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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 electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and_electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC i mittee interested
in the subject dealt with may participate in this preparatory work. Intern

governmental organizations liaising with the IEC also participate in this prepa closely
with the International Organization for Standardization (ISO) in accordaf efmined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters expp an international
consensus of opinion on the relevant subjects since each technical com resentation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for in ccepted by IEC National
Committees in that sense. While all reasonable efforts are| mad e technical content of IEC
Publications is accurate, IEC cannot be held respon y im\which they are used or for any

ationak Committees uhdertake to apply IEC Publications
transparently to the maximum extent possib ir national and regional publications. Any divergence

between any IEC Publication and the correspo

the latter.

5) IEC provides no marking procedure to indicate approval™hand cannot be rendered responsible for any
equipment declared to be in{lconfermity with.an IEC Rublicatior.

6) All users should ensure that the latest edition of this publication.

7) No liability shall attach to IEGC ¢ e ployees, servants or agents including individual experts and
members of its teehnica itte i | Committees for any personal injury, property damage or
other damage o‘@ vhether” direct or indirect, or for costs (including legal fees) and
expenses arising “out h icati use\of, or reliance upon, this IEC Publication or any other IEC
Publications.

photovoltaic energy systems.

This second edition cancels and replaces the first edition published in 1996. 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. It 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.

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

e Added requirements to the report from ISO/IEC 17025.

¢ Removed the “Twist Test” as was done from |IEC 61215, since no one has ever failed this
test.

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

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

e Modified temperature coefficient section to allow for measurements under natural sunlight
or a solar simulator.

e Deleted reference plate method from NOCT.

e Added apparatus sections to those test procedures that did not ha
edition 1.

e Rewrote the hot-spot test.
e Eliminated edge dip method from wet leakage current tes
e Changed mechanical load test to 3 cycles to be consi dards.

Added bypass diode thermal test.

The text of this standard is based on WIIOM n
N
FDIS \R{epor\\on voting

82/512/FD|/2«l \8%528/RVD

r@f thisystandard can be found in the report on

« amended.
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THIN-FILM TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL

1 Scope and object

This International Standard lays down requirements for the design qualification and type
approval of terrestrial, thin-film photovoltaic modules suitable for long-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 not covered by IEC 61215.

scope. The actual life expectancy of
environment and the conditions under \

2 Normative refere

The following -%
For dated referenc ¢

of the referenced d

ental testing — Part 2-21: Tests — Test U: Robustness of

IEC 60068-2-78: Environmental testing — Part 2-78: Tests — Test Cab: Damp heat,
steady state

IEC 60410, Sampling plans and procedures for inspection by attributes

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

IEC 60891, Procedures for temperature and irradiance corrections to measured [-V
characteristics of crystalline silicon photovoltaic (PV) devices

IEC 60904-1:2006, Photovoltaic devices — Part 1: Measurements of photovoltaic current-
voltage characteristics

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for reference solar devices
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IEC 60904-3, Photovoltaic devices — Part 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 60904-9, Photovoltaic devices — Part 9: Solar simulator performance requirements
IEC 60904-10, Photovoltaic devices — Part 10: Methods of linearity measurements

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

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

laboratories.

3 Sampling

e taken at random from
in IEC 60410. The

Eight modules for qualification testing (plus spares a
a production batch or batches, in accordance wit
modules shall have been manufactured fro and components in
accordance with the relevant drawings a hall have been subjected to
the manufacturer's normal inspection{ quali oduttion acceptance procedures.
The modules shall be complete i all be accompanied by the
manufacturer's handling, mounting an , including the maximum
permissible system voltage.

4 Marking

e name, monogram, Or symbol of manufacturer;

e type or model number;

e serial number;

e polarity of terminals or leads (colour coding is permissible);
e maximum system 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 to be tested are prototypes of a new design and not from production, the results of this test
sequence may be used to establish the module minimum power rating.

Documents
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The date and place of manufacture shall 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 qualification 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 detailed 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
IEC 60904-10 to assess linearity. If the module is non-linear, these tests

For diagnostic purposes, intermediate measurements of maximum power (40. a S en before and
after individual tests.

NOTE 2 The control module should be stored in accordance with then

A module de a judged to have passed the qualification tests, and therefore, to be
IEC type appro gach 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 measurement. As an example, if
the laboratory extended uncertainty, 2 sigma of the STC measurement, is +5 %, then a maximum power
measurement greater than 85,5 % of the minimum specified value would be the pass criteria.

b) 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;
f) specific requirements of the individual tests are met.
If two or more modules do not meet these test criteria, the design shall be deemed not to

have met the qualification requirements. Should one module fail any test, appther two
modules meeting the requirements of Clause 3 shall be subjected to the whole of t Qﬁeuments
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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, both modules pass the
test sequence, the design shall be judged to have met the qualification requirements.

7 Major visual defects

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

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

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

module, extending over more than 10 % of any cell;

d) bubbles or delaminations forming a continuous path betwe y e electrical
circuit and the edge of the module;

e) loss of mechanical integrity, to the extent that
module would be impaired;

f) Module markings (label) is no longer attache

8 Report

ualification tests, with measured
and re-tests, shall be prepared by the
certificate or test report shall include at

Following type approval,
performance characteristic

a) A title. Q
b) Name and add ¢ | ory and location where the tests were carried out.

Reference to sampling procedure, where relevant.

Any deviations from, additions to or exclusions from the test method, and any other
information 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 coefficients of short circuit current,
open circuit voltage and peak power, NOCT, power at NOCT, 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 observed after each of the tests has been
measured it should also be reported.

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

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

n) Where relevant, a statement to the effect that the results relate only to the itemﬁﬁeaments
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o) A statement that the certificate or report shall not be reproduced except in full, without the
written approval of the laboratory.

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

9 Modifications

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

@%
S
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8 Modules

10.1
Visual inspection

|
10.2
Max power determination

10.3
Insulation test

10.15
Wet leakage current test

— | 1

1 Module 1 Module 2 Modules 2 Modules

10.11 /\

10.8 10.10

13
Outdoor exposure test UV precondition test Thermal cycling test \/
60 kWh/m? 15 KWh/m? 200 cy€les
I | —40°Cto85°C
Vomsod 10.11
easurement ol Thermal cycling test
temperature coefficients 50 cycles
(see Note 1) _40 °C to 85 °C
] |
10.5
NOCT

(see Note 2)

|
10.6

(o}
. Performance at 1 Module 1 Module
n STC and NOCT (see Note 1)
t I
r 10.7 1 Mo TWodule 10.16 1047
o Performance at Mechanical Hailltest
| low irradiance (See\Note 1) load test
1042~
obustness of
terminations test

7

S

Z 1 <
0.9 /
ot-

endurance te! >

10.19
Light soaking

10.15
Wet leakage
current test

NOTE 1 May be omitted if future IEC 61853 has been performed.

IEC 587/08

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

NOTE 3 If the bypass diodes are not accessible in the standard modules, a special sample can be prepared for
the bypass diode thermal test (10.18). The bypass diode should be mounted physically 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 tests in the sequence.

NOTE 4 For diagnostic purposes intermediate measurements of maximum power (10.2) may be undertaken
before and after individual tests. If the control module is used for these measurements make sure it has been pre-
conditioned per the manufacturers recommendation.
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Table 1 — Summary of test levels

Test Title Test conditions
10.1 Visual inspection See detailed inspection list in 10.1.2
10.2 Maximum Power Determination See IEC 60904-1

Dielectric withstand at 1 000 V d.c. + twice the maximum
system voltage for 1 min. For modules with an area less than
0,1 m2 the insulation resistance shall not be less than 400 MQ.
10.3 Insulation test For modules with an area larger than 0,1 m2, the measured
insulation resistance times the area of the module shall not be
less than 40 MQ-m2. Measured at 500 V or maximum system
voltage, whichever is greater.

See detail in 10.4
10.4 Measurement of temperature coefficients
See IEC 60904-10 for guida o~

Total solar irradiance:

10.5 Measurement of NOCT Ambient temperature: 2
Wind speed: {\m.

Cell tempera re:\%
10.6 Performance at STC and NOCT Irradiange: O~and 8
solar pec*(tT"a} irradianc

10.7 Performance at low irradiance

10.8 Outdoor exposure test \w(h m=2 total solar irradiation under resistive load

One posure to 1 000 W-m-2 irradiance
10.9 Hot-spot endurance
-case hot-spot condition

Wh m-2 total UV irradiation in the wavelength range from
10.10 UV Preconditioning 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 c}s}//g/re\ 50 and 200 cycles from — 40 °C to +85 °C
10.12 | Humidity fr f/e@%\est \ 10 cycles from +85 °C, 85 % RH to —40 °C
10.13 | Damp heatest 1000 h at +85 °C, 85 % RH

10.14 | Rob stnMeNin&igns}st As in IEC 60068-2-21
N

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
area less than 0,1 m2 the insulation resistance shall not be
less than 400 MQ. For modules with an area larger than 0,1 m2
the measured insulation resistance times the area of the
module shall not be less than 40 MQ-m2.

10.15

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.

1017 Hail test 25 mm diameter ice ball at 23,0 m-s—1, directed at 11 impact
locations

One hour at Isc and 75 °C

10.18 Bypass diode thermal test
One hour at 1,25 times I and 75 °C

- . Light exposure of 800 W-m-2to 1 000 W-m~-2 under resistive
10.19 | Light-soaking load until P,,,, 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 illumination of not less than 1 000 lux for the
following conditions:

— cracked, bent, misaligned or torn external surfaces;

— faulty interconnections or joints;

— voids in, and visible corrosion of any of the thin film layers of

module;

— tacky surfaces of plastic materials;
— faulty terminations, exposed live ele

— any other conditions which may affe

Make note of and/or photograph the n gsition of any cracks, bubbles or

subsequent tests.

10.1.3 Requir<§|t
Visual conditions ¢ sual defects listed in Clause 7 are acceptable for the

To determine aximum power of the module before and after the various environmental
tests. Repeatab he 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 IEC 60904-9.

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

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 |-V curve in accordance with IEC 60904-1.
10.2.3 Procedure

Determine the current-voltage characteristic of the module in accordance with IEC 60904-1 at
a specific set of irradiance and temperature conditions (a recommended rangD@GUﬁllentS
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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 conforming to the requirements of
IEC 60904-9. In special circumstances when modules are designed 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
modules temperature and irradiance corrections can be made in accordance with IEC 60891.
For nonlinear modules the measurement shall be performed within +5 % of the specified
irradiance and within £2 °C of the specified temperature. Every effort should be made to
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 module at approximately the same temperature and irradiance.

NOTE The control module may be used as a check every time the test modules are meas

10.3 Insulation test

10.3.1  Purpose

parts and the frame or the outside world.

10.3.2 Apparatus
a) A d.c. voltage source, with current Ji

twice the maximum system voltag
4) according to item c) of 10.3.4.

b) An instrument to measure the insula

10.3.3 Test conditions

The test shall be mad
(see IEC 60068-1 ::an
10.3.4 Procedu

a)

c) Increase the voltage applied by the tester at a rate not exceeding 500 V.s~! to a
maximum equal to 1 000 V plus 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 shall be 500 V.
Maintain the voltage at this level for 1 min.

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

e) Remove the short circuit.

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

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

h) 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 MQ;

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

10.4 Measurement of temperature coefficients

10.4.1 Purpose

which the measurements were made. For linear modules, S over an
irradiance range of +30 % of this level. This procedure supplements i 60891 for

b) a PV reference device having a kng hort-circt urrent versus irradiance characteristic
determined by calibrating against an abs e radiometer in accordance with IEC 60904-2;
e {en

c) any equipment necess$

of interest;

d) a suitable mount for supporti the\test specimen and the reference device in the same
plane norma i am;

e) apparatus for accordance with IEC 60904-1

a) Measurement innpatural 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 variation caused by short-term 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~1.
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
corrections may be required.

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 £1 °C of the ient air
temperature, or allow the test specimen to equilibrate to its stabilized te*nreraaﬁ@eruments
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the test specimen to a point below the required test temperature and then let the module
warm up naturally. The reference device should also stabilize within £1 °C of its
equilibrium temperature before proceeding.

e) Record the current-voltage characteristic and temperature of the specimen concurrently
with recording the short-circuit current and temperature of the reference device at the
desired temperatures. If necessary, make the measurements immediately after removing
the shade.

f) The irradiance G shall be calculated in accordance with IEC 60891 from the measured
current (Is;) of the PV reference device, and its calibration value at STC (/,.). A correction
should be applied to account for the temperature of the reference device 7, using the
specified temperature coefficient of the reference device ¢.

;. 10007,

(0]
II’C

><[‘]_Olrc (Tm _25)]

a) Determine the
temperature, i

d) Heat or coobhthe module to a temperature of interest. Once the module has reached the
desired temperature, measure Iy, V. and peak power. Change the module temperature in
steps of approximately 5 °C over a range of interest of at least 30 °C and repeat

measurements of I, V. and peak power.

NOTE 1 The complete current-voltage characteristic may be measured at each temperature to determine the
temperature change in voltage at 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
measurement.

10.4.3.3 Calculation of temperature coefficients
a) Plot the values of Iy, 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 P, ,,.
Calculate ¢, the temperature coefficient of short circuit current, £, the temperature

Documents

Document Sharing Hub

Full document details: IEC 61646 2008


http://www.avadocuments.com/doc/iec-61646-2008
http://www.avadocuments.com/doc/iec-61646-2008

- 18 - 61646 © IEC:2008
coefficient of open circuit voltage, and J, the temperature coefficient of P, for the
module.

NOTE 1 See IEC 60904-10 to determine if the test modules 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 ¢, 3, and ¢ by the values of current, voltage 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
o and S as the temperature coefficient of peak power.

10.5 Measurement of nominal operating cell temperature (NOCT)
10.5.1 Purpose

To determine the NOCT of the module.

10.5.2 Introduction

NOCT is defined as the equilibrium mean solar cell junctig ithin ‘an open-rack

— tilt angle:

— total irradiance:

— ambient temperature:
— wind speed:

— electrical load:

time is affected by th
temperature an J
performance predictiofis

In the case of
determine th

environmental conditions including 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 (7) and the total solar irradiance (G) incident on
the active surface of the module. The temperature difference (7, — T,,,) is largely
independent of the ambient temperature and is essentially linearly proportional to the
irradiance at levels above 400 W-m=2. The procedure calls for plotting (7, — T,,;,) against G
for a period when wind conditions are favourable. A preliminary NOCT value is then
determined by adding 20 °C to the value of (T — T,,;,) interpolated at the SRE irradiance of
800 W-m=2. Finally, a correction 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
1m-s1.

10.5.4 Apparatus
The following apparatus is required: Documents
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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 designed 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 modules not designed for open-rack mounting, the test module(s) should be mounted as
recommended by the manufacturer.

b) A pyranometer, mounted 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
approximately 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 a shaded enclosure with good ventilation near the wind sensors.

e) Cell temperature sensors, attached by solder or thermally conductive adhesive to the

— irradiance;

— ambient temperature;
— cell temperature;

— wind speed;

— wind direction.

10.5.5 Test module mounting

Height: the bot
horizontal plane

the test module( atéd within a planar surface that extends at least 0,6 m
beyond the i irections. For modules designed for free-standing, open-back
installation ates or other modules of the same design shall be used to fill
he 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 to 4 h after local solar noon. The
ground surrounding the module(s) shall not have an abnormally high solar reflectance and
shall be flat and level or sloping away from the test fixture in all directions. Grass, other types
of vegetation, black asphalt or dirt are acceptable for the local surrounding area.

10.5.6 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.

c) Reject all data taken during the following conditions:
— irradiance below 400 W-m=2;
— in a 10 min interval after the irradiance varies by more than 10 % during a data

collection run; Documents
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— wind speeds outside the range 1,0 m-s=1 £ 0,75 m-s~";

— ambient temperatures outside the range 20 °C £ 15 °C or varying by more than 5 °C;
— a 10 min interval after a wind gust of more than 4 m-s—1;

— wind direction within +20° of east or west.

d) From a minimum of 10 acceptable data points 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) a@s a function of irradiance. Use regression analysis to fit the data points.

e) Determine the value of (T, — T,,,) at 800 W-m—2 and add 20 °C to give the preliminary
value of NOCT.

f) Calculate the average ambient temperature, T,.,, and the average wind speed, 7,
associated with the acceptable data points and determine the approprjate cotrection factor
from Figure 2.

g) Add the correction factor to the preliminary NOCT to correct it
sum is the NOCT of the module.

they are within 0,5 °C. If the difference is more than S f ocedure on a
third day and average all three values of NOCT.

O
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Figure 2 — NOCT correction factor

10.6 Performance 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 60904-3 reference solar spectral
irradiance distribution) and at NOCT, an irradiance of 800 W-m=2, with the IEC 60904-3
reference solar spectral irradiance distribution.
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10.6.2 Apparatus
a) A radiant source (natural sunlight or a solar simulator Class BBB or better) in accordance
with IEC 60904-9.

b) A PV reference device in accordance with IEC 60904-2. 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 |-V curve in accordance with Clause 4 of IEC 60904-1:2006.

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

10.6.3 Procedure
10.6.3.1 Standard Test Conditions (STC)

using natural sunlight or a class BBB or better sim
IEC 60904-9.

10.6.3.2 Nominal Operating Cell Te

ent-voltage characteristic at an
irradiance of 800 W-m~—2 (as measured by a suitab eference device), in accordance with
IEC 60904-1, using natural sunlight ‘or better simulator conforming to the

calculate the spec:al ]
10.7 Performance 3
10.7.1 Purpose
To determinég

irradiance™¢
IEC 60904

measured by a suitable reference device), in accordance with
unlight or a class BBB simulator conforming to IEC 60904-9.

10.7.2 Apparatus
a) A radiant source (natural sunlight or a solar simulator Class BBB or better in accordance
with IEC 60904-9.

b) Equipment necessary to change the irradiance to 200 W-m=2 without affecting the relative
spectral irradiance distribution and the spatial uniformity in accordance with IEC 60904-10.

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

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

e) Apparatus for measuring an I-V curve in accordance with IEC 60904-1.

10.7.3 Procedure

Determine the current-voltage characteristic of the module at 25 °C + 2 °C and an irradiance

of 200 W-m~2 (as measured by a suitable reference device), in accordance with IEC 60904-1

using natural sunlight or a class BBB simulator conforming to IEC 60904-9. Thegy i
Dctiiients

shall be reduced to the specified level by using neutral filters or some other Lechnique whi
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does not affect the spectral irradiance distribution. (See IEC 60904-10 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 about module life on the basis of passing this test
because of the shortness of the test and the environmental variability of the test conditio his test should only
be used as a guide or indicator of possible problems.

10.8.2 Apparatus

b) Means to mount the module, as recommended by th
irradiation measuring device.

c) A load sized such that at STC the module will op
10.8.3 Procedure

a) Attach the resistive load to the module
it . Any hot-spot protective devices
recommended by the manufacturerishalibe i efore the module is tested.

b) Subject the module to” an_irra i a h-m=2, as measured by the monitor,
under conditions conformi Y |mates as defined in IEC 60721-2-1.

10.8.4 Final m@u :
Repeat tests 10.1,10

10.9 Hot-spot el
10.9.1 Purpose

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

10.9.2 Hot-spot effect

Hot-spot heating occurs in a module when its operating current exceeds the reduced short-
circuit current (/) 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 Normally no bypass diodes are included in the interconnection circuit of the serially connected thin-film
cells. Therefore, reverse voltage of shaded cells is not limited and module voltage can force a group of cells into

reverse bias. Documents
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NOTE 2 The electrical performance of a thin-film module can already be negatively affected by short-term
shading. Care must be taken that effects caused by setting worst case conditions and hot-spot endurance testing
are clearly separated. The values of P,,41, Pmax2 @nd Py are collected for this purpose,

NOTE 3 While absolute 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 illustrates the hot-spot effect in a thin-film module consisting of a serial connection of
cells, when a different number of cells is totally shadowed. The amount of power dissipated in
the shaded cells is equal to the product of the module current and the reverse voltage
developed across the group of shaded cells. For any irradiance level, maximum power is
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.

I ~ - N

I

o

3 4 cells 3 cell c 1 cell | Non-shaded |
o shaded shad shaded shaded module

3

O

=

5 cells
shaded

Module voltage
IEC 589/08

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

Case S: 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 cells. 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 parallel 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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