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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 8-1: Measurement of spectral responsivity
of multi-junction photovoltaic (PV) devices

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 National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC 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, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In 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 national or regional publication shall be clearly indicated in
the latter.

5) 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 bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

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

International Standard IEC 60904-8-1 has been prepared by IEC technical committee 82:
Solar photovoltaic energy systems.

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

FDIS Report on voting
82/1255/FDIS 82/1273/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 in the IEC 60904 series, published under the general title It
devices, can be found on the IEC website. W(uments
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.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.
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PHOTOVOLTAIC DEVICES -

Part 8-1: Measurement of spectral responsivity
of multi-junction photovoltaic (PV) devices

1 Scope

This part of IEC 60904 gives guidance for the measurement of the spectral responsivity (SR)
of multi-junction photovoltaic devices. It is principally intended for non-concentrating devices,
but parts may be applicable also to concentrating multi-junction PV devices. The SR is
required for analysis of measured current-voltage characteristics of multi-junction PV devices
as described in IEC 60904-1-1.

The requirements for measurement of SR of single-junction PV devices are covered by
IEC 60904-8, whereas this document describes the additional requirements for the
measurement of SR of multi-junction PV devices. This document only considers the
measurement of SR of individual junction layers within a two-terminal multi-junction device.

This document may be applicable to PV devices designed for use under concentrated
irradiation if they are measured without the optics for concentration.

2 Normative references

The following 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 60904-8, Photovoltaic devices — Part 8: Measurement of spectral responsivity of a
photovoltaic (PV) device

IEC 60904-9, Photovoltaic devices — Part 9: Solar simulator performance requirements

IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 61836 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

current limiting junction

junction in a multi-junction photovoltaic device in which under given illumination conditions the
lowest photovoltaic current is generated
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4 General considerations

The procedure for measurement of the Spectral Responsivity (SR) of single-junction PV
devices is described in detail in IEC 60904-8. The procedure for measurement of the SR of a
multi-junction PV device requires the same basic principles, but is more complex, in particular
with respect to requirements for bias light and bias voltage.

This document describes the additional considerations, requirements and procedures for the
measurement of the SR of multi-junction PV devices based on the measurement principles of
single-junction PV devices.

Therefore, the provisions in IEC 60904-8 are also valid for the measurement of multi-junction
PV devices except where explicitly amended by this document.

Multi-junction PV devices consist of two or more series-connected junctions, each of which
responds in a different wavelength band of light. For multi-junction PV devices which provide
separate connections to each junction, the measurement of individual junction SR is identical
to that for single-junction devices as described in IEC 60904-8 using the appropriate
connections.

The procedures in this document describe the measurement of the SR of two-terminal multi-
junction PV devices, i.e. devices which have two or more series-connected junctions with only
two external electrical connections. The measurement procedures allow the successive
measurement of the SR of each of these junctions by appropriately setting the measurement
conditions using the correct bias light (Clause 5) and bias voltage (Clause 6).

5 Bias light

The measurement of the SR of single-junction PV devices (IEC 60904-8) requires bias light of
unspecified spectral content. For multi-junction photovoltaic devices the measurement of the
SR of a particular junction requires that this junction is current limiting. This is achieved by
applying bias light to all other junctions in the multi-junctions device such that at all times
during the measurement each of them produces a photovoltaic current larger than the
photovoltaic current generated in the junction under test. The photovoltaic current in the
junction-under-test might be generated partly by the bias light to the other junctions in
addition to the monochromatic light used for the actual measurement of SR. The spatial non-
uniformity (as defined in IEC 60904-9) of the applied bias light over the active area of the
multi-junction device should be less than 10 %, corresponding to class C.

For each junction to be measured in turn in a n-junction device, appropriate bias light has to
be applied to the device. This is most easily achieved with n bias light sources, where each
bias light source emits light in a limited wavelength range within the SR range of a
corresponding junction. However, other solutions such as single bias light sources with
suitable optical filters or broadband bias light sources are also possible.

In [EC 60904-8 the broadband bias light is called white bias light. The bias light required for
multi-junction devices is also often called coloured. However, as the wavelength ranges are
not limited to the visible part of the spectrum and to avoid any potential confusion, in this
document the bias light is referred to as either broadband (i.e. covering the responsivity of
several junctions) or narrowband (i.e. specific to the wavelength range of responsivity of a
specific junction).

6 Bias voltage

The SR of a single junction device is generally measured at short-circuit conditions (zero bias
voltage), but may also be measured at a specific voltage provided by an external bias voltage
source, as described in IEC 60904-8. Documents
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In the case of multi-junction PV devices, the overall external voltage bias has to be
distinguished from the voltage bias across the junction-under-test. The external overall
voltage of a multi-junction device is composed of the voltage across the junction under test
and the voltage across the remaining junctions. The other junctions will be forward biased due
to the applied bias light (see Clause 5) so the junction-under-test will be under reverse bias
when the external voltage bias is set to zero. SR measurements of a junction under reverse
bias may result in an overestimate of its SR. To avoid this and in order to have zero-voltage
conditions at the junction-under-test, an external bias voltage has to be applied using a
suitable external voltage source.

The required external bias voltage shall be set by one of the following methods:

e The external bias voltage should be equal to the sum of voltages generated in the
junctions not under test by the bias light applied to them. In the case that the applied bias
light generates no photovoltaic current in the junction-under-test, measure the open circuit
voltage of the device under test with the bias light applied. Then adjust the power supply
providing the external bias voltage to this value.

e |If the above procedure is not achievable, the bias voltage shall be set initially equal to
(n = 1)/n times the open-circuit voltage of the multi-junction device (where n is the number
of junctions). Test whether the external voltage bias is appropriate: with bias light (see
Clause 5) and bias voltage applied, select a wavelength at which the junction-under-test is
expected to have a SR near its maximum and observe the variation of the signal (and
optionally the variation of the phase of the signal when using a chopped signal) while
changing bias voltage or increasing bias light. With varying bias voltage the signal should
remain constant for a range of bias voltages (plateau) (and the phase of the signal should
approach that which would be observed for a single-junction PV device on the same
system). The correct bias voltage is any value of the plateau (and the phase stabilizes
within a few degrees of the single-junction value). Then select a wavelength at which the
junction-under-test is expected to have zero SR and again vary bias voltage. With zero
external bias voltage a signal might be observed, which should vanish as external voltage
bias is increased. The correct bias voltage is reached when the signal is minimized.
Normally this is also for a range of bias voltages. Choose a bias voltage consistent with
both tests.

o |If with both approaches described above no bias voltage can be obtained, the estimated
sum of the open circuit voltage of all junctions not under test can be used as a base bias
voltage for SR measurement. In this case two additional measurements at bias voltages
approximately 10 % with respect to the base bias voltage should be performed to
investigate voltage independence.

7 Apparatus

7.1 General

The main difference with respect to the apparatus for measurement of SR of single-junction
devices is the requirement for specific bias light (according to Clause 5) during the
measurement of SR of multi-junction PV devices. Suitable equipment for providing the bias
light are light emitting diodes (LEDs) or broadband light sources with suitable optical filters, or
any other suitable light source (such as unfocussed lasers).

The external voltage bias source, which is optional in the SR measurement of single-junction
devices, becomes mandatory for the SR measurement of multi-junction devices.

7.2 Apparatus for measurement of SR using continuous light source

The apparatus required is similar to that specified in IEC 60904-8 for the SR measurement of
single-junction PV devices with the modification of the bias light as per Clause 5.
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