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ABSTRACT 

This experiment aims to investigate the electrical conductivity and the resonance frequency of thin films. The 
materials of thin film made from 7059 corning glass substrate, lithium acetate, tantalum pentoxide, gallium oxide and also 
using 2-methoxyethanol as solvent. The growth of thin film is done by using the tool of spin coater at 7059 corning glass 
substrate with dimension 11 cm2 and annealed in furnace for eight hours with a temperature of 550 oC. Thin films also 
have been prepared by Metal Organic Chemical Vapor Deposition (MOCVD) technique to create the aluminum contacts at 
7059 corning glass substrate and the thin film layer with dimension 22 mm2. The thin film is measured by using LCR 
meter to found the data of conductance and phase in range frequency at 50Hz - 5MHz. The results of electrical 
conductivity curve shows in range 10-8 - 10-6 and LiTaO3 with doping (10%) Ga2O3 shows increasing the number of 
resonance frequency. Based on these results, it can be concluded that the thin films classified into semiconductormaterial 
and 10% Ga2O3-doped LiTaO3 generates the increasing number of resonance because of vibration from Ga2O3 ion. 
 
Keywords: thin film, semiconductor, LiTaO3, Ga2O3, the electrical conductivity. 
 
INTRODUCTION 

Ferroelectrics thin film has been used in variety 
of applications for electronic and optical electricity [1]. 
One of the chemical material could be used to making thin 
film layer is Lithium Tantalate (LiTaO3). Based on the 
characteristic of ferroelectric material, one of the thin film 
which is made from LiTaO3 material also could have the 
properties of piezoelectric, pyroelectric, electro-optical 
and nonlinear optical coefficients [2-4]. LiTaO3also have 
the high dielectric constant and high load storage capacity 
[5, 6]. 

LiTaO3 is a memberof alkali tantalatewithin the 
R3c space group ofperovskite crystal structure[7-10]. 
Based on the transport of electrons, the phenomenon of 
conductivity in materials is influenced by the ionization 
impurity and electron-hole pairs [11, 12] that related with 
the ability of conduction. Figure-1 shows the range of 
electrical conductivity for 3 materials (insulator, 
semiconductor and conductor) [13]. 
 

 
 

Figure-1. Range of electrical conductivity. 
 

One of the methods that used to manufacture the 
thin film layer is Chemical Solution Deposition (CSD) [5, 
14]. Chemical Solution Deposition (CSD) is the coating 

process of chemical solution on to the surface of substrate 
[2, 15]. In addition, this experiment also using spin coating 
technique to control stoichiometric movement of the 
chemical solution during the rotation process [6, 16]. The 
aims of this experiment are classify of thin films that have 
been made based on characteristic of electrical 
conductivity and also resonance frequency based on 
characteristic of phase. 
 
METHODOLOGY 

The equipments that used in this experiment are 
an analytical scale type ADAM equipment, a BRANSON 
2510 ultrasonic device, a spin coater, a VULCAN TM 3-
130 furnace, a HIOKI 3532-50 LCR HiTESTER. The 
materials of thin film made from 7059 corning glass 
substrate, lithium acetate [Li(CH3COO), 99.99% purity], 
tantalum pentoxide [(Ta2O5), 99.8% purity], gallium oxide 
[(Ga2O3), 99.998% purity] and 2-methoxyethanol 
[(CH3OCH2CH2OH)]. In this experiment, the substrate of 
7059 corning glass was cutted by using a glass cutter with 
dimension 11 cm2. The substrate washed by using aqua 
bidest for 30 seconds then drying with tissue. 

The chemical formula of thin film layer at 
solubility of 1 M that has been produced by mixing: 
 
a. Lithium acetate [Li(CH3COO), 99.99% purity] with a 

mass of 0.1650 gram. 
b. Tantalum pentoxide [(Ta2O5), 99.8% purity] with a 

mass of 0.5524 gram. 
c. Gallium oxide [(Ga2O3), 99.998% purity] with a mass 

of 0 gram as 0% doping and a mass of 0.0590 gram as 
10% doping. 

d. 2.5 ml of 2-methoxyethanol [CH3OCH2CH2OH] as 
solvent. 
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The materials were weighed with an analytical 
scale type ADAM equipment. Next, the solution was 
sonicated with BRANSON 2510 as an ultrasonic device 
for 90 minutes to get a homogeneous LiTaO3 solution. 

The growth of thin film was done by using the 
tool of spin coater on speed of 3000 rpm for 30 seconds. 
The coating process of the thin film layer at 7059 corning 
glass substrate with dimension 11 cm2 was repeated three 
times in each interrupt time for one minute by using 
Chemical Solution Deposition (CSD) method. The 
annealing process that were done by using furnace (type 
VULCAN TM 3-130) intended to shaping crystal of LiTaO3 
solution (without and with doping (10%) Ga2O3) at 7059 
corningglass substrate with a temperature of 550 oC for 
eight hours. 

The contacts of thin film were created by closing 
the substrate using aluminum foil with leaving a small 
hole dimensionless 22 mm2 on sides 7059 corning glass 
substrate and the layer of thin film. The next process was 
continued by creating aluminum contacts using Metal 
Organic Chemical Vapor Deposition (MOCVD) 
technique, then installation of fine copper wire using a 
silver paste on the contacts surface. Finally, the thin 
filmswere measured by using LCR meter (HIOKI 3532-50 
LCR HiTESTER) to found the data of conductance and 
phase at a range frequency of 50 Hz - 5 MHz (see Figure-
2). 
 

 
 

Figure-2. Layers of thin film. 
 
RESULTS AND DISCUSSIONS 

The conductance of thin films were measured by 
using LCR meter (HIOKI 3532-50 LCR HiTESTER) and 
displayed in the form of curve (see Figure-3) at a range 
frequency of 50 Hz - 5 MHz. 
 

 
 

Figure-3. Curve of conductance. 
 

From conductance data, the value of resistance 
(R) can be calculated by using the equation (1)[17] and 
displayed in the form of curve (see Figure-4) at a range 
frequency of 50 Hz - 5 MHz. 

R = 
1

G
                                                                            (1) 

 
with: 
R  = resistance (unit: ) 
G  = conductance (from measurement data) 
 

 
 

Figure-4. Curve of resistance. 
 

The next calculation was continued by following 
the equation (2) to obtain the value of electrical 
conductivity [11, 17] and displayed in the form of curve 
(see Figure-5) at a range frequency of 50 Hz - 5 MHz. 
 

 =  
L

RA
                                                                            (2) 

 
with: 
  = electrical conductivity (unit: S/cm) 
L  = film thickness(110-4 cm) 
R  = resistance (unit: ) 
A  = aluminum contact surface area (410-2 cm2) 
 

 
 

Figure-5. Curve of electrical conductivity. 
 

Figure-5 shows the curve of electrical 
conductivity as a function of frequency according to 
calculation from equation (2) and it is seen that thin films 
shows in interval 10-8 - 10-6. Based on Figure-1, it can be 
classified that thin films are semiconductor materials. The 
phase of thin films were measured by using LCR meter 
(HIOKI 3532-50 LCR HiTESTER) and displayed in the 
form of curve (see Figure-6). 
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Figure-6. Curve of phase. 
 

In Figure-6, the resonance frequency from 
LiTaO3 without (0%) doping Ga2O3 is 4101779 Hz, but 
the resonance frequency from LiTaO3 with (10%) doping 
Ga2O3 are 1801953 Hz, 2983979 Hz and 4241266 Hz. It 
can be concluded that LiTaO3 with doping (10%) Ga2O3 
afford increasing the number of resonance frequency 
compared with LiTaO3 without (0%) doping Ga2O3. 
 
CONCLUSIONS 

In this experiment, the curve that describing 
electrical conductivity was used to classify the thin films, 
and the points of frequency on the curve of phase was used 
to describing the number of resonance frequency in 
specific point.Based on the results of this experiment, it 
can be concluded that the thin films are classified into 
semiconductor material and 10% Ga2O3-doped LiTaO3 
generates the increasing number of resonance which is 
indicate the vibration from Ga2O3 ion in specific 
frequency. 
 
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] J. Liman, B. Harsono, A. Kurniawan, E. Rohaeti, 

Irzaman, “Making Photodiode Based on 
Ba0.5Sr0.5TiO3 ThinFilm on P-type Si (100) Substrate 
with Chemical Solution Deposition (CSD) Method”, 
Integrated Sci-Tech: The Interdisciplinary Research 
Approach, vol. 1, pp. 111-114,September 2015. 

[2] F. I. W. Sari, N. Djohan, A. Kurniawan, E. Rohaeti, 
Irzaman, “AnalisisEnergy Gap dan Indeks Bias 
LiTaO3 Didadah Ga2O3 Berdasarkan Metode 
Reflektansi”, Prosiding Seminar Nasional Fisika dan 
Aplikasinya, vol. 1, pp. FM-12-FM-17, November 
2015. 

[3] 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. 

[4] T. Singh, A. Kumar and U. C. Naithani, “Field 
dependent sound attenuation in PbTiO3 and 
KNbO3ferroelectric perovskites”,Indian Journal of 
Pure & Applied Physics, vol. 48(5), pp. 343-348, May 
2010. 

[5] N. Djohan, R. Estrada, D. Sari, M. Dahrul, A. 
Kurniawan, J. Iskandar, H. Hardhienata and Irzaman, 
“The effect of annealing temperature variation on the 
optical properties test of LiTaO3 thin films based on 
Tauc Plot method for satellite technology”, IOP 
Conference Series: Earth and Environmental Science, 
vol. 54, pp. 012093-1-012093-5, 2017. 

[6] A. Ismangil, R. P. Jenie, Irmansyah, Irzaman, 
“Development of lithium tantallite (LiTaO3) for 
automatic switch on LAPAN-IPB Satellite infra-red 
sensor”, Procedia Environmental Sciences, vol. 24, 
pp. 329-334, 2015. 

[7] 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. 

[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] M. Friedrich, A. Schindlmayr, W. G. Schmidt and S. 
Sanna, “LiTaO3 phonon dispersion and ferroelectric 
transition calculated from first principles”, Physica 
Status Solidi B, vol. 253(4), pp. 683-689, 2016. 

[10] R. Estrada, N. Djohan, D. Pasole, M. Dahrul, A. 
Kurniawan, J. Iskandar, H. Hardhienata and Irzaman, 
“The optical band gap of LiTaO3 and Nb2O5-doped 
LiTaO3 thin films based on Tauc Plot method to be 
applied on satellite”, IOP Conference Series: Earth 
and Environmental Science,vol. 54, pp. 012092-1-
012092-5, 2017. 

[11] N. B. Hasan and M. A. Mohammed, “Electrical 
properties of (PbO)1-x (CdO)x thin films fabricated by 



                                    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 

 

 
                                                                                                                                               3782 

spray pyrolysis technique”, Advances in Applied 
Science Research, vol. 6(7), pp. 116-121, 2015. 

[12] A. W. Nuayi, H. Alatas, I. S. Husein and M. Rahmat, 
“Enhancement of Photon Absorption on BaxSr1-xTiO3 
Thin-Film Semiconductor Using Photonic Crystal”, 
International Journal of Optics, vol. 2014, pp. 
534145-1- 534145-8, January 2014. 

[13] Irzaman, A. Maddu, H. Syafutra dan A. Ismangil, “Uji 
Konduktivitas Listrik dan Dielektrik Film Tipis 
Lithium Tantalate (LiTaO3) yang Didadah Niobium 
Pentaoksida (Nb2O5) Menggunakan Metode Chemical 
Solution Deposition”, Prosiding Seminar Nasional 
Fisika 2010, Bandung, Indonesia,August 2010, ISBN: 
978-979-98010-6-7. 

[14] Irzaman, R. Erviansyah, H. Syafutra, A. Maddu dan 
Siswadi, “Studi Konduktivitas Listrik Film Tipis 
Ba0.25Sr0.75TiO3 Yang Didadah Ferium Oksida (BFST) 
Menggunakan Metode Chemical Solution 
Deposition”, Berkala Fisika, vol. 13(1), pp. 33-37, 
Januari 2010. 

[15] A. Ismangil, Irmansyah and 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. 

[16] M. Misbakhusshudur, A. Ismangil, Aminullah, 
Irmansyah and 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. 

[17] “Conductance and Conductivity”, Electronics World, 
2013. [Online]. Available: 
https://electronicspani.com/conductance-and-
conductivity/. [Accessed: 27-Dec-2016]. 


