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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -
Part 1: Measurement of photovoltaic current-voltage characteristics

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization ccmpriing
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interri tior. >l
co-operation on all questions concerning standardization in the electrical and electronic fields. To this ena and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Techr ~al Kk norts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publice ‘on(.)*Y Their
preparation is entrusted to technical committees; any IEC National Committee interested in the sub; >ct dealt with
may participate in this preparatory work. International, governmental and non-governmental c:ganizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Internatior.al Organization for
Standardization (ISO) in accordance with conditions determined by agreement betweer the ©* organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly ¢s po. sible an international
consensus of opinion on the relevant subjects since each technical committe~ ha. ripresentation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and « < accepted by IEC National
Committees in that sense. While all reasonable efforts are made to'ens ire that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the wc.v ‘= which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Comm.tees undertake to apply IEC Publications
transparently to the maximum extent possible in their nationai and . =2gional publications. Any divergence between
any IEC Publication and the corresponding national or regional | ublication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity Ind:pendent certification bodies provide conformity
assessment services and, in some areas, access to IEC .2~'«ks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the lates* ea fion .f this publication.

No liability shall attach to IEC or its directoi.. enpiuyees, servants or agents including individual experts and
members of its technical committees and ‘= Na. onal Committees for any personal injury, property damage or
other damage of any nature whatsseve ~whither direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, 'se . orreliance upon, this IEC Publication or any other IEC Publications.

Attention is drawn to the Normative efercnces cited in this publication. Use of the referenced publications is
indispensable for the correct annlic.tic.n of this publication.

Attention is drawn to the poss hility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be haid rec>=asible for identifying any or all such patent rights.

International Stand=rd 1=C 60904-1 has been prepared by IEC technical committee 82: Solar
photovoltaic energy s ‘s'ems.

This thira ediion cancels and replaces the second edition published in 2006. This edition
constitutes a tecnnical revision.

Th> meain changes with respect to the previous edition are as follows:

Uodated scope to include all conditions.

Added terms and definitions.

Reorganised document to avoid unnecessary duplication.
Added data analysis clause.

Added informative annexes (area measurement, PV devices with capacitance, dark I-V
curves and effect of spatial non-uniformity of irradiance).


https://www.stdhive.com/standards/iec-60904-1-ed-30-b2020-pdf/

IEC 60904-1:2020 © |IEC 2020 -5-

The text of this International Standard is based on the following documents:

FDIS Report on voting
82/1760/FDIS 82/1786/RVD

Full information on the voting for the approval of this International Standard can be found 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 of IEC 60904 series, under the general title Photovoltaic devices, can be i>und
on the IEC website.

The committee has decided that the contents of this document will remain unchaced un.i the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the daw> reiated 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' logo on the cov>r Lage of this publication indicates
that it contains colours which are considered t» be useful for the correct understanding
of its contents. Users should therefore print th.'s r.ocument using a colour printer.
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PHOTOVOLTAIC DEVICES -

Part 1: Measurement of photovoltaic current-voltage characteristics

1 Scope

This part of IEC 60904 describes procedures for the measurement of current-voltage
characteristics (/-7 curves) of photovoltaic (PV) devices in natural or simulated sunlight. These
procedures are applicable to a single PV solar cell, a sub-assembly of PV solar cells, vr a ?V
module. They are applicable to single-junction mono-facial PV devices. For other device tynes,
reference is made to the respective documents, in particular for multi-junction devices to
IEC 60904-1-1 and for bifacial devices to IEC TS 60904-1-2. Additionally informa*ve 2niexes
are provided concerning area measurement of PV devices (Annex A), PV de:ices with
capacitance (Annex B), measurement of dark current-voltage characteristics (ark /-7 curves)
(Annex C) and effects of spatial non-uniformity of irradiance (Annex D).

NOTE The methods provided in this document can also be used as guidance for takira /-7 crrves of PV arrays. For
on-site measurement refer to IEC 61829.

This document is applicable to non-concentrating PV devices foriuse in errestrial environments,
with reference to (usually but not exclusively) the global rete e nce spectral irradiance AM1.5
defined in IEC 60904-3. It may also be applicable to PV <cvicos for use under concentrated
irradiation if the application uses direct sunlight and ‘refe :ence is instead made to the direct
reference spectral irradiance AM1.5d in IEC 60904-5.

The purposes of this document are to lay down bacic r 2quirements for the measurement of I-V
curves of PV devices, to define procedures for different measuring techniques in use and to
show practices for minimising measurement  incertainty. It is applicable to the measurement of
I-V curves in general. I-V measurements :on have various purposes, such as calibration (i.e.
traceable measurement with stated unce*a'nty, usually performed at standard test conditions)
of a PV device under test against a r¢ fe;ence device, performance measurement under various
conditions (e.g. for device temperatui » und irradiance) such as those required by IEC 60891
(for determination of temperatur» cuefficients or internal series resistance), by IEC 61853-1
(power rating of PV devices).cr by IEC 60904-10 (for determination of output's linear
dependence and linearity \vitt. respect to a particular test parameter). I-V measurements are
also important in industriul e.:vironments such as PV module production facilities, and for testing
in the field. Further auilance on I-V measurements in production facilities is provided in
IEC TR 60904-14.

The actual requi;ements (e.g. for the class of solar simulator) depend on the end-use. Other
standards .rei>rring to IEC 60904-1 can stipulate specific requirements. Where those
requirementy are in conflict with this document, the specific requirements take precedence.

2 Non. ative references

~he 1tollowing documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60891, Photovoltaic devices — Procedures for temperature and irradiance corrections to
measured [-V characteristics

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for reference devices
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