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Simplifying Solar Cell Measurements with a 
High-Spectral-Match Solar Simulator

Existing Cell Measurement Method:
Cell measurements done to the IEC 60904 international standard aim to make the 
cell produce the power output it would under the AM1.5G solar reference 
spectrum. However, the spectral output of the solar simulators used for testing 
do not match this spectrum – so a compensation is required, achieved via the 
spectral mismatch (SMM) calculation:

Measuring Spectral Responsivity
SR is measured from the variation of the short circuit current (ISC) while a 
monochromatic light source is varied. At the same time, bias lights are applied to 
bring the device near operational conditions. This usually involves stepwise 
changes in the monochromator to cover a spectrum from 350nm-1200nm, while 
the ISC is measured and averaged for a few seconds at each step.  This results in a 
graph of the % response of the cell to the applied lights wavelength – Figure 1.

Why Is Metastability a Problem?

Ion-migration in the perovskite layer causes the current response of the solar cell 
to change over time. This change in current can be induced by light and applied 
bias voltage exposure. 1,2 Because of how slow the SR measurement is, any time-
dependent change in the current response of the test cell could change the shape 
of the SR graph.3 This potential change of shape is not currently captured in the 
calculations of the SMM or the uncertainty in the SMM. 

Operating the cell at ISC also causes the mobile ions to be arranged differently 
than they would at maximum power point. This difference has been shown to 
change the shape of the SR in literature3, and in our own work – Figure 1.

Why are Tandem Solar Cells Difficult to Measure?

Tandem solar cells comprise two different bandgap solar cells on top of each 
other, to capture a larger range of the solar spectrum. Application of the SMM 
requires the solar simulator intensity being separately adjusted for each junction 
independently. This requires multiple light sources (e.g. LEDs) and/or many 
filters. 

Measurement of the SR is also difficult because the bias lighting needs to be 
adjusted so the junction being investigated is current limiting, thus requiring 
multiple bias light channels. This is further complicated by metastability, where 
current drift in the perovskite junction can lead to it no longer being current 
limiting, invalidating the measurement.4

Traditional solar cell measurements require a correction to account for the difference between the lamp spectrum and the standard 
reference spectrum. This correction requires knowledge of the wavelength dependent current output (spectral responsivity - SR) of 
the test device. Perovskite-silicon tandem solar cells present two challenges for SR measurements. Ion-migration in perovskite solar 
cells changes their current output over time and tandem solar cells require the illumination spectrum to be changed during the SR 
measurement. With an in-house built High-Spectral-Match LED solar simulator, we demonstrate a method that could overcome both 
these hurdles while achieving a lower uncertainty for metastable devices.

1 – CSIRO Energy, Newcastle, 2 – European Commission Joint Research Centre, Ispra, Italy

High-Spectral-Match Method

Figure 2: Photograph of the LED Solar simulator with a reference solar 
cell being measured.
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Figure 3: One possible output spectrum of the LEDSS, showing very close match to the AM1.5G reference spectrum.

If the solar simulator spectrum has a very close match to the AM1.5G reference 
spectrum then it becomes possible to skip the SMM whilst maintaining a low 
measurement uncertainty. 
With an in-house built solar simulator using 40 independently controllable LED 
colours (Figure 2) we can achieve spectral deviation of 9.75, according to the 
classification in IEC 60904-9 Ed3 (Figure 3).5 This spectral deviation is potentially 
lower than the extra uncertainty introduced by metastability during the SR 
measurement. Meaning the cells power output can be measured without knowing 
the SR. 

Next Steps
Demonstrating that the High-Spectra-Match method is better requires 
quantifying the effects of the perovskite metastability on the uncertainty. 
Currently we are measuring the SR of perovskite solar cells under 
different protocols; by varying the preconditioning and measurement 
voltage to see how much they change the shape of the SR.  This 
information can then be used to calculate how much they will affect the 
SMM and the resultant uncertainty. Some of this work will be done using 
current response modelling in ion-monger (see Areebah’s talk). 

Then the extra uncertainties introduced by the High-Spectral-Match Solar 
Simulator will be quantified and compared to the traditional method 
considering the effect of metastability. 

Figure 1: Spectral response 
measurement of a perovskite 
cell measured repeated in 
forward and reverse sweeps at 
Isc and Vmpp. Showing a change 
in the SR with degradation and 
measurement voltage. 

This is an initial experiment, 
leading to the quantification 
of the effect of metastability 
on uncertainty. 


	Slide 1: Simplifying Solar Cell Measurements with a  High-Spectral-Match Solar Simulator

