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Abstract: (TiO,);.,(CdO), thin films have been deposited at different annealing (423 and 523)K with different concentration of CdO of
x= (0.0, 0.05, 0.1, 0.15 and 0.2) Wt. % onto glass substrates by pulsed laser deposition technique (PLD) Nd-YAG laser with 2=1064nm,
energy=800mJ and number of shots=500. X-ray diffraction (XRD) results reveals that the deposited (TiO,),.,(CdO), thin films
polycrystalline with tetragonal structure and many peaks (110), (101), (111) and (211) were appear The temperatures dependence of the
electrical conductivity and the activation energy at temperature ranging from (293-473) K of the as-deposited and films annealed at
different annealing temperatures have been studied. The results show that as the film concentration of and conductivity increases, while
the activation energy (Eal, Ea2) decreases. Both, the annealing and composition effects on Hall constant, charge carrier concentration,
Hall mobility were investigated. Hall Effect measurements show that all films have n- type charge carriers.
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1. Introduction

Titanium dioxide (TiO,), a well-known oxide semiconductor
material, has been extensively studied owing to its superior
physical and chemical properties in photocatalysis [1].
Moreover, TiO, is used in solar cells for the production of
hydrogen and electric energy gas sensor, white pigment (e.g.
in paints and cosmetic products), corrosion-protective
coating, an optical coating in ceramics and in electric devices
such as varistors. TiO, also has many excellent properties
such as non-toxicity and long term stability against photo
corrosion [2, 3].TiO, films have been prepared by many
technologies, including magnetron sputtering [4, 5]chemical
bath deposition (CBD) method [6, 7], electron-beam
evaporation [8], reactive electron beam evaporation [9], sol-
gel method [10-14] , and thermal oxidation. Recently there
are many applications of laser one of these applications in a
thin film preparation field that called pulsed Laser deposition
(PLD). With the pulsed laser deposition method, thin films
are prepared by the ablation of one or more targets
illuminated by a focused pulsed-laser beam. This technique
was first used by smith and Turner in 1965 [15] for the
preparation of semiconductor and dielectric thin films and
was established due to the work of Dijkkamp and coworkers
[16] were able to laser-deposit a thin film of YBa,Cu307, a
high temperature superconductor material in 1987 which was
of superior quality to that of films deposited with alternative
techniques.. Cadmium oxide (CdO) has high electrical
conductivity and high optical transmittance with a moderate
refractive index in the visible region of the solar spectrum. In
recent years it has found various applications in transparent
electrodes, solar cells, photo transistors, photodiodes, gas
sensors, etc. [17, 18]. CdO films are wide, direct band-gap
semiconductors with an optical energy gap of about 2.4 eV at
room temperature. CdO, with its cubic structure, is also a Il-
VI n-type semiconductor with donor defects, such as Cd
interstitials and oxygen vacancies [19].

2.Experimental Details

Titanium dioxide from Nano shell Company with a purity of
99.99% and cadmium oxide with purity of 99.99% were
mixed together at different concentration of x= (0.0, 0.05,
0.1, 0.15, 0.2) Wt. % using agate mortar for 1 hour then the
mixture was pressed into pellets of (1.5 cm) in diameter and
(0.2 cm) thick, using hydraulic manually type (SPECAC),
under pressure of 5 tons. The pellets were sintered in air at
temperature of (773 K) for 3 h. The TiOy;.x) CdOy films were
deposited on glass slides substrates of (10x10 mm). The
substrate were cleaned with dilated water using ultrasonic
process for 15 minute to deposit the films at room
temperature then annealing treatment at (423 and 523) K by
furnace under vacuum (8*102 mbar) were carried out to the
films. PLD technique was used to deposit the films under
vacuum of (8x107> mbar) using Nd:YAG with (A= 1064 nm)
SHG Q-switching laser beam at 800 mJ, repetition frequency
(6Hz) for 500 laser pulse is incident on the target surface
making an angle of 45° with it. The distance between the
target and the laser was set to (10 cm), and between the target
and the substrate was (1.5 cm). The thickness of (TiO,).
x(CdO)y thin film was measure using optical interferometer
method employing He-Ne laser 632 nm with incident angle
45°, This method depends on the interference of the laser
beam reflected from thin film surface and then substrate, the
films thickness t was determined using the following formula
[20]:
A AX
t=—— @)
2 X
Also, a mask is made from a piece of aluminum foil having
(width: 2mm, distance between electrodes 2mm) with the
same size of the substrate. These masks are put on glass
substrates to deposit the aluminum using (Tungsten W) boat
material by using vacuum thermal evaporation technique of
type (Balzers-BAE370) under pressure (10 mbar). Various
shapes of masks were used to determine electrical properties
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as shown in figure (1)
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Figure 1: Mask of different shapes and purposes (a) D.C
conductivity electrodes (b)Hall effect electrodes

The resistivity was measured over the range of temperature
from 293k to 473k using sensitive digital electrometer type
keithley (616). The resistivity (p) of the films is calculated
using the following equation:

1 L
O4c = =5 A
p RA

Where R is the resistance of sample, A the cross section area
of the films and L is the distance between the electrodes.

In this model the area A = thickness of films (200 nm) *
width of electrode (0.2 cm).

)

The activation energies could be calculated from the plot of
Inc versus 1000/T according to equation

o=o0. exp[— KEa j (3)
B

Where oo is the minimum electrical conductivity at OK, Ea is
the activation energy which corresponds to (Ey/2) for
intrinsic conduction, T is the temperature and kB is the
Boltzmann’s constant [21].

The hall coefficient (Ry) is determined by measuring the Hall
voltage that generates the Hall field across the sample of
thickness (t), by [22]:
:V_H . t_ (4)
: | B
Where | is the current in (Amp.) passing through the sample,
t is the thickness of the film in cm and B is the magnetic field

strength
The ny and Ry was calculated using the relation [23].
— (5)
L= —
aRy,
Hall's mobility () can be written in the form [24]
o
Hy =—— (©)
n-g

Where q is the charge of electron and pH is Hall mobility
measured with (cm2/V.s).

3.Characterization of thin films

The XRD analysis was employing in order to obtain the
crystal quality and phase structure of the films. The electrical
properties such as Dc conductivity and Hall measurements
were study for (TiO,);4(CdO), thin films.

4.Results and Discussion
4.1 Structural Properties

The crystalline structure of (TiO,);.,(CdO), recognized by
study the phase of XRD for that material. Figure (2-a, b, c)
shows the XRD patterns obtained for (TiO,)1..(CdO), thin
films deposited on a glass substrate with thickness about 200
nm by pulse laser deposition method at different
concentration of CdO x= (0.0, 0.05, 0.1, 0.15, 0.2) Wt. %
prepare at RT and annealed to different annealing
temperatures (423 and 523) K, respectively. According to
International Centre for Diffraction Data (ICDD) cards, the
structure of thin films showed a polycrystalline tetragonal
structure for TiO, with Rutile phase classification. From Fig.
(2), it is observed that the preferred orientation was along
(110) direction for Rutile phase. Also, it is cleared from the
x-ray patterns, which the peaks intensities increase with
increasing of the doping ratio from 5 to 20%. It was noticed
that the all films quality was improved with the increasing of
annealing temperature, and observed new peak at
concentration (0.15 and 0.2) Wt. %. The new Peak is belong
to from CdO phase which is corresponding to reflection
plane of (111).

o[110)

*Tioz
- cdo

()

Intensity (arbitrary unit)

a0
20 (Degree)

Figure 2-a: show the X-Ray diffraction for (TiO,),, (CdO)y
thin films at RT
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Figure 2-b: show the X-Ray diffraction for (TiO,); (CdO)y
thin films at annealing 423K.
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Figure 2-c: show the X-Ray diffraction for (TiO,); (CdO)y
thin films at annealing 523K

Table (1) gives the interplaner distance d, FWHM (Deg.),
and grain size for the prepared samples in comparison with
the standard value as in ICDD card. The structure of the
(TiO,)14(CdO), films has been investigated using XRD to
ensure the stoichiometry of our material. We can observe that
the values of d and 26 are nearly similar to that in the ICDD
cards as listed in Table (1). The average crystallite size, D, of
thin film calculated using the Scherer's equation [25]:

D =kA/pcosd (7
Where ) is the X-ray wavelength in nanometer (nm), B is the
peak width of the diffraction peak profile at half maximum
height resulting from small crystallite size in radians and K is
a constant related to crystallite shape, normally taken as 0.9.
The values of D are tabulated in table (1). It is cleared from
the table that dhkl and average crystallite size increases with
increasing of concentration of x. This implies that Cd

partially substituted for Ti in TiO, structure.

Table 1: shows the peaks and its Bragg's angle, interplanar
distance, and full width half at maximum and grain size for
(TiO,)1.4(CdO)y thin films at different annealing and different
concentration of CdO

Ts| 20 | FWHM | Int dhkl [ G.S| dua | NKI
27.35| 0.4139 | 26.63 | 3.2582 | 20 |3.2548|(110)
/3805 0.3402 [27.75 | 2.7081 | 24 |2.7108](111)
36 | 0.4442 | 10.37 | 2.4927 | 19 |2.4932[(101)
54.2 | 0.4503 | 17.66 | 1.6909 | 20 |1.6911[(211)
27.1] 0.3389 | 31.09 | 3.2878 | 24 |3.2548[(110)
42(33.05] 0.2994 | 16.32 | 2.7082 | 28 |2.7108|(111)
3 [36.05] 0.2949 | 18.74 | 2.4894 | 28 |2.4932[(101)
55.6 | 0.4476 | 14.55 | 1.6516 | 20 |1.6911[(211)
27.65| 0.2954 | 33.31 | 3.22359 | 28 |3.2548|(110)
52[33.1] 0.2212 | 17.47 | 2.704212 | 37 |2.7108|(111)
3 [35.25] 0.2097 | 26.11 | 2.544043 | 40 |2.4932[(101)
54.25| 0.4425 | 14.04 | 1.689502 | 20 |1.6911[(211)

4.2 The Electrical Properties

The electrical properties of a (TiO,)1(CdO), thin films
deposited on glass substrate for different concentration of
CdO at room temperature and annealed to different annealing
temperatures will be presented. These properties include the
D.C conductivity and the Hall Effect which gives information
about the type, density and mobility of carriers.

4.3 DC Conductivity

Figure (3 - a, b, ) shows the variation of Incg, versus 1000/T
for (TiO,)1«(CdO), film deposited by pluses laser on glass
substrates with different concentration of CdO x= (0.0, 0.05,
0.1, 0.15, 0.2) Wt. % at room temperature and different
annealing temperatures (423 and 523) k , with average
thickness of (200) nm. From this figure, it is found that there
are two stages of d.c conductivity mechanism throughout the
temperatures range (293-473K). The first activation energy
(Eal) occurs at higher temperature within range (383-473) K
and this activation energy is due to conduction of the carrier
excited into the extended states beyond the mobility edge,
while the second activation energy (Ea2) occurs at low
temperature within range (293-383) K and the conduction
mechanism of this stage is due to carrier's transport to
localized states near the valence and conduction bands. It is
cleared that the D.C. conductivity increases while the values
of Eal and Ea2 decrease with the increasing of CdO as
shown in Fig. (4) and table (2). However, with slight change
in annealing temperature leads to increase in the activation
energy which saturates the dangling bonds, i.e. there is
reduction in the density of state which occurs at Fermi level
that caused transferring the carriers from conductivity near
Fermi level to the thermal activation conductivity at band

gap.
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Figure 3-a: The relation between Ln (o) versus reciprocal of
temperature (1000/T) (TiO,);(CdO), films with different
concentration of CdO at RT.
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Figure 3-b: The relation between Ln (o) versus reciprocal of
temperature (1000/T) (TiO,);(CdO), films with different
concentration of CdO at Ta= 423K
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Figure 3-c: The relation between Ln (o) versus reciprocal of
temperature (1000/T) (TiO,)1(CdO)y films with different
concentration of CdO at Ta= 523K
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Figure 4: Variation of conductivity with concentration at
different annealing temperature for (TiO,).., (CdO), films

Table 2: Represents the values of conductivity, Eal and Ea2
and these ranges for (TiO,),.,(CdO), films with different
concentration of CdO and different annealing temperatures.

Eal(ev) at Ea2(ev) at ’ _
(‘E) x% Rang(e(2)98- Rang(e(%83 ° (911)' em
383)k -473)k
0 0.055 0.387 9.99E-05
0.05 0.024 0.385 1.32E-04
RT 0.1 0.023 0.359 4.13E-04
0.15 0.033 0.354 4.73E-04
0.2 0.043 0.339 6.96E-04
0 0.061 0.431 3.03E-05
0.05 0.048 0.394 8.54E-05
423 0.1 0.029 0.366 3.87E-04
0.15 0.029 0.355 4.36E-04
0.2 0.026 0.343 6.20E-04
0 0.102 0.509 1.46E-05
0.05 0.084 0.444 5.65E-05
523 0.1 0.080 0.397 6.39E-05
0.15 0.034 0.208 3.92E-04
0.2 0.032 0.140 5.73E-04
4.5 Hall Effect

The type of charge carrier concentration (ny) and Hall
mobility (uy), have been estimated from Hall measurements.
Table (3) illustrates the main parameters estimated from Hall
Effect measurements for (TiO,);.,CdO), films with different
concentration of CdO at room temperature and annealed to
(423 and 523) K, respectively. It is clear from this table that
the all samples have a negative Hall coefficient (n-type), i.e.
Hall voltage decreases with increasing of the current. Figure
(5) and (6) show carriers concentration (ny) and Hall
mobility (uy) as a function of concentration and different
annealing temperature. It is clear that the carrier
concentration ny increases while the Hall mobility py
decreases with the increasing of CdO content .When the films
were annealed lead to showed an opposite manner a
decreasing in the ny while increasing in the value py, as
shown in Table (3). Increases the density of charge carriers is
essentially because of the lowering the potential barrier.
While the decreasing of mobility is come from the inverse
relation between py and ng.
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Figure 5: Show carriers concentration (ny) as a function of
CdO content at different annealing temperature for (TiO,)4
(CdO) films
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Figure 6: Show Hall mobility (uy) as a function of CdO
content at different annealing temperature for (TiO,)14
(CdO) films

Table 2: Represent the values of Hall coefficient,
Conductivity, Hall mobility, Carrier concentration and type
of concentration for (TiO,);,(CdO), films with different
concentration of CdO
uy*10%

Ts Ry *10° ny*10%

® | X% | (o) (C”;i’)\’ S| (Wemy | P
0 10.10 21.82 6.188 n-type
0.05 8.210 6.300 7.613 n-type

RT 0.1 4.256 3.222 14.69 n-type
0.15 3.157 1.83 19.80 n-type
0.2 2.660 0.8 23.50 n-type
0 16.43 22.19 3.804 n-type
0.05 12.57 7.1 4972 n-type

423 | 0.1 11.0 5.0 5.682 n-type
0.15 8.300 3.623 7.53 n-type
0.2 7.715 1.970 8.101 n-type
0 22.28 25.65 2.805 n-type
0.05 19.22 9.987 3.252 n-type

523 | 0.1 15.30 6.272 4.085 n-type
0.15 13.0 4,786 4.808 n-type
0.2 8.673 2.0 7.206 n-type

5.Conclusion

In this paper, we have successfully synthesized the Rutile

phase TiO, doped with CdO by PLD technique on glass
substrates with different concentration at RT and different
annealing (423 and 523)K. The results of XRD show that the
films were polycrystalline with tetragonal structure. It was
noticed that the all films quality was improved with the
increasing of annealing temperature, and observed new peak
at concentration (0.15 and 0.2) Wt. %. The new Peak is
belong to from CdO phase which is corresponding to
reflection plane of (111). The analysis of the d.c.
conductivity illustrated that there are two stages of d.c
conductivity mechanism throughout the temperature range
(293-473K) that decreases while conductivity increases with
increasing of the concentration of CdO. Hall Effect
measurements show that all films have n- type charge
carriers, and the concentration and annealing increase
carriers concentration while the mobility decreases.
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