurement of the diode temperature can be made directly using a temperature sensor
or by measuring the temperature coefficient of voltage drop across the diodes. Care
should be taken to minimize any aiteration of the properties of the diode or its heat
transfer path.

Means for measuring the junction voltage of the bypass dicdes to an accuracy of 0,2 %.

Means for applying a current equal to 1,25 times the STC short-circuit current of the
module under test and means for monitering the flow of current through the module,
throughout the test. :

10.18.3 Procedure 1

9)

h)

Electrically short any blocking diodes incorporated in the module.

Determine the rated STC shori circuit current of the module from its label or instruction
sheet.

Measure the temperature and voltage of the bypass diodes during the fest.

Connect wires of the manufacturer's minimum recommended wire gauge to the output
terminals of the module. Follow the manufacturer's recommendations for wire entry into
the witing compartment and replace the wire compariment cover.

NOTE 1 Some moduies have overiapping bypass diede circuits. In this case, it may be necessary to install a
jumper cable to assure that all of the current is flowing through one bypass diode.

Heat the module to 75 °C = 5 °C. Apply a current to the moduie equal to the short circuit
current of the module as measured at STC x 2 %. After 1 h measure the temperature and
voltage of each bypass diode.

Using the information provided by the diode manufacturer, calculate the junction
temperature from the measured case iemperature and the power dissipated in the diode
using the following formula.

T} = Toase * RTHch VD % Ip

where

T = Diode juncticn temperature

Tease Measure diode case temperature

Rryje = Manufacturer's value relating junction temperature o case temperature
"y = Diode voliage

In = Diode current

NOTE 2 If the module contains a heal sink specifically designed to reduce the operating temperature of the
diode, this test may be performed at the temperature the heal sink reaches under conditions of 1 00 W-m-%?,
43 °C 3 °C ambient with no wind rather than a{ 75 °C.

Increase the applied current to 1,25 times the short-cireuit current of the module as
measured at STC while maintaining the module temperature at 75 °C = 5 °C. Maintain the
current fiow for 1 h.

Verify that the diode is still operational.
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NOTE 3 Diode operaiion can be verified by subseguently using the hot-spot test (10.8).

10.18.4 Procedure 2

Electrically short any blocking diodes incorporated in the module.

Determine the rated STC short circuit current of the module from its label or instruction
sheet.

Connect the lead wire for V' and /5 on both diode terminals as shown in Figure 8,
it is recommended that the connections be made by the module manufacturer

+/p +Ip —o-In

\\o//

Bypass diode

cell cell

{EC 593/08

NOTE The lead wire should not cause heat dissipation from the terminal box.

Figure 8 —- Bypass Diode Thermal Test

Put the module into the chamber set up to 30 °C x 2 °C until the module temperature
reaches saturation.

Apply the pulsed current (pulse width 1 ms) egual to the STC short gircuit current of the
module, measure the ferward voltage ¥4 of diode.

As the same procedure, measure Jp, at 50 °C + 2 °C.
As the same procedure, measure Vpy at 70 °C £ 2 °C.
As the same preocedure, measure Vp, at 80 °C + 2 °C.

Then,/ obtain the ¥p versus 7) characteristic by a least-squares-fit curve from VD.*,, oz, Vb3
and Fpa. ‘
NQTE This I versus Tj characteristic may be provided by diede manufacturer with a manufacturers

certification.

Heat the medule to 756 °C = & °C. Apply a current to the madule équal io the short circuit
current of the meodule as measured at STC z 2 %. After one hour measure the forward
voltage of the each diodes.

Using the Vp versus T; characteristic obtained in item J), obtain 7 of the diode during the
test in k).

Increase the applied current io 1,25 times the short-circuit current of the medule as
measured at STC while maintaining the module temperaiure at 75 °C £ § °C.

Maintain the current flow for 1 h.
Verify that the diode is still operational after completing this testi.

10.18.5 Final Measurements

Repest tests 10.1 and 10.3.

S e

[PPSR SIS T SO |



61646 © 1EC:2008 -39 -~

10.18.6 Requirements

The diode junction temperature as determined in 10.18,2.7) or 10.18.4.1) shall not exceed
the diode manufacturer’s maximum junction temperature rating “for continuous operation”.

No evidence of major visual defects, as defined in Clause 7.
Insulation resistance shall meet the same requiremenis as for the initial measuretments.
The diode shali still funciion as a diode after the conclusion of the test.

10.19 Light-soaking

10.19.1 Purpose

To stabilise the electrical characteristics of thin-film modules by means of natural sunlight or
simulated solar irradiation.

10.18.2 Apparatus

a)
b}

A class CCC solar simulator, in accerdance with the 1EC 80804-9, or natural sunfight.
A suitable reference device, with iniegrator, for menitoring the irradiation.

Means to mount the modules, as recommended by the manufacturer, co-planar with the
reference device.

Means for measuring the temperature of the meodule(s) to an accuracy of 1 °C.

Resistive loads sized such that at STC the modules will operate near their maximum
power point.

10.19.23 Procedure

a)
b)

c)

e)

Attach the resistive loads to the modules and mount them, as recommended by the
manufacturer, with the reference device in the test plane of the simulater.

When using a solar simulater, use the reference device to set the irradiance between
600 W-m~2 and 1 000 W-m™2, Record the irradiance.

During the simulator exposure, module temperatures must stay in the range 50 °C =
10 °C.

Subject each module {e irradistion until its maximum power value stabilizes. Stabilization
occurs when measurements from two consecutive periods of at least 43 kWh-m=2 each
integrated over periods when the temperature is between 40 °C and 60 °C, meet the
following criteria: (Pray — Prmin)Paverage < 2 %. All intermediate maximum power
measurements shall be performed at any convenient module temperature reproduced
within 22 °C.

Report the irradiation at which this stability is reached.

10.19.4 Final measurements

Repeat tests 10.1, 10.3 and 10.6 (Performance at STC).

10.19.5 Requirements

No evidence of major visual defects, as defined in Clause 7.
Ingulation resistance shall meet the same reguirements as for the initial measurements.

After the final light-soaking, the maximum output power at STC shall be not (ess than 80 %
of the minimum value specified by the manufacturer in Clause 4. (See Clause 6.)



