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Recently, solar cells based on CulnS,/CulnGaS, thin films demonstrate high efficiency. In this study, a
two-stage process for formation of CulnS; thin films, consisting of sequential electrodeposition of Cu/In
bilayers followed by a thermal treatment under H,S atmosphere (sulfruization), is presented. We focused on
developing and optimizing both electrodeposition and sulfurization conditions in order to obtain high quality
CulnS; films for the solar cell applications.

First, the sulfruization condition of an electrochemically deposited Cu/In bilayer, specifically the effect
of pre-treatment at 110 °C in Ar before converting the Cu/In bilayer into CulnS, films at 520 °C in H,S (5% in
Ar), was examined. By applying the pre-treatment, CulnS, films with good adherence to the Mo/glass substrate
were formed, while the CulnS; film prepared without applying the pre-treatment had poor adhesion.

In order to examine influences of the structure and morphology of the Cu precursor layer on properties of
resulting CulnS; film, electrodeposited Cu layers were studied. After sulfurization, the CulnS, film obtained
from the less-compact Cu layer had a good adhesion between the CulnS, film and the Mo/glass substrate,
whereas the CulnS, film derived from the latter compact Cu layer was partially exfoliated from the Mo/glass
substrate because of large volume expansion stresses during the transformation of the Cu/In bilayer into the
CulnS, film.

Effects of organic additives on growth behavior of the In layer on Cu-coated Mo/glass was also examined.

When In film was deposited using a simple acidic InCl; solution, island-shaped growth with an appreciably
rough surface morphology was observed, whereas a smooth and homogeneous In film was obtained from InCl;
solution containing organic additives. The CulnS, film derived from the homogeneous In film had a uniform
thickness with a smooth surface composed of large grains, while the CulnS, film obtained from the
island-shaped In deposit shows a large variation in thickness with appreciable recessed areas. The solar cell
derived from the homogeneous In film showed the best conversion efficiency of 7.8% with relatively good
reproducibility.

Since Ga is known to be an effective dopant to enhance solar cell properties of the CulnS, film,
electrochemical deposition was examined to form a Ga-doped CulnS; film (Cu(In,Ga)S,). When the stacked
layer containing Cu, In, and Ga was sulfurized, successful conversion into the desired Cu(In,Ga)S, was
achieved. However, poor adherence at the Cu(In,Ga)S,/Mo-glass interface, probably induced by the use of the
compact Cu layer as the Cu precursor, was the matter to be solved.
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