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Substrate FWHM Crystallite size, FWHM Crystallite size,
temperature (°C) (101)(*) D (nm) (001)(°*) D (nm)

300 0222 36.5 0364 222

350 0221 36.6 0.347 230

400 0.218 372 0.328 246

450 0.202 400 0.300 269

500 0.290 279 0.261 309
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Substrate Lattice parameter Aa = {|Gave — ail}
temperature (°C) a (A) of thin films (A)

300 11.959 0.627

350 12,589 0.003

400 12.506 0.08

450 12,588 0.302

500 11.789 0.497
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Substrate Lattice parameter Ab = {|bave — bi|}
temperature (*C) b (A) of thin films (A)

300 3.563 0.015

350 3.544 0.004

400 3.525 0.023

450 3.530 0.018

500 3.577 0.029
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Substrate Lattice parameter Ac = {|caye — cil}
temperature (*C) ¢ (A) of thin films (A)

250 4383 0.008

300 4385 0.006

350 4380 0.011

400 4385 0.006

450 4391 0.000

500 4.424 0.033
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Abstract

In this research, we have investigated the surface morphology, structural, electrical
and optical properties of nanostructured vanadium pentoxide (V.0Os) thin films grown on
glass substrate by spray pyrolysis method. For preparation of V,Os thin films, we have
used vanadium trichloride (VCI;) as the chemical composition. The variable parameters
in this study are including: substrate temperature (section 4-2), annealing effect (section
4-3) and zinc doping (section 4-4). For characterization of the synthesized samples we
have used various methods: Field Emission Scanning Electron Microscopy (FESEM), X-
ray diffraction (XRD), Raman spectroscopy, Hall effect, and Ultraviolet-Visible (UV-
Vis) spectroscopy.

Through the study of substrate temperature, in the range of 350-450 C, it is found
that with increasing the growth temperature the surface of the layers are covered with
nanorods. XRD results showed that most of the synthesized layers have orthorhombic
structure in V,0s phase and in some cases are together with additional V.,O, crystalline
phase. Also the characteristic peaks in Raman spectra indicated the formation of the V,0s
phase. Optical and electrical properties showed that with increasing the substrate
temperature, the band gap of the layers had a decreasing trend and electrical conductivity
of the samples had an increasing trend.

For annealing process, annealing temperature (400 and 450 C) and time interval (2
and 3 h) have been investigated. It is found that annealing process has led not only to
higher amounts of nanorods on the surface of the samples, but also has improved the
crystalinity of the layers. Electrical properties of the samples showed that annealing at
450 C for 2h tend to increase the electrical resistance of the layer.

In the study of the influence of doping of the sample by zinc (Zn) atoms, it was
revealed that through this process the diameter of the nonorods are increased. Electrical
and optical properties of the synthesized samples showed that with increasing the doping
level, due to the role of zinc atoms as the acceptors in the crystalline lattice of vanadium
oxide, the electrical resistance of the layers are increased and their band gaps are
decreased.

Keywords: Vanadium pentoxide (V:0s), Thin films, Nanostructure, Spray pyrolysis,
Zinc-doped, Annealing.
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