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Abstract
The thermally evaporated ZnS thin film has been successfully grown and doped with Sn using vacuum evaporator. XRD
spectra revealed cubic, Spharelite, ZnS (h k l) = (2 2 0) film doped with Sn at 2θ = 47.48°, lattice spacing, d = 1.91.The
ZnS:Sn films roughness values of Ra = 17.34nm and Rq = 27.01nm are obtained from the film deposited at 100°C and at
thickness of 500nm. SEM revealed densely packed, big grains, pin-hole free and the films uniformly covered the surface of
glass substrates. The grain size is about 2µm. Zn, Sn and S with artefacts such as O2, Si, Mg, Ca and Na with their
compositional percentages were identified by EDX. The energy bandgap of Spharelite ZnS:Sn film was found to be 3.80eV at
100°C with thickness 500nm. The average sheet resistance, Rs is 11.47 Ω and the average resistivity, ρ is found to be 1.833 x
10-3Ω-cm.
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1. Introduction
The significance of ZnS thin film in device applications
has been reported by many authors. The low cost, abundant
and non-toxic nature of the constituent elements, Zinc (Zn)
and Sulphur (S) arouse the interest of many researchers on
the material. The applications of ZnS semiconducting
material include its use as antireflection coating of
multicrystalline silicon solar cells [1], detector, emitter and
modulators in optoelectronic [2], reflector, dielectric filter
due to its high value of refractive index as well as high
transmittance in visible region [3-4], buffer layers in CuInSe
based solar cells [5], buffer layers in CuGaSe2 based solar
cells [6], optoelectronic devices such as electroluminiscent
devices and photovoltaic cell [7], fabrication of ZnS/Cu (In1xGax) Se2 solar cells [8].
Several techniques have been reported in the growth of
ZnS semiconductor thin films. Among these techniques are
chemical bath deposition [9-12], electrochemical deposition
[13], Molecular beam epitaxy [14], H2 plasma chemical
sputtering [15], thermal evaporation [16], MOCVD [14],
MOVPE [17], spray pyrolysis [18], RF sputtering [19],

atomic layer deposition [20], photochemical deposition [21].
ZnS semiconductor thin film is a wide, direct band gap
semiconductor, Eg = 3.66eV [22], n-type conductivity and
promising
material
for
optoelectronics such
as
electroluminiscent devices and photovoltaic cells.
Arenas et. al reported a ZnS thin film of cubic form, direct
bandgap of 3.68eV at 295K, lattice constant 5.410A° and
hexagonal form of direct bandgap of 3.74eV to 3.87eV at
300K and lattice constant of 3.822Ao [19].
Zhang et al reported a ZnS semiconductor thin film of
wide direct bandgap with high refractive index (2.35),
useable as single antireflective (AR) coating or as part of
double layer AR coating if used in conjunction with a low
refractive index material [23].
Kumar et al reported wide direct bandgap binary films of
ZnS (Eg= 3.50eV) having wide application in solar cell [24].
Kobayashi et al characterized ZnS thin film having
deposition rate (12.13A°/min), film uniformity (standard
deviation < 1), refractive index (2.35), average reflection (67%), efficiency (12.24%) and viable as low-cost CBD-ZnS
antireflection coating on multicrystalline silicon solar cell
[21].
In chemical bath deposition (CBD) of ZnS film, it is
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difficult to control reaction when it starts [21] and there is
precipitate formation in the bulk of solution using CBD
technique which results into unnecessary precipitation, loss
of materials and hampered uniformity in deposition [1].
In this paper, the properties of vacuum evaporated
Spharelite ZnS thin film doped with elemental Sn is reported.
The deposited ZnS:Sn films were characterized structurally,
optically and electrically for necessary device applications.

determines the optical quality of the film (Rq) and thickness
were measured by the Surface profilometer (Dektak ® 150)
within the specific area and volume of the film.
Scanning Electron Microscope (ZEISS EVO/MA 10)
imaged the morphological structure and embedded Energy
Dispersive X-Ray was used to analyze the composition of the
film at different magnifications of 500X, 5KX and 10KX.

2. Materials and Method
Zn element of high purity was evaporated in vacuum to
form deposition on pre-cleaned microscopic glass substrate.
The deposition was done at controlled thickness of 500nm
and also at substrate temperature of 100°C using Edwards FL
400 Auto 306 machine (Figure 1). The deposited Zn film was
then sulphurized in a custom-built sulphurization chamber
(Figure 2) at 400°C for 1hour. The ZnS film on the glass
substrate was then doped with elemental Sn in vacuum to
modify its properties.
X-Ray Diffractometer (Pan Analytical X-Pro) with anode
CuKα (λ1 = 1.54060A°, λ2 = 1.54443A°), CuKβ (λ3 =
1.39225A°) measured the crystallographic pattern, position,
phases and structure of evaporated ZnS:Sn thin film. The
average roughness (Ra), root mean square roughness which

Figure 1. Employed Edward FL 400 Auto 306 Evaporator Machine.

Figure 2. Sulphurization setup [25].

UV-Visible – NIR spectrophotometer (Avantees Avaspec
2048 Fibre Optic Spectrometer) shown in Figure 3 was
employed for acquiring optical properties of the ZnS:Sn film.

The film characteristics such as Transmittance, Absorbance
and Reflectance at various wavelengths within ultravioletvisible spectra regions were obtained from the
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spectrophotometer.
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The extinction coefficient was calculated from the
equation 4:

α =

4Πk
λ

(4)

Where λ = wavelength.
Optical conductivity of the film was calculated from
equation 5:

δ0

Figure 3. A Spectrophotometer (AvanteesAvaspec 2048).

These were consequently used to determine the energy
gaps, refractive index and extinction coefficient of the film.
Bandgap energy and transition type can be derived from
mathematical treatment of data obtained from the coefficient
of optical absorbance, α versus wavelength with Stern
relationship of near edge absorption [26].

α=

A ( hv

Eg

n
)2

αη c
4Π

(5)

Where: C is the speed of light.
η is the refractive index
The electrical properties of evaporated ZnS:Sn (Figure 4)
were measured using Four Point Probe (Signatone modelQuadpro-6) and Semiconductor Characterization System
(Keithley 4200) shown in Figure 5.

(1)

hv

Where: v = frequency.
h = planck’s constant = 6.63x10-34Joules.
A is a constant.
n = 1 or 4.
The value of n = 1 for the direct transition and n = 4 for
indirect transition. ZnS thin film had been reported as wide
direct energy gap [19, 22, 23].So, in this study, n = 1 is
adopted to determine energy gap of ZnS film doped with Sn.
The edge absorption coefficient was calculated using the
equation 2 as given by Schroder and Kamoun et al [27-28].

α=

=

4
2
−1  (1− R) + 4T 2 R2 − (1− R) 

ln
t 
2T 2 R2



(2)

Where: t = thickness of the film.
T = Transmittance.
R = Reflectance.
α = Absorption Coefficient.
The energy bandgap (Eg) was obtained from a straight line
plot of (αhv)2as a function of hv. Extrapolation of the most linear
part to the base line, where the value of (αhv)2 = 0 gives Eg.
The refractive index, η of the evaporated ZnS:Sn film was
calculated from equation 3:
1

η =

1 + R2
1

Where R = reflectance value.

R

1
2

Figure 4. Cross-planar and in-planar i-v measurement of evaporated
ZnS:Sn film sample.

(3)

Figure 5. Semiconductor Characterization system (Keithley 4200).

3. Results and Discussion
The deposition of Zn on the glass substrate produced dull,
grey coloured, fine, smooth surface topology. At high
substrate temperature of 100°C, the smoothness of the layers
was improved. Also, the film adhered well to the surface of
the substrate, uniformly thin and pin-hole free for the
deposition controlled thickness of 500nm.
The peaks in figure 6 correspond to different crystal,
phases and reflections obtained from ZnS:Sn films deposited
at substrate temperature of 100°C with thickness of 500nm.
The prominent peaks are Sn (2 0 0), ZnO (1 0 1), ZnS (1 1 1),
ZnS (2 2 0) at 2θ= 32°, 2θ= 36.5°, 2θ= 28.5°, 2Ѳ = 47.48°
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respectively. The film was Zn-rich. Thus, the XRD spectra
revealed cubic, Spharelite ZnS (h k l) = (2 2 0) film doped

with Sn at 2θ= 47.48°, lattice spacing, d = 1.91.

Figure 6. XRD spectra of ZnS:Sn film deposited at 100°C with thickness 500nm.

The ZnS:Sn film deposited at substrate temperature of 100°C with thickness 500nm produced low roughness values of Ra =
17.34nm and Rq = 27.05nm. Low roughness values favour the good optical quality of the film (Figure 7).

Figure 7. Roughness of ZnS:Sn film deposited at 100°C with thickness 500nm.

zThe micrograph of ZnS:Sn film was characterized with
grains that cover all the area of the film surface. The grains
of ZnS:Sn film at thickness 500nm (Figure 8) were densely

packed, highly fused together, pin-holes free and the grain
growth tends to form forest of grains. The film shows the
good morphology even as confirmed from the Profilometer’s
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result for roughness. Crystallites of unknown materials were
found at the centre of the film (figure 8) in addition to the
grains. Further study is needed to identify or remove the
crystallite grains. Undoubtedly, higher grain sized films
would allow the carriers freely in the crystal lattice thus
resulting in reduction of the resistivity of the film.

26

used to identify impurities present within the film. The
quantitative percents of atoms present in ZnS:Sn film sample
show that ZnS:Sn film deposited at 100°C with thickness
500nm was Zn-rich (Figure 9). Zn – rich film at high substrate
temperature could be attributed to proper diffusion of Zn in the
sample and its affinity to react with sulphur element in the film.
The impurities present in the film varied in percents as shown
in the EDX spectra (Figure 10) and they are Oxygen (O),
Silicon (Si), Carbon (C), Magnesium (Mg), Calcium (Ca),
Sodium (Na), Aluminium, (Al). These elements feature as a
result of constituent elements used in manufacturing the
employed glass substrate and environmental reactions with the
film sample after vacuum deposition.
At the deposition condition of the film sample, figure 11
shows the specular percentage Transmittance or Reflectance
versus the wave-length. The ZnS:Sn film deposited at
substrate temperature of 100°C with thickness 500nm (Figure
11) produced the transmittance of 15.59%. The significance
of these properties could be employed in device fabrications.

Figure 8. Micrograph of ZnS:Sn film deposited at 100°C with thickness
500nm.

Figure 11. % Transmittance or Reflectance for ZnS:Sn film deposited at
100°C and at 500nm.

Figure 12 shows the extrapolation and Energy gap (band
gap) obtained from the deposited ZnS:Sn film. The band gap
of 3.80eV was obtained. The obtained energy band gap is in
agreement with the reports in the cited literatures.
Figure 9. Atomic percents of constituent elements of ZnS:Sn films at 100°C
with thickness 500nm.

Figure 10. EDX spectra of ZnS:Sn film deposited at 100°C with thickness of
500nm.

Energy dispersive X-ray analysis was used to determine the
ratio of the constituent elements in the deposited film and also

Figure 12. Plot of (αhv)2versus hv for ZnS:Sn deposited at 100°C with
thickness 500nm.

The film (SphareliteZnS:Sn) has refractive index, η = 1.49, extinction coefficient, θ= 1.73 x 105 and optical
conductivity of σo = -3.78 x1011.
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Electrically, the average sheet resistance, Rs was 11.47 Ω
and the average resistivity, ρ was found to be 1.833 x 10-3Ωcm.

[10] Afifi H. H., Mahmoud S. A. and Ashor A.(1995): Structural
Study of ZnS thin films prepared by Spray Pyrolisis, Thin
Solid Films, Vol. 263, No. 2, pages 248 – 251.

4. Conclusion

[11] Johnston D. A., Carletto M.H., Reddy K.T.R., Forbes I. and
Miles R. W. (2002): Chemical Bath Deposition of Zinc
Sulfide based buffer layers using low toxicity materials, Thin
Solid Films, Vol. 403 – 404, pages 102 – 106.

The evaporated ZnS:Sn thin film has been successfully
grown using vacuum evaporator. XRD spectra revealed
cubic, Spharelite ZnS:Sn (2 2 0) film at 2θ= 47.48°. SEM
revealed densely packed, big grains, pin-hole free and film
that uniformly covered the surface of glass substrates. The
grain size is about 2µm.The energy band gap of Spharelite
ZnS:Sn film was found to be 3.80eV at temperature of
100°C with controlled thickness of 500nm.The film
(Spharelite ZnS:Sn) has refractive index, η = -1.49,
extinction coefficient, θ = 1.73 x 105 and optical
conductivity of σo = -3.78 x1011. The average sheet
resistance, Rs was 11.47 Ω and the average resistivity, ρ was
found to be 1.833 x 10-3Ω-cm.
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