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Abstract: In this work, tungsten oxide thin films were grown on prehdaggass substrates by spray pyrolysis technique. The
microstructure and electrical properties of the prepasedpes were studied. The influence of post deposition theamaealing

on the crystallization of prepared films has been investijaX-ray diffraction (XRD) confirmed that all samples pregzhat different
deposition temperaturegye, < 350°C, are almost in the amorphous form, while sample depostt&gkg= 400°C possess hexagonal
structures with a preferential orientation along (200¢dliion. Moreover, the degree of crystallinity was improlgdhermal annealing.
The microstructural parameters (crystallite size and ositain) were determined using Sherrer’s formula measemnéesrof FWHM of

the characterized peaks. The dark electrical resistitigjifeerent deposition temperatureksep, was measured at room temperature.
The value of activation energy is calculated and is foundetoamged from 0.79-0.89 eV depending on the annealing temper

Keywords: Thin films, Annealing temperature, Spray pyrolysis, Tuagsixide, X-ray diffraction, Electrical properties.

1 Introduction The sensing mechanism of the sensor lies in the change of
thin film resistance resulting from physisorption,

A transition metal oxide has extracted extensive intereschemisorption and catalytic reactions of gas-phase
over recent years due to its numerous outstandingpecies with the film surfacel].
properties, such as photochromic and thermochromic
properties 1,2,3,4]. There has been a great interest in
studying electrical properties of thin films of these
materials.

Nowadays, owing to the extraordinary properties in
extreme conditiond)V Qs thin films also plays a key role
in the field of solar energy control coatings for automotive
antidazzle rearview mirrors, optical displays and smart Various deposition techniques, such as thermal
windows p,6,7,8]. When WQ; films are used on the evaporation 20,21], spray pyrolysis 22], sputtering
smart windows as the primary materials, they can adjus{23], pulsed laser ablation2f], sol-gel coating 25] and
the room temperature by responding to the variation ofchemical vapor deposition 2§ have been used for
the brightness of the environment, dynamically deposition of WQsthin films. The aims of the present
Modulating the optical transmittance9,l0]. Films  work has to three fold the first is an investigation of the
prepared by different methods exhibit different crystal effect of deposition temperaturélgep, and annealing
structure, morphology, pore structure and specific surfacéemperature, Tann, On  the crystalline growth of
area. Because of its high sensitivity to many kinds of microstructural parameters both crystallite size and
gases, such a®; [11], O, [12], NO, [13], NO, NHjs, microstrain of tungsten oxide films deposited by spray
H,S [14], Ho [15,16] and ethanol 17]. WO; received  pyrolysis method, the second is studying the electrical
much attention in recent years. resistivety as well as activation energy of the films and the

Recently it has been reported that WO3 was used fothird is interpreting the change in electrical resistivity
the fabrication of multifunctional sensors1§], which activation energy in terms of the change in microstructure
opens a new way for the application WfOs thin films. parameters.
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2 Experimental Details presence of the characteristic lines corresponding to
(100), (111), and (200) planes ¥fO; was observed and
2.1 Thin film deposition coincide with JCPDS Data file: 75?2187.

Tungsten oxide samples of the same thicknes6%0nm)
were deposited by spray pyrolysis technique (SPT) from
ammonium para tungstate((NHz)10(Wi2041)5H20)
aqgueous solution onto preheated glass substrate &
temperatures 250, 300, 350 and 4000 The solution
concentration was kept constant at 0.005 M for all
samples and sprayed through a glass nozzle using air as
carrier gas onto the ultrasonically cleaned substrate. The
resulting films were found to be uniform, adherent to the
substrates, and slightly whitish in colour. In order to get
homogeneous films, the height of the spraying nozzle and
the rate of the spray were 40 cm and 4 ml / min,
respectively and kept constant during spraying process
The film thicknesses were measured usingmechanica
stylus method (MSM) (Sloan Dektak, model 11R)7].

XRD intensity (a.u)

20 40 60 80

2.2 Characterization techniques 2 ldegree)
o . . Fig. 1. XRD diffraction patterns of tungsten oxide samples at

The structure characteristics of the films were studiedyfferent deposition temperaturye,

using X-ray diffractometer (JEOL model JSDX- 60PA)

with attached Ni-filteredCu — K, radiation @ =

0.154184 nm). Continuous scanning was applied with a

slow scanning speed (10/min) and a small time constant

(one second). Microstructure and the phase identification

of the polycrystalline thin films of tungsten oxide at

different annealing temperature, Tann were investigated.

The crystallite size and microstrain of the films were i

determined using Sherrer's formula2g. The average

values of FWHM of the characterized peaks were T

the tungsten oxide samples leaving an uncoated trip in the
middle. The current-voltage characteristics were

measured after correction of instrumental factor. The DC g |
of electrical resistivity measurement was performed on ;
the films using by two-point probe technique at room S 550°C
temperature. Two aluminum electrodes were deposited or @ e g bt
=
o]
x
>

N,/«JL—\WMM»J@ 450 °C
: - P 7] sttt e s |
measured using Keithely digital electrometer (Model

) ) 10 20 30 40 50 60
3 Results and discussion 2 0 (degree)
3.1 Structural properties Fig. 22 XRD diffraction patterns of tungsten oxide samples at

different annealing temperaturBnn.
3.1.1 Effect of deposition temperature

The XRD pattern was recorded for different films

deposited onto glass substrates kept at different depositi _

temperaturesqep the obtained results is depicted in 3.1.2 Effect of thermal annealing

Figure (). The XRD results show that the structure is

amorphous for all samples depositedTat=250, 300  Sample deposited alep, =400°C was subjected to post
and 350C, while sample deposited &§ep = 400°C, isa  deposition annealing in air for a period of 2 hours at
polycrystalline WO; with a hexagonal structure. The different Tan, (350, 450 and 55TC). The effect of
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Table 1. XRD pattern of sample prepared®p=400°C, then annealed for 2 hours in air at differ@gfn.

26 As deposited Annealed at350 Annealed at400C Annealed at550C Identification hkl
d 1/10% d 1/10% d [/10% d [/10%
11.000 - - 8.043 70 8.116 89 8.268 100 W4O3_x
14.352 6.325 60 6.325 60 6.193 47 6.193 16 W03 (100)
19.362 - - 4.598 60 4.598 45 4.598 15 WxO3_«
21.800 - - 4.040 63 4.076 48 4.076 97 W4O3_x
23.314 3.801 80 3.801 100 3.817 45 3.817 14 WO (1112)
25.322 - - - - 3.677 100 3.520 16 WG3 (110)
28.205 3.175 100 3.175 90 3.153 86 3.164 27 W03 (200)
32.946 - - 2.174 49 2.714 53 2.714 77 WG, (231)
44.443 - - - - 2.040 26 2.040 8 WG3 (211)
47.000 - - - - - - 1.933 4 WO; (002)
49.802 - - - - 1.827 28 1.831 8 WG3 (220)
56.245 - - - - - - 1.636 16 WO; (311)
post-deposition annealing on structure of the sample is  0.035
shown in Figure Z). An increase in the peak intensity is
appeared and evolution of other peaks appeared with  0-030
increasingTann. The increase in the peaks intensity may I ————s
be attributed to either the crystallite growth or the %% __ _ — \
increase in the degree of crystallinity by increasing the « .
. ; £ 0.020 -
temperature or both. Thus, annealing gives other phase
as obtained in table 1. The table shows XRD pattern to % 0015; —e—(111)
d-values, directions and identification for the sample E ’ —A—(200)
annealed at different annealing temperatures where ther2 o4 |
is a combination between two phasesvéD; andW O, |
hexagonal and monoclinic structure respectively. The  ¢.0054 T T
plane of (111) ofN¥ G, is observed from JCPDS Data file: - ‘\
7572187. 0.000 : : : ey W
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Fig. 3: The crystallite size as a function of annealing temperature

600

Annealing temperature ("C)

Fig. 4: The microstrain as a function of annealing temperature.

3.1.3 Nanostructure characteristic3/@f; films

The microstructural parameters (crystallite/domain size
and microstrain) of the prepared samples have been
studied at differenfTann. The crystallite/ domain size is
measured in the direction normal to the diffraction plane
and consequently perpendicular to the substrate.
Therefore, the observed increase in the crystallite/domai
size may be interpreted in terms of a columnar grain
growth. The microstrain is equivalent to a variation in
interplanar spacing within domains by amount which
depends on the elastic constants of the material and the
nature of internal stresses. The Lorentzian (Cauchy) and
Gaussian components of the integral breadth of pure
specimen profile are given by

p.=B-b (1)

pE=B°-1b (2)
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Where B and b are broadening and instrumental factorresistivity  with  the absence of a sharp
respectively. The apparent crystallite/ domain size D isamorphous-crystalline transformation.
calculated from Sherrer’s formul22§;

KA

= Bcod ©) 1.0x10°
where the constant K is taken to be 0.94,the 3 .
wavelength of x-ray used which i€u— K, radiation G 800
(A=0.154184nm), ang the full width at half maximum g
of the diffraction peaks The microstraia,n the film can 3 60x10°
be calculated from the following relation; =
] .
CO§ @ 40x10°
e- P @ =
4 S i
The variation of the crystallite size and microstrain of § 208109
tungsten oxide sample witfynn is depicted in Figured) w
and @), respectively. It is evident that the crystallite size 00

.. . .. . . 2:;0I2t130'26|50'360'350'3:;0'3%0‘350.460.420
is increased gradually with raisinf,,. The increase in
the crystallite size confirms the fact that the crystalline
nature improved upon annealing. Increasing the crysallit
size decreases the grain boundary area because
coalescence of smaller crystallite into larger one. Also,
one can notice that the crystallite size calculated by

Lorantzian is higher than that calculated by Gaussian. On

the other hand, microstrain decreases at higher values of

Tann. Reduction of strain in the film due to some degree 0f3.2.2 Determination of activation energy
reorientation of the particles at higher temperature. The

micro-strain decreases .after annealing _expected_ tq’he dc conduction mechanism in many transition metal
.enhance.the rgdgctlpn in the concentration of Iamceoxides above room temperature takes place by band
imperfections originating from lattice misfit in the film. conduction, where carriers excite beyond mobility edges
into non-localized states, dominating the transport. The
. . temperature dependence of electrical conductivity is of

3.2 Electrical properties Arrhenius type and is expressed as

Deposition temperature (°C)

Fig. 5: Variation of electrical resistivity,0, with deposition
f mperatureTgep

3.2.1 Electrical resistivity p = poexpEa/KT) 5)

The dark electrical resistivity of the prepared samples was Where py is a pre-exponential factorE, is the
measured using the conventional two point probeactivation energy for DC conductionK is the
technique assuming homogenous conduction throughouBoltzmann’s constant (8.617x 10-5 eV/k), afidis the

the film depth. Two aluminum electrodes have beenabsolute temperature. The dependence of deposition
deposited on the film to insure Ohmic contact with no temperature on dc dark resistivity 8/ O; thin films is
Schottky. Figure®) depicts the effect of deposition shown in Figuref). The plots ofLnp versus 1000/T at
temperature, Tgep, On the electrical resistivity. A different deposition temperature€sep, Were found to be
considerable decrease of the resistivity value is noticedine indicating that conduction is performed through an
with increasing deposition temperature up to 30D activated process having two activation energies at
followed by a slight decrease up 40D). The value of different temperature regions. This is attributed to the
resistivity was found to be varied from.@X%10’ to thermally assisted hopping of carriers between localized
7.19&x10° Q.cm whenTgep varies from 250 to 400C states closes to Fermi leveB(). The values ofpp and Ea
respectively. The general decrease of the resistivity withwere given in table (2).

deposition temperature may be explained by assuming the Figure(?) plots Lnp versus 1000/T as a function of
two-phase model7,29]. According to this model, the annealing temperature which indicates that annealing
films material consists of nano-crystalline phase 30 nmchange the line to have single activation enepgyand Ea
crystallite size, dispersed in amorphous matrix. Elegatin were given in table (3). It is inferred from the table that
the deposition temperature causes the increase of thihe obtained values of activation energy for the sample
degree of crystallinity accompanied by increasing theare ranged from 0.79-0.89 depending on the annealing
number of crystallites rather than an increase of their. sizeprocess. These values of Ea are in good agreement with
This may explain the observed gradual decrease in thé¢he data obtained by other workerg, 31,32].
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Table 2: dependence of activation energy G p
Taep’C  po(Qcm)  Egi(eV) Eq2(eV)

250 109x1C° 0.70 0.62
300 386x10*  0.76 0.38
350 354x10¢  0.72 0.48
400 13%10°  0.79 0.22

18 20 22 2.4 26 28 30 32 34
1000/ T

Fig. 6: plots of Inp versus 1000/T, for samples prepared at
differentTgep

Inp

as deposited
ann at 350 °C
ann at 450 °C
ann at 550 °C

& o n 4

T T T
1.8 2.0 2.2 24 28 28 30 32 34

1000/ T

Fig. 7: plots of Inp versus 1000/T, for sample annealed at
different TannTann.

4 Conclusions

Table 3: dependence of activation energy Qin.

TdepOc po(Qcm)  Eqi(eV) Ega(eV)
As-deposited B810° 0.79 0.22
350 325¢10°  0.81 -

450 554x10°  0.89 -

550 740x10*  0.79 -

show that the structure was amorphous for all samples
deposited affgep = 250, 300, 350C, while at Tgep =
400°C, the films were transformed to polycrystalline
phase of WO3 with a hexagonal structure. Sample grown
at a deposition temperature of 40 was subjected to
post-deposition annealing at different annealing
temperaturesTann). An increase in the peak intensity is
obtained and excess of peaks appeared with increasing
Tann- A decrease of the resistivity value is noticed with
increasing deposition temperaturgdy). The value of
resistivity was found to be varied from
8.66%10t07.196x10sQ.cm whenTgep varies from 250

to 400°C, respectively. The value of activation was found
to be dependent on annealing process. The deposited
sample possess two activation regions, however the
annealed sample have only one activation energy. The
activation energy values for the annealed sample were
found to be around 0.89 eve for sample prepareid&f=
400°C and annealed at45Q.
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