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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp ising
all national electrotechnical committees (IEC National Committees). The object of IEC is to |, rom te
international co-operation on all questions concerning standardization in the electrical and electronic fieltz. Tu
this end and in addition to other activities, IEC publishes International Standards, Technical Speci.~aticns,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refer.2d > as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Comr.i tee 1...erested
in the subject dealt with may participate in this preparatory work. International, government.' and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC (9ollaborates closely
with the International Organization for Standardization (ISO) in accordance with cor‘itioxs determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly a = pos.ible, an international
consensus of opinion on the relevant subjects since each technical comnittze has .epresentation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National: Coi mii.225 undertake to apply IEC Publications
transparently to the maximum extent possible in their nati>nal and regional publications. Any divergence
between any IEC Publication and the corresponding natior=' or . 2gional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bo 'ies.

All users should ensure that they have the lai>st 2dicon of this publication.

No liability shall attach to IEC or its dire;tors, employees, servants or agents including individual experts and
members of its technical committees end "-C 'lational Committees for any personal injury, property damage or
other damage of any nature whatsoev r, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicction, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the No. mutiv2 references cited in this publication. Use of the referenced publications is
indispensable for the correct apnCation of this publication.

Attention is drawn to -l ~ pcasibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC st Il nc be held responsible for identifying any or all such patent rights.

International Standard .=C 60904-9 has been prepared by IEC technical committee 82: Solar
photovoltaic taeryy systems.

This thi:d edition cancels and replaces the second edition issued in 2007. It constitutes a
techiiiza\ revision.

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

Changed title;

Added spectral match classification in an extended wavelength range;
Introduction of new A+ class;

Definition of additional parameters for spectral irradiance evaluation;

Added apparatus sections for spectral irradiance measurement and spatial uniformity
measurement;
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e Revised procedure for spectral match classification (minimum 4 measurement locations);
e Revised measurement procedure for spatial uniformity of irradiance;

e Added informative Annex A for sensitivity analysis of spectral mismatch error related to
solar simulator spectral irradiance.

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

FDIS Report on voting
82/1756/FDIS 82/1775/RVD

Full information on the voting for the approval of this International Standard can be four.d in
the report on voting indicated in the above table.

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

A list of all parts in the IEC 60904 series, published under the general ti'le Photovoltaic
devices, can be found on the IEC web site.

The committee has decided that the contents of this document wil' reiainsachanged until the
stability date indicated on the IEC website under "http://webstore.ie *.ch in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ Irac.«<n the cover page of this publication indicates
that it contains colours whict ara2 considered to be useful for the correct
understanding of its contents. Ysc5 should therefore print this document using a
colour printer.
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1 Scope

IEC standards for photovoltaic devices require the use of specific classes of solar simulators
deemed appropriate for specific tests. Solar simulators can be either used for performance
measurements of PV devices or endurance irradiation tests. This part of IEC 60904 p.aviles
the definitions of and means for determining simulator classifications at the required
irradiance levels used for electrical stabilization and characterisation of PV devices.

This document is applicable for solar simulators used in PV test and calibration la.oratories
and in manufacturing lines of solar cells and PV modules. The A+ categuory is primarily
intended for calibration laboratories and is not considered necessary for powe: neasurements
in PV manufacturing and in qualification testing. Class A+ has been-intrcduci d because it
allows for reduction in the uncertainty of secondary reference de)ice -~2.ibration, which is
usually performed in a calibration laboratory. Measurement uncertc nty 'n PV production lines
will directly benefit from a lower uncertainty of calibration, b cause production line
measurements are performed using secondary reference deices.

In the case of PV performance measurements, using a ‘ola’ simulator of a particular class
does not eliminate the need to quantify the influencc ot the simulator on the measurement by
making spectral mismatch corrections and analysing e .nfluences of spatial non-uniformity
of irradiance in the test plane and temporal stability of irradiance on that measurement. Test
reports for PV devices tested with the simulator \~zort the class of simulator used for the
measurement and the method used to quantify the simulator’s effect on the results.

The purpose of this document is to defina classifications of solar simulators for use in indoor
measurements of terrestrial photovo’ca’. devices. Solar simulators are classified as A+, A, B
or C based on criteria of spectral J:str.bution match, irradiance non-uniformity in the test
plane and temporal instabilit: f irradiance. This document provides the required
methodologies for determining the classification of solar simulators in each of the categories.
A solar simulator which cdoe. not meet the minimum requirements of class C cannot be
classified according to this oc.ment.

For spectral matchlas:ification a new procedure has been added. This procedure addresses
the actual need for =>“extended wavelength range, which is arising from advances in solar
cell technology ‘such us increased spectral responsivity below 400 nm) as well as solar
simulator‘teci nolcgy (use of component LEDs). The procedure of the second edition of this
standard is :tili valid, but is only applied if backward compatibility of classification for solar
simulators already in use and for solar simulators in production/sale is required. This
decumert is referred to by other IEC standards, in which class requirements are laid down for
the 1se f solar simulators. The solar simulator characteristics described in this document
a.2 not used in isolation to imply any level of measurement confidence or measurement
‘ncertainty for a solar simulator application (for example, PV module power measurement).
Mcasurement uncertainties in each application depend on many factors, several of which are
outside the scope of this document:

e Characteristics of the solar simulator, possibly including characteristics not covered by this
document;

e Methods used to calibrate and operate the solar simulator;

e Characteristics of the device(s) under test (for example, size and spectral responsivity);

¢ Quantities measured from the device(s) under test, including equipment and methods
used for measurement;
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