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Abstract

Zinc sulfide doped manganese (ZnS: Mn) thin films were deposited on glass substrates at temperature of 100 oC by RF

magnetron sputtering technique.

The physical properties are analyzed using (AFM, EDX and UV-VIS

spectrophotometer). The results show that the values of average diameter of grain size and surface roughness for ZnS:
Mn was 73.27 nm and 2.85 nm respectively. The transmittance and optical band gap are found to be 71.38% and 3.26
eV respectively. The calculations of spectrum absorption intensity, IR spectra and energy gap for the ZnS: Mn, which
obtained from Density Functional Theory (DFT), gave agreement with the practical results.
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Introduction

The Zinc Sulfide (ZnS) is wide band gap
semiconductor material belongs to the II-VI group
[1] and also the crystal structure is shown in Fig
(1). ZnS thin film is a vital semiconductor material
because it's low absorbance within the visible
range, high index of refraction (2.35) and high
dielectric constant. The crystallinity, melting point
and structural stability for semiconductor materials
are strongly suffering from the reduction within the
particle size [2]. The unique properties of zinc
sulfide with nanometric composition come from
the results of quantum confinement because of the
decrease in band structure to separate quantitative
levels because the limited size of nanoparticles [2].
ZnS is suitable to be used as host matrix for an
oversized style of dopants thanks to its broad
energy band gap. Doping ZnS with transitional
metal ions like Mn*2 isa vital aspect to yield
different nanostructures [3]. Also ZnS doped with
Mn is favorable phosphor, which supplies best
optical properties like small emission band and
high luminescent intensity [4].

There are many deposition techniques used for

preparing ZnS thin film, like chemical spray
pyrolysis, sol-gel deposition, pulsed
deposition, thermal evaporation, and RF magnetron
sputtering [4]. Among these synthesis techniques,
RF magnetron sputtering method has some
advantages like high film rate of growth, easier
controllability of the deposition parameters and
compatibility with sputtering deposition of
absorber and window layer [5].

|

Fig. 1. Structure of ZnS
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Experimental

Radio frequency (RF) magnetron sputtering
method used to synthesis (ZnS: Mn) thin film on
glass substrates. The (ZnS: Mn) target of 5cm
diameter and thickness 3mm were made by mixing
20 gm of ZnS with 0.4mg of Mn (99.99% purity)
placed in a very mold for compressed by the
hydraulic piston with pressure 8-10 tons and so
sintered it for 2 hours at temperature 200C0. The
target mounted within the magnetron gun, then
close the door of deposition chamber and
evacuated to final pressure (7.9x 10-5torr) by Dry
scroll pump and then, the pressure up to (2.3x 10-
2torr) by introduction high purity Ar gas (99.99%
purity) into deposition chamber [6]. The RF power
was 100 watt and therefore the sputtering time
was about 2 hour's During the sputtering process;
the substrate temperature was maintained at
100Co.

The surface morphological of film investigation was
measured using Atomic Force Microscopy (AFM).
While, the form and particle size of the thin films
were administrated by scanning electron
microscopy (SEM) using Hitachi (S-4160) with
magnification 100KX.

Structural Properties Results
Atomic Force Microscope

Figure (2) shows 3D -images for surface
morphology and granulite accumulation analyzed
by AFM of Mn doped ZnS at doping concentration of
2% with 770nm thickness and deposited on glass
substrate. This figure exhibited that thin film
uniformly distributed over the film are high dense
structure and is deposited very well .The values of
average diameter of grain size and surface
roughness for ZnS :Mn was 73.27 nm and 2.85 nm
respectively.
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Figure 2. Three Dimensional AFM Image and Granularity

Accumulation Distribution Chart of ZnS Thin Films

Scanning Electronic Microscopy

Figure (3) shows the SEM image (magnification
power 100kX) of Mn doped ZnS at doping
concentration of 2% with thickness (770) nm. The
image clearly exhibit tightly packed grain,
furthermore, we will see that the grain having
uniform, dense and homogenous distribution. It is
found from this figure that the average diameter
was 24.45nm.
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Figure 3. The SEM image ZnS thin film

The composition of ZnS: Mn deposited on glass
substrate is analyzed using the Energy Dispersive
X-ray analysis (EDX), which besides allows
knowing the presence of any impurities as shown
figure (4). The EDX analysis demonstrate the
presence of Zinc (Zn), sulphar (S), and manganese
Mn) are deposited on glass substrate.
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Figure 4. The EDX pattern ZnS thin film
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UV- Visible Spectroscopy

Optical transmittance for ZnS: Mn film as measured
within the range of incident light wave length (200-
1100) nm. Figure (5) shows transmittance spectra
of the deposited film on glass substrate. This plot
indicates that the film at thickness (770 nm)
possess good optical transparency in visible region
with transmittance of 70% this result agreement
with [4].

thin film was 3.26 eV and for ZnS: Mn was 1.75 eV.
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Figure 7. Band gap of ZnS
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Figure 5. Variation of transmittance with wavelength of Znthin Films

Figure (6) shows that the absorptance coefficient as
function of wavelength for ZnS: Mn at thickness
770nm. It is often observed from this figure that
the absorptance is possess high values at short
wave length, then decrease sharply to reach
constant value at long wave length above 405nm.
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Figure 6. Absorption Coefficient (o) versus Wavelength for ZnS Thin
Film

From the value of transmission spectra, optical
band gap was calculated by using tauc relation [10,
11].

ahv = B(hvu- Egort)r (2)

Were, E; is that the energy band gap, B is constant
and r=1/2 for allowed electron transition. The band
gap value was calculated by drawing a straight line
that intersects the x-axis as shown within the figure
(7). The linear part indicate that the transition
mode during this film is of direct nature .It is found
from figures (8 &9) that the band gap value of ZnS

Figure 8. Band gap of ZnS: Mn

Computational Methods

The calculations are performed using DFT/B3LYP;
the geometric structures were optimized using
Gaussian 09 program. The Gaussian perspective
5.08 system is looking on (DFT) technique with
premise set B3LYP/3-21G, while UV-VIS spectrum
is computed by TD-DFT method [12]. It involves the
probability density functions of the electrons
during a molecule to see other properties of the
molecule [13].

The results of calculation gave energy gap of ZnS
was Eg=3.3 eV, while ZnS+Mn equal 1.6 eV, which
gave agreement with the practical results .In this
investigation, it is seen that the absorption of ZnS at
the wavelength 368.5nm as shown in Figure (9).
Figure (10) shows the computed IR spectra for
(ZnS), the harmonic vibrational frequencies were
calculated for the studied molecules by using
B3LYP level with a 3-21G basis set. The (Zn=S)
symmetric stretching has been studied at band
(447.935) cm1.
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Figure 9. UV-VIS Spectra of ZnS Using DFT- B3LYB /3-21G Method
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Figure 10. IR spectra of ZnS using DFT-B3LYB /3-21G Method

Conclusion

ZnS: Mn thin films successfully deposited by R.F.
magnetron  sputtering technique on glass
substrates at 100 °C. SEM image show the surface of
the film is uniform and no pinhole might be
observed. EDX analysis exhibits the presence of
Zinc, sulphur and manganese. AFM reveals that
homegeinty distribution of grain size with average
diameter was found to be 73.27 nm. The energy
band gap for the ZnS: Mn, which obtained from
Density Functional Theory (DFT), gave agreement
with the sensible results.
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