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Abstract In this paper, Zn/ZnSe thin films were deposited
on glass substrates by RF magnetron sputtering system.
XRD analyses were done. Zn and ZnSe phases were
obtained. Miller indices of obtained Zn phases were
detected in (320), (620) and (112) crystal formation. For
the ZnSe phases, only one peak of (110)/(220) was
observed. The surface morphology of the samples was
investigated by an atomic force microscopy tools. It found
that average roughness of the films was increased by raised
RF power. The thin films around 80 % of high transmit-
tance were measured. The band gap values were calculated
as to be ~2.80 eV by the Cauchy model. The calculated
refractive indices values were approximately 2.25 by a
relation between the refractive index and the band gap.

1 Introduction

II-VI semiconductor systems have many electronic and
optoelectronic applications among inorganic semiconduc-
tor materials. Therefore, many researchers are strive to
control the shape and size of the inorganic semiconductor.
Researchers are working to understand their new features
together with the structure relationship. zinc selenide
(ZnSe) has well known II-VI semiconductor having direct
band gap almost 2.7 eV. Therefore, the ZnSe films have
low optical absorption, the high refractive index in the
visible and infrared spectral region. These features show
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unique optical properties for some the potential applica-
tions, such as light-emitting diodes [1], photoluminescence
[2] and electro-luminescent devices [3], lasers [4], thin film
solar cell [5], nonlinear optical crystal [6] and infrared
optical material [7].

ZnSe thin films are deposited by several techniques,
such as RF magnetron sputtering (RF) [8], chemical vapor
deposition [9], sol-gel process [10], thermionic vacuum arc
(TVA) [11], molecular beam epitaxy [12], pulsed laser
deposition [13], vacuum evaporation [14], electrodeposi-
tion [15] and etc.

In this work, the ZnSe thin films were generated by the
RF magnetron sputtering. RF was used because this tech-
nique allows full control of the accumulation parameters
and the desired quality material to be produced. The
samples were deposited onto glass substrates at different
powers. The effect of RF power on the structural, mor-
phological and optical properties of deposited thin films on
the substrates was investigated. The optical properties of
the samples were examined by UV—Vis spectrophotometer.
The samples were characterized by scanning electron
microscopy (SEM), energy dispersive X-ray spectroscopy
(EDX) and atomic force microscopy (AFM). With these
techniques, respectively, the surface topography, the ele-
mental analysis and the surface morphology of the film
produced was conducted. XRD analysis was used for the
evaluation of the microstructural properties.

2 Experimental
The materials used in this study, 99.9 % purity, with 2 mm
thickness, in 50 mm diameter was bulk Zinc Selenide

(ZnSe). The disk inserted in target section of sputter gun.
The glass substrates were cleaned by ethyl alcohol and the
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surfaces were cleaned sequentially de-ionized water for
7 min and then cleaned glasses were allowed to air dry.
After that, cleaned glasses were placed in the substrate
holder. The distance between the substrates and the target
was 30 mm and it was kept constant in deposition proce-
dure. The chamber was vacuumed to the 10~ Torr before
the RF deposition process being started. Argon gas
(99.99 %) were utilized for deposition of ZnSe samples.
The ZnSe thin films were prepared by using RF magnetron
sputter technique in the chamber. RF powers were applied
as 50 W for sample 1 (S1) and 100 W for sample 2 (S2).
The pressure of vacuum chamber was set to 3 x 10~ Torr.
The coating processes were conducted for 30 min under
these conditions. All substrates were not heated while the
film deposition. The films were produced at room temper-
ature by argon plasma without post annealing process. The
parameters used in this experiment are shown in Table 1.

3 Results and discussion

PANalytical Empyrean XRD tool was used for crystallo-
graphic characterization of the deposited ZnSe films at 50
and 100 W. Figure 1 represents the X-ray diffraction pat-
terns of the produced films. As shown in Fig. 1, peaks in
the XRD patterns were found for Zn and ZnSe for 50 and
100 W. Miller indices of Zn and ZnSe are (320), (620),
(112) and (110)/(220), respectively. Debye—Scherrer for-
mula is used to calculating of the grain sizes:

D =K\/BcosH (1)

where D is the crystallite size, K, 0.94, is a shape constant,
A is used X-ray wavelength, B is the full width at half
maximum (FWHM) of the observed peak and 6 is the
Bragg’s angle of the selected peak [16, 17]. Average
crystallite sizes for the films were calculated as 26 and
30 nm for the ZnSe peak of samples.

Also, microstrain values were calculated from the fol-
lowing Eq. 2:
e = (BcosB)/4 (2)
where ¢ is the microstrain and f is full width at half
maximum (FWHM) of the observed peak from Eq. 2 [18].

The number of crystallites per unit area (N) is given the
following equation [19, 20];

Table 1 Production parameters of deposition process

Parameters S1 S2 Unit
Pressure 3 x 107! 3 x 107! Torr
Power 50 100 W
Time 30 30 min
Gas Argon Argon -
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Fig. 1 XRD images for as prepared ZnSe films deposited at different
power

N =t/D? (3)

where t is the thickness of the films. The calculated results
are shown in Table 2. Obtained results show that the
number of crystallite size per unit volume is increased by
the increasing RF power.

The surface roughness of the coated ZnSe has investi-
gated over 2 x 2 m” scanning areas by AFM (Ambios
Q-Scope) analysis. The AFM was used to get information
about the surface topography of the ZnSe thin films. In
Fig. 2 is shown the taken AFM images of the film coated
surfaces at 50 and 100 W. Figure 2 shows the 1.5 and
22 nm average surface roughness results for the S1 and S2
samples. In Fig. 2a, b, 2D and 3D of S1 sample is shown
images of coated ZnSe, respectively. In Fig. 2c, d, 2D and
3D of S2 samples are shown images of coated ZnSe,
respectively. In the Fig. 2b, the AFM image showed that
the coated ZnSe film surface has non-flat hilly features with
sharp domes at the top. In the Fig. 2d, the AFM image of
surface morphology has a non-flat summit and symmetric
height-distribution.

Root mean square (RMS) refers to the roughness of the
coated films. The increase of the RMS values means the
rise of roughness. The mean RMS roughness was taken at
different areas of each film at room temperature and
atmospheric pressure. The RMS roughness of the sample
films increased from 1.5 to 22 nm with the increase in
coating power. Skewness (Ssk) and Kurtosis (Skr) are the
important parameters to understand and measure the flat-
ness and asymmetry of the films. If the Ssk value is equal
to zero, A perfect symmetrical on the surface are observed.
If the Ssk value is positive, the surface has more peaks than
valleys and the height distribution is asymmetrical. If the
Ssk value is negative, the surface is more planar and val-
leys are more predominantly. The surface has a normal
distribution when values of the Skr shows zero. Surface
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Table 2 Some parameters of XRD samples produced at 50 and 100 W

Samples Thickness (nm) Crystallite size (nm) Lattice strain Microstrain Number of crystallites per unit volume (m™3)
S1 5 26 0.0039 0.063578855 2.84479E+14
S2 60 30 0.0034 0.061462606 2.26727E+15

Fig. 2 Atomic force microscopic (AFM) images of deposition ZnSe a 2D, b 3D at 50 W and ¢ 2D, d 3D at 100 W

morphology has a sharply peaked structure when the Skr
shows positive value. Surface morphology has a flat-topped
structure when the Skr shows a negative value.

Sample 2 has more surface roughness than sample 1. For
both examples, the surface has more peaks than flatness
and the height of peaks is asymmetrical. The surface
structure of sample 1 has sharp peaked, but the surface
structure of sample 2 has flat topped. The Ssk, Skr and
RMS values of samples are shown in Table 3 with mea-
sured using AFM.

Some optical properties of the coated films are shown in
Fig. 3. Transmittance and absorbance measurements of
coated samples were performed with UV—-Vis transmission

Table 3 Surface characterization results of deposited samples at 50
and 100 W

Sample RMS Skewness (Ssk) Kurtonis (Skr)
S1 (50 W) 1.888 2.123 14.645
S2 (100 W) 28.01 0.204 —0.305

spectroscopy (UNICO 4802 double beam). UV—Vis trans-
mission spectroscopy was performed in the wavelength
range of 200-1000 nm. Figure 3a shows a transmittance
spectrum of coated ZnSe thin films. The optical transmit-
tance values were recorded over 83 and 80 % in the near
infrared region for sample 1 and sample 2, respectively.

@ Springer



2836

J Mater Sci: Mater Electron (2017) 28:2833-2837

Fig. 3 a Transmittance and 100 0.16
b absorbance spectrum of the [\ | (b) -==- ZnSe at 50 watt
. -~ 0.14 —— ZnSe at 100 watt
samples ZnSe coated with at 80 -
different power values < 012
_ 60 g o0 K/_/_’__r
) c
< S 008
F 40 5 L
——=- ZnSe at 50 Watt & 006 e
—— ZnSe at 100 Watt < N T T T
0.04
20
0.02 -
0 : - . 0.00 - . . . .
200 400 600 800 1000 400 500 600 700 800 900 1000
Wavelenght (nm) Wavelenght (nm)
Figure 3b shows absorbance values spectrum of coated ahv = A(hv — Eg)“ (4)

ZnSe thin films. The absorbance values were determined in
the spectrometer. ZnSe thin films have direct band gap
energy.

Direct band gap energy of ZnSe thin film is shown in the
Fig. 4. The relationship between the absorption coefficients
and photon energy is as follows:

———- ZnSe at 50 Watt /
ZnSe at 100 Watt //l

(ochu)2

18 20 22 24 26 28 30 32 34
hv (eV)

Fig. 4 (ohv)>~hv plots of the ZnSe coated samples at different power
values

where o is the optical absorption coefficient, hv (eV) is the
incident photon energy, A is constant, n = % for direct
transition, E, (eV) is the optical band gap of the material
[21, 22]. Figure 4 shows the plot of (athv)? against (hv) for
ZnSe thin film from the optical spectra at different power
values. According to Fig. 4, the band gap values of the
coated films are nearly equal to about 2.8 eV for each
sample. Obtained results are in good agreement with lit-
erature [23].

The refractive index (n) and the reflectance spectrum of
samples (ZnSe) produced were measured using Filmetrics
F20 interferometer and shown in Fig. 5. Only one surface
of the glass substrates was coated and only coated surfaces
were measured. The refractive index of ZnSe films pro-
duced at 50 and 100 W are plotted as a function of
wavelength in Fig. 5a. The known values of refractive
index are in good agreement with films deposited by
magnetron sputtering (n ~ 2.6 at 550 nm) [24]. Refractive
index values of the coated films were over 2.56, 2.23 for 50
and 100 W at 550 nm, respectively.

As shown in Fig. 5b, the reflectance of the coated films
were plotted at different power. It was determined that the
average reflectance values of ZnSe coated onto glass sub-
strates about 5.28 and 5.72 % for 50 and 100 W at 550 nm,
respectively.
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There is a relation between the refractive index and the
band gap. This equation is as follows:

where n is the refractive index and E, is the band gap [25].
The calculated refractive index values are approximately
2.25.

4 Conclusions

In this paper, Zn/ZnSe thin films were produced at two
different power by RF magnetron sputtering system. Zn/
ZnSe crystallites structures were detected in XRD patterns.
Crystallite size, lattice strain and microstrain values were
reduced once increasing RF power. The number of the
crystallite per unit volume values were increased by RF
power. But, crystallite size values were nearly closed to
each other. It concluded that the number of the crystallite
per unit volume values changed the transmittance, refrac-
tive index and reflectance values of the deposited samples.
The band gaps are in good harmony with the related
literature.
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