


GRAIN SIZE DEPENDENCE OF THE
ELECTRICAL AND OPTICAL

PROPERTIES OF THE SPRAYED
Cd0.5Zn0.5S:B FILMS DEVELOPED IN

SCIENCE PARKS
By selçuk mert

WORD COUNT 1972 TIME SUBMITTED 25-JUL-2019 03:03PM

PAPER ID 49012696











80%
SIMILARITY INDEX

1

2

3

4

5

6

7

GRAIN SIZE DEPENDENCE OF THE ELECTRICAL AND
OPTICAL PROPERTIES OF THE SPRAYED Cd0.5Zn0.5S:B
FILMS DEVELOPED IN SCIENCE PARKS
ORIGINALITY REPORT

PRIMARY SOURCES

M. Oztas, Z. Ozturk, M. Bedir, S. Sur. "Effect of the
grain size on the structural and optical properties of
the sprayed Cd<inf>x</inf>Zn<inf>1-x</inf>S films", 2010 27th
International Conference on Microelectronics Proceedings, 2010
Crossref

ecomod.net
Internet

www.chalcogen.ro
Internet

Mustafa Öztas. "Influence of Grain Size on Electrical
and Optical Properties of InP Films", Chinese Physics
Letters, 11/2008
Crossref

S.V. Borse, S.D. Chavhan, Ramphal Sharma. "Growth,
structural and optical properties of Cd1−xZnxS alloy
thin films grown by solution growth technique (SGT)", Journal of
Alloys and Compounds, 2007
Crossref

Ghorannevis, Z., E. Akbarnejad, A. Salar Elahi, and M.
Ghoranneviss. "Application of RF magnetron sputtering
for growth of AZO on glass substrate", Journal of Crystal Growth,
2016.
Crossref

www.infona.pl
Internet

920 words — 46%

248 words — 12%

99 words — 5%

76 words — 4%

58 words — 3%

36 words — 2%

35 words — 2%



8

9

10

11

12

13

14

15

Mustafa Öztas. "Influence of Grain Size on Electrical
and Optical Properties of InP Films", Chinese Physics
Letters, 2008
Crossref

Kucukomeroglu, T.. "Influence of fluorine doping on
structural, electrical and optical properties of spray
pyrolysis ZnS films", Thin Solid Films, 20080331
Crossref

Mustafa Öztaş, Metin Bedir, A. Necmeddin Yazici, E.
Vural Kafadar, Hüseyin Toktamış. "Characterization of
copper-doped sprayed ZnS thin films", Physica B: Condensed
Matter, 2006
Crossref

www.shu-solare.org
Internet

V. P. Deshpande, A. U. Ubale. "Effect of copper
inclusion on structural, optical and electrical properties
of ZnO thin films", Journal of Materials Science: Materials in
Electronics, 2016
Crossref

link.springer.com
Internet

Rijun Huang, Qingjun Jin, Junjie Rao, Kang Zhou, Bo
Feng. "The Q $$ \mathcal{Q} $$ -cut representation
of one-loop integrands and unitarity cut method", Journal of High
Energy Physics, 2016
Crossref

T. Dedova. "ZnS thin films deposited by spray
pyrolysis technique", physica status solidi (c),
02/2005
Crossref

35 words — 2%

30 words — 1%

23 words — 1%

23 words — 1%

17 words — 1%

15 words — 1%

12 words — 1%

8 words — < 1%

7 words — < 1%



EXCLUDE QUOTES OFF

EXCLUDE
BIBLIOGRAPHY

OFF

EXCLUDE MATCHES OFF



Journal of Non-Oxide Glasses                                                                               Vol. 8, No 1, 2016, p. 25 - 28 

 

 

 

GRAIN SIZE DEPENDENCE OF THE ELECTRICAL AND OPTICAL 

PROPERTIES OF THE SPRAYED Cd0.5Zn0.5S:B FILMS DEVELOPED IN 

SCIENCE PARKS 

 
 

M. SELÇUK MERT
*
 

Energy Systems Engineering Department ,Yalova University, Yalova, Turkey 

 
Science park has been widely recognized for its importance to the development of high-

tech industries. Boron doped Cd0.5Zn0.5S  films which were developed in Science parks 

were prepared by spray pyrolysis technique at 400 °C substrate temperature, which is a 

low cost and large area technique to be well-suited for the manufacture of solar cells, using 

boric acid (H3BO3) as dopant source, and their properties were investigated as a function 

of doping concentration.Cd0.5Zn0.5S films were obtained with incorporation of Cd element 

into ZnS by spray pyrolysis technique using aqueous solutions of CdCl2, ZnCl2 and 

(CS(NH)2)2, which were atomized with compressed air as carrier gas. Effects of the grain 

size of the films on optical and electrical properties of sprayed cadmium zinc sulfide 

(CdZnS) films were investigated. 
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1.Introduction 
 

Recent investigation has evoked considerable interest in the II–VI semiconducting 

compounds because of their wide use in the fabrication of solar cells and other optoelectronic 

devices. Their optical band gap coupled with high absorption coefficients are direct consequence 

of cadmium chalcogenides being utilized in various electronic and optoelectronic devices [1–4]. 

Thin films of CdxZn1-xS have extensive applications in various optical, electrical and 

optoelectronic devices [5]. These films have also been used in tandam heterojunction solar cells. 

CdZnS is approximate window layer material without lattice mismatch. The electronic properties 

of CdZnS films near and above the fundamental edge are rarely found in the literature reported 

previously. Many authors have studied the optical properties of CdxZn1-xS thin films [6,7]. These 

thin films were obtained from various deposition techniques such as electrodeposition [7], 

chemical bath deposition [8,9], SILAR deposition [10], spray pyrolysis [11, 12]. Among various 

deposition techniques, spray pyrolysis involves the spraying of a fine mist of very small droplets 

containing reactants onto hot substrate. This is also an attractive technique to grow semiconducting 

films because it is simple, inexpensive, capable of depositing uniform layers and it usually results 

in good mixing of materials to form alloys.In this work a novel spraying method for producing 

Cd0.5Zn0.5S films has been pioneered and the influence of the grain size on the electrical and 

optical properties of the films  are reported and discussed. 

 

 

2. Experimental details 
 

Cd0.5Zn0.5S films were obtained using spray pyrolysis method on the glass substrates at a 

temperature of 400
o
C. Spray pyrolysis is basically a chemical process, which consists of a solution 

that is sprayed into a substrate held at high temperature, where the solution reacts forming the 
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desired thin film. In this technique, the Cd0.5Zn0.5S films were deposited on heated microscope 

glass (Objekttrager, 1 cm × 1 cm) substrates by spraying an aqueous solution in air atmosphere. 

The spray solutions are comprised of zinc chloride and cadmium chloride (0.5 M, Merck, ≥ 99%) 

and  boric acid (H3BO3) as dopant source in the deionized water. The  substrate temperatures 

400°C was used and the temperature was controlled within ± 5°C through a chromel–alumel 

thermocouple as a sensor for the temperature controller. Before deposition, the glass substrates 

were ultrasonically cleaned in acetone solution, and then rinsed in deionized water. The atomic 

percentage of dopants in (B/(Zn-Cd)) solution were 1.0, 1.5, and 3.0 at.% in spray solution. In this 

procedure, compressed air was used to atomize the solution containing the precursor compounds 

through a spray nozzle over the heated substrate; air is compressed from the atmosphere. The 

precursor is pyrolyzed on the heated substrate. The solution was pumped into the air stream in the 

spray nozzle by means of a syringe pump. The analyses of these films are investigated in Science 

park. The optical band gap energy Eg was determined by extrapolating the high absorption region 

of the curve to the energy axis [13]. The resistivity of CdxZn1-xS films were determined by four 

probe measurements at room temperature. The carrier density was determined by Hall effect 

measurements. 

 

 
3. Results and Discussions 
 

The dependence of grain size and strain of the Cd0.5Zn0.5S films with  the boron 

concentration is shown in Fig.1. The grain size was found to decrease from 250 to 125 nm as the 

boron concentration was increased from 0% to 3%. Thus, increasing the boron concentration 

increases the density of nucleation center and, under these circumstances, a larger number of 

centers start to decrease, resulting in smaller grains. The smaller grain size is undesirable for most 

semiconductor applications because of the barrier effect of grain boundary on the mobility in 

planar direction [14]. Also, the decrease in grain size with the boron concentrations  could be 

attributed to the enhanced reaction kinetics among the sprayed droplets as well as improvement in 

the ad-atom mobility on the substrate surface. It can be explained that the decreasing trend of grain 

size with the increase of strain due to the retarded crystal growth as the stretched lattice increases 

the lattice energy and diminishes the driving force for the grain shrinkage. The lattice strain 

provide a driving force for the grain shrinkage during the increasing boron concentration. The 

lattice strain arises from a high atomic packing density and frozen-in crystallographic defects in 

the grains and grain boundaries [15]. Since the intragranular defects and grain boundaries contain 

more free energy than crystalline phase, the decrease of the grain sizes in the films higher free 

energy with increasing boron concentration. Moreover, the particle size and strain are 

manifestations of dislocation network in the films the increase in strain with an decrease in the 

grain size indicates the formation of the non-good quality films. 

 

 
 

Fig. 1: Variation of boron concentration in the polycrystalline films with grain size and 

lattice strain of Cd0.5Zn0.5S:B films deposited by spray pyrolysis method. 
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The dependence of the band gap of Cd0.5Zn0.5S films with  the boron concentration is 

shown in Fig.2. It can be seen that the band gap increases from 2.40 to 3.30 eV as the grain size 

decreases from 250 to 125 nm. This increase in the band gap can be due to the influence of various 

factors such as grain size, structural parameters, carrier concentration, presence of impurities, 

deviation from stiochiometry of the film and lattice strain [16–18]. A detailed analysis is needed to 

bring out the effect of each of these parameters on the value of grain size. Hence, we consider that 

the observed increase in Eg with decreasing grain size is due to the increase in lattice strain. From 

these results, it is clear that energy band gap increases with increase in boron concentration. Earlier 

studies show that strain changes the inter atomic spacing of semiconductors which affects the 

energy gap [19]. It is concluded that the effect of grain size on the bandgap, as the result of 

electron confinement in grains [20] and also the effect of lattice strain. 

 

 
 

Fig. 2: Variation of grain size in the polycrystalline films with energy band gap of 

Cd0.5Zn0.5S:B  films deposited by spray pyrolysis method. 

 

 

 
 

Fig. 3: Variation of grain size in the polycrystalline films with resistivity  of Cd0.5Zn0.5S:B 

films deposited by spray pyrolysis method. 

 

 

Figure 3 shows the variation of film’s resistivity  with grain size. This behaviour can be 

explained as follows: when the grain size decreases, the grain boundaries increases and hence 

resistivity is rises. The increase of the resistivity of the films as a function of the grain size is also 

due to re-crystallization of the crystallites in the films, which induces the increase of the number of 

faults at the grain boundary. As a consequence, the quality factor of the film decreases with 

decreasing grain size. It can be explained that the decrease of the grain size to increase the number 

of grain boundaries; the increase of the barrier height at the grain boundaries. Thus, it can be show 

that the increase of resistivity with the decreasing grain size of the films probably is due to the 

2,20

2,40

2,60

2,80

3,00

3,20

3,40

100 120 140 160 180 200 220 240 260

Grain Size (nm)

E
n

e
rg

y
 B

a
n

d
 G

a
p

 (
e
V

)

0

50

100

150

200

250

300

350

400

450

500

100 120 140 160 180 200 220 240 260

Grain Size (nm)

R
e
s
is

ti
v
it

y
 (

x
1
0

3
)(

O
h

m
-c

m
)



28 

 

distortion of the crystallinity of the films. This observation is attributed to the size effect observed 

in semiconductor films.  

 

 

4. Conclusions 
 

Boron doped Cd0.5Zn0.5S films have been prepared by the spray pyrolysis method on glass 

substrates heated at 400 ◦C using different boron concentration. It is seen that the optical and 

electrical properties of Cd0.5Zn0.5S:B films are found to be grain size dependent. The resistivity 

measurement shows that films are semiconducting in nature. With the increase of boron 

concentration, coalescence of the small grains took place, leading to the formation of lower 

crystallites in the film along with an distortion of the crystallinity. Therefore, it is observed that the 

electrical and optical properties of the films have a direct dependence on the grain size. As a result, 

the observed increase in Eg and strain with decreasing grain size are due to the increase of 

resistivity and the increase of boron concentration of the films. The results of these analyses 

provide some policy implications and government of the local university for Yalova. Thus, a 

science park is learning site, combining in a pre-established territorial area productive, scientific, 

technical, educational and institutional agents, based on the assumption that the co-location of 

these agents is expected to enhance the technological and innovation capability of the host region. 
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