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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 8: Measurement of spectral responsivity
of a photovoltaic (PV) device

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 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

This third edition cancels and replaces the second edition published in 1998 and constitutes a
technical revision.

The main technical changes with respect to the previous edition are listed below:

e Re-writing of the clause on testing

e Addition of a new clause for the measurement of series-connected modules
e Addition of the requirements of ISO/IEC 17025

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

FDIS Report on voting
82/822/FDIS 82/843/RVD

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

A list of all parts in the IEC 60904 series, published under the general title Photovoltaic
devices, can be found on the IEC website.

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

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.
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PHOTOVOLTAIC DEVICES -

Part 8: Measurement of spectral responsivity
of a photovoltaic (PV) device

1 Scope

This International Standard specifies the requirements for the measurement of the spectral
responsivity of both linear and non-linear photovoltaic devices. It is only applicable to single-
junction devices. The spectral responsivity of a photovoltaic device is used in cell
development and cell analysis, as it provides a measure of recombination and other
processes occurring inside the semiconductor or cell material system.

The spectral responsivity of a photovoltaic device is used for the correction of the spectral
mismatch if a PV device is calibrated in a setup where the measurement spectrum is different
from the reference spectral irradiance data given in IEC 60904-3 and a reference device with
a different spectral responsivity to the device under test is used. This procedure is given in
IEC 60904-7.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

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 the spectral mismatch correction
for measurements of photovoltaic devices

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

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

IEC 61646, Thin-film terrestrial photovoltaic (PV) modules — Design qualification and type
approval

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

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

3 Marking

Each photovoltaic device should carry a clear and indelible marking. This marking should be
cross-referenced against:

— name, monogram or symbol of the manufacturer;

— base material and type of photovoltaic device; Documents
Document Sharing Hub
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— type number or identification, if available;
— serial number, if applicable.

When the photovoltaic devices to be tested are prototypes of a new design and not from
production, this fact shall be noted in the test report (see Clause 10).

4 Testing

4.1 General

The photovoltaic device shall be subjected to one of the procedures for spectral responsivity
measurements defined in Clauses 7 to 9.

4.2 Special considerations

Preconditioning — Before beginning the measurements, the device under test shall be
stabilized (if necessary) by an appropriate light soaking test procedure, as specified in
IEC 61215 or IEC 61646. Different photovoltaic technologies may require different pre-
conditioning procedures.

4.3 Measurement under white bias light

The procedures in Clause 7 and 9 require a white bias light being applied to the device under
test during the determination of spectral responsivity. Under bias light conditions, not the
spectral responsivity but rather the differential spectral responsivity is measured. The spectral
responsivity can be determined from the differential spectral responsivity by taking the non-
linearity into account based on a series of differential spectral responsivity measurements at
bias light levels generating short-circuit currents in the device ranging from 5 % to 110 % of
that at standard test conditions (see Clause 5). Most crystalline silicon solar cells have a
differential spectral responsivity at a bias light generating 30 % to 40 % of their short-circuit
current at standard test conditions that is identical to the spectral responsivity at standard test
conditions. Therefore, the measurement should be performed with such bias light levels if the
non-linearity of a crystalline silicon PV device is not determined. If the non-linearity is
confirmed to be negligible, i.e. the differential spectral responsivity is constant within the
irradiance range of interest, the differential spectral responsivity at a specific bias light level
may be used. For details see Clause 5.

4.4 Applying a bias voltage to the device under test

Generally, the spectral responsivity of a photovoltaic device is measured at short-circuit
conditions (zero bias voltage) of the photovoltaic device and used for the purposes of cell
analysis and calculating the spectral mismatch.

In order to measure the spectral responsivity of the specimen under a specific voltage, a bias
voltage may need to be applied. The bias voltage of the device shall be controlled by an
external voltage source. If a bias voltage is applied it shall be specified in the report.

5 General description of spectral responsivity measurement

The spectral responsivity of a photovoltaic (PV) device is measured by irradiating it by means
of a narrow-bandwidth light source at a series of different wavelengths covering its
responsivity range, and measuring the short-circuit current and monochromatic irradiance at
each of these wavelengths (formula 1), or short-circuit current and monochromatic light beam
power (formula 2). The first type of measurement results in the spectral irradiance
responsivity with the unit A/W-m=2. In order to determine the spectral responsivity as defined
in IEC/TS 61836 this needs to be divided by the area of the device under test whereas the
second type results directly in the spectral responsivity in the unit A/W.
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In order to determine the output current of the device, the bias light as well as the
monochromatic light should irradiate the entire area of the device uniformly. It is important to
illuminate effectively the entire area of the device, as light not directly falling onto the active
area may also contribute to the measured signal. If the spectral responsivity is used for the
calculation of the spectral mismatch correction according to IEC 60904-7 the illuminated area
during the measurement of the spectral responsivity should be identical to that during the
measurement of the current-voltage characteristics. This is normally the entire device area. If
not it should be suitably delimitated by an aperture.

In case the area of the device is larger than the respective beam sizes the latter should be
scanned appropriately across the entire device area to provide a uniform illumination. If both
beams are scanned, the scanning should be synchronous with the bias light always
illuminating a spot larger than the monochromatic light.

The temperature of the device should be controlled.

The current density of the device under test at each wavelength is divided by the respective
irradiances to give spectral responsivity.

s(h) = Isg (W)/E(L)/A (1)

where:

s(4) is the spectral responsivity of the device under test at the wavelength 2;
I;.(2) is the short-circuit current of the device under test at the wavelength 4;
E(1) is the irradiance of the light source at the wavelength 4;

A is the area of the device under test.

The area of the device under test shall be noted in the test report.

Alternatively, the short-circuit current I (1) and the radiant power incident on the device P())
may be measured. The spectral responsivity is then determined as:

s(1) = Igo(L)/P(2) (2)

where:
Is(4) is the short-circuit current of the device under test at the wavelength 4;
P(2) is the radiant power incident on the device at the wavelength 4.

The determination of P(1) requires the measurement of the area of the device under test. This
area shall be noted in the test report.

In practice (see Clauses 7 and 9) a small modulated signal originating from the
monochromatic light is superimposed on a large bias signal originating from the white bias
light. In such cases the evaluated quantities need to be treated as differential and a
wavelength dependent differential spectral responsivity (DSR) §(4,E) is determined for a
specific bias light irradiance E. The spectral responsivity at standard test conditions s(1)|src
will equal the differential spectral responsivity only if the device is strictly linear. If the non-
linearity is confirmed to be negligible, the differential spectral response at a specific bias light
level may be used. For example, if the differential spectral response or the resultant spectral
mismatch factor is constant within the bias light levels to generate the I between 5 % and
110 % of standard test conditions, the differential spectral response at a bias level of 100 %
of standard test conditions may be used. In all other cases the DSR shall be measured at a
sufficient number of bias irradiances and the resultant spectral responsivity can be calculated
or a specific bias light irradiance E; shall be found with §(4,Ey) = s(1)|src-
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6 Apparatus

6.1 General

A spectral responsivity measurement system consists of a continuous (chopped or unchopped)
or pulsed monochromatic light source, an optional beam splitting assembly with a monitor
detector, a device stage able to hold the device under test, a reference device, an optional
bias light assembly and electrical instrumentation. Figures 1(a, b) and 2(a, b) show examples
of test arrangements for the measurement of the DSR of a solar cell.

If an optical chopper is used (Figures 1 and 2) care needs to be taken that no bias light
reflected of the optical chopper reaches the test plane.
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Figure 1a) - Monochromator ahead of chopper
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IEC 1172/14
Figure 1b) — Chopper ahead of monochromator

Figure 1 — Example block diagram of a differential spectral responsivity measuring
instrument using a continuous light source and a grating monochromator
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Figure 2b) — Chopper ahead of filter

Figure 2 — Example block diagram of a differential spectral responsivity measuring
instrument using a continuous light source and bandpass filters

6.2 Monochromatic light source

The monochromatic light is usually generated by a light source and monochromator (for
example a grating) or filter wheel with bandpass filters. The bandwidth (Full Width at Half
Maximum, FWHM) of the monochromatic light should not exceed 20 nm for spectral
responsivity measurements in the range between 300 nm and 1200 nm. In the range up to
3000 nm, the bandwidth should not exceed 50 nm.

Full document details: IEC 60904-8 2014

Documents

Document Sharing Hub


http://avadocuments2026.com/doc/iec-60904-8-2014
http://avadocuments2026.com/doc/iec-60904-8-2014

-12 - IEC 60904-8:2014 © IEC 2014

The bandwidth of the monochromatic light should be chosen according to the fine structure of
variation in the spectral responsivity of the device under test. Typically, a bandwidth (FWHM)
of 10 nm — 15 nm is chosen for crystalline silicon cells or thin film solar cells.

The temporal light fluctuations caused by the lamp used for generating the monochromatic
light and its power supply should be below 2 %. Spatial uniformity of the monochromatic light
in the test plane should be better than + 2 % determined according to IEC 60904-9. The
spatial non-uniformity is especially relevant if the reference device and device under test
deviate in their area or shape. It shall be considered within the uncertainty calculation. With a
stable light source the reference and the device under test are normally measured
consecutively in the same position and the non-uniformity is only relevant if the two are of
different size. For sufficiently large area uniform illumination the reference and the device
under test may be placed side-by-side and measured simultaneously thereby eliminating the
effect of temporal fluctuations of the light source. Alternatively a beam splitting arrangement
can provide two uniformly illuminated test planes for the test and reference devices.

NOTE This is analogous to the definition of simulator class A in IEC 60904-9.
6.3 PV device holder and temperature control

The PV device holder should provide the capability to make electrical connections to the
device under test with good conductivity and to control the temperature of the device under
test and the reference device. The temperature of the reference device and the device under
test shall be measured or controlled to an accuracy of + 1 °C with a repeatability of + 0,5 °C.
The temperature uniformity of the reference device and the device under test should be within
+ 2 °C. If the temperature of the reference device differs by more than 2 °C from the
temperature at which it was calibrated, the calibration value shall be adjusted to the measured
temperature.

NOTE Temperature differences of the reference device between its calibration and its use for a measurement
typically will have their largest effect near the band edge of the reference device.

6.4 PV device contacts

A four point connection (Kelvin contacts, i.e. separate contacts for current and voltage) to the
device under test should be used in order to allow the measurement of the cell voltage during
the spectral responsivity measurement. It shall be designed such that the contacts do not
impede the temperature control of the device under test, especially in the case of cells with all
contacts on the back side.

NOTE |If the device under test has a low shunt resistance, the correct measurement of the cell voltage is of
special importance.

6.5 Bias light

For most PV devices, it is sufficient to use tungsten lamps or lamp arrays to generate the
constant irradiance bias light. The light bias should illuminate the entire area of the device
under test. The spatial non-uniformity (as defined in IEC 60904-9) of the applied bias light in
the test plane should be less than 10 %, corresponding to class C. One possible scanning
approach is described in Clause 5.

6.6 DC measurements

a) Voltages and currents shall be measured to an accuracy of + 0,2 % of the open-circuit
voltage or short-circuit current, respectively. Voltages and currents shall be measured
using independent leads from the terminals of the specimen (four (4) wire leads), keeping
them as short as possible. If the device under test is a bare cell, the 4-wire connection
should start at the bus bars.

The connection method for cells should be carefully evaluated, as it may change the short-
circuit condition of the cell due to resistive losses. Due to this effect, differences in
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b) Short-circuit currents produced by the bias light should be measured at zero voltage.
Typically current to voltage converters (transimpedance amplifier) can be used.
Alternatively an external shunt resistor can be used together with a variable bias voltage
source to offset the voltage drop across it. The variable voltage bias may be omitted if the
voltage drop across the device under test is less than 3 % of its V.

NOTE For a crystalline silicon solar cell this corresponds to typically a bias voltage of less than 20 mV.
6.7 AC measurements in the presence of bias light

If the spectral responsivity is measured using chopped monochromatic light in addition to bias
light, the alternating monochromatically generated current shall be separated from the steady
state current generated by the bias light by using a lock-in amplifier or equivalent equipment.
As above an |V converter or an external shunt resistor should be chosen such that the voltage
across the test device is less than 3 % of the open-circuit voltage. Care shall be taken to
ensure that the measurement device or amplifier is not saturated by the DC current generated
by the bias light. The chopping frequency shall be included in the test report.

The chopping frequency should be chosen such that the cycle time is longer than the time
constant of the device under test. Furthermore, the chopping frequency should be chosen
such that it does not coincide with the power frequency or its harmonics.

Set the voltage across the cell to the desired value (either 0 V for short-circuit conditions or
the desired voltage).

6.8 Reference device

The irradiance or the power of the monochromatic light can be measured by reference
devices such as thermal radiometers, calibrated photodiodes or photovoltaic devices. Silicon
photodiodes can be used for the wavelength range of 300 nm to 1 100 nm. Ge photodiodes,
InGaAs photodiodes or other devices with lower band gaps and thermal detectors can be
used over a longer wavelength range. Devices under test which have a spectral responsivity
over a wide wavelength range might necessitate the use of two or more different reference
devices to cover this wide range.

NOTE Thermal detectors may not generally be suitable as they have time constants longer than the cycle time of
the chopped light.

In the case that more than one reference device is used to extend the wavelength range of
the measurement system, special care needs to be taken to avoid artefacts in the wavelength
region of overlap of the reference devices.

7 Measurement of spectral responsivity using a constant light source

71 General method with a grating monochromator or filter wheel

If the light source is temporally stable, in the first step the reference device is measured at all
wavelengths under consideration. In the second step, it is replaced by the PV device under
test.

If the spatial distribution of light is uniform, the reference device and the PV device can be
mounted next to each other and can be measured simultaneously. The other provisions of 7.2
and 7.3 do still apply in this case.

NOTE Analogous for a beam splitting arrangement providing two uniformly illuminated areas (see 6.2).
7.2 Measurement of the reference device for setup calibration

7.21 Mount the reference device in the spectral responsivity measurement system.
Connect it to the instrumentation. Set its bias voltage to the conditions used at its calibration.
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