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Improving Spectral Responsivity Measurements by
Correcting for Filter Bandwidth

Clara Edmonds and Harald Müllejans

Abstract—Spectral responsivity (SR) measurements are key in
characterizing photovoltaic (PV) devices and calculating spectral
mismatch correction factors (MMF). SR is measured using dif-
ferent wavelengths of monochromatic light. In practical measure-
ment systems, this light has a finite bandwidth, meaning that it is
only quasi-monochromatic. The data analysis, however, typically
assumes perfectly monochromatic light. The accuracy of the cal-
culated SR then depends not only on the actual bandwidth of the
monochromatic light used during the measurement but also on the
intensity distribution inside the bandwidth. In our SR measurement
system, we use quasi-monochromatic light obtained from a solar
simulator and a range of bandpass filters. First, we measured and
analyzed the spectral content of light transmitted for each filter.
Then, we developed an iterative correction scheme for the measured
SR. This numerical approach assumes no previous knowledge
about the SR of the device under test (DUT). Applying this scheme
for bandwidth correction to a range of PV cells with varying SR
curves, we found that the corrections for most wavelengths are of
minor importance. However, for those wavelengths where the shape
of the SR curve of the reference device and DUT differ notably, the
corrections are significant up to 20% and higher. We investigated
the change in the spectral MMF, which was found to be negligible in
most cases but not always. Therefore, the bandwidth correction is
mainly important not only for improving SR measurements of PV
devices but also relevant for the determination of spectral mismatch
factors.

Index Terms—Photovoltaic (PV) device measurements, spectral
responsivity (SR).

I. INTRODUCTION

S PECTRAL responsivity (SR) of photovoltaic (PV) devices
[1] is a key parameter for the characterization of their elec-

trical performance [2]. While the performance itself is measured
using natural or simulated sunlight, it has to be reported at
so-called standard test conditions with a defined spectral content
of sunlight [3]. The simulated sunlight used during electrical
performance measurement in practice, however, will always
differ from this defined spectral irradiance [3]. This means a
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spectral mismatch error [4] is made during the measurement
and has to be corrected using the SR of the PV device under test
(DUT) [1] [2].

The SR of a PV device at a given wavelength can be
determined by illuminating the device with monochromatic
light of that wavelength and comparing its measured elec-
trical output to the output of a calibrated reference device.
Using monochromatic light of varying wavelengths, the SR
of the DUT can be determined over the wavelength range of
interest. Measurement systems for SR use different ways of
obtaining the monochromatic light. The most common ones
are monochromators using diffraction gratings [5], filter-based
systems using bandpass filters [6], [7], and more recently LED
light sources [8], [9], [10]. The use of tunable lasers has also
been reported [11]. In all these systems, the light is not perfectly
monochromatic, but rather quasi-monochromatic as there is a
finite bandwidth of the monochromatic light. A larger bandwidth
of quasi-monochromatic light is less costly in terms of instru-
mentation, yields larger measurement signals, and has a higher
signal-to-noise ratio. However, it also leads to the loss of spectral
resolution in the measured SR. The data analysis required to
calculate the SR of the DUT assumes perfectly monochromatic
light and does not account for this loss of spectral resolution.

Correction schemes for the bandwidth of the monochromatic
light in the measurement of SR have been proposed before
and implemented [8], [9], [10], including a correction for spec-
troradiometer bandwidth [12]. However, they are not readily
applicable to filter-based systems. For example, the method in
[12] requires equispaced data points, which are generally not
available on filter-based systems.

An iterative solution has been outlined for an LED-based
system [10]. While this scheme contains the main elements
required, its simple description did not consider the practical
implications when implementing it for a filter-based system.
Here, we apply such a scheme for the first time to a filter-based
system, which presents different challenges and requires addi-
tional considerations in measurements and data analysis.

We investigate the effect of the bandwidth of our filter-based
SR measurement system [7] on the accuracy of the determined
SR. First, we characterize each filter with the spectral content of
the transmitted light. Then, we present a numerical correction
scheme for the calculation of the SR using an iterative procedure.
This is applied to the SR data measured for four typical PV cells,
representing a range of different SR shapes. The improvement in
accuracy of the SR and effect on the spectral mismatch correction
factor (MMF) is evaluated.
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II. METHODS

In this section, we will first summarize the theory of SR
measurement and then propose an iterative scheme to improve
the data analysis. In the last part, we present the SR measurement
system.

According to IEC 60904-8 [1], there are two methods for
determining the SR of a PV device. The first consists of irradi-
ating the DUT with a narrow-bandwidth light source at a series
of different wavelengths covering its responsivity range, and
measuring short-circuit current and monochromatic irradiance
at each of these wavelengths. This method results in the spectral
irradiance responsivity with the unit A/(W/m2). To determine the
SR, this needs to be divided by the active area of the DUT. For
the second method, the short-circuit current and monochromatic
light beam power are measured. This directly yields the SR (also
called spectral power responsivity) in the unit of A/W. Here,
we use exclusively the second method: SR for spectral (power)
responsivity.

A. Theory of Spectral Responsivity Measurement

The short-circuit current I generated in a PV device and the
spectral responsivity SR(λ) are related by

I = A ∫ E (λ) SR (λ) dλ (1)

where λ is the wavelength, A is the active area of the device, and
E(λ) is the spectral irradiance [1]. The currents for each filter n
for the DUT and reference device (REF) are, therefore

IREF,n = AREF ∫ En (λ) SRREF (λ) dλ (2)

IDUT,n = ADUT ∫ En (λ) SRDUT (λ) dλ (3)

where En(λ) is the irradiance transmitted through filter n, with
n = 1, 2, 3, . . . , N and N the total number of filters (i.e.,
distinct wavelengths) in the measurement data. Dividing (3) by
(2) and rearranging gives

∫ En (λ) SRDUT (λ) dλ=
AREF

ADUT

IDUT

IREF

∣
∣
∣
∣
n

∫ En (λ) SRREF (λ) dλ.

(4)
Note that the SRs for the devices are continuous functions

and identical for all filters n. Equation (4) is often simplified,
neglecting the spectral distribution of the quasi-monochromatic
light and assuming perfectly monochromatic light to

SRDUT (λn) =
AREF

ADUT

IDUT

IREF

∣
∣
∣
∣
n

SRREF (λn) (5)

so that the SR of DUT at the wavelength λn of filter n is equal to
the SR of the REF at the same wavelength multiplied by the ratio
of the measured currents and the ratio of device active areas. In
an experimental setup, SRDUT(λ) can, therefore, be determined
by illuminating the DUT as well as a REF with known SRREF(λ)
with monochromatic light of successively different wavelengths
and measuring the currents generated in the two devices.

B. Iterative Correction Scheme

In this work, we want to improve the data analysis of the SR
measurement and use (4) rather than the simplified version (5).

All the parameters on the right-hand side of (4) are known or
can be measured. On the left-hand side, we have two unknowns,
SRDUT(λ) andEn(λ), which can be determined by measurement
(see section III A). However, it is not possible to determine
analytically SRDUT(λ) due to the integral.

The SR measurement usesN filters; therefore, we haveN data
points at different wavelengths. We propose to use an iterative
numerical scheme to determineSRDUT(λ), starting only from the
experimental data available and making no assumptions about
the SR of the DUT.

In the following, we will use the iteration index i starting from
0, 1, 2, …

Assuming we would have an estimate of SRDUT,i(λ), we aim
to improve this estimate by applying a correction factor. If (4)
is rearranged to

AREF

ADUT

IDUT

IREF

∣
∣
∣
∣
n

∫ En (λ) SRREF (λ) dλ

∫ En (λ) SRDUT,i (λ) dλ
= 1 (6)

the left-hand side can be evaluated and, for consistency, should
equal unity. However, in general, this will not be the case but
rather give a numerical value ci(λn) for each filter

AREF

ADUT

IDUT

IREF

∣
∣
∣
∣
n

∫ En (λ) SRREF (λ) dλ

∫ En (λ) SRDUT,i (λ) dλ
= ci(λn). (7)

Most variables on the left-hand side are given and fixed in the
sense that they do not change with iteration i. The only quantity
that can be varied is SRDUT,i(λ).

We can now improve the estimate SRDUT,i(λ) in (6) by
multiplying it with ci(λn) such that

SRDUT,i+1 (λn) = ci(λn) · SRDUT,i (λn) (8)

and, from (8), it is clear that ci(λn) is, therefore, the correction
factor to improve in an iterative scheme the estimated SR of the
DUT. The next iteration for the SR of the DUT according to (8)
should improve such that the equality in (6) is reached. However,
this will normally not be fully achieved, as the correction factor
corrects SRDUT,i(λn), i.e., one data point, whereas in (6) and
(7), SRDUT,i(λ) is used, i.e., all data points. The iterations must,
thus, be continued until convergence is achieved, meaning that
ci (λn) = 1 for all N filters.

Using (2) and (3) and distinguishing between the current I
measured in experiment from those calculated, we can rewrite
(7) as follows:

ci(λn) =
IDUT

IREF

∣
∣
∣
∣
meas,n

IREF

IDUT, i

∣
∣
∣
∣
calc,n

(9)

with ci(λn) the correction factor for filter n on the ith iteration.
For each iteration, we have N correction factors.

At the start of the iteration, no previous knowledge of SRDUT

is assumed, setting

SRDUT,0 (λ) = 1 (10)

for all wavelengths [10]. Then, using (7)

c0 (λn) =
AREF

ADUT

IDUT

IREF

∣
∣
∣
∣
n

∫ En (λ) SRREF (λ) dλ

∫ En (λ) dλ
(11)
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and with (8)

SRDUT,1 (λn) = c0 (λn) · SRDUT,0 (λn) = c0 (λn) . (12)

The first correction factor c0(λn) is, therefore, equal to the
first estimate of SR, which sometimes is used rather than (5) [5].
It represents an improvement with respect to (5) as it considers
explicitly the bandwidth of the transmitted light for the filters
with respect to the REF. However, in order to consider this effect
for the DUT, the iterative scheme has to be applied. We have
implemented this scheme in MATLAB using piecewise Hermite
polynomials for interpolation.

C. Spectral Responsivity Measurement System

The SRs of the PV cells were measured with a dedicated
system at the European Solar Test Installation (ESTI) [7].
DUT and REF are placed next to each other and illuminated
simultaneously with the same chopped monochromatic light
(Xenon light source with 64 bandpass filters) as well as an
additional continuous white bias light. The currents generated
by the monochromatic light in the two PV devices are measured
simultaneously using two lock-in amplifiers. The temperature of
both devices is controlled to 25 °C by water and Peltier cooling,
respectively.

III. RESULTS AND DISCUSSION

In this section, we will first present the measurements of spec-
tral irradiance transmitted by the filters of the SR measurement
system, then the measurement of the SRs and their correction
with the iterative scheme. Next, we investigate the convergence,
possible refinements and a validation of the iterative scheme.
Finally, the importance of SR bandwidth correction for spectral
mismatch correction in the electrical performance measurement
of PV devices will be investigated.

A. Measuring Spectral Irradiance Transmitted by Filters

To implement the iterative scheme, the spectral irradiance
transmitted by each filter is required, as for example in (7)
or (11). As a first step, the spectral irradiance of the light
transmitted through each of the 64 filters of the ORIEL SR
measurement system at ESTI [7] was measured with a fixed
grating spectroradiometer (Instrument Systems CAS 140) (see
Fig. 1).

The full-width half maxima range from 5 to 35 nm. Several
transmission spectra revealed asymmetrical peaks or shoulders
on either side of the peak wavelength (see Figs. 1 and 2). The
wavelength λcent assigned to filter n is the centroid wavelength,
where En(λ) is the spectral irradiance measured for this filter
[1], [2], [3]

λcent,n =
∫ λ · En (λ) dλ

∫ En (λ) dλ
. (13)

The measured transmitted irradiance was consistent with that
calculated from the lamp spectrum and the separately measured
filter transmission curves (not shown). To minimize the influence
of noise, the spectral irradiance data were cut off below 1%

Fig. 1. Transmitted spectral irradiance for selected filters mounted on the Oriel
SR setup at ESTI.

Fig. 2. Cutting off the peak at 1% level for filter F5_65. Note that the vertical
scale is logarithmic.

level of the peak irradiance and set to zero. This eliminates
the effect of noise while retaining the characteristic shapes of
the spectra (see Fig. 2). This step was crucial for further data
analysis. For most filters, the total intensity removed was 3% or
less. For some filters, this percentage was higher, reaching up
to 8.2%. This removed intensity is in a part due to noise and
artificial background signal of the spectroradiometer varying
with wavelength, which is arising from imperfect background
subtraction. Other methods for reducing noise while retaining
the shape of the transmitted filter irradiance spectra were also
tested. This method was chosen as it is universally applicable
and independent of the operator.

The light transmitted by the filters depends on the transmis-
sion of the filters as well as the spectral irradiance of the light
source. Both quantities are the functions of wavelength. The
centroid wavelength calculated with (13) considers the actual
spectral irradiance used for the measurement. In the absence of
knowledge of this spectral irradiance, the centroid wavelength
of the filter transmission can be used as an approximation. Our
analysis revealed shifts from −6.2 nm to +2.8 nm (see Fig. 3)
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Fig. 3. Comparison of assigned centroid wavelengths (13) against previously
used estimate based on the centroid of filter transmission curve.

Fig. 4. SR of the four DUTs and the reference cell. The data here are those
measured based on (5), i.e., neglecting the bandwidth of the spectral irradiance
and assuming perfectly monochromatic irradiance.

between both. This is due to the lamp spectrum having spectral
features, such as emission lines. The assignment based on the
measured spectral irradiance is more correct as it is this spectral
irradiance that generates the current in the PV device, whereas
the filter transmission is only an approximation in the absence
of knowledge of the actually transmitted spectral irradiance.

B. Spectral Responsivity Measurements

The SR was measured for four different DUTs representing
a range of SR shapes: a high-efficiency c-Si cell (ASP004),
two filtered c-Si cells (PX204A and PX503A), and a GaAs cell
(PX403), all measured against a c-Si reference cell (PX302C).
The curves in Fig. 4 are based on (5), assuming perfectly
monochromatic light and neglecting the bandwidth of the spec-
tral irradiance transmitted by each filter. The GaAs cell (PX403)
was chosen because its SR is very similar to that of CdTe. Both
technologies extend over similar wavelength ranges and exhibit
sharp transitions from maximum SR to zero SR. GaAs is more
stable under irradiation than CdTe cells, which demonstrate

Fig. 5. ASP004: Top: Original SR estimate based on (5) and the SR corrected
by the iterative scheme at selected iteration steps; Bottom: Relative difference
between iteratively corrected SR and original estimate.

metastability effects due to light soaking. We expect the results
for CdTe cells, which are commercially more important in
terrestrial PV, to be very similar to those obtained for the GaAs
cell.

The SR measurements were made using all filters available
in the nonzero SR wavelength range of the DUT. This was done
to comprehend how the iterative correction scheme affected
results from filters with a variety of spectral irradiance shapes
(see Fig. 1). As a general guideline, it is normally sufficient to
have one data point every 50 nm. At wavelengths where the
SR changes rapidly, one data point every 20 nm is advised.
Therefore, not all 64 filters are required to make a standard SR
measurement.

C. Iterative Corrections

The iterative correction scheme for SR was applied to all four
cells: ASP004 (see Fig. 5), PX403 (see Fig. 6), PX503A (see
Fig. 7), and PX204A (see Fig. 8). In all those figures, the original
measurement based on (5) (see also Fig. 4) and the corrections
at selected iteration steps are shown (top), and additionally the
percentage change of the correction (bottom).

In spectral regions, where the SR of DUT and REF is similar,
the corrections were small (less than 1%). However, in spectral
regions, where two SRs are significantly different, the correc-
tions became substantial.

For ASP004 (see Fig. 5), the corrections range up to 5% for
wavelengths below 400 nm and almost 10% above 1100 nm.

Similarly, for PX403 (see Fig. 6), the corrections were signif-
icant above 850 nm (where the SR of the DUT rapidly decreases
with wavelength, whereas the SR of the REF increases), reaching
even 50%.

For PX503A (see Fig. 7), the corrections are more moderate,
with up to 5% for the wavelength regions below 400 nm and
above 800 nm.
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Fig. 6. PX403: Top: Original SR estimate based on (5) and the SR corrected
by the iterative scheme at selected iteration steps; Bottom: Relative difference
between iteratively corrected SR and original estimate.

Fig. 7. PX503A: Top: Original SR estimate based on (5) and the SR corrected
by the iterative scheme at selected iteration steps; Bottom: Relative difference
between iteratively corrected SR and original estimate.

For PX204A (see Fig. 8), the corrections are again more
significant, with up to 10% and above for the wavelength regions
below 400 nm and above 650 nm.

For all cells, the correction of the SR is most significant in
wavelength regions, where the shapes of the SR of DUT and REF
are different. This is the case for all four cells for wavelengths
below 400 nm. The upper wavelength region depends on the
cell, as they have different cutoff wavelengths (see Fig. 4).
The correction to SR is nonnegligible with several corrections
amounting to 10% and higher.

Fig. 8. PX204A: Top: Original SR estimate based on (5) and the SR corrected
by the iterative scheme at selected iteration steps; Bottom: Relative difference
between iteratively corrected SR and original estimate.

Fig. 9. Correction factor ci(λn) versus iteration number i for a selection of
filters for ASP004. The filters omitted in the graph converge immediately (two
or three iterations), whereas some of the wavelengths shown require a few more
iterations.

D. Convergence of Iterative Correction Scheme

The iterative scheme was validated as follows. First, the
convergence was tested with all four DUTs. The correction factor
converges rapidly enough for practical applications and did not
show any artifacts, such as oscillations.

For ASP004 (see Fig. 9), the values for ci(λn) converge
rapidly toward 1, essentially after two or three iteration steps for
almost all wavelengths. The correction factor converged slightly
less rapidly for some wavelengths, but full convergence was
reached with less than ten iterations in all cases.

For some filters used to measure PX403 (see Fig. 10), the
correction is still 2% after five iterations. As the correction
of each iteration step is cumulative, this means the following
iterations still add significantly to the correction.

The results for PX503A and PX204A (not shown) were very
similar to those for ASP004, i.e., full convergence with less than
ten iterations.
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Fig. 10. Correction factor ci(λn) versus iteration number i for a selection of
filters for PX403. The filters omitted in the graph converge immediately (after
two or three iterations), whereas several wavelengths shown require significantly
more iterations.

Fig. 11. PX404: Original SR estimate based on (5) and the SR corrected
by the iterative scheme at selected iteration steps. The correction generates
sharp artifacts around 340 and 620 nm generated due to the noise in measured
neighboring data points. The correction has not converged at these wavelengths.

Once implemented, the iterative scheme is not limited by
computing time and, therefore, we chose 50 iteration steps (see
Figs. 5–8) for all four DUTs. However, even for PX403 and
three filters with the slowest convergence (at wavelengths above
850 nm), 25 iterations are fully sufficient (see Fig. 10).

E. Refinement of Iterative Correction Scheme

The SR curves for PV devices are expected to be smooth
curves without relevant features. Therefore, some of the smaller
features in Figs. 5–8 are attributed to imperfections in the mea-
surement system and noise in the data. This led in some cases
to the generation of artifacts in the corrected SR. This became
particularly obvious in cases where two filters were used with
very similar wavelengths (difference in λcent less than 3 nm). In
these cases, the iterative scheme generated sharp features (see
Fig. 11) in the corrected SR and, moreover, convergence was
not reached.

Fig. 12. PX404: Original SR estimate based on (5) and the SR corrected
by the iterative scheme after 50 iteration steps compared with the reference
measurement from PTB.

The easy solution to this problem is to either not measure two
data points at a small interval of wavelength or to eliminate one
or the other data point before applying the iterative correction
scheme. An averaging of both could be considered but would not
be possible in the iterative scheme as the transmitted irradiance
E(λ) for the averaged data point would be undefined. None of
these is satisfactory from a principal point of view in which
all measured data should be maintained unless there are clear
reasons to declare one as an outlier. While it is actually un-
likely to have two measured neighboring data points in practical
datasets, here, we tested our method also for this case. We
devised a modified correction scheme replacing the piecewise
Hermite interpolation, which passes through all data points, with
a smoothing spline function, which does not pass through all the
data points. Applying the smoothing spline solved the problem
of artifacts and divergence, giving an apparently reasonable SR
function. However, it was observed that the correction after many
iterations was essentially identical to the first iteration. Due to the
smoothing spline, the correction for bandwidth that we are trying
to achieve was lost. Another aspect is that it is not obvious how
to choose the amount of smoothing appropriately. Investigations
are still underway to establish whether a smoothing function can
be devised in such a way as to avoid artifacts and, at the same
time, still correct for filter bandwidth. However, based on our
experience, we currently do not recommend this approach.

F. Validation of Method

For final validation, we compared the SR corrected with our
iterative scheme to reference data from another laboratory (see
Fig. 12). For PX404, a cell very similar to PX403, SR data
were available from PTB, Germany, which can be considered
as a reference. In general, the results agree well. For some
wavelengths (503 nm), the measurement is lower, but this must
have other causes than the correction. At other wavelengths
(597 nm and 601 nm, and 702 nm and 706 nm), the correction
makes the agreement worse. This is due to the artifact introduced
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TABLE I
SPECTRAL MMF FOR THE FIVE DUTS AGAINST THE REF UNDER SIMULATED

SUNLIGHT FROM THREE DIFFERENT SOLAR SIMULATORS

by neighboring wavelengths as discussed previously. This will
also be partly the reason for the highest point at 854 nm,
which is corrected upward due to the neighboring points. On
the tailing edge (883 nm and 888 nm), the correction improves
the agreement with the reference data (see inset in Fig. 12). It
has to be kept in mind that the reference data itself are affected
by spectral bandwidth effects.

G. Spectral Mismatch Correction Factor

The SR is most often used for calculating spectral MMF in the
electrical performance measurement of PV devices. The MMF
was calculated for all five DUTs against the REF for the original
SR estimate from the measurement and the iteratively corrected
SR (50 iterations). The calculations were made for three solar
simulators at ESTI, a large area steady state (APOLLO), a large
area pulsed (PASAN), and a smaller area steady state (WACOM)
(see Table I). The results show that the MMF varies only weakly
with the correction in the SR. This is not surprising as only a
few values of the measured SR are significantly affected by the
correction. The difference in MMF is irrelevant in most cases
and only noticeable in one case (see Table I), namely for the DUT
PX403 and PX404 on the APOLLO solar simulator. However,
even in this case, it is about three times smaller than the mea-
surement uncertainty of the MMF, which is 0.48%. Nevertheless,
this potential additional uncertainty should be considered in the
uncertainty budget evaluation if a correction for spectral filter
bandwidth is not made to the SR. Adding a fixed uncertainty
component for MMF would lead to an overestimation of mea-
surement uncertainty in most cases. Therefore, filter bandwidth
correction for SR is recommended also in cases where the main
aim of the measurement is the determination of MMF.

IV. CONCLUSION

The iterative correction scheme presented here works without
requiring any a priori information about the DUT and its SR. A
consistent correction to the SR curves of PV devices measured
on a filter-based SR system was found. The corrections to the
measured SR were more prominent when there are large differ-
ences between the SR of the DUT and the reference device. The
correction converges after a few iterations. The exact number of
iterations depends on the device and filters in question.

It is envisaged that the corrections become more relevant as
the filter bandwidth increases. In commercial systems with filter
bandwidths of 50 nm or more, the iterative correction scheme
should be easily applicable and will have a significant influence
on results. This makes the iterative correction scheme impor-
tant for the SR measurements of PV modules on pulsed solar
simulators since these systems typically use filters with larger
bandwidths [6]. In the extreme case, where filter bandwidths
are approaching or even larger than the SR range of the DUT,
information will be lost in the measurement and the correction
scheme cannot be successful.

SR curves measured on filter-based systems can, thus, be
improved with an iterative correction scheme by considering
the bandwidth of the quasi-monochromatic irradiance. This
correction scheme has been successfully applied to a filter-based
system and can be easily applied to other SR measurement setups
if the irradiance of the quasi-monochromatic light transmitted
by each filter is known from a measurement with a spectrora-
diometer. Application to systems using monochromators, LED,
or laser light sources is also easily possible but might require
slight modifications in the data analysis, such as the treatment
of noise in the measured spectral irradiance.

A correction for bandpass filter bandwidth is strongly rec-
ommended if the determination of SR is the prime objective of
the measurement. In the absence of corrections, a respective
component should be added to the measurement uncertainty
budget for SR. If the main aim is the calculation of the spectral
mismatch correction from the measured SR, as is often the
case in PV, the correction for filter bandwidth is, in most cases,
negligible and could be omitted. This includes c-Si, which has
the majority share in today’s commercial PV market.

However, there are cases for which a filter bandwidth cor-
rection is beneficial. For example, with the PX403 GaAs cell,
a spectral mismatch correction of 0.16% for the APOLLO was
observed (see Table I). For a PV calibration laboratory, such as
ESTI, which aims and achieves PV performance calibrations
at the level of 0.5%, this is not a negligible component. To
avoid having to evaluate each case separately, a general im-
plementation of the correction scheme is recommended. The
implementation is relatively simple, and for most cases (c-Si),
it will neither improve nor deteriorate the data analysis. For
a few cases (GaAs and CdTe), it will improve results. An
implementation of the correction scheme will be most important
for laboratories that characterize cells and modules made from
a wide variety of materials.
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