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GROWTH OF CulnSez THIN FILMS BY
TRIPLE-IONIZED BEAM TECHNIQUE

ABSTRACT

CulnSe2 thin films were prepared on the soda-lime glass substrate by the triple-ionized
beam technique (IBT}), in which Cu, In, and Se vapors were ionized and accelerated. The
substrate temperature was as low as 300°C. The films were characterized by X-ray
diffraction, SEM, EPMA and ICP. As a result, we were able to obtain films with improved
grain size and the crystallinity by ionization of Se-vapor. Those films showed a nearly
stoichiometric composition with apparent grain size of more than 2pm. Thus, IBT tumed
out to be an appropriate technology for low temperature deposition of high quality
CulnSez thin films.

1. INTRODUCTION

The chalcopyrite type ternary semiconductor CulnSe2 has been attracting much attention as
a polycrystalline thin film material for high efficiency solar cells application, since the
material has a direct energy gap of around 1.04eV and the highest absorption coefficient
reported to date for any semiconductors (COUTTS et al). Recently, a conversion
efficiency of more than 17% was reported for solar cells based on thin fitms of CulnSez
(BODEGARD et al.).

However, most of the deposition techniques reported to date require high processing
temperatures higher than 450 “C in order to obtain high quality films. To realize
superstrate-type solar cells suitable for mass production, the substrate temperature for
deposition of CulnSe:2 is required to be lower than 300°C in order to prevent interdiffusion
between the window layer and CulnSe2. The IBT (ionized beam technique} has been
known to be an excellent technique for preparing high-quality thin films at a relatively low
temperature, since it utilizes the effect of bombardment of ionized beam and the charge of
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Characterization of the CulnSe: films were performed by X-ray diffraction for
structural analyses, and scanning electron microscope (SEM) for surface morphology
observation. The chemical composition of the samples were determined through the
electron-probe micro-analysis (EPMA:JEOL,JXA-840) and the inductively-coupled plasma
(ICP} techrique.

3, RESULTS AND DISCUSSION

A typical X-ray (Cu K &) diffraction pattern of CulnSe: films prepared on bare soda-lime
glass substrates by the triple-IBT is shown in Fig. 2. The 112, 211, 105 and other
diffraction lines characteristic of chalcopyrite structure were observed, the relative intensity
suggesting that the (112) axis is preferentially oriented perpendicularly to the film surface.
No impurity phase such as Cu2-xSe and In2Se3 was observed .
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Fig 2. X-ray diffraction pattern of CulnSe2 film prepared by the triple-iBT.

Figure 3 (a) shows the surface morphologies and the cross sections of the CulnSe2 films
which were prepared by the triple-IBT. For comparison, those of films prepared by the
dual-IBT are also shown in (b). As shown in Fig. 3 (a), a remarkable increase of grain size
which amounted to 2~3 um for nearly stoichiometric composition (Cu/In=098) was
observed in CulnSez films prepared by the triple-IBT. The cross sectional micrograph
showed that the crystals were perfectly columnar with densely packed structure and tightly
adhered to the substrate. On the other hand, the CulnSez films prepared by the dual-IBT
showed much smaller grain size of about 0.8 um for composition of Cu/In=1.01. The cross
sectional micrograph showed crystal graing with less perfect columnar structures. It is
surprising that the triple-IBT films showed large grain size than the dual-IBT films even
though the composition of the former film is more In-rich than the latter.
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