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Abstract

ZnSe thin films were deposited onto glass substrates by vacuum thermal evaporation technique. The substrate
temperature was varied from 300 K to 473 K. The films structure was studied by means of X-ray diffraction
technique (XRD). The film crystallites present a preferential orientation with the (111) planes parallel to the
substrate surface. The surface morphology was investigated by vertical scanning interferometry (VSI). The
surface roughness parameters of thin films were calculated. The optical properties of ZnSe thin films were
investigated using spectrophotometric measurements of transmittance and reflectance in the 275-1100 nm
wavelength range.
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1. INTRODUCTION

ZnSe is a wide band gap A"-B"" semiconductor and it belongs to the class of chalcogenides [1].
This semiconductor has attracted considerable attention for its wide range of applications in various
optoelectronic devices [2]. At room temperature, ZnSe has electron affinity of 4.09 eV and electron
mobility of about 5.30x10* cm?V's™" and optical band gap of about 2.7 eV [3]. Due to their unique
electrical and optical properties, such as low resistivity, high optical transmission and high refractive
index in the visible and infrared spectral region, ZnSe thin films have many applications in
optoelectronic devices, laser diodes and solar cells [4-7].

ZnSe thin films have been deposited by various methods, such as thermal evaporation under
vacuum, electro-deposition, molecular beam epitaxy, atomic layer epitaxy, spray pyrolysis and chemical
bath-deposition [8-14]. In this present paper we report the effect of substrate temperature on the
morpho-structural and optical properties of ZnSe thin films obtained by thermal evaporation under
vacuum.

2. EXPERIMENTAL

ZnSe thin films were deposited onto glass substrates by thermal evaporation of polycrystalline
powder of the compound (99.99 % purity) in a residual air pressure of 5x10” torr. The substrate
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temperature, Ts, was kept constant during film growth at 300 and 473 K, respectively. The deposition
rate was kept constant at about 3 nm/s in both cases.

The thickness of the films was determined by Fizeau’s equal thickness interference fringes
method, by using an interferential microscope MII 4 [15]. The value of the thickness, d, obtained for all
investigated samples was about 0.60 pm. A DRON-3 diffractometer with a Co-Ka line (1=1.7927 A)
was used to get the X-ray diffraction spectra of the ZnSe thin films. The surface morphology of the
ZnSe thin films was investigated by vertical scanning interferometry (VSI) using a coherent scanning
interferometer type Veeco. The surface parameters associated with the roughness of the films, such as
the average roughness, R,, root mean square roughness, R,, average maximum height of the profile, R.,
and maximum height of the profile, R,, were calculated from the surface profile of the films. The optical
transmission and reflection spectra were recorded at normal incidence, in the spectral range 275 - 1100
nm by using a Perkin Elmer Lambda 35 UV-VIS-NIR double-beam spectrophotometer operated at
room temperature. The optical constants of the ZnSe thin films, such as the refractive index, n, the
extinction coefficient, &, and the absorption coefficient, ¢, were calculated from the optical transmission
and reflection spectra. The optical band gap, E,, of the investigated ZnSe thin films was determined
from the sharply falling transmission region.

3. RESULTS AND DISCUSSION

The X-ray diffraction (XRD) patterns of the ZnSe thin films deposited at 300 K and 473 K
substrate temperatures are shown in Fig. 1. It can be noticed that for the studied temperatures, both
films are polycrystalline in nature, having a cubic zinc blende-type of structure, with a strong
preferential orientation along the (111) planes parallel to the substrate. The calculated lattice parameter,
a, of the cubic structure of the films was found to be around 5.68 A which is in good agreement with
those reported in the literature [9,14,16]. Fig. 1 also proves that the intensity of the (111) reflection
increases with increasing substrate temperature. The grain size, D, of the films was calculated from the
Debye-Scherrer formula [17]:

D- 0.94 A

BcosO
where 1=1.7927 A is the wavelength of the X-ray radiation, B is the full-width at half-maximum
intensity corresponding to the 20=31.6° Bragg diffraction angle, expressed in radians.

It was found that the grain size of the ZnSe thin films increases from about 23.6 nm to 36.5 nm
when the substrate temperature increased from 300 K to 473 K.
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Fig. 1. XRD patterns of the ZnSe thin films under study
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The VSI images of the top surface of the ZnSe thin films deposited at 300 K and 473 K
substrate temperatures of are shown in Figs. 2(a) and (b), respectively.

The surface parameters associated with the roughness of the films, such as the average
roughness, R,, root mean square roughness, R,, average maximum height of the profile, R., and
maximum height of the profile, R, were calculated from the surface profile of thin films (Fig. 3). The
values of these parameters are presented in Fig. 2. As it can be easily seen from Fig. 2, all roughness
parameters decrease with increasing substrate temperature.
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Fig. 2. VSI images of ZnSe thin films deposited at different substrate temperature:
(a) 300 K and (b) 473 K.
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Fig. 3. X and Y profiles of ZnSe thin fims deposited at different substrate temperature:
(a) 300 K and (b) 473 K.

The spectral dependences of the normal incidence transmittance, T(%), and reflectance, R(%),
of the ZnSe thin films deposited at the two substrate temperatures (300 K and 473 K, respectively) were
measured in the 275-1100 nm wavelength range and are shown in Fig. 4. From this figure, it can be
seen that at wavelengths above 800 nm, T+R~100%, which indicates that the investigated samples
exhibit neither scattering, nor absorption. In addition, the transmission spectra of both films exhibit a
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sharp increase in the visible wavelength region. An increase of transmittance in the visible spectral
region with increasing substrate temperature is also observed. The optical transmission spectra show
that the film deposited at 473 K is highly transparent having the transmittance above 90% and has a low
reflectance, less than 35%, in the visible region. The high optical transmission of this film indicates a
fairly smooth surface, which is consistent with the surface data calculated from the VSI measurements.
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Fig. 4. Spectral dependences of the transmittance, T and
reflectance, R, of the analyzed ZnSe thin films

4. CONCLUSIONS

ZnSe thin films were deposited by vacuum thermal evaporation at two substrate temperatures,
namely: 300 K and 473 K. X-ray diffraction patterns indicate that both investigated films are
polycrystalline in nature and present their typical cubic structure, with a (111) preferential orientation.
The lattice constant and the grain size of the films were determined from the XRD patterns. It was
found that the grain size increases with increasing substrate temperature.

The surface parameters associated with the roughness of the films were determined by vertical
scanning interferometry. The VSI studies revealed the smooth surface of the ZnSe thin films. From the
VSI images, it was found that the surface roughness of the films decreased as the substrate temperature
was increased.

The investigated ZnSe thin films exhibit high transmittance and low reflectance in the visible
wavelength region.
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