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1 Foreword

The International Energy Agency (IEA), founded in November 1974, is an autonomous body
within the framework of the Organization for Economic Co-operation and Development
(OECD) which carries out a comprehensive programme of energy co-operation among its
member countries. The European Union also participates in the work of the IEA. Collaboration
in research, development and demonstration of new technologies has been an important part
of the Agencybés Programme.

The IEA Photovoltaic Power Systems Programme (PVPS) is one of the collaborative R&D
Agreements established within the IEA. Since 1993, the PVPS participants have been
conducting a variety of joint projects in the application of photovoltaic conversion of solar
energy into electricity.

The mission of the IEA PVPS programme is: To enhance the international collaborative efforts
which facilitate the role of photovoltaic solar energy as a cornerstone in the transition to
sustainable energy systems.

The underlying assumption is that the market for PV systems is rapidly expanding to
significant penetrations in grid-connected markets in an increasing number of countries,
connected to both the distribution network and the central transmission network.

This strong market expansion requires the availability of and access to reliable information on
the performance and sustainability of PV systems, technical and design guidelines, planning
methods, financing, etc., to be shared with the various actors. In particular, the high
penetration of PV into main grids requires the development of new grid and PV inverter
management strategies, greater focus on solar forecasting and storage, as well as
investigations of the economic and technological impact on the whole energy system. New PV
business models need to be developed, as the decentralised character of photovoltaics shifts
the responsibility for energy generation more into the hands of private owners, municipalities,
cities and regions.

The overall programme is headed by an Executive Committee composed of representatives
from each participating country and organization, while the management of individual research
projects (Tasks) is the responsibility of Operating Agents. By late 2013, fourteen Tasks were
established within the PVPS programme, of which six are currently operational.

The overall objective of Task 13 is to improve the reliability of photovoltaic systems and
subsystems by collecting, analysing and disseminating information on their technical
performance and failures, providing a basis for their assessment, and developing practical
recommendations for sizing purposes.

The current members of the IEA PVPS Task 13 include:

Australia, Austria, Belgium, China, the European Photovoltaic Industry Association (EPIA),
France, Germany, lIsrael, Italy, Japan, Malaysia, the Netherlands, Norway, Spain, Sweden,
Switzerland, Turkey and the United States of America.



Performance characterization for thin-film PV modules requires special care because of the
complex nature of the devices compared to first-generation PV devices. This report addresses
the characterization of PV modules in solar simulators and in field conditions. We review the
previous work on best practices for pre-conditioning and indoor measurements and propose a
new method for stabilisation of modules without light exposure. Special considerations for
bifacial PV modules are also discussed. After summarizing previous studies on
characterization of field performance, we present a new, uniform analysis of international field
data from many contributors. Finally, we present case studies related to the effects of
spectrum on outdoor performance.

The editors of the document are Timothy J Silverman, National Renewable Energy Laboratory,
Golden, CO, USA, and Ulrike Jahn, TUV Rheinland Energie und Umwelt GmbH, Cologne,
Germany (DEU).

The report expresses, as closely as possible, the international consensus of opinion of the
Task 13 experts on the subject at hand. Further information on the activities and results of the
Task can be found at: http://www.iea-pvps.org.

2 Executive Summary

Although thin-film photovoltaic (PV) modules have been in production for decades, the
characterization of their performance, both outdoors and under artificial light, remains a topic
of active research. This is because the field contains a diverse set of PV technologies, each of
which has physical differences from conventional crystalline silicon PV. These differences
range from different temperature coefficients to complex short-term or seasonal transients in
performance. This report summarises the nature of these special behaviours and
demonstrates best practices for handling them in the context of several case studies.

The first portion of the report deals with the performance of thin-film PV modules in solar
simulators. Achieving repeatable performance measurements is challenging, even under

artificial light. Stable, spectrally matched reference modules are generally unavailable, which

can lead to errors in the effective illumination level. Some technologies have high capacitance,

leading to problematic dependence of results on the duration of illumination and of the I-V

curve sweep. Modules must be stabilised to avoid the influence of metastabilities on the
results. This is normally done by |light exposur
approach for improving upon simple light soaking by applying bias.

The report then covers the issues surrounding the measurement and analysis of outdoor
performance of thin-flm PV modules. The widely varying spectral responses, temperature
coefficients and metastable behaviours of different thin-film technologies lead to special
challenges in outdoor performance analysis. This is illustrated by the presentation of a new
method of collecting and analyzing performance data from many international partners.
Specific issues of spectral performance analysis are then discussed, including measured-
spectrum and modeled-spectrum methods.

The target audience of the report is scientists and engineers who participate in the collection,
analysis and prediction of indoor and outdoor performance data. This group includes planners,



operators and manufacturers of PV power plants, participants in the standardization of
methods for performance measurement and workers in academe or at national laboratories.

3 Simulator Performance

3.1 Previous work

3.1.1 Introduction

G Friesen, University of Applied Sciences of Southern Switzerland (SUPSI)
A Louwen and WGJHM van Sark, Utrecht University, Copernicus Institute of Sustainable Development,
the Netherlands

Characterizing the performance of thin-film PV modules indoors is complicated by several
physical differences between thin-film and conventional crystalline silicon PV technology.
These differences can result in substantial scatter when the same module is measured in
different ways or at different laboratories. Endeavors that rely on the repeatability of indoor
performance measurements must be undertaken with these issues in mind.

The following contribution summarises a campaign of round-robin tests intended to
characterise and reduce the uncertainty in performance measurements from multiple
laboratories. This section is followed by a review of literature enumerating the various
phenomena that contribute to the difficulty in achieving repeatable indoor performance
measurements.

3.1.2 State of the art in indoor performance characterization of PV modules
with solar simulators

This chapter summarises results of previous international studies, which can be considered to
be representative of the state of the art of thin-film module characterization and its progress
compared to the better-investigated characterization of crystalline silicon modules. Most of the
work referenced here is from the European project IP PERFORMANCE (IP Contract 019718),
which ended in 2010.

One of the major objectives of the PERFORMANCE project was to improve the accuracy and
comparability of electrical power measurements of PV modules. Thus, standard test
conditions (STC) were considered, as well as all test conditions defined within the IEC 61215
[1] and IEC 61646 [2] module qualification standard: STC (1000 W/mz2, 25°C, AM1.5); different
module temperatures (800 W/m2, 25-65°C, AM1.5), nominal operating cell temperature (800
W/m2, NOCT, AM1.5) and low irradiance (200 W/mz2, 25°C, AM1.5).

New test equipment and procedures were developed within the project, to improve the
accuracy and to cover an even broader range of test conditions (100-1200 W/m? and 15-75°C),
as requested by the upcoming IEC 61853 Energy Rating standard part 1 [3] and 2 [4].

The comparability of measurements was mainly assessed by the means of different
measurement intercomparison campaigns, so-called round-robin tests. All major European
test laboratories with broad experience in indoor and outdoor testing and 1SO17025



accreditation participated in the round-robin tests. Two round-robin tests focused on crystalline
silicon modules and two on thin-film modules. The whole range of commercially available
products was considered. The execution of an initial round-robin with a follow-up round-robin
enabled the verification of the level of improvement achieved by the introduction of new test
procedures and equipment, all aiming to better meet the technology-specific requirements.
The round-robin results have been published at the major European conferences [5-7] and
merged into a fBest practice guideline for industryo[8].

Crystalline silicon round-robin results

Very good results have been achieved for all crystalline silicon modules tested within the
round-robin, with a comparability of P, of +1-1.5% (see Fig. 1). For the majority of the
modules the spread was below +1%. Only for high-efficiency modules, where special
measurement techniques are required to overcome capacitive effects [8], does the spread
reach £1.5%. New measurement techniques have been developed more recently for high-
capacitance modules [9,10], and further round-robins are underway to assess the accuracy of
these new methods. The spread was significantly higher at test conditions different from STC
as shown in Fig. 2 and 3, but always within the limits of the declared measurement
uncertainties U[k=2]. All measurement uncertainties were calculated according to a common
approach agreed to within the PERFORMANCE project and published by Miillejans et al. [11],
which covers all relevant optical, electrical and measurement related factors. The increase of
the spread up to +4% for low irradiance levels can be mostly explained by the increase in non-
uniformity of the solar simulators when introducing spectral neutral filters for the attenuation of
irradiance, whereas the spread of up to +10% for the temperature coefficient of P, can be
mostly explained by the differences in test procedures and equipment available in the different
laboratories.
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Fig. 1: Spread of P at STC (deviation from average of six test laboratories) as measured with
different solar simulators and four different crystalline silicon module types
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with different solar simulators and four different crystalline silicon module types
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Fig. 3: Spread of P, temperature coefficient measured at 800 W/m2 (deviation from average of
six test laboratories) as measured with different solar simulators and four different crystalline
silicon module types.

Thin-film round-robin results
For thin-film modules the electrical characterization turned out to be much more difficult [6, 7]

and the round-robin was therefore limited to the characterization under STC. Electrical

instability of the material in combination with non-harmonised preconditioning techniques,
spectral mismatch problems caused by the unavailability of perfectly spectral matched
reference devices or spectrally tunable solar simulators, as well as the current limiting
behaviour of sub cells within multi-junction modules, resulted in a poorer comparability of



power measurements of thin-film modules. Fig. 4 gives an overview of the results obtained
with the final round-robin. Depending on the technology, a comparability of Pp.y within 3-6%
was achieved for P at STC, with the best result for crystalline silicon on glass (CSG) where
instability and spectral mismatch issues are less critical. A general improvement could be
demonstrated within the project from the first to the second thin-film round-robin by
harmonizing the stabilisation procedures. The following paragraphs highlight some
technology-specific problems that could not be solved within the PERFORMANCE project and
which will be treated in more detail throughout the whole report.
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Fig. 4: Spread of P, at STC (deviation from average of six test laboratories) as measured with
different solar simulators and four different thin-film module technologies within the second
round-robin

For amorphous silicon the standard approach according to IEC 61646 was applied to stabilise
the module power, but with a stricter limit of +1% for the second round-robin. It was observed
that the stabilisation within £2% did not fully stabilise the modules, and the stabilisation
process continued during the execution of the round-robin, leading consequentially to a higher
spread. Thermal annealing was avoided by monitoring the module temperature during the
whole round-robin process and by not exposing the modules to temperatures above 50°C.

For copper indium (gallium) diselenide (CIS) and cadmium telluride (CdTe) a 1-hour outdoor
exposure under load at irradiance above 800 W/m2 and temperature below 55°C was agreed
upon for pre-conditioning. A better comparability was achieved, but without being able to
guarantee full stability. Moreover, no harmonised procedure was suggested on how to deal
with the effects occurring during the timeframe from when the module is transported to the
solar simulator and the module is cooled down to 25°C.

The spectral mismatch error has been identified as a major issue for the characterization of all
thin-film technologies. An accurate measurement of spectral response and solar simulator
spectrum are of primary importance for spectral mismatch corrections or the estimation of the



spectral mismatch error when no spectral correction is applied. At the time of the project, only
one laboratory was able to measure the spectral response of complete modules and only of
single-junction devices. These measurements together with some spectral response curves
measured on the cell level have been distributed to all round-robin partners for the selection of
the best reference device and/or to perform spectral mismatch corrections. The comparability
between cell and module were very good, but the transferability of measurement results from
cell to module level has still to be demonstrated for all technologies. The spectra of the solar
simulators have all been measured with the same spectral radiometer, but without considering
variations over time caused by lamp aging or other issues. Later studies showed that thin-film
modules are particularly sensitive to spectral variations caused by the aging of the lamps or
other issues [12]. Also, the equipment for the spectral characterization of solar simulators is
under continuous investigation [13, 14]. New test equipment for the measurement of spectral
response curves of single and multi-junction modules has been introduced in the meantime by
most test laboratories [15,16,17], but too late to be included into the PERFORMANCE round-
robin campaigns.

3.1.3 Specific issues in thin-film modules

The round-robin results have highlighted some unresolved issues, which will be the main
focus of this report. Most of these issues are related to thin-film modules. A clear need for
further improvements was identified in the field of pre-conditioning of CIS and CdTe, the
testing of multi-junction devices, better spectral characterization of modules and solar
simulators, and the understating of seasonal variations within thin-film modules.

In the following sections, we give a short overview of the major issues that can occur with thin-
film technologies. Further information can be found in the fBest practice guideline for industryd
[4] published within the PERFORMANCE project.

Metastability and stabilisation procedures

Because of the metastable nature of the semiconductor materials, achieving precise power
measurements on thin-film PV modules often requires the application of a stabilisation
procedure prior to each measurement. According to the various physical mechanisms behind
the transient behaviours, many stabilisation techniques have been proposed. Some copper
indium gallium diselenide (CIGS) and CdTe manufacturers have helped test laboratories to
achieve higher power measurement accuracy by developing and sharing specific stabilisation
procedures for their own products.

Amorphous silicon

Single-junction amorphous silicon modules are well known to exhibit significant performance
degradation in the first few hundred hours of operation. This performance degradation leads to
a decrease of efficiency of ~10-30% [18], while a typical value is reported to be 16% [19]. After
several months of operation, degradations of even 30% to 40% were observed [19]. This
degradation is the result of a material degradation effect known as the Staebler-Wronski Effect
(SWE). With thermal annealing, this performance degradation can be partly recovered [19],
[18]. The strength of the effect is reported to be related to the device structure; devices with
thinner intrinsic layers exhibit less performance loss [18, 19], because of decreased
recombination of photocarriers [18].



The degradation necessitates preconditioning or stabilisation [19, 20]. Outdoor measurements
show rapid decrease in photocurrent in the first days of operation, and similar performance
degradation after 6 weeks of operation [15]. In IEC 61646 it is stated that stabilisation can be
assumed after 43 kWh/m? of irradiation is applied and power output changes less than +/-2%.
Astawa et al [20] show that in order to perform accurate degradation measurements, loading
of the modules should be performed under realistic operating conditions (operation at
maximum power point). The practice of exposure to light, being indoor or outdoor, under open-
circuit conditions, leads to an overestimation of V,. degradation by 23% and an
underestimation of Is. degradation by 7.69% [20].

Cadmium telluride

The indoor characterization of CdTe modules is complicated by two factors: spectral mismatch
(discussed in the next section) and short-time light soaking effects [21]. Light soaking leads to
an initial performance improvement of ~4% [18], which necessitates preconditioning before
performing indoor performance characterization. The effect can be reversed through dark
storage [18].

Copper indium diselenide

Cl'S modules are known to exhibitundbendfiighitalsora
which necessitates preconditioning before testing device performance indoors [18]. In [21]
unconditioned CIS modules showed P,.x measured indoors to be 94% of that measured

outdoors. This light soaking effect can be reversed by annealing at 80°C in the dark [18].
Preconditioning times were found to be shorter when preconditioning was performed at higher
temperatures [18].

Spectral considerations for indoor measurements

As we have seen in previous sections, the effect of spectral variations on thin-film PV
performance can be quite pronounced. Especially for amorphous silicon (a-Si) and CdTe, this
means indoor characterization of modules should consider the incident spectrum of the solar
simulator, and correct for discrepancies between the simulator and solar irradiation at
standard test conditions.

Fig. 5 shows an overview of the effect of spectral mismatch on indoor characterization of
different PV parameters, for different thin-film technologies. Measurements for a-Si and CdTe
need correction for spectral mismatch because of the large discrepancy between the spectral
response of a-Si and CdTe on the one hand, and the c¢-Si reference cell on the other [21]. For
CIS, which has a very similar spectral response compared to c-Si, this effect is very much
smaller [21].
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Fig. 5: Normalised PV parameters of single junction thin-film devices as measured (i) outdoors,
(ii) indoors without spectral mismatch correction, and (iii) indoors with spectral mismatch
correction. The variations are relative to the outdoor measurement [21].

Capacitive phenomena and |-V sweep time effects

Current-voltage characteristics are measured by sweeping voltage from slightly below zero to
above V., which takes a finite time. It has been found that I-V curves may differ as a function
of sweep time. Of the thin-film technologies, only a-Si (single, double and hybrid a-Si/uc-Si)
shows appreciable sweep time effects. For single-junction a-Si devices, sweep time effects
occur up to 10 ms [21]. For double-junction and hybrid a-Si, similar results were obtained, so
for these technologies, |-V measurements should be performed with sweep times >10 ms [21].
For CdTe and CIS, no sweep time effects were found. Fig. 6 shows the effect of sweep-time
for the different thin-film technologies mentioned.
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Fig. 6: Normalised power (Pnax) Of single-junction thin-film devices (left) and double-junction and
hybrid a-Si (right) module, measured as a function of I-V sweep-time. The dashed line indicates a
typical sweep-time used for the LAPSS solar simulator [21].



References for this section

[1] IEC 61215 (2005): Crystalline silicon terrestrial photovoltaic (PV) modules i Design qualification and type
approval.

[2] IEC 61646 (2008): Thin-film terrestrial photovoltaic (PV) modules i Design qualification and type approval.

[3] IEC 61853-1 edition 1.0. (2011): Photovoltaic (PV) Module Performance Testing and Energy Rating - Part 1:
Irradiance and Temperature Performance Measurements and Power Rating.

[4] IEC 61853-2 FDIS: Photovoltaic (PV) Module Performance Tasting and Energy Rating - Part 2: Spectral
Response, Incidence Angle and Module Operating Temperature Measurements.

[5] W. Herrmann, S. Mau, F. Fabero, T. Betts., N. van der Borg, K. Kiefer, G. Friesen, W. Zaaiman, Advanced
intercomparison testing of PV Modules in European test laboratories, Proc. 22nd EU PVSEC, Milan, Italy, (2007),
pp. 2506-2510.

[6] W. Herrmann, S. Zamini, F. Fabero, T.R. Betts, N.J.C.M. van der Borg, K. Kiefer, G. Friesen, W. Zaaiman,
Results of the European PERFORMANCE Project on Development of Measurement Techniques for Thin-Film PV
Modules, Proc. 23rd EU PVSEC, Valencia, Spain, (2008), pp. 2719171 2722.

[71W. Herrmann, S. Zamini, F. Fabero, T. Betts, N. van der Borg, K. Kiefer, G. Friesen, H. Millejans, H.-D. Mohring,
M.A. Vazquez, D. Fraile Montoro, PV Module Output Power Characterization in Test Laboratories and in the PV
Industry - Results of the European PERFORMANCE Project, Proc. 25th EU PVSEC / 5th World PVSEC, Valencia,
Spain, (2010), pp. 38791 3883.

[8] E. Dunlop, F. Fabero, G. Friesen, W. Herrmann, J. Hohl-Ebinger, H.-D. Mohring, H. Miillejans, A. Virtuani,
SUPSI W. Warta, W. Zaaiman, S. Zamini, Guideline for PV power measurement in industry, EUR 24359 EN,
(2010).

[9] A. Virtuani, P Beljean, G. Rigamonti, G. Friesen, D. Chianese., Fast and accurate methods for the performance
testing of highly efficient c-Si Photovoltaic modules using a 10 MS single-pulse solar simulator and customised
voltage profiles, Meas. Sci. Technol. 23 (2012) 115604 pp. 1-8, doi:10.1088/0957-0233/23/11/115604

[10] C. Monokroussos, D. Etienne, K. Morita, C. Dreier, U. Therhaag, W. Herrmann, Accurate Power
Measurements of High Capacitance PV Modules with Short Pulse Simulators in a Single Flash, Proc. 27th EU
PVSEC, Frankfurt, Germany, (2012), pp. 3687 i 3692.

[11] H. Mullejans, W. Zaaiman, R. Galleano; Analysis and mitigation of measurement uncertainties in the
traceability chain for the calibration of photovoltaic devices; Measurement Science and Technology 20, (2009),
075101 pp. 1-12

[12] W. Herrmann, L. Rimmelspacher, Uncertainty of Solar Simulator Spectral Irradiance Data and Problems with
Spectral Match Classification, Proc. 27th EU PVSEC, (2012), pp. 30151 3021.

[13] P. Sperfeld, D. Dzafic, F. Plag, F. Haas, C. Kroéber, H. Albert, S. Nevas, S. Pape, Usability of Compact Array
Spectroradiometers for the Traceable Classification of Pulsed Solar Simulators, Proc. 27th EU PVSEC, Frankfurt,
Germany, (2012), pp. 30601 3065.

[14] D. Polverini, R. Galleano; The use of fast spectroradiometers for pulsed solar simulator spectra measurements,
Proc. 37th IEEE PVSC, Seattle, WA, USA, (2011) pp. 003596-003600.

[15] M. Pravettoni, M. Nicola, G. Friesen, A Filtered Pulsed Solar Simulator for Spectral Response Measurements
of Multi-Junction Modules of Commercial Size, Proc. 27th EU PVSEC, Frankfurt, Germany, (2012), pp. 3209 i
3213.

[16] F.P. Baumgartner, D. Schér, S. Achtnich, Spectral Response Measurement of Tandem Modules, Proc. 27th
EU PVSEC, Frankfurt, Germany, (2012), pp. 30221 3026.

[17] Y. Tsuno, Y. Hishikawa and K. Kurosawa, A Method for Spectralour Response Measurements of Various PV
Modules, Proc. 23rd EU PVSEC, Valencia, Spain, (2008), pp. 272371 2727.

[18] M. Gostein and L. Dunn, Light soaking effects on photovoltaic modules: Overview and literature review, Proc.
37th IEEE PVSC, Seattle, WA, USA, (2011), pp. 3126i 3131.

10



[19] M. Mufioz-Garcia and O. Marin, Characterization of thin-film PV modules under standard test conditions:
Results of indoor and outdoor measurements and the effects of sunlight exposure, Solar Energy, vol. 86, no. 10,
(2012), pp. 3049i 3056.

[20] K. Astawa, T. R. Betts, and R. Gottschalg, Effect of loading on long term performance of single junction
amorphous silicon modules, Solar Energy Materials and Solar Cells, vol. 95, (2011), pp. 1197 122.

[21] A. Virtuani, Comparison of indoor and outdoor performance measurements of recent commercially available
solar modules, Progress in Photovoltaics: Research and Applications 19.1 (2011), pp. 11-20.

3.2 Stabilisation issues particular to thin-film PV modules

3.2.1 Introduction

Determining the STC power rating of a thin-film PV module is important for predicting outdoor
performance and for quantifying degradation caused by outdoor exposure or by accelerated
testing. This otherwise simple measurement is frustrated by the fact that most polycrystalline
thin-film PV modules exhibit some form of transient change in performance on time scales of a
few days or less. Modules must therefore be stabilised before their STC power rating can be
determined. The development of stabilisation methods that apply to all thin-film PV
technologies continues to be an active area of research because each technology, and in
some cases each specimen of a particular technology, behaves differently.

The following contribution is a report of new data showing the temperature dependence of the
light-soaking effect on a large population of full-size modules. This information helps to
illustrate the variety of transient responses that is possible in polycrystalline thin-film PV
modules. The section is followed by a recommended approach for further development of
procedures that do not rely solely on light exposure to achieve stabilisation.

3.2.2 Recent results in thin-film stabilisation
Markus Schweiger, TUV Rheinland

Introduction

The physical processes of metastable behaviour of CIGS and CdTe modules are not
understood yet [1]. IEC 61646 [2] contains the only standardised stabilisation procedure for
thin-film PV-modules. This procedure does not take into account the technology-specific
characteristics of the different thin-film technologies.

The metastable behaviour of 22 specimens has been investigated. Three CIGS module types
from two different manufacturers and two CdTe module types from two different
manufacturers have been measured indoors. The change of the main module parameters I,
Vo and Pnax Was monitored online while light-soaking and by regular re-measurements in a
pulsed solar simulator. The P, was recorded every 30 seconds and the entire I-V curve was
measured at 120-second intervals. The influence of the module temperature during the
stabilisation was investigated for 25°C, 50°C and 85°C. The irradiance during the stabilisation
process was 1000 W/m2. The effect of small fluctuations of the module temperature and the
irradiance have been corrected according to IEC 60891 [3] procedure 2. After the stabilisation
program the modules were stored in the dark at 25°C with periodic I-V measurement to
monitor their de-stabilisation.
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Stabilisation of CIGS specimens

CIGS modules stabilised at low temperatures (25°C, 50°C) showed a rise of the nominal
power, compared to the initial value, of up to 8%. The changes occurred because of a rising fill
factor and a rising open circuit voltage, as shown in Fig. 7. The short circuit current remained
almost stable. Aging effects could be detected for some modules during stabilisation at higher
module temperatures (85°C), as shown in Fig. 8. The nominal power dropped down to -9% for
some module types. The irradiation of one 43 kWh/m? cycle according to IEC 61646 appeared

to be sufficient.
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Fig. 7: Electrical stabilisation of a CIGS specimen during light-soaking at 1000 W/m2 and a
module temperature of 58.4°C
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Fig. 8: Irreversible degradation of a CIGS specimen caused by light-soaking at 83.7°C module
temperature, online-monitored module parameters at 1000 W/m?
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Stabilisation of CdTe specimens

Most CdTe modules showed a rise of the nominal power compared to the initial value of up to
10%. The changes mostly occurred because of a rising fill factor, as shown in Fig. 9. The
short-circuit current remains almost stable. In contrast to CIGS, the CdTe specimens showed
a strong dependency of the stabilisation result on the module temperature during the
stabilisation. The higher the module temperature was, the higher the resulting value of the
nominal power. Low temperatures (25°C) led to small positive or even negative changes of
nominal power, as shown in Fig. 10. A superposition of light-induced degradation and thermal
activation can be assumed. Tests with high module temperatures and without exposure to
light also showed a rise in the nominal power. The irradiation of one 43 kWh/m2 cycle
according to IEC 61646 also seems to be sufficient for CdTe.
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Fig. 9: Electrical stabilisation of a CdTe specimen during light-soaking at 1000 W/m2 at a module
temperature of 79.4°C
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Relaxation during storage in the dark

The reversal of stabilisation was investigated by storing the specimens in the dark at 25°C for
several months and regularly performing re-measurements using the pulsed solar simulator.
For both technologies (CIGS and CdTe), the results show long relaxation times of several
weeks (Fig. 11 and 12). Some manufacturers state the destabilisation of their CIGS modules
occurs within seconds. For these fast transient effects, another measurement approach must
be chosen as described above.
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3.2.3 Improving upon thin-film PV stabilisation methods

Timothy J Silverman, National Renewable Energy Laboratory, United States
Sabrina Novalin, Austrian Institute of Technology

Introduction

This chapter establishes the need to stabilise thin-film PV modules before measurement and
describes the shortcomings of the light-soaking method of stabilisation. Improvements of the
method, based on the use of bias in addition to or in place of illumination, are proposed. The
specific tests needed to develop these improvements are proposed and results from pilot tests
on CIGS modules are presented.

Background

The dominant thin-film photovoltaic materials, nhamely CdTe, CIGS and a-Si, all exhibit
transient changes in performance upon exposure to light [1-3]. These effects influence
current-voltage parameters and can result in either artificially high or low performance. The
metastable effects vary in magnitude and can be observed in cells and modules alike. In some
cases the effects might be close to measurement accuracy or even non-existent. However, in
other cases, the performance of the cell or module can vary more than 10% above an initially
measured value. Both the open-circuit voltage (Vo) and the fill factor (FF) can be affected by
these transients, and generally speaking, a partial or full relaxation to an originally measured
value can be obtained by dark storage at 25°-80° C within times widely varying among the
technologies (from hours to weeks). Fig. 13 and 14 show a time evolution of current-voltage
characteristics upon light exposure which was observed for a CdTe module. After dark storage,
the curves typically relax to the initial condition.

Fig. 13: Metastable evolution of the current-voltage characteristic measured for a CdTe module
upon light exposure
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