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STRUCTURAL, OPTICAL AND ELECTRICAL PROPERTIES OF CuShbS;
THESE AMORPHOUS FILMS:EFFECT OF THE THICKNESS VARIATION

A. RABHI", M. KANZARI
Laboratoire de Photovoltaique et Matériaux Semi-conducteurs-ENIT BP 37, Le
belvédére 1002, Tunis, Tunisia

Chalcostibite CuSbS; thin films have been deposited on no heated glass substrates by
single source vacuum evaporation method. The pressure during evaporation was
maintained at 10° Torr. All the as-deposited films were amorphous. The structural, optical
and electrical properties have been investigated relating the thickness variation. The
optical properties revealed the presence of direct band gaps with energies in the 1.36 to
2.21eV range. Absorption coefficients higher than 10° cm™* were found. The X-ray
diffraction analysis show an improvement in the crystallinity of the films as thickness
values increases. Secondary phases are observed corresponding to the Sh,Ss. The electrical
conductivity of the CuShS, thin film is in order 10 °> Q™ cm™. Hot probe testing indicated
that this is p-type. So, the absorbor material is a good candidate for photovoltaic
applications.
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1. Introduction

The ternary chalcogenide CuSbS, compound is one of the important semiconductors with
narrow band gap showing potential applications invarious optoelectronic devices such as infrared
detectors and solar cells [1]. However, The sulfosalt compound, CuShS, may be the most
photovoltaic p-i-n structure promising absorber materials for three-dimensional (3D) films solar
cells [2] having a high coefficient and band gap of 1.5 eV [3] being close to the optimum range for
photovoltaic conversion [4]. The sulfosalt compound CuSbsS; is an inorganic absorber material [5],
it is stable and non-toxic. Several methods of depositing CuShS, polycristalline thin films,
evaporation [6], chemical vapor deposition CVD, sputtering, and spray pyrolysis [3], chemical
bath deposition (CBD) [7] have been investigated. This paper deals with the effects of increasing
thickness on the structural, optical and electrical properties of amorphous CuShS; thin films.

2. Experimental details
2.1 Film preparation

The CuShS; thin films are carried out from a solid solution containing copper, antimony
and sulphur. Stoichiometric amounts of the elements of 99.999% purity Cu, Sb and S were used to
prepare the initial ingot of CuSbS,. CuShS, thin films were prepared by the evaporation of the
CuSbsS, powder in a high-vacuum system with a base pressure of 10®° Torr. Crushed powder of
this ingot was used as raw material for the thermal evaporation and a molybdenum crucible
(resistivity heated) was used as evaporator. Corning 7059 glasses substrates were used. The as-
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deposited films thicknesses were in the range of 70-368 nm. The films were preapared in vacuum
atmosphere in ambient temperature 25°C.

2.2 Characterization of the deposited CuShS,

The structure of the CuSbS, thin films was determined by means of X-ray diffraction
(XRD) using a D8 Advance diffractometer with CuKa radiation (A=1.5418 A). Transmission and
reflection spectra were measured at normal incidence in thewavelength range 300-1800 nm. The
films thicknesses were calculated from the positions of the interference maxima and minima of
reflection spectra using a standard method [8]. The as-deposited films thicknesses were in the
range of 70-368 nm corresponding to the initial weight powder 0.01-0.09g respectively. The
absorption coefficients were deduced from Transmission and reflection spectra’s [9]. The
measurements of surface roughness were determined by an optical method. The hot probe method
measurements were carried out in order to determine the conduction types of the samples.

3. Results and discussion
3.1. Thickness Variation
Fig. 1 shows the thickness of the CuShS, thin films obtained at different weights of

powder. Figure (1) shows an increase linear behavior of a variation of the thickness with the
weight of powder.
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Fig. 1: Values of thickness as function of variation a weight powder.
3.2. Structural properties

Fig. 2 shows the results of our XRD measurements of the as-deposited CuShS; thin films.
The presence of identifiable peaks in the diffractograms suggests that the films are not amorphous
but crystalline in nature [10]. It is clear, to state the important role of temperature in the films
crystallization. The pattern for the film displayed diffraction peaks at 26 values of approximately
12.80°, 19.75°, 23.73°, 29.42° and 31.63° which corresponding to (002), (102), (103), (200) and
(400) planes respectivelty (JCPDS 65-2416). It may be noted that a secondary phase with peaks
assigned to (202), (111) and (006) planes appears which attributed to the Sh,S; material (JCPDS
74-1046). In addition, we note that an increase in film thicknesses leads to an improvement in the
crystallinity of the CuSbS, film [7, 11].
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Fig. 2:X-ray diffraction spectra of CuSbS, thin films
as-deposited at different weight of powder.

From the relationship between crystal grain size and X-ray line broadening, described by
0.94
fcosé

the full-width at half-maximum (FWHM), and & the Bragg angle [12]). The average grain size was
estimated to be 18 nm of the CuShS; film.

Scherer's equation D = (D = average crystallite dimension, A is the X-ray wavelength, =

3.3. Optical properties
3.3.1. Transmission and reflection spectra

The transmission and reflection spectra in the wavelength range 300-1800 nm at normal
incidence of the as-deposited CuSbS;, thin films are shown respectively in Figs. 3, 4a and 4b. The
averages of the transmission and the reflection values of all the layers in the transparency region
(600 - 1800 nm) are 60% and 30 % respectively.

The transmission and the reflection spectra’s show interference patterns with sharp fall of
the transmission at the band edge, which is an indication of good homogeneity of the films.
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Fig. 3: Optical transmission spectra of CuSbS; thin films
as-deposited at different weight of powder.
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Figs. 4a and 4b: Optical reflection spectra of CuSbS, thin films
as-deposited at different weight of powder.

3.3.2. Absorption coefficients and energy gap

To calculate the absorption coefficient a (hv), the following relation was used [13, 14]:

a :%.Ln[(l_TR)Z] @

where: d is the thickness of thin film, R and T are the reflection and the transmission coefficients
respectively. Fig. 5 shows the absorption coefficients versus the photon energy for the as-
deposited films at different thickness variation.

It can be seen that all the films have relatively high absorption coefficients between 10°
cm *and 10° cm™ in the visible and near-IR spectral range. This result is very important because
we know that the spectral dependence of the absorption coefficient affects the solar conversion
efficiency [15]. It is now well established that CuSbS; is a direct gap semiconductor [16, 17]. The
absorption coefficient o is related to the energy gap according to the following equation [18]:

(ahv)? = A(hv—-E,) (2
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where A is a constant, h is the Planck constant. The values of direct optical transition are shown in
Fig. 6. The direct band gap energy stabilises between 1,5 eV and 1,8 eV with increasing the film
thickness (Fig. 7).
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Fig. 5: Absorption coefficients of CuSbS, thin films as-deposited at different thickness.
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Fig.6: Plots of (ahv)? versus hv for the CuShS, thin films as-deposited at different thickness.
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Fig. 7: Energy gap of CuSbS, thin films as-deposited at different thickness.
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3.3.3. Measurements of surface roughness

For reflection from a rough surface the reflection coefficient Ry of light reflected in a
specular direction from a surface which has a gauussian distribution of the heights of its
irreguarities may be written as [19, 20].

&_ _472'_0-2 _ _47[_0-2 1 — _@2
5 = exp[—( p )71+ [1—exp[—( p )" 11x[1 eXIO[(M)]] (€©)

t

Where R is the reflection from a perfectly smooth surface, ¢ and u are the r.m.s height and r.m.s
slope of the irregularities in the surface, respectively, A is the wavelength of the incident radiation
and [ is the half acceptance angle of the instrument. R; may be taken to be equal to Rs + Rgjs, with
Rairr being the diffused part of the reflectance. The first term on the righthand side of equation (3)
describes the coherent part of the reflectance, while the second tedm describes the incoherently
reflected light, as recorded by the spectrophotometer. If is small, the incoherent term can be
neglected, and we may write:

Ln(%) - ——(4’2‘2’)2 +C (4)

Where C is a constant arising from the spatial fluctuations of the optical constants.
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Fig.8: Plots of Log(Rs/Ry) versus (1/4%) for the CuShS, thin films as-deposited at different thickness.
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Fig. 9: Surface roughness of CuShsS; thin films as-deposited at different thickness.
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Thus the slope of Ln (Rd/ R versus (1/ A%) will give the surface roughness of the film
(Fig.8).

The roughness values evaluated in this way for the CuSbS, films were indicated in Fig. 9.
We note an increase in the roughness values with increasing the films thicknesses.

3.3.4. Extinction coefficient k

Fig. 10 shows the extinction coefficient k for the as-deposited CuSbS, thin films as a
function of wavelength. It is obvious that a decrease in the k values is clearly observed in the part
of the visible spectral range. The extinction coefficient, k, is found to decrease with increase in
wavelength of the incident photon. Indeed, for the thickness below 100 nm the coefficient, k, tends
to be zero in the visible spectral range. It may be noted that from the thickness values 150 nm the
coefficient, k, tends to be zero in the near-IR spectral range. The transparency of amorphous
CusSbs, thin films decreases when the thickness increases. These results were well correlated with
the surface roughness values.
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Fig. 10: Variation of the extinction coefficient of CuShS, thin films
as-deposited at different thickness.

3.4. Electrical properties

The electrical conductivity of CuSbS, films is in the range of 3.10° - 6.10 > Q ‘em™. For
a polycrystalline thin film, the electrical conductivity has to be still higher. The electrical
conductivity of the mineral sample has been reported to be 2.10"* Q “cm™ (p-type) with a room
temperature [21]. No important significant effects on the electrical properties of CuShS, films with
different thicknesses ranging from 70 to 368 nm. In all cases the samples revealed p-type
conductivity.

4. Conclusions

We have qualitatively evaluated the effect of thickness on structural, optical and electrical
properties of CuSbS; thin films deposited by single source on no heated glass substrates. However,
all the films and independently of the thickness were amorphous. The surface roughness is found
to increase with increasing film thickness. Absorption coefficients higher than 10° cm™ were
found. For the CuSbS, films, the thickness has light effects on the electrical properties. The
phenomenon is attributed to exclusion of grain boundary scattering limiting the electrical transport
of the electrons.
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