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ABSTRACT 

This study aims to investigatedielectric constant and impedance characteristic of thin films made from LiTaO3 
without (0%) and with doping (10%) Ga2O3. The solubility of LiTaO3 for the purpose of this study is regulated at 1 M by 
using 2-methoxyethanol [(CH3OCH2CH2OH)] as solvent. The growth of thin films on 7059 corning glass substrate was 
processed by Chemical Solution Deposition (CSD) method. By using a spin coater device on a speed of 3000 rpm for 30 
seconds, the substrate is then annealed in furnace at a temperature of 550 oC for eight hours. To create aluminum contacts, 
the thin films were then further processed by involving Metal Organic Chemical Vapor Deposition (MOCVD) technique. 
The final thin films weremeasured by LCR meter to provide certain data such as: inductance, capacitance and resistance 
values in range frequency from 50 Hz to 5 MHz. The study concludes that the film thickness (made from LiTaO3 without 
(0%) and with doping (10%) Ga2O3) as separator material between two aluminum contacts that embedded on 7059 corning 
glass substrate was affected not only by dielectric constant but also by magnitude of impedance that contributes to 
providing information about ionic phenomenon. 
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INTRODUCTION 

Ferroelectrics are dielectric materials [1] that 
have permanent electric dipoles which exhibit a 
spontaneous electric polarization even without the 
influence an electric field [2-4]. Furthermore, the 
polarization requires two steady conditions at minimum,as 
well as the capability to be switched from one condition to 
another when an electric field is applied [4]. Spontaneous 
polarization is obtained through the extrapolation by 
withdrawing line at the saturated linear region until 
intersecting the polarization axis [4]. Therefore, the 
application of an appropriate electric field not only can be 
reverse the direction of the polarization, but also can 
change the magnitude of polarization [3, 4]. In addition, 
the electric polarization of a material also can be 
influenced by temperature (called pyroelectricity), stress 
(called piezoelectricity) or light (called electro-opticity) 
[3-5]. 

Lithium tantalate (LiTaO3) is crystalline 
ferroelectric which exhibits excellent pyroelectric, 
piezoelectric, electro-optical and non-linear optical 
properties [6-8]. The crystal structure of 
LiTaO3(rhombohedral structure of space group R3c) is an 
important part to observe the electrical properties in form 
of dielectric and impedance on thin films [6, 8-11]. Based 
on literature, the electrical properties of thin film is very 
affected by phenomenon of ions and also dopant diffusion 
inside crystalline structure on substrate [12-15]. The aim 
of this study is to investigate the dielectric constant and 
impedance characteristic of each thin layer (undoped and 
10% Ga2O3 doped LiTaO3) on 7059 corning glass 
substrates, using LCR meter (HIOKI 3532-50 LCR 
HiTESTER) as a measurement device. 

METHODOLOGY 

Lithium tantalate (LiTaO3) is formed by mixing 
the chemicals powder between lithium acetate [Li 
(CH3COO)] and tantalum pentoxide [(Ta2O5)] by utilizing 
the balance of chemical equation [16]: 
 
2Li(CH3COO) + Ta2O5 + 4O2 2LiTaO3 + 4CO2 + 3H2O 
 

Based the balance of chemical equation with 
solubility that has been regulated at 1 M, the mass 
composition of lithium acetate powder [Li(CH3COO), 
99.99% purity] is 0.1650 g and tantalum pentoxide powder 
[(Ta2O5), 99.8% purity] is 0.5524 g [16, 17]. In addition, 
the gallium oxide powder [(Ga2O3), 99.998% purity] is 
used as a doping with a mass of 0.0590 g (10% from the 
mass of LiTaO3) [16]. 

The mass composition which is obtained from 
calculation of lithium acetate powder, tantalum pentoxide 
powder and gallium oxide powderwas weighed by using 
analytical scale (ADAM equipment). The chemicals 
powder is mixed and dissolved in 2.5 ml 2-
methoxyethanol [(CH3OCH2CH2OH)] to produce two 
types of solution (LiTaO3 and LiTaO3 + 10% Ga2O3). 
Thesolutions were sonicated by using ultrasonicator 
device (BRANSON 2510) for 90 minutes to obtain the 
homogeneous solutions. 

The layer of thin film from two types of solution, 
which were already homogeneous on 7059 corning glass 
substrates dimensionless 1 × 1 cm2, were then processed 
by Chemical Solution Deposition (CSD) method using a 
spin coater on speed of 3000 rpm for 30 seconds. Each of 
thin layer wastreated three times coating process 
(deposition and rotation) with interrupt time for one 

mailto:richie.estrada@ukrida.ac.id


                                    VOL. 12, NO. 12, JUNE 2017                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               3814 

minute, then annealed in furnace (VULCAN TM 3-130) at a 
temperature of 550oC for eight hours. 

The next fabrication was by creating contact 
made from aluminum material dimensionless 2 × 2 mm2 at 
7059 corning glass substrate and layer of thin films using 
Metal Organic Chemical Vapor Deposition (MOCVD) 
technique. The aluminum contacts were utilized as a 
surface for mounting the fine copper wire (see Figure-1). 
Probe of LCR meter (HIOKI 3532-50 LCR HiTESTER) 
connected at the ends of fine copper wire were utilized to 
get the data in form of inductance, capacitance and 
resistance values at a range frequency of 50 Hz - 5 MHz. 
 

 
 

Figure-1. Structure of thin film. 
 
RESULT AND DISCUSSIONS 

In this study, the measurements of thin films were 
carried out on a frequency range from 50 Hz to 5 MHz, by 
using LCR meter (HIOKI 3532-50 LCR HiTESTER) and 
presented in the form of curves inductance, capacitance 
and resistance as a function of frequency (seeFigure-2, 
Figure-4). The dielectric constant of thin films can be 
calculated by using the following formula (1) [9]: 
 

ε= C d
ε0A

                                                                            (1) 

 
with: 
C  = capacitance value (from measurement values) 
d  = film thickness (1  10-6 m) 
0  = the vacuum permittivity (8.8542  10-12 F/m) 
A  = aluminum contact surface area (4  10-6 m2) 
 

 
 

Figure-2. Curve of inductance as a function of frequency. 
 

 
 

Figure-3. Curve of capacitance as a function of frequency. 
 

 
 

Figure-4. Curve of resistance as a function of frequency. 
 

Formula (1) implies that the dielectric constantas 
a function of frequency can be presented in form of curve 
(Figure-5). Figure-5 shows that Ga2O3 as doping material 
can produce fluctuation of dielectric constant value and 
therefore, it is concluded that ion from Ga2O3 experiencing 
vibrations inside the crystal structure of LiTaO3. 
 

 
 

Figure-5. Curve of dielectric constant as a function 
of frequency. 

 
Impedance (denoted Z) is a complex number with 

resistance as real part and reactance (inductive and 
capacitive) as imaginary part. Based on measurement 
values of inductance, capacitance and resistance as a 
function of frequency (see Figure-2, Figure-4), the 
magnitude of impedance (|Z|) for thin films at each 
frequency can be calculated by using the following 
formula (2), (3) and (4) [10]: 
 
XL = 2 π f L                                                              (2) 
 

XC = 1
2 π f C

                                                              (3) 
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|Z| = √R2 + (XL- XC)2
                                               (4) 

 
with: 
 
f  = frequency (from 50 Hz to 5 MHz) 
L  = inductance value (from measurement values) 
C  = capacitance value (from measurement values) 
R  = resistance value (from measurement values) 
XL  = inductive reactance 
XC  = capacitive reactance 
 

Formula (4) implies that the magnitude of 
impedance as a function of frequency can be presented in 
form of curve (Figure-8). Figure-8 shows that fluctuation 
curve of thin films between undoped and 10% Ga2O3 
doped LiTaO3 describes the ion motion on specific range 
frequency. 
 

 
 

Figure-6. Curve of XL as a function of frequency. 
 

 
 

Figure-7. Curve of XC as a function of frequency. 
 

 
 

Figure-8. Curve of |Z| as a function of frequency. 
 
 
 

CONCLUSIONS 
In this study, the curve that represents dielectric 

constant and impedance values of thin film is used to 
describe ionic vibration, as well as ionic motion 
corresponds to a change of frequency on a range of 50 Hz 
to5 MHz. Based on the results of this study, it can be 
concluded that the film thickness (made from LiTaO3 
without (0%) and with doping (10%) Ga2O3) as separator 
material between two aluminum contacts that embedded 
on 7059 corning glass substrate was affected not only by 
dielectric constant but also by magnitude of impedance 
that contributes to providing information about ionic 
phenomenon. 
 
ACKNOWLEDGEMENT 

This research work was supported by PEKERTI 
Research Grand 2016 No. 771/K3/KM/SPK.LT/2016. The 
authors would also like to acknowledge the contributions 
and financial support from Ministry of Research, 
Technology and Higher Education of the Republic of 
Indonesia. 
 
REFERENCES 

 
[1] M. Manzo, “Engineering ferroelectric domains and 

charge transport by proton exchange in lithium 

niobate”, KTH - Royal Institute of Technology, April 

2015, ISBN: 978-91-7595-482-0. 

[2] I. Coondoo (ed.), “Ferroelectrics”, InTech, December 

2010, ISBN: 978-953-307-439-9. 

[3] J. Li, Y. Liu, Y. Zhang, H. L. Cai and R. G. Xiong, 

“Molecular ferroelectrics: where electronics meet 

biology”, Physical Chemistry Chemical Physics, vol. 

15, pp. 20786-20796, 2013. 

[4] J. Guyonnet, “Ferroelectric Domain Walls”, Springer 

International Publishing, April 2014, ISBN: 978-3-

319-05749-1, 978-3-319-05750-7. 

[5] T. Singh, A. Kumar and U. C. Naithani, “Field 

dependent sound attenuation in PbTiO3 and KNbO3 

ferroelectric perovskites”,Indian Journal of Pure & 

Applied Physics, vol. 48(5), pp. 343-348, May 2010. 

[6] A. Tarafder, K. Annapurna, R. S. Chaliha, V. S. 

Tiwari, P. K. Gupta, B. Karmakar, “Structure, 

dielectric and optical properties of Nd3+-doped 

LiTaO3 transparent ferroelectric glass–ceramic 

nanocomposites”, Journal of Alloys and Compounds, 

vol. 489, pp. 281-288, 2010. 

[7] Ismangil, R. P. Jenie, Irmansyah, Irzaman, 

“Development of lithium tantallite (LiTaO3) for 

automatic switch on LAPAN-IPB Satellite infra-red 



                                    VOL. 12, NO. 12, JUNE 2017                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               3816 

sensor”, Procedia Environmental Sciences, vol. 24, 

pp. 329-334, 2015. 

[8] S. Aoyagi, H. Osawa, K. Sugimoto, M. Iwata, S. 

Takeda, C. Moriyoshi and Y. Kuroiwa, “Crystal 

structure analysis of LiTaO3 under electric field”, 

Japanese Journal of Applied Physics, vol. 54, pp. 

10NB03-1-10NB03-5, 2015. 

[9] H. Zulkefle, L. N. Ismail, R. A. Bakar, M. H. Mamat 

and M. Rusop, “Enhancement in Dielectric Constant 

and Structural Properties of Sol-Gel Derived MgO 

Thin Film using ZnO/MgO Multilayered Structure”, 

International Journal of Applied Physics and 

Mathematics, vol. 2(1), pp. 38-43, January 2012. 

[10] M. Misbakhusshudur, A. Ismangil, Aminullah, 

Irmansyah, Irzaman, “ Phasor diagrams of thin film of 

LiTaO3 as applied infrared sensors on satellite of 

LAPAN-IPB”, Procedia Environmental Sciences, vol. 

33, pp. 615-619, 2016. 

[11] A. Ismangil, Irmansyah, Irzaman, “The diffusion 

coefficient of lithium tantalite (LiTaO3) with 

temperature variations on LAPAN-IPB satellite infra-

red sensor”, Procedia Environmental Sciences, vol. 

33, pp. 668-673, 2016. 

[12] J. M. Wesselinowa, “Ion Doping Effects on the 

Dielectric and Phonon Properties of (Ba, Sr)TiO3 Thin 

Films”, International Journal of Modern Physics B, 

vol. 25(25), pp. 3289-3301, 2011. 

[13] K. Kaleji, R. Sarraf-Mamoory, K. Nakata, A. 

Fujishima, “The effect of Sn dopant on crystal 

structure and photocatalytic behavior of 

nanostructured titania thin films”, Journal of Sol-Gel 

Science and Technology, vol. 60, pp. 99-107, 2011. 

[14] N. Manjula, M. Pugalenthi, V. S. Nagarethinam, K. 

Usharani, A. R. Balu, “Effect of doping concentration 

on the structural, morphological, optical and electrical 

properties of Mn-doped CdO thin films”, Materials 

Science-Poland, vol. 33(4), pp. 774-781, 2015. 

[15] M. Raghavan, J. W. Kim, S. S. Kim, “Structural, 

Electrical and Multiferroic Properties of Nb-doped 

Bi7Fe3Ti3O21 Thin Films”, New Physics: Sae Mulli, 

vol. 65(6), pp. 542-549, June 2015. 

[16] G. C. Rundupadang, R. Estrada, A. Kurniawan, E. 

Rohaeti, Irzaman, “Sifat optik LiTaO3 didadah Ga2O3 

berdasarkan metode Tauc Plot”, Prosiding Seminar 

Nasional Fisika dan Aplikasinya, vol. 1, pp. FM-07-

FM-11, November 2015. 

[17] Irzaman, Y. Pebriyanto, E. R. Apipah, I. Noor and A. 

Alkadri, “Characterization of Optical and Structural 

of Lanthanum Doped LiTaO3 Thin Films”, Integrated 

Ferroelectrics, vol. 167(1), pp. 137-145, 2015. 


