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Abstract

Thin films of (Cu/In/Se) were fabricated by evaporated elemental layers of Cu, In and Se on Si (1 0 0) and on glass substrates at Ts = 250 °C.
Films with phase chalcopyrite structure and strong (1 1 2) preferred orientation were produced. EDX showed uniform compositional properties of
the films over a substrate area of 1 cm? The optical energy band gap of 0.984 eV was obtained and photoluminescence measurements have been
carried out in as-deposited polycrystalline Cu/In/Se thin films deposited onto (1 0 0) oriented Si wafers doped with 10'> cm™ of boron. The PL
spectra of CulnSe, show emission peaks at 0.87 eV ranging from 0.75 to 0.98 eV. The broad emission band is ascribed to donor—acceptor pair

(DAP) transition.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Thin film CulnSe, solar cells have the potential to achieve
the goals of higher efficiency and low cost, necessary for large
scale applications. Different methods have been used to
fabricate CulnSe, thin film absorbers as reported in literature
reviews [1-4]. Device efficiencies greater than 14% over small
areas have been achieved using the coevaporation of the
elemental materials [5]. Although various methods have been
used successfully to produce CulnSe,, there is no commercial
manufacturing operation for the present moment.

The stacked elemental layer (SEL) is a technique suitable for
large area development because of its simplicity to control the
deposition parameters. The SEL technique has been used to
produce CulnSe, materials and low efficiency devices have
been reported [6]. However, no detail characterisation has been

* Corresponding author. Fax: +213 38 87 28 86.
E-mail address: bechiri@hotmail.com (L. Bechiri).

0920-5861/$ — see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.cattod.2005.11.071

undertaken to identify the various defects associated with SEL
based CulnSe, thin films. In this work, the origin of the
luminescence transitions is further probed by intensity and
temperature dependent measurements.

2. Experimental

Elemental layers of Cu (99.999% from Balzers), In (99.999%
from Balzers) and Se (99.999% from Balzers) were sequentially
deposited on (1 0 0) oriented Si wafers doped with 10'°cm ™ of
boron and Carning 7059 glass substrates of size 1 cm x 1 cm at
Ts =250 °C by thermal evaporation in the vacuum chamber at
about 107> Torr. The layer thicknesses of Cu, In and Se were 20,
40 and 90 nm, respectively. The typical thickness of the obtained
films was approximately 150 nm for a 15 min deposition time.
Cu and In were evaporated from W boats, while Se was
evaporated from a graphite effusion source. A quartz crystal
monitor was used to record the evaporation rate.

All films were characterised for morphological, composi-
tional and structural properties using the scanning electron
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microscopy (SEM), energy dispersive X-ray analyser (EDX)
and X-ray diffraction (XRD), respectively. The optical and
electrical properties were studied using the optical a Perkin-
Elmer N9 (UV-VIS-NIR) double beam spectrophotometer
(500-3000 nm) and Hall measurement. Jeol transmission
electron microscopy, operating at 200 kV was used to evaluate
the cystallinity of the Cu/In/Se samples.

PL spectra were recorded using a standard Lock-in
technique with a Jobin-Yvon HR1000 grating monochromator
and a North Coast EO-817 germanium detector. An oxford
closed cycle He cryostat cooled the sample to 7 K and Ar* ion
laser excited the PL by the 514.5 nm.

3. Results and discussion

The In-rich samples have uniform shiny grey colour. Optical
measurements of the films at room temperature showed low
transmission (20%) with a sharp absorption edge at a
wavelength of 1250 nm. The absorption coefficient, o, was
calculated as 3 x 10° cm ™! from the equation,

=]

where Tis the transmittance, R the reflectance and ¢ is the film
thickness.

The absorption coefficient («) of a direct transition is related
to the energy band gap [7,8] as ahv = |/hv — E. Plot of (ahv)?
against hv is shown in Fig. 1. The value of E, obtained by
extrapolating the fundamental absorption edge of the CulnSe,
on the hv co-ordinate, at room temperature, is 0.984 eV, which
agrees with the value reported in the literature by Kazmerski
et al. [9].

Electrical parameters were derived from Hall measurements
using Van der Pauw method at room temperature, the contacts
used were a wire of platina (Pt). Films were p-type with
electrical resistivity () of 0.02 Q) cm, mobility of 45.27 cm?/V/
s, and carrier concentration of 2.70 x 10" em 3.
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Fig. 1. Dependence of (ahv)® on photon energy for thin films grown at

T = 250 °C.
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Fig. 2. X-ray diffraction patterns of sequentially deposited Cu/In/Se layers.
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The XRD profiles spectra of the CIS thin films deposited at
250 °C substrate temperature is shown in Fig. 2. We can
identify diffraction peaks associated with (112), (004)/
(200),(105)/(213),(204)/(220)and (1 16)/(312)reflec-
tions. The XRD patterns of the films clearly demonstrate the
diffraction reflections typical to the chalcopyrite. The diagrams
do not present any characteristic line (1 0 1), (2 1 1) and (1 0 3)
of chalcopyrite structure as the films deposited at this
temperature are nanocrystalline [10]. Additional reflexions at
20 = 65-73° are those of Si (1 0 0) substrate. From Scherrer’s
formula we estimate the average crystallite size to be 40 nm.

SEM studies (Fig. 3) indicated that the prepared In-rich films
were characterised by poor morphological properties with no
apparent grain structure. This observation was also confirmed
by planar view transmission electron microscopy (TEM)
studies, indicating the presence of small (120-140 nm), highly
defected grains TEM studies also showed (see Fig. 4) that the
most common type of crystalline defects in In-rich films were
planar defects (i.e. microtwins). A significant amount of
microtwins (indicated by X) were also detected in these films.
The average composition (at.%) of film, given by EDS analysis
using a spot size of 25 nm, was: Cu=22.28, In=33.83 and

Fig. 3. SEM micrograph of CulnSe,/Si(1 0 0) thin films deposited at 250 °C.
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