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ZnS films were deposited on soda glass at various source-to-substrate distances by closespace sublimation. The

influence of source-to-substrate distance on the structural and optical properties of the films was investigated.

XRD spectra showed that films were crystalline in nature having cubic structure oriented mainly alogn (111)
plan. The crystallinity of films increased with the source-to-substrate distance up to 40mm. The crystallite size

increases from 15.76 to 19.06 nm as the source-to-substrate distance increased from 5 to 40mm. AFM data

reveled that RMS roughness decreases and grain size of the film increases with the source-to-substrate distance.

The optical transmittance in the visible range was about 70% for all films. The refractive index of a ZnS film

decreases with increasing source-to-substrate distance. But source-to-substrate distance seems to have no effect

on the energy bandgap and absorption edge of ZnS films. Moreover, it is shown that resisitivity of the ZnS films

resuced significantly by Ag doping.

1. Introduction

ZnS is one of the famous II-VI compound semiconductor

that is suitable for variety of optical applications including

its use as a buffer layer in solar cells. The energy conversion

efficiency of a solar cell depends also on the marerial of the

buffer layer. So far highest energy conversion efficiency

of a solar cell has been reported with the CdS buffer

layer [1]. Despite the fact that CdS is a toxic material

about 20% of incident photons are absorbed in buffer layer

due to its narrow bandgap (∼ 2.42 eV) [2]. In comparison

with CdS, ZnS is environmental friendly and a wide

bandgap material (∼ 3.6 eV). Therefore ZnS is a prospective

contender for the buffer layer of the upcoming family of

solar cells. ZnS films have aldo several other applications

in the area of light emitting diodes [3], electroluminescent

devices [4], antireflection coating and optical filters [5,6].
Previously, ZnS thin film have been deposited by thermal

evaporation [7], electron beam evaporaiton [8], chemical

vapor deposition [9], chemical bath deposition [10], pulsed
laser deposition [11], molecular beam epitaxy [12] and

close-space sublimation (CSS) [13]. In the present study

we have prepared ZnS thin films by a modified closed

space sublimation apparatus. In particular, the influlence

of source-to-substrate distance on the structural and optical

properties has been systematically investigated.

2. Experimental setup

High purity (99.9%) ZnS powder was used as a source

for deposition of ZnS films on soda lime glass substrates.

The glass substrate were first treated with detergent and

washed in running water. The substrates were then dried

with a fine tissue paper and cleaned with isopropyol alcohol
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(IPA) in an ultrasonic cleaner. All the films were deposited

by CSS technique, using a high vacuum coating unit. But

our experimental set up was slightly different form the

conventional CSS device. In conventional CSS device, the

source to substrated dictance in usually few millimetres,

but we varied source to substrate up to 50mm. The

molybdenum boat was used as source for ZnS powder.

A vacuum of ≤ 10−5 mbar was maintained in the chamber

during deposition. The adhesion of the films deposited

at room temperature was not good; therefore substrate

temperature during deposition was kept 300◦C. Structure

of the films was determined by X-ray diffraction at room

temperature by Bruker D8 diffractometer using CuKα radia-

tion in the scanning mode. The surface morphology of the

films was investigated by atomic force microscope (AFM).
Transmission of the films was measured in the ragne of

300−2500 nm using Perkin Elmer Lambda 19 UV/VIS/NIR

spectrophotometer and UV Win Lab software. Thickness

and refractive indices of these films were determined by

fitting the transmittance data using Swanepoel model [14].
The dark dc resistivity of the ZnS films was measured at

room temperature by two-probe method.

3. Results and discussion

The ZnS films prepared by CSS at various source-to-

substrate distances were pinhole free and strongly adherent

to the substrate. The XDR profiles of ZnS films deposited

at the source-to-substrate distance of 5, 20, 40 and 50mm

are shown in Fig. 1. It is observed that films are

polycrystalline in nature having cubic crystal structure with

the preferred orientated along (111) plane, other secondary

peaks visible at 47.45◦ and 56.40◦ are due to (220) and

(311) orientations of cubic ZnS. These results are in good

quantitative agreement with the recent work of Prathap et

al. [15] for ZnS films deposited by CSS technique. However,
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Figure 1. XDR patterm of ZnS films deposited at various source-

to-substrate distances.

Figure 2. Variation of FWHM of (111) peak and cystallite size

as a function of source-to-substrate distance.

structure of ZnS films is known to depend on the deposition

technique. For instance, thermally evaporated ZnS films are

generally cubic [16,17], ZnS films grown by sulfurizing of

RF sputtered ZnO was hexagonal in nature [18] and films

grown by spray pyrolysis had mixed cubic and hexagonal

phases [19]. Fig. 1 also shows that the intensity of (111)
peak increases with the source-to-substrate distance up

to 40mm and then decreases. Whereas (220) and (311)
peaks begin to disappear with increasing source-to-substrate

distance. The effect of source-to-substrate distance on the

full width at half maximum (FWHM) of (111) peak is

shown in Fig. 2. The FWHM decreases with source-

to-substrate distance up to 40mm, which indicates the

improvement in crystallinity of thee films. The average

crystallite size, τ , was estimated using Scherrer formula [20]

τ =
Kλ

β cos θ
(1)

where K is the shape factor that was taken equal to 0.9,

λ is the wavelength of X-ray source, β is the FWHM of

(111) peak and θ is the Bragg diffraction angle in degree.

The crystallite size of ZnS films increases from 15.76

to 19.06 nm as the source-to-substrate distance increased

from 5 to 40mm (see Fig. 2). Fig. 3 shows AFM images of

the films deposited at 5, 30 and 40mm respectively. It can

be seen that films are uniform, densely packed and pinhole

Figure 3. AFM images of ZnS films deposited at various source-

to-substrate distances.
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Figure 4. Transmission of ZnS films deposited at various source-

to-substrate distances.

free. RMS roughness of films reduces from 15 to 6 nm with

increase of source-to-substrate distance. AFM images also

revealed that the grain size increases with the increase of

source-to-substrate distance.

For optical applications a films with high transmittance in

the visible range is also important. The optical transmittance

spectra of ZnS films deposited at the source-to-substrate

distances of 20, 40 and 50 nm are shown in Fig. 4. It can be

seen that the average transmittance in the 400−2500 nm

wavelength range is about 70% for all films reagardless

of the source-to-substrate distance. The fluctuations in the

transmittance spectra are probably due to the interference

originated from the reflection at interfaces in the films. It

was also observed that source-to-substrate distance do not

have any effect on the position of absorption edge. The

energy band gap of ZnS films were calculated using the

Tauc relation [21] in which a graph (αhν)2 vs. hν is plotted.

Where α is the absorption coefficient and hν is the photon

energy. The absorption coefficient α was determined from

the transmittance T as T = e−αx , where x is thickness of

the film. The energy band gap Eg was determined by

extrapolation of the linear portion of (αhν)2 vs. hν curves

to (αhν)2 = 0 (see Fig. 5). The variation of Eg as a function

of the source-to-substrate distance is also plotted in Fig. 5. It

can be seen that Eg is not sensitive to the source-to-substrate

distance.

Thickness and refractive index, n, of ZnS films were

calculated by fitting the transmission spectra using the

following relation [14]

T =
Ax

B −Cx cos φ + Dx2
(2)

where T is the normal transmittance,

A = 16n2s, B = (n + 1)3(n + s2),

C = 2(n2
− 1)(n2

− s2),

D = (n − 1)3(n − s2), φ = 4πnd/λ, x = exp(−αd)

and

k = αλ/4π.

Here s is the refractive index of the glass substrate. The n
and α both vary with wavelength as

n = a + b/λ2 and α = c + f /λ + s/λ2

respectively [14,22]. Where a, b, c, f and g are constants.

Considering all the multiple reflections at the interface

for the case of k2 ≪ n2, which is true for this kind of

semiconductor thin film, Eg. (2) provides good fitting

in transparent as well as in medium absorption region.

Thickness of various films was in the range of 516

to 549 nm. The refractive index of three ZnS thin films

deposited at various source-to-substrate distances is plotted

as a function of wavelength in Fig. 6. Following trends

Figure 5. The (αhν)2 versus photon energy for a ZnS film

deposited at source-to-substrate distance of 40mm. Inset shows

energy bandgap of ZnS films as a function of source-to-substrate

distance.

Figure 6. Refractive index of ZnS films deposited at various

source-to-substrate distances.
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Figure 7. Resistivity verses immersion time of Ag doped ZnS

films.

can be deduced from thes investigation: (i) the refractive

index of a ZnS film decreases with increasing source-to-
substrate distance that may be due to the reduction of
tensile stresses in the films deposited at higher source-to-

substrate distance [23], (ii) the refractive indices of all films
are higher at shorter wavelengths and (iii) decreases with
increase of the wavelength towards infrared region (IR).
The values of refractive index and trands (ii) and (iii) are
in good agreement to that of ZnS films deposited by Wu
et al. [24] using evaporation. The controlled varuation in the
refractive index of ZnS films by adjusting source-to-substrate

distance may be useful for designing an optical coatings for
a particular application.
As-deposited films showed resistively of the order of

108 � · cm. The high resistivity of the as-deposited films
indicates that films are highly stoichiometric. The highly
resistive ZnS film can be used as a buffer layer in solar cells.
Whereas the application of ZnS films can be extended in the

filed of optoelectronics by reducing their resistivity, particu-
larly where low series resistance are required for fabrication
of photodiodes, display screens and other optioelectronic

devices [15]. In order to reduce the resistivity, ZnS films
deposited at source-to-substrate distance of 40mm were
immersed in silver nitrate solution for different times and

then heat treated in vacuum for one hour at 400◦C. It can
be seen in Fig. 7 that the resistivity of ZnS film consistently
decreases with immersion time and resistivity of the ZnS
film immersed in silver nutrate solution for 60min was

rediced by 4 orders of magnitude. We attribute reduction
of resistivity to the increase of Ag diffusion in the films
with immersion tume. The measurements performed with

the hot probve revealed that Ag-doped ZnS films has p-type
conductivity.

4. Conclusions

The effect of source-to-substrate distance on the structural

and optical properties of ZnS films deposited by CSS

has been investigated. The crystallinity of the films

showed improvement with the increasing source-to-substrate
distance up to 40mm. AFM data reveled that RMS

roughness decreases and grain size of the film increases
with the source-to-substrate distance. Optical studies of the

ZnS films showed about 70% transmittance in the visible
range and a significant decrease in the refractive index

with increasing source-to-substrate distance. But source-
to-substrate distance seems to have no effect on the energy

bandgap and absorption edge of ZnS films. As-grown films
showed a high resistivity (∼ 108 � · cm) that dropped to

2 · 104 � · cm by Ag doping and annealing.
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