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57810013: MAIJOR: PHYSICS; Ph.D. (PHYSICS)
KEYWORDS: THIN FILM/ZIRCONIUM TITANATE/ REACTIVE MAGNETRON CO-
SPUTTERING/ HIGH DIELECTRIC CONSTANT/ OPTICAL CONSTANT
JINDAWAN THAMMAPREECHA: PREPARATION AND
CHARACTERIZATION OF ZIRCONIUM TITANATE THIN FILM DEPOSITED BY
REACTIVE MAGNETRON CO-SPUTTERING METHOD. ADVISORY COMMITTEE:

SURASINGH CHAIYACOUN, Ph. D., NIRUN WITIT-ANUN, Ph. D. 137 P. 2018.

Zirconium Titanate (ZrTiO,) thin films were deposited on glass slides, silicon wafers
and stainless steels by reactive dc magnetron co-sputtering method. The purpose of this study was
to investigate the effects of high sputtering current without heating compare with high sputtering
current and heating 600°C. The crystal structure, surface morphology, dielectric and optical
properties were characterized by X-ray diffraction (XRD), atomic force microscopy (AFM),
field emission scanning electron microscope (FE-SEM), precision impedance analyzer and
spectrophotometer, respectively. At sputtering currents above 2.0 A without heating ZrTiO,
thin film has structured as the orthorhombic phase (111). When the sputtering currents is equal to
2.5 A without heating, the film has a high dielectric constant and low dielectric loss values in
which 43.38 and 0.003, respectively. For the refractive index (), extinction coefficient (k) and
the optical packing density at wavelength 650 nm were found as 2.23, 0.008, and 0.96
respectively, while energy band gap (£,) was approximately 4.07 eV. From this study, it was
observed that the refractive index values were dependent on optical packing density. ZrTiO,
films with a sputtering currents of 2.5 A heated with temperature at 600°C provided a high
dielectric constant and low dielectric loss were 81.39 and 0.00138, respectively. The dielectric

constant is higher than other research because the sputtering system has high energy.
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Ne Ar Kr Xe Hg Ne Ar Kr Xe Hg
Be 12 15 15 15 - Mo 24 24 28 27 32
Al 13 13 15 18 18 Rh 25 24 25 25 -
Ti 22 20 17 18 25 Pd 20 20 20 15 20
C 21 23 25 28 25 Ag 12 15 15 17 -
Cr 22 22 18 20 23 Ta 25 26 30 30 30
Fe 22 20 25 23 25 w 35 33 30 30 30
Co 20 25 22 22 - Re 35 35 25 30 35
Ni 23 21 25 20 - Pt 27 25 22 22 25
Cu 17 17 16 15 20 Au 20 20 20 18 -
Ge 223 25 22 18 25 Th 20 24 25 25 -
Zr 23 22 18 25 30 U 20 23 25 22 27
Nb 27 25 26 32 -

Boldface values are those for which the energy-transfer factor 4m,m,/ (m1+m2)2 is 0.9 or higher
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whensadeu et At
100 200 300 600 100 200 300 600
(Target)

(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)

Be 0.012 0.10 0.26 0.56 0.074 0.18 0.29 0.80
Al 0.031 0.24 0.43 0.83 0.11 0.35 0.65 1.24
Si 0.034 0.13 0.25 0.54 0.07 0.18 0.31 0.53
Ti 0.08 0.22 0.30 0.45 0.081 0.22 0.33 0.58
\% 0.06 0.17 0.36 0.55 0.11 0.31 0.41 0.70
Cr 0.18 0.49 0.73 1.05 0.30 0.67 0.87 1.30
Fe 0.18 0.38 0.62 0.97 0.20 0.53 0.76 1.26
Co 0.084 0.41 0.64 0.99 0.15 0.57 0.81 1.36
Ni 0.22 0.46 0.65 1.34 0.28 0.66 0.95 1.52
Cu 0.26 0.84 1.20 2.00 0.48 1.10 1.59 2.30
Ge 0.12 0.32 0.48 0.82 0.22 0.50 0.74 1.22
Zr 0.054 0.17 0.27 0.42 0.12 0.28 0.41 0.75
Nb 0.051 0.16 0.23 0.42 0.068 0.25 0.40 0.65
Mo 0.10 0.24 0.34 0.54 0.13 0.40 0.58 0.93
Ru 0.078 0.26 0.38 0.67 0.14 0.41 0.68 1.30
Rh 0.081 0.36 0.52 0.77 0.19 0.55 0.86 1.46
Pd 0.14 0.59 0.82 1.32 0.42 1.00 1.41 2.39
Ag 0.27 1.00 1.30 1.98 0.63 1.58 2.20 3.40
Hf 0.057 0.15 0.22 0.39 0.16 0.35 0.48 0.83
Ta 0.056 0.13 0.18 0.30 0.10 0.28 0.41 0.62
s 0.038 0.13 0.18 0.32 0.068 0.29 0.40 0.62
Re 0.04 0.15 0.24 0.42 0.10 0.37 0.56 091
Os 0.032 0.16 0.24 0.41 0.057 0.36 0.56 0.95
Ir 0.069 0.21 0.30 0.46 0.12 0.43 0.70 1.17
Pt 0.12 0.31 0.44 0.70 0.20 0.63 0.95 1.56
Au 0.20 0.56 0.84 1.18 0.32 1.07 1.65 243
U 0.063 0.20 0.30 0.52 0.14 0.35 0.59 0.9
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Pattern : 34-415

Radiation = 1.540600

| ZrTiOa

Zirconium Titanium Oxide i '
Also called: zirconium titanate

Lattice : Orthorhombic Mol. weight= 203.12

S.G.:; Pnab (60)

Volume [CD] = 132.69

]

a= 5.03580 | Dx = 5.084
b= 548740
| ¢ = 4.80180
ab= 091770 Pl

c/b= 0.87506

| Sample preparation: The sample was prepared at NBS, Gaithersburg,
Maryland, USA, by heating equimolar amounts of Zr 02 and Ti O2 at 1500
C for 66 hours. It was then heat-treated at 1500 C for 17 hours and
quenched into distilled water.

Unit cell: The unit cell was determined by Coughanour et al. (1954) and
the space group by Newnham (1967).

Additional pattern: To replace 7-290.

Color: Light pink

Data collection flag: Ambient.

| Filter : Monochromator crystal
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| d-sp : Diffractometer

Radiation : CuKa1
Lambda : 1.54060

SS/FOM : F30=68(0.0108,41) | Internal standard : W
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Deposition Condition
- Current

- Thermal treatment 600°C

Characterization Property
Dielectric Optical
- dielectric constant () - Refractive index ()
- dilectric loss (tand) - Extinction coefficient (k)
- resistivity (p) - Energy band gap (E,)
XRD FE-SEM AFM Raman, EDX
- Phase - Thickness - Morphology - Compositions
-Crystallite size - Microstructure - Roughness

-Lattice constants
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ABSTRACT
Article History ZrTiO4 thin films were deposited by reactive dc magnetron co-sputtering method
ﬁcc?i"zd; QSAUtg“SgQOZlgl without heating. The crystal structure, surface morphology, thickness, optical and
VIS H I 2 7 . . . . . . .
A:C;eted: . ;I;I?\L?ber Q(lm dielectric properties of the thin films were investigated. At sputtering currents above
Published: 19 December 2017 2.0 A without heating ZrTiO, thin film was crystallization of the orthorhombic phase

(111). The values of refractive index were ranged between 2.01 and 2.23 (at 650 nm).
The optical packing density values were ranged between 0.85 and 0.96. From this

Keywords g re
Zrtios study, it was observed that the refractive index values were strongly dependent on
Thin films packing densities. The high dielectric constant width decreases from 74.3 to 43.3 when

Optical properties
Dielectric constant
Co-sputtering.

sputtering current increases, which is higher than other research.

Contribution/Originality: This study is one of very few studies which have a high degree of insulation of 43.3,
which is higher than other research due to ZrTiO4 thin films were deposited by reactive dc magnetron co-

sputtering system at Zr and T1i sputtering current of 2.5 A without heating

1. INTRODUCTION
Zirconium titanate (ZrTiO,) is a small ceramic constituent material which is widely use of application to very
good thermal and electrical properties and high resistance to heat and corrosive environment [17. ZrTiO, thin

films coatings have attracted much attention especially in dielectric applications which have high resistivity and
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dielectric constant (38-40) [27]. Ior size miniaturization, a low dielectric loss (tand ~102 to 10) for high frequency
selectivity and low signal attenuation and more [37. Laterally, with the good dielectric properties, ZrTiO, thin
films also exhibit good optical and electrical properties to find applications in antireflection coatings, wave guides
for light, an insulator in electronic devices which requiring high permittivity and as protective coatings [27]. Due to
their excellent optical, electrical and dielectric properties, it is important to study the dependence of film properties
on the deposition conditions at the present time [4].

ZrTiO, thin films have been deposited by different techniques such as the dc magnetron sputtered ZrTiO, thin
films have dielectric constants in the range of 85+7. The change in the dielectric constants due to the variation in
the deposition temperature [57]. Moreover, those the correlation between the micro strain and dielectric loss of
ZrTi0, thin films were studied. ZrTiO, thin films have been additional studied because of their excellent dielectric
properties, such as the dielectric constant and dielectric loss of 38 and 0.006, respectively [6].

For engineering applications, the deposition of the ZrTiO, thin films should be simple processing and low cost.
In the present study, ZrTiO, thin films were using dc magnetron sputtering which is a low cost preparation
method. ZrTiO, thin films fabrication which has dielectric properties at low frequencies should be by using dc
magnetron sputtering technique from the Zr and Ti targets have not been reported earlier. Moreover, Pamua, et al.
[47] Growth of nanocrystalline zirconium titanate thin films at ambient temperatures using dc reactive magnetron
sputtering from Zr and Ti metal targets placed in a single cathode. The present study demonstrates the dielectric
constant of these films did not show much dependence on high frequency were not much to shows whereas the loss
is higher at lower frequency region. The dielectric constant and loss of the films measured at frequencies in the
range of

100 Hz-15 MHz were values between 37.0-46.5 and 0.007-0.03, respectively. In this paper, we designed the
ZrTiO, thin film by a reactive dc magnetron co-sputtering. The methodical study of structural, microstructural,

and dielectric properties of the films are reported.

2. EXPERIMENTAL PROCEDURE
2.1. Film Preparation

ZrTiO, thin films were deposited on Si (100) wafers, glass slides and stanless steels of the substrates by using a
reactive dc magnetron co-sputtering system. Titanium (99.97%) and zirconium (99.95%) metals with a diameter of
3 inches were used as sputtering targets. Ultra high prerity Ar (99.999%) and O, (99.98%) gases were used as
sputtering and reactive gas respectively. By reactive fixed flow rates of 4 sccm and 20 sccm, respectively. The target
to substrate distance for both targets was 13 cm. A diffusion pump together with a rotary pump were used to
achieve the base pressure of 5.0 X 10 mbar. Prior to deposition, the targets were pre-sputtered for 5 min in order
to eliminate the contaminants from the target surfaces. The Zr sputtering current (Iz;) and Ti sputtering current

(Iti) were varied from 0.5 A to 2.5 A without heating. The deposition time for all prepared films was 40 min.

2.2. Characterization

The structural analysis of the ZrTiO, thin films were characterized by X-ray diffraction. The phases were
compared with the Joint Committee on Powder Diffraction Standard (JCPDS) files. The crystallite size of the films
were determined from Scherrer’s formula. The surface and cross-sectional morphologies were examined by field
emission scanning electron microscopy (FE-SEM: Hitachi, S4700). The transmittance spectra of the ZrTiO, thin
films are analyzed by UV-VIS-NIR-spectrophotometer (Shimapzu, UV-3600) in the range of 200 nm to 2500 nm.
Swanepoel’'s envelope method was used to determine the optical constant of the films [77]. The optical packing
densities (p) of the films were calculated by using the relation is given by the bulk refractive index (m = 2.31) of
ZrTiO, and nyis the observed film refractive index and wavelength; A = 650 nm [87. The dielectric constant and

dielectric loss (tand) were measured by using a precision impedance analyzer Agilent 4294A.
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3. RESULTS AND DISCUSSIONS
3.1. Crystalline Structure

Fig-1 shows the XRD pattern of the ZrTiO, thin films at different sputtering currents of 0.5 A to 2.5 A
without heating. This result showed that the thin films were crystalline, which exhibits an orthorhombic crystal
structure (JCPDS 34-0415) and possesses 0-PbOo-type structure belonging to the Pben space group [97].
The ZrTiOs thin films were an amorphous structure at sputtering currents of 0.5 A, 1.0 A and 1.5 A respectively.
And show preferred orientation in (111) direction at sputtering currents of 2.0 A and 2.5 A. The other observed
XRD patterns are (011), (020), (200), (120), (201), (121), (022), (202), (122), and (311) peaks were shown also.
Titania and zirconia thin films deposited by dc magnetron sputtering without substrate heating been reported to be
amorphous earlier [10, 117].

The crystallite sizes are estimated from the full width at half maximum (FWHM) of the 111 peaks by using
Scherrer’s method (Table-1). The crystallite sizes are in the range of 14.95-20.06 nm at sputtering currents of 2.0 A

and 2.5 A respectively. It is found that crystallite size increases with increasing sputtering currents.

Table-1. Crystallite size of the ZrTiO, thin films

ZrTiO,
om.  1(A) | FWHM (§) | Crystallite size (A)
0.5 - -
a 1.0 - -
H 1.5 = =
2 . 2.0 0.550 14.95
g 2.5 0.410 20.06

Source: The result is a doctoral research by using Scherrer’s method.

I=10A

1=05A

ZrTiod 34-414

20 25 30 ES 40 45 50 55 60 65 70
2-thate

Fig-1. XRD patterns of the ZrTiO, thin films
Source: The result is a doctoral research. Analyzed with X-ray diffraction from
School of Energy, Environment and Materials, King Mongkut's University of
Technology Thonburi

3.2. Cross-Sectional Morphology

Fig-2 shows the FE-SEM cross-sectional images of the ZrTiO, thin films. It is seen that the thickness of the
films increases from 60 to 280 nm when sputtering current was increased from 0.5 A to 2.5 A without heating.
These results are consistent with the XRD results, that are the intensity of XRD peaks increases with increasing
sputtering current. It is clearly visible that the sputtering currents of 2.5 A present a columnar structure. These
films are formed by a dense coalescence of columns propagating from the electrode to the film surface. It is
concluded that increasing the sputtering currents of 2.5 A (Fig-2 (c)), promotes the formation of denser columnar
structures, likely due to sputtering processes have much high energy and consistent with the results of the XRD

patterns.

d =165 nm

V 11.7mm x100k SE(U) 9/10/2015 10:27

TMEC 5.0kV 11.6mm x100k SE{U) 9/10/2015 11:16

Fig-2. Cross-sectional FE-SEM morphology of the ZrTiO, thin films (a) 0.5 A, (b) 1.5 A, and (c) 2.5 A.
Source: The result is a doctoral research. Analyzed with field emission scanning electron microscopy from Thai Microelectronics Center:TMEC.
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Fig-3. Refractive index of the ZrTiO4 thin films Fig-4. Packing density of ZrTiO4 thin films

Source: The result is a doctoral research. Analyzed with UV-VIS-NIR-spectrophotometer ~ Source: The result is a doctoral research. Calculated by using the
and calculate by Swanepoel’s envelope method from Center of Excellence in Glass  relation is given by the bulk refractive index [87].
Technology and Materials Science (CEGM), NPRU

3.3. Properties of ZrTiO: Thin Films

The refractive index (#) of the films deposited on glass at different sputtering currents are shown in Fig-3. It is
observed that refractive index increased with increase in sputtering currents. The values of # ranged between 2.01
and 2.23 (at 650 nm) [47]. It is seen that the film structure changes from a porous structure into a dense structure
and have crystallite more than as the sputtering currents increases. These means that the packing density of the
films increases together with crystallite addition are results in the increase in the refractive index. The optical
packing density values were ranged between 0.85 and 0.96 (Fig-4). From this study it was observed that the

refractive index values were strongly dependent on packing densities [4].

Fig-5 shows the dielectric properties of the
ZrTiO, thin films at different sputtering
currents of 0.5 A to 2.5 A. The dielectric
constant and loss of the films were measured at
frequencies in the range of 100 Hz-10 MHz and
it is observed that as the sputtering current
increases, the high dielectric constant width
decreases from 74.3 to 43.3 for ZrTiO, thin films
which were higher more than which other
research because of higher energy [4, 12, 137].

Dielectric constant (er)

40 - + + + + t
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Logf

Fig-5. Dielectric constant of the ZrTiO4 thin films
Source: The result is a doctoral research. Analyzed with precision impedance analyzer
from National Metal and Materials Technology Center (MTEC).

4. CONCLUSIONS

ZrTiO, thin films were deposited by reactive dc magnetron co-sputtering method without heating. The XRD
results showed that crystal structure of ZrTiO, thin films at sputtering currents above 2.0 A was crystallization of
the orthorhombic phase (111). The values of refractive index ranged between 2.01 and 2.23 (at 650 nm). The optical
packing density values were ranged between 0.85 and 0.96. From this study, it was observed that the refractive
index values were strongly dependent on packing densities and crystalline of films. The high dielectric constant
width decreases from 74.83 to 43.3 when sputtering current increases, which is higher than other research.

In, conclusion the refractive index, packing density and dielectric constant depend on energy of sputtering currents.
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Abstract: ZrTiO, is a small ceramic constituent material which has very good thermal and electrical properties. ZrTiO, thin films
were deposited by reactive dc magnetron co-sputtering method. The crystal structure, surface morphology, thickness and dielectric
properties were characterized by XRD (X-ray diffraction), AFM (atomic force microscopy), FE-SEM (field emission scanning
electron microscope), and precision impedance analyzer respectively. These films were crystallization of the orthorhombic phase
(111) of ZrTiO4. The microstructure of well-crystallized ZrTiO, thin films had the surface morphology was smooth with 1.695
nmrms roughness. The high dielectric constant width decreases from 129.2 to 110.6 when sputtering current increases which are
higher more than that had researched because of higher energy but impedance; |Z| increases from 1.97 to 2.47 kQ. These results are
consistent with the RMS roughness results, which are the RMS roughness decrease with increasing sputtering current.

Key words: ZrTiQy, thin films, dielectric constant, magnetron sputtering.

1. Introduction dielectric constants in the range 35+7. The change in

) . . ) ) ) the dielectric constants is due to the variation in the
ZrTiO4 (zirconium titanate) is a small ceramic . .
) ) . ) ) deposition temperature [4]. There are studied the
constituent material which is widely wused of . ) . . .
correlation between the micro strain and dielectric loss

of ZrTiOy thin films [5]. ZrTiO, thin films have been
additional studied because of their excellent dielectric

application to very good thermal, electrical properties
and high resistance to heat and corrosive environment

[1]. ZrTiO4 thin films coatings have attracted much . ) )
) ) ) ) ) o ] properties, such as the dielectric constant and
attention especially in dielectric applications which i i )
] T ] ) dielectric loss of 38 and 0.006, respectively [6].
have high resistivity and dielectric constant (38-40) . . o o
. o o ] ) For engineering applications the deposition of the
[2]. For size miniaturization, a low dielectric loss ) i i .
2 3 ) o ZrTiO4 thin films should be simple processing and
(tand~10" to 10™) for high frequency selectivity and ) )
. o ) ) low cost. In the present study, ZrTiO, thin films were
low signal attenuation is more [3]. ZrTiOy4 thin films . . o
. . . using DC magnetron sputtering which is a low cost
have been deposited by different techniques such as . ] ) )
. . preparation method. The dielectric properties of the
the DC magnetron sputtered ZrTiO4 thin films have i ) )
ZT thin films at low frequencies by using DC

Corresponding author: J. Thammapreecha, master, magnetron sputtering technique from the Zr and Ti

research fields: physics, thin films. targets have not been reported earlier. Moreover,
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Growth of nanocrystalline zirconium titanate thin
films at ambient temperatures using DC reactive
magnetron sputtering from Zr and Ti metal targets
placed in a single cathode [7]. The present study
demonstrates the dielectric constant of these films did
not show much dependence on high frequency were
not much to shows whereas the loss is higher at lower
frequency region. The dielectric constant and loss of
the films measured at frequencies in the range from
100 Hz to 15 MHz were values between 37-46.5 and
0.007-0.03, respectively. The magnitude of leakage
current density is 9.03 x 107 A/em” at 10 MV/m for
the films deposited at 40% OMP. In this paper, we
designed the ZrTiO4 thin film by a reactive dc
magnetron co-sputtering. The methodical study of
structural, microstructural, and dielectric properties of
the films is reported.

2. Experimental Procedures

ZrTiO4 thin films were deposited on Si (100)
wafers, glass slides and stanless steels without
external heating of the substrates by using a reactive
dc magnetron co-sputtering system. Titanium (99.97%)
and zirconium (99.95%) metals with a diameter of 3
inches were used as sputtering targets. Ar (99.99%)
and O; (99.98%) gases were used as sputtering and
reactive gas respectively. By reactive fixed flow rates
of 4 and 20 sccm, respectively, the target to substrate
distance for both targets was 13 cm. A diffusion pump
together with a rotary pump was used to achieve the
base pressure of 5.0 x 10” mbar. Prior to deposition,
the targets were pre-sputtered for 5 min in order to
eliminate the contaminants from the target surfaces.
The Zr sputtering current (Iz) and Ti sputtering
current (I1;) were varied at 0.5 A and 1.5 A. The
deposition time for all prepared films was 40 min.
Some of these films were heated at 600 °C compared
with unheated.

The structural analysis of the ZrTiO, thin films was
characterized by X-ray diffraction. The phases were
compared with the JCPDS (Joint Committee on

Powder Diffraction Standard) files. The crystallite size
of the films was determined from Scherrer’s formula.
Raman measurements were taken with an RFS/100/S
Bruker FT-Raman spectrometer equipped with a
Nd:YAG laser in the 100-900 cm™ spectral interval.
The surface and cross-sectional morphologies were
examined by atomic force microscopy (FE-SEM:
Hitachi, S-4700) and field emission scanning electron
microscopy (FE-SEM: Hitachi, S4700), respectively.
The dielectric constant (&,) and dielectric loss (tand)
were measured using a precision impedance analyzer
Agilent 4294A. The dielectric constant of the films is
calculated using Eq. (1)

C = el (1)

where C is the capacitance in frequency, A is the area
of overlap of the two plates measured in m%, &, is the
relative static permittivity of the material between the
plates, &, is the permittivity of free space and d is

thickness of the pellet or film, measured in m.
3. Results and discussions
3.1 Crystalline Structure

Fig. 1a shows the XRD pattern of the ZrTiO4 thin
films deposited on Si (100) wafers at different
sputtering currents of 0.5 and 1.5 A, which exhibits an
orthorhombic crystal structure (JCPDS 34-0415) and
possesses-PbO,-type structure belonging to the Pbcn
space group. The ZrTiO4 thin films were amorphous
structureat sputtering currents of 0.5 A and 1.5 A
without heating [8] and show preferred orientation in
(111) direction at sputtering currents of 1.5 A with
heat 600 °C. The other observed XRD patterns are
(011), (020), (200), (120), (201), (121), (211), (220),
(022), (202), (122), (311), (222) and (320) peaks. The
crystallite size increases were 53.124 nm at sputtering
currents of 1.5 A with heat 600 °C.

Raman spectroscopy of ZrTiOs was shown
orthorhombic symmetry (space group Pbcn) [9] and
two formula units in a unit cell which confirm by Fig.

1b. Only ZrTiO4 bands were observed in 100-900 cm’!
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region of the Raman spectra of sintered ceramics. In
the Raman spectrum at sputtering currents of 1.5 A,
expected ZrTiO4 bands were resolved: 136, 164, 258,
342,393, 484, 560, 640, 763 and 792 cm™ [1].

Fig. 2 shows the AFM surface images of the ZrTiO,4
thin films deposited on Si (100) wafers at different
sputtering currents. The average root-mean-square
(RMS) roughness of ZrTiO4 thin films was shown in
Table 1. It is observed that the RMS roughness
decreases from 3.602 to 0.976 nm as the sputtering
current were increased from 0.5 to 1.5 A without
heating. But the RMS roughness increases from 1.511
to 1.695 nm when heat 600 °C.

3.2 Cross-Sectional Morphology

Fig. 3 shows the FE-SEM cross-sectional images of
the ZrTiO4 thin films. It may be noted from Fig. 3a
that the film exhibited uniform cross-sectional
thickness and the film thickness was about 60 nm at
sputtering currents of 0.5 A. It is observed that as the
sputtering current increases, the columnar of increases
and results in the increase of the lateral grain size. The
grain size of the ZrTiO, thin films increased with
increasing crystalline temperature [6]. These films are
of columns

formed by a dense coalescence

propagating from the electrode to the film surface. It is
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concluded that increasing the sputtering currents of
1.5 A (Fig. 3d), promotes the formation of denser
columnar structures, likely due to sputtering processes
have much high energy and consistent with the results
of the XRD patterns.

The film thickness can be determined from the
images in Fig. 3 and the results are shown in Table 1.
It is seen that the thickness of the films increases from
60 to 165 nm when sputtering current is increased
from 0.5 to 1.5 A without heating. These results are
consistent with the XRD results, which are the
intensity of XRD peaks increases with increasing

sputtering current.
3.3 Dielectric Properties

Table 2 shows the dielectric properties of the
ZrTiO4 thin films at different sputtering currents of
0.5 and 1.5 A. And 1 MHz dielectric properties of
ZrTiOy thin films at sputtering currents, it is observed
that as the sputtering current increases, the high
dielectric constant width decreases from 74.3 to 52.1
for ZrTiO4 thin films without heating [8] which are
higher more than which had researched because of
higher energy. Moreover ZrTiO,4 thin films with heat
600 °C are valuable high dielectric constant has
increased to 129.2 [7]. But impedance;|Z| increases from

(b) * ZITiIO, e==|=0.5A

——1=0.5 A (Heat 600°)

164 %

—l=15A
I=1.5A (Heat 600°)

136 *
302 %
393 %

Intensity
484 *
640 *
1634
792 %

560 %

100 200 300 400 500 600 700 800 9200

Raman Sift (cm™)

Fig.1 ZrTiO, thin films deposited at various sputtering currents (a) XRD patterns and (b) Raman spectroscopy.
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No Heat

Heat 600 °C

[wm] [um]

Fig. 2 AFM images of the ZrTiO, thin films at no heat [(a) 0.5 A, (b) 1.5 A] and at heat 600 °C [(c) 0.5 A, (d) 1.5 A].

Table 1 Crystallite size, thickness and roughness of the ZrTiO, thin films.

Vary I FWHM (B) Crystallite size (A)  Thickness (nm) Roughness (nm)
No heat 0.5 - - 60 3.602

1.5 - - 165 0.976
Heat 600 °C 0.5 - - 60 1.511

1.5 0.155 53.124 190 1.695
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No Heat
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Fig. 3 Cross sectional FE-SEM morphology of the ZrTiO, thin fllms at no heat [(a) 0.5 A (b) 1.5 A] and at heat 600 °C [(c)
0.5A, (d)1.5A].
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Fig. 4 ZrTiO, thin films deposited at various sputtering currents (a) dielectric constant (f = 100 kHz); (b) dielectric
properties (f = 100 kHz).
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Table 2 Dielectric properties at f = 100 kHz of the ZrTiO, thin films.

Dielectric propoty
Vary |
er tan & 1Z] (k)
No heat 0.5 743 0.006 2.01
1.5 52.1 0.002 3.89
Heat 600 °C 0.5 129.2 0.007 1.97
1.5 110.6 0.002 2.47

2.01 to 3.89 kQ for ZrTiO4 thin films without heating
and ;|Z| increases from 1.97 to 2.47 kQ for ZrTiO4
thin films with heat 600 °C the results are shown in
Table 2.

4. Conclusions

ZrTiO4 thin films were deposited by reactive dc
magnetron co-sputtering method. The results showed
that, from XRD results crystal structure of ZrTiOy4 thin
films corresponding in the orthorhombic (111). The
microstructure of well-crystallized ZrTiO, thin films
was the surface morphology was smooth with 1.695
nm RMS roughness. The high dielectric constant
width decreases from 129.2 to 110.6 for ZrTiO4 thin
films without heating when sputtering current
increases but impedance; |Z| increases from 1.97 to
2.47 kQ. This result is consistent with the RMS
roughness result, that is the RMS roughness decrease

from increasing sputtering current.
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