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a b s t r a c t

Thin films of nanostructured ZnS1−xSex with optimized growth parameters were prepared by soft chemi-
cal route on glass substrates. Ammonia free precursors were used at 80 ◦C constant bath temperature. The
ratio of sulphur to selenium was changed continuously by changing the composition x (0–1), while atomic
concentration of zinc was kept constant. Structure, composition and surface morphology of as-deposited
films were characterized by X-ray diffraction (XRD), energy dispersive X-ray analysis (EDAX) and scanning
electron microscopy (SEM), atomic force microscopy (AFM) respectively. XRD studies revealed that as-
deposited films were nanostructured in nature with cubic zinc blended structure. It was further observed
that the preferred orientations are along (1 1 1) plane and crystallite size decreased with increase in the
hemical synthesis
rystal structure
ptoelectronic property
tomic force microscopy (AFM)

value of x. SEM and AFM images revealed that films were uniform and pinhole free. The optical band gap
(Eg) was calculated from the observed transmittance spectra by Urbach method. It was found that the
band gap varied linearly from 3.71 to 2.70 eV, as composition x varies 0–1. The electrical properties’ study
revealed that the decrease in resistivity and increase in photosensitivity, as composition x varied 0–1.
The observed interesting properties of ZnS1−xSex thin films justified their significance in optoelectronic
device fabrication and applications, and as an environment friendly alternative to the commonly used

toxic material such as CdS.

© 2011 Elsevier B.V. All rights reserved.
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. Introduction

Wide-energy band-gap II–VI compounds are attractive because
f their potential applications in nanostructured electronic and
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optoelectronic devices. The bulk, single crystal and polycrystalline
thin films have been grown and characterized for several appli-
cations [1–4]. Polycrystalline thin films of ZnS1−xSex have been
reported for different optoelectronic applications such as blue
lasers and blue laser diodes [5], heterojunction nontoxic solar cells
3.4. Electrical properties study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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dx.doi.org/10.1016/j.jallcom.2011.02.089
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:rps.phy@gmail.com
mailto:ramphalsharma@yahoo.com
dx.doi.org/10.1016/j.jallcom.2011.02.089


5526 H.K. Sadekar et al. / Journal of Alloys and Compounds 509 (2011) 5525–5531

Table 1
Experimental and observed elemental composition in EDAX spectra for as-deposited ZnS1−xSex thin films.

X Composition Initial atomic percentage in
the bath (%)

Final atomic percentage in the
film by EDAX analysis (%)

Zn S Se Zn S Se

00 ZnS 50 50 00 52.0 48.0 00.0
0.2 ZnS0.8Se0.2 50 40 10 50.7 38.2 11.2
0.4 ZnS0.6Se0.4 50 30 20 51.3 28.4 20.2
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0.6 ZnS0.4Se0.6 50 20
0.8 ZnS0.2Se0.8 50 10
1.0 ZnSe 50 00

ured ZnS1−xSex composite materials are the promising alternatives
o the presently explored toxic materials such as CdS, window
ayer in photovoltaic applications. Furthermore, CdS as window

aterial with lower band gap (2.4 eV), mostly absorbs the shorter
avelength photons contributing relatively less photocurrent in

he shorter wavelength region, about 20% of the incident pho-
ons does not produce photocurrent [8]. The attractive alternate
ayers are also investigated which include Zn-based buffer layers.
n-based compounds are promising and have demonstrated effi-
iencies close to those achieved with the conventional buffer layers
uch as CdS. Hence, ZnS1−xSex nanostructure thin films and their
se as non toxic alternative for window layer in low cost solar cell
abrication have gained potential importance. Furthermore, elec-
ron affinity and electrical properties of these films can be tuned
y changing the ratio of S to Se, which helps to enhance the blue
esponse to the material [9].

Earlier, thin films of ZnS1−xSex have been prepared using molec-
lar beam epitaxy [10,11], atomic layer epitaxy [12], high pressure
puttering [13], metal organic vapor epitaxy [14,15], metal organic
hemical vapor deposition (MOCVD) [16], laser ablation [17], close
pace evaporation [6], spray pyrolysis [18], epitaxial growth [19],
hermal evaporation [20], Successive Ionic Layer Adsorption and
eaction (SILLAR) [21], and soft chemical route technique [22–24],
tc. ZnSe nanowires were synthesized by Sublimation Sandwich
ethod (SSM) [25] and facile thermal vaporation method [26], The-

retical studies have also been carried out, wherein, Yu et al. [27]
erformed ab initio calculations of the structural, dielectric and lat-
ice properties of ZnX (X = O, S, Se and Te). Among the galore of thin
lm deposition techniques, except soft chemical route, involve the
se of either sophisticated instruments and/or toxic gases such as
2S and/or H2Se as precursors. In addition to this, soft chemical

oute technique is low cost, works at lower operating tempera-
ure and requires no special instrumentation. In this technique,
ubstrates are immersed in an alkaline solution containing the
halcogenide source, the metal ions, added base and complexing
gent. Furthermore, in soft chemical route technique, controlled
hemical reactions play an important role during the deposition of
hin films, and the rate of deposition can be controlled by adjusting
he parameters like bath temperature, pH of solution, stirring rate
nd relative concentration of solutions in the bath.

In the present investigation, we report the simple and eco-
omic soft chemical route technique for the growth of ZnS1−xSex

hin films by using ammonia free precursors. The effect of vari-
tion of sulphur to selenium ratio in the atomic composition on
ts structural and optoelectronic properties is studied. We used
mmonia free deposition approach because ammonia is environ-
entally hazardous and contributes to pollution. Furthermore, it

s difficult to maintain constant pH of bath solution throughout

he deposition, due to which, perfect stoichiometric and pinhole
ree films are not possible. Typically, the ZnS1−xSex thin films were
eposited using mixture of aqueous solutions of zinc sulphate,
hiourea, selenium powder, sodium sulphite, trisodium citrate, tri-
thanolamine (TEA), hydrazine hydrate, and sodium hydroxide
30 50.5 21.3 28.2
40 51.9 09.6 38.4
50 53.0 00.0 47.0

(NaOH), where triethanolamine was used as the complexing agent
and sodium hydroxide as the pH adjuster. Chaudhari et al. [22]
deposited ZnS1−xSex thin films by solution growth technique, how-
ever, they used GaAs (1 1 0) substrate and zinc nitrate as the source
solution of zinc ions. They observed polycrystalline thin films only
above 90 ◦C bath temperature; while in our study crystalline thin
films are achieved at 80 ◦C, relatively lower bath temperature.

2. Experimental details

Thin films of ZnS1−xSex were grown by soft chemical route (chemical bath tech-
nique) by using precursors of zinc (zinc sulphate), sulphur (thiourea), selenium
(sodium selenosulphate) and suitable complexing agents. The deposition process
is based on the slow release of Zn2+, S2− and Se2− ions in the solution, which then
condenses on the glass substrates. The deposition of ZnS1−xSex occurs when the ionic
product of Zn2+, S2− and Se2− exceed the solubility product of ZnS1−xSex . Control of
Zn2+ and Se2− ions in the solution ultimately controls the rate of precipitation and
hence the rate of film growth [28].

The substrates used for the deposition of ZnS1−xSex thin film were commer-
cial microscope glass slides (Blue Star) with the size of 75 mm × 25 mm × 1.35 mm.
Before deposition, the substrates were degreased in HNO3 solution for 24 h, cleaned
by commercial detergent and finally rinsed with de-ionized water and dried in air.
This process is to ensure clean surface, which is essential for formation of nucleation
centers, required for thin film deposition. All chemicals used in the present inves-
tigations were Loba Chem (AR grade). Aqueous solutions of 0.25 M zinc sulphate
(ZnSO4), 0.25 M sodium selenosulphate (Na2SeSO3), 0.25 M thiourea (SC(NH2)2),
0.2 M trisodium citrate, triethanolamine (TEA), 80% hydrazine hydrate and 4 M
sodium hydroxide (NaOH) were used to prepare thin films. Sodium selenosulphate
was prepared by refluxing 0.25 M selenium powder mixed with 1 M sodium sul-
phite in de-ionized water, which was heated to 80 ◦C for 8 h. Typically, 20 mL zinc
sulphate solution was taken in a 50 mL glass beaker. Under continuous stirring, 30
drops of TEA, 5 mL NaOH and 5 drops of hydrazine hydrate solutions were added
slowly. Initially, the solution was milky and turbid due to the formation of Zn(OH)2

suspension. Addition of excess NaOH led to the dissolution of turbidity, making the
solution clear and transparent. Then 5 mL trisodium citrate and 20 mL mixed vol-
ume of (according to the composition x = 0, 0.2, 0.4, 0.6, 0.8, and 1) freshly obtained
sodium selenosulphate and thiourea solutions were added slowly with constant
stirring and the pH of final mixture was adjusted to ∼13. The same process was
repeated for preparing thin-films of each composition x = 0, 0.2, 0.4, 0.6, 0.8, and 1.

Pre-cleaned glass substrates were inserted into the reaction mixture in the
beaker standing parallel with the walls of the beaker, which was kept in constant
temperature bath for 1 h at 80 ◦C. The following chemical reactions are involved
during the deposition process:

(x)Na2SeSO3 + OH− → (x)HSe− + Na2SO4 (1)

(x)HSe− + OH− → H2O + (x)Se− (2)

(1 − x)SC(NH2)2 + OH− → (1 − x)HS− + CH2N2 + H2O (3)

(1 − x)HS− + OH− → H2O + (1 − x)S− (4)

ZnSO4 + 2NaOH + TEA → Zn(OH)2(TEA) + Na2SO4 (5)

When NaOH and TEA are added to the Zn2+ salt solution, Zn(OH)2 starts precipitating,
which means that the solubility product (SP) of Zn(OH)2 has exceeded, i.e.,

Zn2+ + 2OH− + TEA → Zn(OH)2 + TEA (6)
Further, the Zn(OH)2 precipitate dissolves in excess NaOH solution to form zinc
sodium hydroxide Na4Zn(OH)6 complex

Zn(OH)2 + 4NaOH → Na4Zn(OH)6 (7)

Na4Zn(OH)6 ↔ 4Na+ + HZnO2
− + 3OH− + H2O (8)
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ig. 1. Representative EDAX spectra obtained from as-deposited ZnS1−xSex thin
lms.

inally, ZnS1−xSex thin film formation takes place via

ZnO2
− + (x)HSe− + (1 − x)HS− ↔ ZnS1−xSex + 2OH− (9)

hereafter, the substrate coated with ZnS1−xSex was removed, rinsed with distilled
ater, and dried in open air at room temperature. It was observed that the films
ere uniform, well adhered, and changed their color from white to reddish as x

aried from 0 to 1. Thickness measured by weight difference method was found to
e 260 nm. To obtain well defined diffraction peaks in X-ray diffraction (XRD), this

hickness was not sufficient and thus multiple depositions were taken to obtain film
hickness of about 400 nm.

Energy dispersive X-ray analysis spectra (EDAX) and scanning electron
icroscopy (SEM) images were obtained using JOEL-JSM 5600. The glancing inci-

ence X-ray diffraction (GI-XRD) patterns were recorded using Bruker AXS X-ray

Fig. 2. Thin film images for ZnS1−xSex
Fig. 3. Representative GI-XRD pattern obtained from the as-deposited ZnS1−xSex

thin films (deposited at 80 ◦C bath temperature).

diffractometer (Model D8 Advanced, Germany), with CuK�1 radiation of � = 1.5406 Å
and glancing angle � = 0.5◦ in the detector scan mode (scan rate is 0.002) by keep-
ing the samples fixed. Atomic force microscopy (AFM) images were obtained using
Nanoscope IIIa digital instrument, Veeco Inc. in the tapping mode with a 10 nm SiC
tip at room temperature and in ambient atmosphere. The optical absorption spec-
tra were recorded on the Systronics spectrophotometer-17 within the wavelength
range 300–900 nm. The DC two probe method was used for electrical resistivity
measurement. Silver paste was applied for good ohmic contact with ZnS1−xSex thin
films. The measurement was made in vacuum in the temperature range 340–450 K.
A pico ammeter was used for current measurement.

3. Results and discussion

3.1. Compositional and structural study

The chemical composition of the ZnS1−xSex films was confirmed
by EDAX. The elemental analysis was carried out only for Zn, S, and
Se, and the average atomic percentage ratio of Zn: S: Se are listed
in Table 1. Fig. 1 shows representative EDAX spectra for only three
compositions viz. x = 0, x = 0.6, and x = 1.0. It shows that the elemen-
tal composition in film is almost the same as that in the composition
taken in the reaction bath mixture. The color of the films goes on
changing from white to reddish as ‘x’ varies from 0 to 1.0 (Fig. 2).
Therefore, it could be possible to grow almost stoichiometric films
by solution growth technique. However, there were some addi-
tional peaks in the EDAX spectra, which could be attributed to Si,
O, Ca, Mg, etc., arising due to the presence of these elements in the
amorphous glass used as substrate.
Fig. 3 shows representative GI-XRD pattern of the ZnS1−xSex thin
films for x = 0, 0.6, and 1. All the XRD patterns revealed broad peaks
with (1 1 1) preferred orientation and cubic zinc blend structure.
Zinc blend structure was confirmed by JCPDS card No. 77-2100

compositions ‘x’ (0.0 ≤ x ≤ 1.0).
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ing agglomerates in some places and the grain size obtained from
SEM varies from few nanometers to 100 nm. It is also seen that the
grain size increases with increase in sulphur content in the com-
position (i.e. decrease in x), which was confirmed by XRD study.

Table 2
Structural parameters calculated for as-deposited ZnS1−xSex thin films.

Composition 2� (◦) d (Å) h k l a (Å) Avg. D (nm)

ZnS 28.49 3.08 111 5.33
47.41 1.92 220 5.44 9.6
56.3 1.63 311 5.15

ZnS0.8Se0.2 28.34 3.14 111 5.44
47.15 1.92 220 5.43 8.8

ZnS0.6Se0.4 28.20 3.16 111 5.47
46.69 1.94 220 5.49 8.6

ZnS0.4Se0.6 27.84 3.2 111 5.54
46.39 1.95 220 5.53 8.2
Fig. 4. Representative (a) SEM images and (b

or ZnS, and JCPDS card No. 80-0021 for ZnSe [17,29], wherein
he broad peaks indicate nanostructured nature of the thin films.
he shift in the peak positions towards the higher 2� values for
1 1 1) plane (from 27.27◦ to 28.50◦) and (2 2 0) plane (from 46.00◦

o 47.15◦) was observed with increase of sulphur content in the
lms (decrease in x). This suggests that the formation of nanostruc-
ured II–VI group compounds in between ZnS and ZnSe. However,
here were some other peaks present in the spectra, which can be
ttributed to Zn(OH)2 (JCPDS card No. 71-2215). These peaks may
anish after annealing of the samples. The calculated values of the
rystallite sizes by Scherrer’s formula [30] using full width at half
axima (FWHM) and the lattice parameter ‘a’ are listed in Table 2.

rystallite size is found to decrease from 9 to 7 nm as the x value
ncreases from 0 (ZnS) to 1 (ZnSe) i.e. towards the formation of
nSe.

.2. Surface morphology and topography study

Surface morphology of the films was studied by SEM.
ig. 4(a) shows representative SEM images of as-deposited ternary

nS1−xSex thin films. It is observed that the thin films are uniform,
inhole free and cover the entire substrate surface. The fine grains
ere well defined, compact, and spherical with different sizes,
hich were uniformly distributed over the substrate without any

racks and correspond to the nanocrystalline phase of ZnS1−xSex
images of as-deposited ZnS1−xSex thin films.

thin films. Some of the grains were seen to be united/fused form-
ZnS0.2Se0.8 27.65 3.22 111 5.58
46.00 1.97 220 5.57 7.8

ZnSe 27.45 3.24 111 5.60
45.57 1.98 220 5.62 7.5
54.06 1.69 311 5.61
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the optical transition in the films, which were studied at room tem-
perature in the wavelength range of 300–900 nm. It is clearly seen
from the optical spectra that the absorption edge shifts towards
a longer wavelength for as-deposited thin films with increase in
ig. 5. (a) Plot of absorbance and (b) transmittance versus wavelength, (c) plot of
andgap with change in composition x.

articles larger than 100 nm were not observed on the surface of
he films for any of the compositions with varying ‘x’ studied in this
ork. This may be attributed to the high surface energy of the small
articles compared to that of the bigger ones. As a result, smaller
articles tend to be deposited on the substrate, while the bigger
emain in solution as ZnS1−xSex precipitate during the film growth.
rom the XRD and the SEM study, it is evident that there is aggre-
ation of nanocrystallites in to grains on the substrate forming thin
lms. Hence, it clearly shows that the growth of ZnS1−xSex thin film
akes place via cluster by cluster deposition, rather than ion by ion
eposition on the surface of the substrate.

The AFM profile is used to get surface topography information
f the ZnS1−xSex thin films. The atomic force microscope is ideal
or quantitatively measuring the nanometer scale surface rough-
ess and for visualizing the surface nano-texture on many types
f material surfaces. Advantages of AFM for such applications are
erived from the fact that AFM is nondestructive and it has a very
igh three dimensional spatial resolution. Fig. 4(b) shows represen-
ative two-dimensional (2-D) AFM images (5 �m × 5 �m) obtained
rom ZnS1−xSex thin films. The AFM topographic images show that
s-deposited ZnS1−xSex film surface is uniform, pinhole free and
anocrystalline fine grains are uniformly distributed. Coagulation
f small crystallites into big clusters is observed and is in good
greement with the SEM micrograph (Fig. 4(a)). The AFM images
f the ZnS1−xSex films were analyzed using the software WxSm
nd SPIP 5.1.3. The average cluster size and surface roughness of
gglomerated grains were also determined by the software and it is
ound that no cluster size is greater than 100 nm. The surface rough-

ess is unavoidable because of the use of solution growth technique

n this work. The results reveal that the cluster size and the granu-
ar structure with well defined grain boundaries [31] increase with
ncrease in sulphur content in the films. The structures of the films
ound by SEM and AFM seem to indicate that the films grow by the
versus (h�) obtained from as-deposited ZnS1−xSex thin films, and (d) variation of

aggregation of colloidal particles (nanocrystallites) formed in the
solution.

3.3. Optical properties study

Fig. 5(a) and (b) show absorbance and transmittance spectra for
x = 0, 0.2, 0.4, 0.6, 0.8, and 1 of as-deposited ZnS1−xSex thin films. The
optical transmittance and absorbance spectra were used to study
Fig. 6. Plot of log(�) versus 1000/T (K−1) obtained from as-deposited ZnS1−xSex thin
films.
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1. The room temperature electrical resistivity calculated by I–V in
dark and with different illumination intensity are listed in Table 4
Fig. 7. Representative Current–Voltage (I–V) characteristics curve obtaine

omposition ‘x’ (content of ‘S’ decreases). This shift gives decrease
n band gap with increase in ‘x’. The result also shows optical trans-

ittance over 60% in the visible region for all the compositions.
he relation between the absorption coefficient ˛ and the incident
hoton energy (h�) can be expressed as (Urbach relation) [32],

h� = A(h� − Eg)n (10)

here ‘A’ is the constant; depending upon the transition probabil-
ty for direct transition, n = 1/2 for direct allowed transition and ‘Eg’
s the optical band gap of the material. Fig. 5(c) shows the variation
f (˛h�)2 against (h�) for x = 0, 0.2, 0.4, 0.6, 0.8, and x = 1.0. Extrap-
lating the straight-line portion of the plot of (˛h�)2 versus (h�)
or zero absorption coefficient value gives the band gap, which is
ound to decrease from 3.71 to 2.70 eV as ‘x’ increases from 0 to
. Calculated band gap energies with composition ‘x’ are listed in
able 3. Fig. 5(d) shows variation in band gap with variation of ‘x’
nd demonstrates linear relationship. This implies that engineer-
ng of band gap properties of ternary ZnS1−xSex nanostructured thin
lms have potential applications in optoelectronic devices in wide
ange of solar spectrum.

.4. Electrical properties study

The dark electrical resistivity of the thin films was measured
sing DC two-probe method in the temperature range from 340 to
50 K. A plot of log (�) versus inverse absolute temperature for cool-

ng cycle is shown in Fig. 6. It is found that the resistivity decreases
ith increase in composition ‘x’. The dependence is almost linear

ndicating the presence of only one type of conduction mechanism
n the film. Our experimental data fit into the relation [33],

(
Ea

)

= �0 exp

kT
(11)

here ‘�’ is the resistivity at temperature T, ‘�0’ is the constant, ‘k’
s the Boltzman’s constant, ‘T’ is the absolute temperature and ‘Ea’
s the activation energy.

able 3
alculated band gap energy Eg and activation energy Ea for as-deposited ZnS1−xSex

hin films.

X Composition Band gap energy Eg , eV Activation energy Ea , eV

00 ZnS 3.71 0.37
0.2 ZnS0.8Se0.2 3.49 0.32
0.4 ZnS0.6Se0.4 3.29 0.28
0.6 ZnS0.4Se0.6 3.10 0.22
0.8 ZnS0.2Se0.8 2.89 0.18
1.0 ZnSe 2.70 0.15
as-deposited ZnS1−xSex thin film with different illumination intensities.

The high-temperature conductivity is a thermally activated
excitation of charge carriers and their mobility from nanocrystal-
lite to nanocrystallite. In this case, activation energy was calculated
from linear portion of the graph and is found to decrease from
0.37 to 0.15 eV as ‘x’ varies from 0 to 1. Calculated activation
energies with composition ‘x’ are listed in Table 3. Increase in
activation energy suggests that the charge carriers are trapped by
the nanocrystallites, giving rise to interfacial polarization [34] and
the resistivity increases. The decrease in resistivity with increase
in temperature confirms the semi-conducting behavior of the
films.

Fig. 7 shows representative I–V characteristics curve of as-
deposited ZnS1−xSex thin films under dark and illuminated
conditions. The area of ZnS1−xSex thin films (1 cm2) on glass sub-
strate was defined and silver paste was applied (two Ag contacts
separated by a distance of 1 cm) to ensure good neutral electri-
cal contacts to the films. The linear nature from the plot suggests
the formation of ohmic contact between metal–semiconductor
(Ag/ZnS1−xSex) junctions, indicating that the work function of
metal Ag is higher than semiconductor ZnS1−xSex films. This aligns
the metal Fermi level of Ag with the upper valence band edge.
The resistivity from I–V characteristics is found to decrease with
increase in illumination intensity for all the compositions. It pos-
sibly might be due to the generation of electron hole pairs in the
semiconductor material by incident light energy greater than the
bandgap energy (Eg). This suggests that the material is photosen-
sitive and can be used in optoelectronic device applications. It is
also seen that (Fig. 7), for a given voltage (like V = 2 V), the current
increases for compositions from x = 0.2 to x = 0.8, and is due to the
decrease in electrical resistivity as composition x changes from 0 to
for x = 0–1. Resistivity of our samples is high; the reason may be the
fluctuations of the inter-grain boundary region, which creates the
disorder in as-deposited samples. The effects of these disorders are

Table 4
Resistivity calculated under dark and on illumination from I–V curve for as-
deposited ZnS1−xSex thin films.

Composition Resistivity, � cm

In dark 3400 lx 5700 lx 9800 lx 15000 lx

ZnS 0.86 × 109 8.67 × 108 6.54 × 108 4.36 × 108 3.89 × 108

ZnS0.8Se0.2 6.67 × 108 1.54 × 108 1.47 × 108 1.34 × 108 8.92 × 107

ZnS0.6Se0.4 2.41 × 108 4.02 × 107 2.44 × 107 1.70 × 107 1.41 × 107

ZnS0.4Se0.6 2.02 × 108 2.46 × 107 1.51 × 107 7.83 × 106 4.13 × 106

ZnS0.2Se0.8 9.26 × 107 1.49 × 107 1.01 × 107 6.25 × 106 3.53 × 106

ZnSe 3.00 × 107 9.58 × 106 7.49 × 106 6.72 × 106 4.70 × 106
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eflected on the electrical conductivity by hopping of the carriers
t the defect state. The resistivity might decrease by annealing.

. Conclusions

It is possible to grow ZnS1−xSex thin films from ammonia free
recursor solutions, using soft chemical route by appropriate selec-
ion of the growth parameters. As-deposited films present excellent
dherence, uniform deposition of ZnS1−xSex, smooth morphologi-
al and nanostructure properties, confirmed from SEM, AFM and
RD analysis. It is found that as-deposited ZnS1−xSex films are
ighly oriented with cubic zinc blende structure, and the preferred
rystal orientations are (1 1 1) plane. The small XRD FWHM also
uggests that the crystal quality of the as-deposited ZnS1−xSex films
s good. The presence of Zn(OH)2 is unavoidable as in case of as-
eposited thin films, which can be eliminated by annealing. The
DAX study shows reasonably good stoichiometric compositions
f ZnS1−xSex thin films. Energy band gap of as-deposited ZnS1−xSex

lms is found to vary from 3.71 to 2.70 eV as x varies 0–1. The
ngineering of bandgap by substitution of sulphur by selenium in
nS1−xSex imparts interesting properties to the material, justifying
ts scope for potential applications in optoelectronic devices in wide
ange of solar spectrum. I–V studies reflected good photo-response
f ZnS1−xSex thin films on illumination with different light inten-
ity. The physical, optical and electrical property studies reveal that
he nanostructure ZnS1−xSex thin films can be suitably employed
n photosensor and/or opto-electronic applications, especially as

photovoltaic solar cell window layer, with the advantage of
eing the best alternative to conventionally used toxic CdS window
aterial.
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