Optimization of the shunt resistance of Cu(In,Ga)Se: cells for indoor
applications
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With the rise of Internet of Things (IoT), a sustainable and efficient power source for electronic
devices, such as indoor photovoltaics, is essential [Bouclé2023]. Copper poor and gallium rich
CIGS photovoltaic cells, marked by a high parallel resistance, hold promise for these
applications, yet they have not received thorough exploration in the past [ Virtuani2004].

Our research presents an extended analysis of the [-V electrical characteristics of multiple CIGS
solar cells, with three different gallium content [Ga]/([Ga]+[In]) of 0.28, 0.64 and 0.81 varying
between copper-poor and copper-rich compositions, 0.33<[Cu]/([Ga]+[In])<1. The cells were
measured with a white LED (5000 K) from 45000 1x down to extremely low illumination (~50
Ix). We then fit the experimental data, using a single set of parameters (Rp, R, n, Io), with the
classical one diode-model combined with an experimental collection term [Sun2016], and were
able to correctly reproduce the illuminance dependence of the I-V electrical characteristics of
the cell over three orders of magnitude.

Notably, the highest shunt resistance is achieved with a low copper composition, between 0.45
and 0.5, regardless of the gallium content. These cells demonstrated a remarkable increase of
the maximum power by a factor of one thousand compared to copper rich CIGS solar cells,
under low light conditions (50 1x).

[Bouclé2023] Bouclé, J.; Ribeiro Dos Santos, D.; Julien-Vergonjanne, A. Doing More with
Ambient Light: Harvesting Indoor Energy and Data Using Emerging Solar Cells. Solar 2023, 3, 161-
183.

[Virtuani2004] A. Virtuani, E. Lotter, M. Powalla, U. Rau, and J. Werner. Highly resistive
Cu(In,Ga)Se; absorbers for improved low-irradiance performance of thin-film solar cells. Thin Solid
Films, 451-452:160-165, 2004.

[Sun2016] X Sun, T. Silverman, R. Garris, C. Deline, and M. A. Alam. An Illumination-
and Temperature-Dependent Analytical Model for Copper Indium Gallium Diselenide (CIGS) Solar
Cells. IEEE Journal of Photovoltaics, 6(5):1298—1307, 2016.



