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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 7: Computation of the spectral mismatch correction
for measurements of photovoltaic devices

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s i at|on comprising
all national electrotechnical committees (IEC National Committees). The obje
international co-operation on all questions concerning standardization in the electfi

this end and in addition to other activities, IEC publishes International Standarg i ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a ittee interested
in the subject dealt with may participate in this preparatory work. i 3
governmental organizations liaising with the IEC also participate in fkj . |E aborates closely
with the International Organization for Standardization (ISO) in &ccorda W
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an international
consensus of opinion on the relevant subjects since eac i mmittee has representation from all

interested IEC National Committees.

mployees, servants or agents including individual experts and
ational Committees for any personal injury, property damage or

International Standavd IEC 60904-7 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

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

FDIS Report on voting
82/540/FDIS 82/547/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.

This third edition cancels and replaces the second edition published in 1998. It constitutes a
technical revision. The main changes with respect to the previous edition are listed below:

e the title has been modified in order to better reflect the purpose of the standard (changed
from “mismatch error” to “mismatch correction”);
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formulae are now accompanied by explanatory text;

Clause 3 “Description of method” now describes when it is necessary to use the method
and when it may not be needed. It describes what data must be collected before the
mismatch correction can be calculated;

Clauses 4, 5 and 6 have added;

the formula for the mismatch correction has been corrected.

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

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

The committee has decided that the contents of this publication will ¢
the maintenance result date indicated on the IEC web site under

reconfirmed,
withdrawn,
replaced by a revised edition, or

@@
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PHOTOVOLTAIC DEVICES -

Part 7: Computation of the spectral mismatch correction
for measurements of photovoltaic devices

1 Scope and object

This part of IEC 60904 describes the procedure for correcting the bias error_introduced in the

) of the
ic devices

; A in natural sunlight varies
with several factors such as location\weat ime of day, orientation of the
receiving surface, etc., and with a sim ith—its type and conditions. If the
irradiance is measured with a thermop er (that is not spectrally selective) or

following the pro
correction necesse
reference solar spes |but|on included in Table 1 of IEC 60904-3 or any
other reference gnce PV device has the same relative spectral response
as the test PV i nce device automatically takes into account deviations of
the real lig i jon from the standard spectral distribution, and no further
i C ias ertgrs is necessary. In this case, location and weather conditions
are not\critica hre reference device method is used for outdoor performance

g } both reference cell and test PV device have the same relative
, for identical relative SR’s, the spectral classification of the simulator
Or measurements.

If a reference PV. i | detector |s used to measure the |rrad|ance then,

spectral response. Also
is not critical for ind

S

If the performance of a PV device is measured using a known spectral irradiance distribution,
its short-circuit current at any other spectral irradiance distribution can be computed using the
spectral response of the PV test device.

2 Normative references

The following referenced documents are indispensable for the application 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, Procedures for temperature and irradiance corrections to measured [-V
characteristics of crystalline silicon photovoltaic devices
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IEC 60904-1, Photovoltaic devices — Part 1. Measurement of photovoltaic current-voltage
characteristics

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

IEC 60904-3, Photovoltaic devices — Part 3: Measurement principles for terrestrial
photovoltaic (PV) solar devices with reference spectral irradiance data

IEC 60904-8, Photovoltaic devices — Part 8: Measurement of spectral response of a
photovoltaic (PV) device

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

type approval

IEC 61646, Thin film terrestrial photovoltaic (PV) modu
approval

3 Description of method

spectrum is identical to the reference spectrum
S relative spectral response is identical to the
. In this case, the reading as obtained from the
at the reference spectrum will generate the same
s the test spectrum.

A correction is nol\nedess
(see IEC 60904 ri
reference cell re 8

reference cell speg
short-circuit curre

Due to the misn spectra and spectral responses, the reading of the reference cell (see
IEC 60904-2) does.not give the intensity of the reference spectrum that generates the short-
circuit current as measured for the test device. One must determine the effective irradiance of
the reference spectrum that generates the same short-circuit current in the test device as
generated by the test spectrum at the measured irradiance G ¢,s-

G =MMxG

eff at ref spectrum meas (1)
where G55 is the irradiance as measured by the reference device with its specific spectral
response S;ef(A) and MM is the spectral mismatch factor as determined in Clause 7.

For a measurement to be referred to the reference spectral irradiance, two correction methods
are possible:

a) If possible, adjust the simulator intensity so that the effective irradiance as determined by
equation (1) equals the reference irradiance G (e.g. 1 000 W/m2 for STC, as defined in
IEC 61215 and |IEC 61646). That is to say that the simulator intensity as measured by the
reference cell using its calibration value given for the reference spectrum has to be set to
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Gmeas = Gref IMM (2)

Thus, the inverse mismatch factor 1/MM gives the degree by which the simulator intensity
has to be adjusted, if the device is linear (see IEC 60904-10). Now, the simulator
spectrum +++at this irradiance with its actual simulator spectrum generates the same
short-circuit current as the reference spectrum at the reference intensity. Proceed to
measure the |-V characteristic per IEC 60904-1.

b) Otherwise, measure the |-V characteristic using the given simulator intensity. Determine
the effective irradiance at the reference spectrum using equation (1). Then transfer the |-V
characteristic to the reference irradiance using IEC 60891 with the effective irradiance
determined from equation (1).

easurement
) is

Method a) is preferred for simulated sunlight (see IEC 60904-9), as the (actua

4 Apparatus
4.1 Spectral response measurement set up according

4.2 Apparatus for measurement of PV current
IEC 60904-1.

4.3 Spectroradiometer capable of mes
spectral range exceeding that of the spect

6 Determination of test spectrum

6.1 Mount the input head of the spectroradiometer in the position where the test device will
subsequently be mounted, or as close as possible to that location. It shall be mounted
coplanar to the test specimen within £ 2°.

6.2 Record the spectrum of the light source. For simulator measurements, steps of 2 nm or
less with 2-5 nm bandwidths are recommended. For outdoor spectra, steps and bandwidth of
up to 10 nm are allowable. Verify that the total irradiance does not vary by more than = 2 %
during this measurement. If necessary, apply a linear intensity correction to all measurement
points with respect to the actual total irradiance. Alternatively, several scans can be taken,
they shall agree within £ 2 %. Then determine the average relative spectrum.

6.3 If the acquisition time for a full spectrum is larger than the acquisition time for the I-V
characteristic, or if the light source is not spectrally stable over time (e.g. flash simulators or
natural sunlight), special care must be given to determine the correct test spectrum.
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NOTE 1 A pulsed simulator may not be spectrally stable during the |-V measurement period. Also, at the rising
and falling edge of the pulse, the spectrum may be different from the spectrum during the designated measurement
time. Therefore, it may not be correct to measure the spectrum with an integration time including the rise and tail of
the pulse.

NOTE 2 Outdoor spectra may not be stable due to changes in the atmospheric conditions.
7 Determination of the spectral mismatch factor
Determine the spectral mismatch factor from

J.Eref Sref (1) da '[Emeas A) Ssample (4) da
'[Emeas A)Sref (4) dA '[Eref (4) Ssample (4) dA

MM = (3)

where

Eref(A) is the irradiance per unit bandwidth at a particular
Emeas(A) is the irradiance per unit bandwidth at a pa
Sref(M) is the spectral response of the referg

Ssample(M) is the spectral response of thexte

All integrals must be performed in the
sample are spectrally sensitive.

NOTE 1 The spectral irradiance di
scale.

NOTE 3 Equation 3 inghe_j i jevices, but may be used for multi-junction devices. For multi-
junction devices, the ca 9 \ S med for each junction in the device, using its spectral response
including the spectra i d_by the)junctions above the junction under consideration. The test report
should specify the mi he rélative current generation of the individual junctions

NOTE 4 The i ries'shoujd be the boundary wavelengths of the SR

In the c& Rsqlute spectra and absolute spectral responses are used for the analysis
Equation 3

_ [sc,ref,Eref [sc,sample,Emeas

(4)

Isc,ref,Eme&IS Isc,sample,Eref

where

Isc, sample, E.; 1S the short-circuit current of the test sample under the reference spectrum;

Isc ref, B is the short-circuit current of the reference device under the reference
spectrum;

Isc, sample, Eness 1S the short-circuit current of the test sample under the measured spectrum;

I is the short-circuit current of the reference device under the measured

sc, ref, Emeas
spectrum

because I, = IE(?»)S(?»)dk
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8

Report

The following information should be given in the test report according to IEC 60904-1.

a)

If the spectral mismatch is used for the irradiance correction of a measurement based on
IEC 60904-1 or another relevant standard, the calculated spectral mismatch factor, the
identification of the test device and the reference device, as well their spectral responses
according to their test report (IEC 60904-8), the test spectrum and the reference spectrum
should all be included in the test report, along with the method used to calculate the
integrals.

If the reference device and the device under test are of different dimensions (area), the
dimensions should be specified in the test report.

If a matched reference device is used and no mismatch corre
identification of the test device and the reference device, as
responses of reference and test devices according to their
should be included in the test report.

ion is\applied, the

dimensions should be specified in the test report.

If the spectral response of the device under test ca )
should include the criteria used to define the equi tral’responses.

O



