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Outdoor non-contact measurement of pseudo |-V curves of solar cells in a module
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Current-voltage (I-V) measurements of a solar cell or of a photovoltaic (PV) module are critical to
determine the overall power output of a PV system whose degradation rate has a critical impact on the
levelized cost of electricity and on the bankability of PV projects [1]. Currently existing characterization
techniques, such as infra-red (IR) thermography [2], ultra-violet (UV) fluorescence [3], electro-
luminescence (EL) [4]-[6] and photoluminescence (PL) [7] imaging have proven to be helpful in
identifying performance-limiting module faults. However, all these characterization techniques fail to
provide quantitative information regarding the nature of each fault. In order to investigate the cause of
these faults, additional characterization techniques must be developed. I-V measurements can provide
guantitative information regarding various performance limiting faults in solar cells. In many cases they
can be used to identify the fault type and its typical causes. Yet, in the case of a PV module, only the
terminal characteristics are obtained using conventional methods. Obtaining the I-V parameters of an
individual cell within a module can be very useful, however, such information is not easily accessible in
modules installed in the field since (1) the solar cells are embedded in a laminated module rendering
their contacts inaccessible, and (2) the modules are connected to a solar array that is operating during
daylight conditions.
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Figure 1. Comparison of the I-V curve of a typical cell (Cell A) with simulated I-V curve of a cell
with increased (a) base recombination current (Cell B) and (c) shunt resistance (Cell C) along
with the cells’ PL (b and d) as a function of illumination.
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In this study we demonstrate the application of the Suns-PL technique [8] to hon-contact extraction of
the pseudo |-V characteristics of solar cells that are part of a larger PV system, operating under full
daylight illumination (field operating conditions).

During Suns-PL measurements, solar cells are irradiated with a temporally changing illumination using
a specially developed experimental set-up. The set-up is placed on top of the tested cell to
simultaneously measure both the illumination and the PL intensity. The PL signal as a function of
illumination intensity reveals the different faults, such as shunting and increased base recombination
current, as shown in Figure 1. Since the illumination intensity is a measure of the current generation and
the PL signal is a measure of the device voltage, the cell's characteristic |-V relationship can be obtained
as an pseudo I-V curve to further understand the fault in detail.

The technical considerations of this method and its aplication in the field during daylight hours will be
presented at the conference. The obtained pseudo I-V curves will allow identification of various faults in
individual cells in a photovoltaic module. The proposed method can be easily applied to inspect large
solar fields in a very short time with the help of unmanned aerial vehicles and artificial intelligence.
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