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Abstract Key words
BaTiOz thin films have been deposited on Si (111) and glass BaTiO; thin films,
substrates by using pulsed laser deposition technique. The films were
characterized by using X-ray diffraction, atomic force microscope N
and optical transmission spectra. The films growth on Si after deposition
annealing at 873K showed a polycrystalline nature, and exhibited

tetragonal structure, while on glass substrate no growth was noticed

at that temperature. UV-VIS transmittance measurements showed

that the films are highly transparent in the visible wavelength region R

and near-infrared region for sample annealing on glass substrate. The Articleinfo
optical gap of the film were calculated from the curve of absorption 'Izecelvteg.. ?pr'l' 2281122
coefficient (ahv) ? vs. hv and was found tobe 3.6 eV at substrate Pﬁgelliir?ec.i' II\JAr:ie' 2012
temperature 573K, and this value increases up to 3.69 eV at A
annealing temperature of (673K), but the refractive index was found

to decrease from 2.4 to 2.2 at that temperature.
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Introduction

Barium titanate (BaTiO3) is one of the applications in the control systems [1,6]
most important ferroelectric materials and BaTiOs thin films have been deposited by
has attracted much attention for its several methods like metal-organic
remarkable properties such as high chemical vapour deposition
dielectric constant, good ferroelectric (MOCVD)[7], sol-gel method [8, 9],
properties, and large electro-optic, chemical solution deposition[10], radio-
nonlinear optic coefficients and as frequency (RF) sputtering [11] and
piezoelectric properties resulting in broad pulsed laser deposition[12,13]. Among
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the wvarious methods, pulsed laser
deposition is an excellent method to
produce thin films on various substrates
with good stoichiometry that can easily
be up scaled for industrial applications
[14].

The aim of this work is to investigate
BaTiO3 thin films prepared by pulsed
laser deposition under different annealing
temperatures and study their structural
and optical properties.

Experiments

The composition BaTiO3 were
prepared by solid state reaction of mixed
oxides, BaO, TiO, compounds in [1:1]
mole ratio as starting materials. The
powders were mixed in alumina crucible.
Calcined powder was pressed to form a
pellet of 1.5cm diameter with a pressure
of 5 ton, using uniaxial hydraulic press.
The samples were then sintered at 1223K
for 5hr which ready for X-ray diffraction
test .Thin films of BaTiO3 were deposited
on the p-type Si (111) and glass substrate
by pulsed laser deposition method using a
Nd:YAG laser (1064/532 nm) with a
pulse energy and duration of 800 mJ and
20 ns, respectively. The substrate
temperature during the deposition was
maintained at 573 K, and the substrate
target distance at 3.5 cm. The main
vacuum chamber is a 10cm diameter
evacuated (10°mbar).

The thin films were characterized by x-
ray diffraction (XRD; SHIMADZU 6000)
radiation and atomic force microscope
(AFM)  (AA3000 Scanning Probe
Microscope SPM, tip NSC35/AIBS).The
UV-VIS absorption spectra of the films
were measured using a spectrophotometer
(A double-beam UV-VIS-NIR 210A
Spectrophotometer).

Results and Discussion
1. X-ray diffraction

Fig (1) shows the XRD pattern of
BaTiO3 thin film on Si (111) and glass
substrate  with  different annealing
temperatures. No evidence of any phases
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present on glass substrate or Si substrate
as deposited that mean the formation of
BaTiO; phase  amorphous.  After
annealing both samples at 873K for (5)
hr, the x-ray diffraction detected a
BaTiO3 on Si (111) substrate but not for
glass substrate. All diffraction peaks can
be assigned to BaTiO3 phase with out any
indication of other crystalline phase. The
films show a polycrystalline, and
exhibited tetragonal structure according
to the International Centre for diffraction
data (JCPDS) [15]. The diffraction peaks
are broad which indicates the formation
of nano crystals ™. The average
crystalline size was found to be (68nm)
from application of scherrer equation by
taking account of the peak broadening at
(111) diffraction plane.

Fig (2) shows atomic force microscopy
(AFM) scans of film deposite on Si (111)
at annealing temperature (873K) confirm
grain size on the order of (58nm) and
RMS roughness of (0.571nm). The
surface morphology of the BaTiO;3 thin
films as observed from the AFM
micrographs proves that the grains are
uniformly distributed within the scanning
area (429nm x 429nm).
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Fig (1) The X-Ray diffraction pattern of
BaTiO; thin films at:(a) BaTiOj/glass thin
films deposited at substrate temperature
(T=573K),(b) BaTiO4/Si  thin  films
deposited at substrate temperature (Ts=
573K), (c) BaTiOs/Si at annealing
temperature equal (873 K).
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Figure (2) The AFM images of BaTiO,/Si at
annealing temperature equal (873 K).

2. Optical properties

Fig.(3) shows the optical transmission as
a function of wavelength in the range
(200 — 1100 nm) with thickness (300nm)
at temperature (Ts=573K) and annealing
temperature 673K.The spectrum shows
strong attenuation in the short wave
length region. The maximum
transmittance observed for BaTiO3z was
almost (42%) in the near-infrared region,
while after the annealing at 673K films
the maximum transmittance was found to
be (58%). It could be notice that
transmittance increases with increasing of
annealing temperature which means a
decrease in the reflection and absorption.
The band gap was determined using the
relation for band to band transition,
depending on Eg. (1) [17]:

(1) ahv = B(hv —E,)™

Where hv is the photon energy, Eg is the
band gap, m is a power factor and B is a
constant. A plot of (ahv) ? against the
photon energy hv is presented in Figure
(4) The energy band gap is obtained from
intercept by extrapolated linear part of the
curve with the energy axis, the direct
band gap of the pure BaTiO3; films
increases from 3.6 -3.69 ev From the
figure we can see that the annealing shifts
the optical band gap from approximately
3.69 eV at 673K.
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Fig (5) shows the variation in
refractive index of amorphous BaTiOj3
film .1t is observed that the refractive
index, in general decreases slightly with
increasing of annealing temperature. The
values of the refractive index varied from
2.4-2.2 depend on annealing temperature.
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Figure (3) UV-VIS transmittance spectra of

the amorphous BaTiO; films at glass

substrate as deposited (573K) with
annealing temperature (673K).
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Figure (4) (ahv)?versus photon energy (hv)

of amorphous BaTiO; thin films on glass

Substrate as deposited (573K) with
annealing temperature (673 K).
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Fig (5) The variation of the refractive index
(n) with photon energy for as deposited
(Ts=573K) and annealed amorphous
BaTiO; /glass film at (673K) in air.

Conclusions

In this work, BaTiOs3 thin film has been
synthesized using pulsed laser deposition
technique on Si (111) and glass substrate.
The X-ray diffraction of both films are
amorphous for as deposited. The
crystalline phase was detected on Si (111)
substrate after annealed at 873K. The
grain size and the surface roughness as
observed by AFM increase with
increasing annealing temperature. The
spectrum transmittance observed for
amorphous BaTiO3 attenuation in the
short wave length region. The
transmittance increases with increasing of
annealing temperature. The energy band
gap is direct increases with increasing
annealing  temperatures, while the
refractive index decreases slightly.

References

[1] D. Roy and S. B. Krupanidhi, Appl.
Phys. Lett. 61, (1992) 2057.

[2] K. Nashimoto, D. K. Fork, F. A.
Ponce, and J. C. Tramontana, Jpn. J.
Appl. Phys., Part 1, 132, (1992) 4099.

[3] K. lijima, T. Terashima, K.
Yamamoto, K. Hirata, and Y. Bando,
Appl.Phys. Lett., 56, (1990) 527.

44

K.T.Al-Rasoul, et al

[4] H. A. Lu, L. A. Wills, and B. W.
Walker, Appl. Phys. Lett. 64 (1994) 2973
[5] R. A. McKee, F. J. Walker, E. D.
Specht, G. E. Jellision, L. A. Boatner,
And J. H. Harding, Phys. Rev. Lett., 72
(1994) 2741.

[6] Z. Yuan, J. Liu, and J. Weaver, C. L.
Chen, B. Lin and V. Giurgiutiu, A. Bhalla
and R. Y. Guo, Applied Physics Letters
(2007) 202901-3.

[7] A. R. Terren, J. A. Belot, N. L.
Edleman, T. J. Marks and B. W. Wessels,
Chem. Vap. Deposition 6 (2000 ) 175.

[8] H. B. Sharma and A. Mansingh, J.
Phys. D: Appl. Phys. 31 (1998) 1527

[9] Z. Hu, G.Wang, Z.Huang, X.Meng
and J. Chu, Semicond. Sci. Technol. 18
(2003) 449.

[10] J. Petzelt, T. Ostapchuk, A. Paskin
and I. Rychetsky, J. Eur. Ceram. Soc. 23
(2003) 2627.

[11] Jia Q X, Smith J L, Chang L H and
Anderson W A Phil. Mag. B 77 (1998)
163.

[12] H. Schmitt, C. Ziebert, A. Sternberg,
V. Zauls, M. Kundzins, K. Kundzins, I.
Aulika, K. H. Ehses, J. K. Kruger,
Ferroelectrics 268 (2002) 193.

[13] J. C. Tauc, Optical Properties of
Solids, North-Holland, Amsterdam, 372

(1972).

[14]Vijay Ramkrishna Chinchamalatpure,
Sharada  Arvinda Ghosh, Gajanan
Niranjanrao Chaudhari, Materials

Sciences and Applications, 1 (2010) 187-
190.

[15] 1997-JCPDS-International Centre
for Diffraction Data. All rights reseved
PCPDFWIN v. 1.30.

[16] Y K Vayunandana Reddy, D Mergel,
S Reuter, V Buck and M Sulkowski,
Journal of Physics D: Applied Physics,
39 (2006) 1161-1168.

[17] S. Elliott, "Physics of Amorphous
Materials”, Longman Inc., New  York,
Vol. 155, (1984), P.98.



