Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2016, 8(7):414-416

ISSN : 0975-7384

Review Article CODEN(USA) : JCPRC5

Preparation and characterization of tungsten oxidethin films
HoS. M.

Faculty of Science, Technology, Engineering and Mathematics, INTI International University, Putra Nilai, 71800,
Negeri Sembilan, Malaysia

ABSTRACT

The present review article deals with the deposition technique for the preparation of tungsten oxide films. There are
several different methods of deposition were widely used including screen printing method, electrophoretic
deposition, thermal evaporation, pulsed laser deposition method, sol gel spin coating deposition, radio frequency
reactive magnetron sputter deposition and chemical bath deposition technique as described by many researchers. X-
ray diffraction was used to determine the structure of obtained films. The X-ray diffraction patterns indicate that the
as-deposited films and annealed films are amorphous and crystallite, respectively.
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INTRODUCTION

There are some allotropic modifications such asgeinal, monoclinic and orthorhombic structure ddug seen for
tungsten oxide thin films. Researchers point outt tthese structures are affected by many factarhiding
temperature, impurity and substrate material. Ttamgexide thin films ar@-type semiconductors with a band gap
of 2.8 eV [1] having a strong absorption within gadar spectrum (440 nm). These films have beemlwistudied
for various applications such as photocatalysishjh density memory devices, smart windows [3f gensor [4,
5], photoelectrochemical water splitting, and elechromism [6-8].

Generally, characterization of thin films will barcied out by using different tools such as x-réfrattion [9-14],
scanning electron microscopy [15-20], atomic fonsieroscopy [21-29], energy dispersive analysis w{#0-34],
and UV visible spectrophotometer [35-40] as desttiby many researchers. So that, the general giepsuch as
structure, composition, surface morphology and bgad of thin films can be investigated. In this kothe
synthesis of tungsten oxide thin films by usingimas deposition methods will be discussed. Theiobthfilms
will be characterized and analyzed by using difieharacterization tools.

LITERATURE SURVEY

Gullapalli et al., 2010 [41] have successfully megd WQ thin films using radio frequency reactive magnetro
sputter deposition. Finally, they conclude thatabgained films prepared at 100-300 could be the best candidate
for hydrogen sulfide sensor for application in cgasification system. Sulfur is highly toxic andista natural
contaminant in fossil fuel supplied. They award tha amount of hydrogen sulfide produced from gasification
plant must be effectively controlled and monitored.

Nishchay et al., 2016 [42] prepared tungsten oxithes using spark ablation and focused inertial aifion
technique. The various crystal structures of trsulteng materials were produced by controlling éxperimental
conditions. For example, the as-deposited films andealed films (at 500C) are amorphous and crystallite,
respectively. Lastly, they conclude that the olgdifilms provide high sensitivity and high accuraeyapplication
for NO, sensing.
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Hiroharu et al., 2004 [43] have proposed that theparation of tungsten oxide thin films by usingsed laser
deposition method. They choose this deposition atktue to many advantages such as fast, costie&emnd
versatile. The films were doped with various amsuntt gold and palladium. The obtained results slioat the
maximum sensitivities for 200 pm N@as were 69 for the films doped with gold and @4the films doped with
palladium, at the temperature of 3TD. Lastly, they figure out that these maximum divites are higher than that
of the non-doped tungsten oxide films which sewisjtis estimate about 17.

Thermal conductivity of sputtered tungsten oxidegi with thickness of 100 to 300 nm was investigdig Wang
et al., 2006 [44]. X-ray diffraction patterns ofrtHilms of 10 % oxygen and 100 % oxygen show atomix of WQ

& WOz and WQ only, respectively. They further explain that thddation reaction is incomplete. These films
produced two strong peaks which contributed tootrey WQ, and monoclinic W@ respectively. In terms of
thermal conductivity studies, the films of 100 %yge&n (1.6 WritK™®) have a higher thermal conductivity than
those of 10 % oxygen ((1.3 Wh{™). This fact is due to mismatch of phonon statevbenh the W@ and WQ
phases.

Tungsten oxide thin films were grown onto substiataising a sol gel spin coating deposition methsgroposed
by Riech et al., 2013 [45]. XRD data analysis shibat the intensity of the monoclinic W§@eaks increased as the
sample was heated at 580. They have shown that the band gap was 3.17 e asdirect transition. Finally, the
photoluminescence spectra of obtained films inditmbad band in the blue region.

Geun et al., 2016 [46] have proposed the syntltdsi8O; films by using spin coating and screen printinghod
in the presence of organic additive such as polgginrolidone. Scanning electron microscopy resstow that
the screen printed films and spin coated films hénekness of 1.8 um and 1.2 pm, respectively.Heurhore, the
obtained morphology results reflect that the scgrémted films contain much larger irregular pdgg In terms of
optical transmission study, they found that theesorprinted films show higher optical transmittaate&630 nm.
Further, they conclude that these films could bedus an-assisted tandem PEC/DSSC cell configurdtio un-
assisted water splitting.

Thermal evaporation method was used to preparg W@ films as suggested by Saleem et al., 2015 [Bfiey
observe that the optoelectronic properties wenreifstggntly changes before and after hydrogen anmmgateatment.
For example, as-deposited films show stoichiome#aiinorphous and electrical insulator. However, tbeyclude
that the change in electrical resistivity and @rigoncentration of the annealed films are dueotmesreasons
including formation of intrinsic defects and impesuent in crystallinity. For example, resistivity 8f048 Qcm
with carrier concentration of 2.8 X @xm® was detected for the films heated at 360

Electrophoretic deposition method was employedrépare WQ films for the application of photoelectrochemical
water splitting as proposed by Fang et al., 2083. [fhey explain that control the films thicknessieeded in order
to maximize the light absorption. They also comntéat thick films can improve the light absorptidit can also
shorten the excited charge lifetime. For exampleyas clearly observed that the photo conversiditiency
increased with an increase in the film thicknessaip8 pum (0.924%). However, the photo conversifiiciency
drops gradually when the film thickness was incedafuirther, such as 22 um (0.316 %) and 36 um $0%Y. A
similar trend has been detected for the visibleieficy and UV-efficiency as well.

A low cost, simple chemical bath deposition techeidhas been selected to prepareMils as described by
Metodija & Toni, 2007 [49]. Fluoride doped tin ogidubstrates were used as substrate and they lgared with
detergent and distilled water. The deposition pseagas carried out at 9C in acidic conditions in the presence of
diethyl sulfate and N&VO,.2H,0 solutions. They found that optical transmittaspectra of colored and bleached
states indicated significant change in the trartamie. Further, they suggest that these films cbeldused in
electrochromic devices.

CONCLUSION

This work has confirmed that W@hin films have been successfully deposited by gisinvariety of methods.
Researchers point out that as-deposited films aneéaled films are amorphous and crystallite, respdg based
on X-ray diffraction data. The experimental findingeflect that W@ films could be used in gas sensor,
photoelectrochemical water splitting and electroafic devices.
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