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MORPHOLOGICAL, STRUCTURAL, COMPOSITIONAL AND RAMAN
CHARACTERIZATION OF ZnSxSei1.x THIN FILMS DEPOSITED BY QUASI-
CLOSED VOLUME TECHNIQUE
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ZnSySe;.x (x = 0, 0.2, 0.4, 0.5, 0.6, 0.8 and 1.0) thin films were deposited onto glass
substrates using thermal evaporation under vacuum technique, in a quasi-closed volume.
By X-ray diffraction technique it was revealed that the obtained films are polycrystalline,
having a cubic blende structure. The cubic lattice parameter, a, ranged from 5.658 nm (for
x = 0) and 5.406 nm (for x = 1). The crystallite sizes decrease with increase of x from D =
20.0 nm to D = 13.4 nm. Scanning electron microscopy (SEM) and atomic force
microscopy (AFM) reveal a columnar grain shape and a low roughness of the surface. The
chemical composition of the ZnSxSe;x obtained films were confirmed by energy-
dispersive X-ray spectroscopy (EDX). The vibrational properties of the ZnS,Se; thin
films are studied using Raman scattering measurements.
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1. Introduction

In recent years, zinc sulfide (ZnS), zinc selenide (ZnSe) and ternary alloys of type
ZnS,Se1y, in thin films, have attracted considerable attention due to their interesting electronic and
optical characteristics such as wide energy band gap (2.70 eV for ZnSe [1-5] and 3.51 eV for ZnS
[6], at room temperature), high transmission coefficient in visible spectral range, high chemical
and thermal stability. Regarding ZnS,Se; . alloys, as it is well known [7-11], the ZnS/ZnSe system
has a complete miscibility in solid phase. As result, the interest in preparation and investigations of
the physical properties of such materials is given by the possibility of continuously variation of
these properties with variation of their chemical composition (the value of x). Also, ZnS,Se; ., type
semiconductors combine the remarkable optical properties of ZnSe with notable thermal stability
of ZnS. By varying the chemical composition (i.e. S/Se ratio in ZnS,Se; . alloy), the characteristics
parameters can be continuously changed. For example, the band-gap can be continuously tuned
from a value of 2.0 eV up to 3.5 eV and, accordingly, the photoemission wavelength of the alloy.
In this way, ZnS,Se; alloys thin films offer a large number of actual and promising applications
including optoelectronic devices operating in blue-green spectral domain, magneto-electronic
devices, electroluminescent light emitting panels, technology of transparent electronic devices,
chemical sensors, spin electronics etc. [12-15]

In the literature, some information are presented regarding the uses of the ZnS,Se; .« thin
films in different optoelectronic devices, such as light emitting diodes and lasers diodes [7, 16-21]
or as component of the heterojunctions solar cells [9, 13, 22-27]. Regarding the environment
protection, nanostructured ZnS,Se; 4 thin films tend to be considered as an alternative material for
producing window and buffer layers in photovoltaic applications, replacing widely used cadmium
sulfide (CdS), which is considered toxic for environment [11].

On the other hand, a great variety of methods have been elaborated in order to prepare
high-quality ZnS,Se;. alloys in thin films, including chemical bath deposition [6], laser ablation
[10], high-pressure sputtering [11], successive ionic layer adsorption and reaction (SILAR)
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method [28] electrodeposition [29-31], molecular beam epitaxy [32], RF sputtering [33], and
other.

In the present paper, we extensively present our research results regarding the structural,
morphological and compositional properties of the ZnS,Se; (0 < x < 1) thin films, obtained by
thermal evaporation under vacuum, in quasi-closed volume, of ZnS and ZnSe powders mixture,
onto glass substrates.

2. Experimental details

In order to prepare ZnS,Se; thin films, an automatic VUP-5 [OAQO, Selmi] vacuum
installation were used. In the main vacuum compartment, a small quasi-closed chamber was placed
around the tungsten evaporation source and the substrates holder. As starting materials, 99.99%
purity ZnSe and ZnS powders (Sigma-Aldrich) were used. In order to obtain ZnS,Se;, thin films
having different x-ratio, the powders were weighted using a precision balance Secura 613-1S
(Sartorius-Secura). In such way, values of x = 0 (pure ZnSe), 0.2, 0.4, 0.5, 0.6, 0.8 and 1.0 (pure
ZnS) were achieved. Subsequently, the powders were mechanically mixed until a uniform color is
obtained.

As substrates, 15x15 mm glass (Corning 1737f) slides were used. Before deposition, these
substrates were cleaned using water diluted washing powder then, for 5 min. in acetone and for 10
min. in ethanol, using an ultrasonic bath (Bandelin Sonorex). Finally, the substrates were washed
with deionized water and dried in nitrogen flux.

The distance between evaporation source and substrates holder were modified in the range
70 — 120 mm. In this range, no influence on the obtained films was noticed, these having uniform
thicknesses. The films investigated in the present paper were obtained using 70 mm distance.
During deposition, the substrates temperature were maintained at 300 K (room temperature) and
the evaporator temperature ranges between 1300 K (at the beginning of deposition) and 1100 K (at
the end). In this way, for different deposition times, thin films having thicknesses ranged between
0.2 and 1.0 um were obtained. The film thickness was determined by a Fizeau interferometer
Linnik M11-2 (LOMO) using monochromatic light (A = 550 nm).

The crystalline structure of the obtained films were investigated by X-ray diffraction
technique with a Shimadzu LABX XRD-6000 diffractometer, using CuKa radiation (A =
1,5418A) and in the 26 range between 20 and 70 deg (working parameters were: | = 20 mA and U
= 40kV).

The surface morphology of the obtained films was investigated by atomic force
microscopy using a Q-Scope 250 microscope (Quesant Instrument Corporation).

Regarding the quantitative chemical composition of the ZnS,Se;_, thin films, these were
studied by energy dispersive analysis of X-ray diffraction using a Jeol 7001 TTLS spectrometer.

Raman spectrums of the ZnS,Se; , thin films were characterized by Micro-Raman
spectrometer (HR800) under two excitation wavelengths of 532 nm and 785 nm.

3. Results and discussions

By X-ray diffraction it was found that the obtained ZnS,Se; 4 thin films are crystalline
having a cubic (zinc blende) structure highly oriented with (111) planes parallel to the substrates
surface (Fig. 1). As can be easily observed from Fig. 1 and Table 1, the position of the (111)
diffraction peak shift from 26 = 27,30 deg (for x = 0) to 26 = 28,61 deg (for x = 1). This shift is
determined by the values of the lattice parameters determined by S/Se ratio in the films.

It is known that, in principle, the number of molecules in vapor phase, n, striking unit area
of the substrate surface in time unit can be calculated using the expression [34]

p=nkt, 1)
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where p is the vapor pressure and T is the absolute temperature. The vapor pressure of ZnSe is
higher than those of ZnS [35]. Consequently, at the same temperature, unequal numbers of ZnSe
and ZnS molecules strike the substrate. On other hand, the formation of Zn-Se bonds in the final
alloy is more favorable than Zn-S ones. During the film growth, this leads to a replacement of the
selenium atoms by the sulphur ones. Accordingly, the lattice parameters will change.

The cubic lattice parameter, a, was calculated using the well known relation [36]

A Jh? +k? +17 )

a=—
2sin@

where h, k and | are Miller indexes of the used diffraction plane ((111), in our case), & is the
diffraction angle and A is the X-ray wavelength (1 = 1.5418 A). For our samples, the obtained
values ranged between a = 5.658A (for x = 0) and a = 5.406 A (for x = 1) (Table 1). The obtained
values for our pure ZnSe and ZnS thin films are similar with other presented in the literature, being
very close to those obtained for bulk materials [37, 38].
Using the XRD patterns, the crystallite sizes, D, were calculated, using the Scherer
formula [36]
0.94

Dzm, @)

where £ is the full width at half maximum (FWHM) of the (111) peaks and 0.9 is the most used
value of the Scherer’s constant (shape factor), k. For the studied samples, the obtained results,
presented in Table 1, ranged between D = 20.0 nm (for x = 0) and D = 13.4 nm (for x = 1).
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Fig. 1. XRD patterns of studied ZnS,Se; 4 thin films.

We also verify the obey of the Vegard law [39], written as
azns, se , = Xazns t+ (1_ X) aznse (4)

where azns, se, is the lattice parameter of the ZnS,Se;« sample and az,s and azns. is the lattice

parameters determined from XRD patterns, respectively 5.658 A for ZnSe and 5.406 A for ZnS.
The result presented in Table 1 is in good agreement with those determined from XRD pattern.
This means that the values of x in our ZnS,Se;, thin films are correctly.
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Table 1. The experimental values for the cubic structure of the studied ZnS,Se;, thin films
d — film thickness; dy; — interplanar distance corresponding to (111) planes; D — crystallite size; aep —
cubic lattice parameter determined from XRD pattern; ayeq — lattice parameter determined by Vegard law.

X
d (nm) din (R) D (nm) B A) Bveg A)
0 550 3.27 20.0 5.658 -
0.2 670 3.25 18.9 5.634 5.607
0.4 780 3.23 17.6 5.586 5.557
0.5 520 3.21 16.5 5.559 5.532
0.6 410 3.19 15.5 5.529 5.507
0.8 220 3.16 145 5.473 5.456
1.0 410 3.12 13.4 5.406 —
Table 2. Atomic percentage of the elements as resulted from EDX analysis.
Zn (%) S (%) Se (%) C (%)
Compound
theor. exper. theor. exper. theor. exper. exper.
ZnS 50 52.2 50 46.0 - - 1.8
ZnSygSep2 50 52.0 40 35.9 10 10.1 2.0
ZnSySe04 50 51.6 30 21.7 20 18.9 1.8
ZnSysSeps 50 51.5 25 22.8 25 23.2 25
ZnSy 4S€0 6 50 50,9 20 19.1 30 28.2 24
ZnSy,Seos 50 50.6 10 9.6 40 37.8 2.0
ZnSe 50 50.3 - - 50 47.1 2.0

In order to additionally confirm this, chemical composition of the obtained films was
performed by EDX. The obtained spectra, presented in Fig. 2, reveal the presence in the films of
the expected chemical elements, respectively Zn, S and Se. The small amount of carbon, which is
present in the spectra, is due to the glass substrates.

In Table 2, theoretical and experimental percentages of the chemical elements are
presented. It can be clearly observed that the experimental data are very closely to the expected
theoretical ones.
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Fig. 2. EDX spectra for the ZnS,Se;., studied samples.

In order to obtain additional information about the surface structure, SEM and AFM
studies were performed. In Figs. 3 a and b can be observed that the crystallite sizes are small but
these have uniform shapes and sizes. Also, the crystallites were grown perpendicular to substrates
in a columnar manner. With increasing the sulphur content (value of x) and decreasing selenium
content, the crystallite sizes decrease, as was also confirmed by XRD studies (Table 1). The
decrease of the crystallite size strongly influences electronic transport properties of the studied
films.
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Fig. 3. SEM images (12000 x magnification) of the surfaces for the ZnS,,Seqg (a)
and ZnSggSeq» (b) thin films.

Fig. 4. AFM images of the ZnSg,Seg s (a), ZnSysSegs (b) and ZnSy gSeq » (€) thin films.

In order to obtain additional information about the surface structure, AFM studies were
performed. In Figs. 3 a-d can be observed that the crystallite sizes are small but these have uniform
shapes and sizes. Also, the crystallites were grown perpendicular to substrates in a columnar
manner. With increasing the sulphur content (value of x) and decreasing selenium content, the
crystallite sizes decrease, as was also confirmed by XRD studies (Table 1). The decrease of the
crystallite size strongly influences electronic transport properties of the studied films. Also, from
AFM images, it can be observed that the surface roughness decrease with increasing of the sulphur
content (Figs. 3).

The AFM studies also confirm the conclusions above (Figs. 4). Also, from AFM images, it
can be observed that the surface roughness decrease with increasing of the sulphur content. The
low roughness ranged between 60-70 nm and 0-20 nm for x = 1.
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Fig. 5. Raman spectra of ZnS,Se,., thin films.

In solid state physics, Raman spectrometry is used to characterize of materials in bulk and
thin film form and is very sensitive to composition of the structure. It is a very pronounced and
more technologically important spectroscopic technique to probe vibrational states of the crystals
or semiconductor materials. In Fig. 5 are presented seven Raman spectra of thin ZnS,Se; 4 thin
films excited by laser with wavelength A = 532 nm. In pure ZnSe it appears a peak at 245 cm™,
which has a Lorentzian profile and is attributed to the LO2,s. phonon (longitudinal optical mode of
ZnSe) and it is agrees with the published results [40-48]. It confirms the formation of single phase
cubic (zinc blend) crystalline structure of ZnSe film deposited at room temperature on glass
substrate. The second pic appears at about 128 cm™ and is assigned to the 2TAzns. (Second
transverse acoustic mode of ZnSe) and it is consistent with published results [46, 49]. With the
increase in sulfur content in thin layers the intensity of both peaks diminishes. In pure ZnS appears
a bit peack at the short Raman frequency of 82 cm™ of the type EZ and that represents a nonpolar

mode of vibration and can be associated with vibrations of heavy Zn sublattice [50-52].
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Fig. 6. Raman spectra of ZnS,Se; thin films

Fig. 6 shows the Raman spectra of thin ZnS,Se; thin films excited by the laser with
wavelength A = 785 nm. In all samples it appears a wide peack with the Raman frequency of 173
cm™ who has a lorentzian profile. For pure ZnSe it is assigned to the phonon 2LAzs. (second
longitudinal acustic mode of ZnSe) [49, 53] and for pure ZnS this peak is assigned to the 2TAzus
phonon (second longitudinal optical mode of ZnS) [54].
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Good knowledge of the vibration properties of the materials is crucial to the understanding
of the transport properties and phonon interactions with the free carriers because they have great
impact on optoelectronic device performance.

4. Conclusions

In the present paper are presented new results regarding the studies onto structural,
morphological and chemical composition of the ZnS,Se;, thin films, obtained by thermal
evaporation in vacuum. The results show that the samples present a high crystallinity with small
sizes crystallites having a zinc blende structure. Also the films surfaces present a low roughness.
The obtained results demonstrate the possibility of using thermal evaporation under vacuum
method as a cheap way for obtaining high quality films with possible applications in
optoelectronic devices.
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