Atmospheric corrosion including humidity, temperature, and aerosol pollutants on the
degradation of C1GS-based solar cells
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The current reliability approaches in photovoltaics (PV) mainly focus on studying the effects of temperature,
illumination or even mechanical load, while among the chemical factors only humidity is generally considered [1]. In
this work, we tried to take into account the presence of other species known in atmospheric corrosion and understand
their impact on the stability of materials and assemblies relevant for thin layer Cu(In,Ga)Se, (CIGS)-based solar cells
with ALD-AIl,O3 encapsulation. The study focused on two layers of a thin film solar cell: a 500nm-thick Molybdenum
back contact and 1.5 um-thick CIGS absorber layer, deposited on Mo on glass or directly on glass. The stability of these
systems was studied with and without encapsulation.

Three parameters are used to model this effect: relative humidity (RH) and temperature (T°C) cycled in a
climatic chamber to mimic day and night or seasonal variations and accelerate the ageing as well as atmospheric aerosol
pollutants deposited daily to form drops on the surface of the samples, as already demonstrated for AZO thin films [2].
Industrial, rural, and marine environments were modeled by typical components present as aerosols in theses
atmosphere: sulphate Na2SO4, ammonium (NH4).SO4 and chloride NaCl salts respectively. The chemical evolution of
the samples was surveyed using Scanning Electron Microscopy, Energy Dispersive X-Ray Spectroscopy, Raman
spectroscopy and X-ray diffraction. The physical properties evolution was characterized using sheet resistance
measurement.

Both, Mo and CIGS layers presented localized degradation mode with and without pollutants. The 25 nm-thick
Al,O3 encapsulation was proven to efficiently protect the underneath materials efficient against temperature and
humidity cycling but not against the pollutants. Because the encapsulating layer was destroyed in the locations where
pollutants were deposited, the degradation mechanisms of unencapsulated samples were studied. The unencapsulated
samples exhibited degradation spots on the surface of the CIGS/Mo/Glass which is coherent with the results of Pern et
al. [3]. No spots appeared on the aged CIGS if it was deposited directly on glass. In situ and ex situ analysis of the
degradation products by Raman spectroscopy and EDS were used to survey the evolution of the species in the
degradation spots. In particular, growth and expansion of Na,MoO, was observed on the top of the CIGS layer and
Cu,xSe was also detected (Fig. 1a-b). After rinsing of soluble Na;MoO., the CIGS layer appeared more porous (Fig.
1c). These results evidenced Mo diffusion through the pores of CIGS layer. Speculative mechanisms of the
CIGS/Mo/Glass system corrosion are proposed. I
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Figure 1 — (a) (b) Example of chemical species distribution before rinsing (Raman mapping) and (c) BSE surface
appearance after rinsing of a CIGS/Mo/glass sample exposed to 45 °C and 82 % RH for 4 days.
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