|
mScientific.Net

B Fubisrvr in Matwnals Scance & Ergnoanng

Paper Titles

Contact Formation at Interface of
LSCO | BCEY | LSCO Symmetrical Cell:
Effect of L5CO to PVP Ratio

p175

Preparation of Activated Carbon
Monolith Electrodes from Sugarcane
Bagasse by Physical and Physical-
Chemical Activation Process for
Supercapacitor Application

p179

The Effect of Paste Preparation and
Annealing Temperature of ZnO
Photoelectrode to Dye-Sensitized Solar
Cells (D55C) Performance

p.183

Utilization of Natural Porphyrin Thin
Films as a Photosensitizer for
Photodetectors

p187

Effect of Growth Temperature on
Cobalt-Doped TiO; Thin Films
Deposited on Si (100) Substrate by
MOCVD Technique

p.192

Fabrication of Aluminum Doped Silica
Preform Using MCVD and Sclution
Doping Technique: Soot Analyses and
Solution Concentration Effect

p197

The Influence of Mn/Ga Solution Mole
Fraction on the Solid Composition and
Microstructure of GaM:Mn Thin Film
Deposited on Silicon Substrate by Spin
Coating Technigue

p.203

Grain Size Analysis on Bap g55rp 35Ti03
Thin Films Using Design of Experiment
p211

Fabrication and Characterization of
Stacked Self-Azzembled
I'_n.:.,sGagl.,s.%.slfganF:iQuantum Dots

DISTRIBUTIOM & ACCESS

FOR PUBLICATION SUPPLEMENTS  ABOUTUS  CONTACT Us

Q ¥

Home » Advanced Materials Research » Advanced Materials Science and Technology

LOG IN

Effect of Growth Temperature on Cobalt-Doped TiO; Thin Films

Deposited on Si (100) Substrate by MOCVD Technique

Abstract:

subs
vapord
structural and morphological qualiny of CoTi

XRD wehile the merphalog

naracterized oy

zec M

dominant orier

Infao:

Periodica Advanced Materials Research (Volume 896)

Main Theme: Advanced Materials Science and Technology

Edired by: Kuwat Triyana, Khairurrijal, Risa Suryana, Heru Susanto and Sutikno

Pages 192-196

7] https://doi.org/10.402 8/ www.scientific.net/AMR.896.192

Cication: A. Saripudin et al., "Effect of Growth Temperature on Cobalt-Doped TiO; Thin
Films Deposited on 5i {100} Substrate by MOCVD Technigque”, Advanced Materials
Research, Vol. 896, pp. 192-196, 2014

Online since: February 2014

Authors Aip Saripudin, H. Saragih, Khairurrijal, Khairurrijal, (= Pepen Arifin *

Kaywords Co:Ti0;, Growth Rate, Growth Temperature, MOCVD, Thin Film

Export RIS, BibTeX

Price: 36,00 €

@, Request Permissions

* - Corresponding Author

References »

ADD TO CART



OMUMNE SYST.. [ UNAIOMLINE SYST.. [ UMNAIOMLMESYST.. [ UMNAIOMLINESYST.. [ CetakKTM @B Zebra ZXP Series 3. BB C

CONTACT US

a ¥ XN

Main Themes

DISTRIBUTION & ACCESS  FOR PUBLICATION  SUPPLEMENTS  ABOUT US

-Sc;ent;f.rc Net

=’uhl.‘n n Malerals Scenoe & Engineering

Home » Advanced Materials Research

Engineering Solutions for
Intensification of Production

Advanced Materials Science and Technology

Vaol. 902
P Book Wolume 896
Material Science and MEMS Production B o doi: https://doi.org/ 04028 www.scientific.net’/AMR.E95
Vol. 901
< |« 3|a|5|6]|7 xx
Advanced Marerials and Processing
Technologies: IFMPT 2014
Vol. 900 Hapstsitie Page
: i : Effect of Growth Temperature on Cobalt-Doped Ti0; Thin Films Deposited 192

EB%BUILD Buildings and Environment on 5i (100) Substrate by MOCVD Technique

Authors: Aip Saripudin, H. Saragih, Khairurrijal, Khairurrijal, Pepen Arifin
Vol. 899 Abstract: Co:Ti0; {cobalt-doped ttanium dioxide) thin films have been deposited on the

n-type 5i (100) substrate at the temperatures range of 325°C 430°C using MOCVD
Applied Material Science and Related ~Mare
Technelogies
LA Fabrication of Aluminum Doped Silica Preform Using MCWD and Solution 197

Doping Technique: Soot Analyses and Solution Concentration Effect
Binders and Marerials Xl Authors: Salah Mohammed Aljamimi, Z. Yusoff, H.A. Abdul-Rashid, Khairul M.5.
Vol. 897 Anuar, 5.2, Muhamad Yassin, M.I. Zulkifli, 5. Hanif, N. Tamchek

; Abstract: Lis [y f ticn doping in Modified Chemical Vapor

Depaosition (MCWD) used for silica o ber fabrication. This paper will concentrate
Advanced Materials Science and -.MOTE
Technology
Wol. 896 . . . 1

The Influence of Mn/Ga Solution Mole Fraction on the Solid Composition 203
Solid S o 4 Technol v and Microstructure of GaM:Mn Thin Film Deposited on Silicon Substrate by

ali —tate cience and Technology Spin Coating Technique

Vol. 895 Authors: Heri Sutanta, lis Nurhasanah, Istadi Istadi, Priyonao

Abstract: The influence of Mn/Ga solution on the characteristics of solid compasition
s and micrastructure of GalN:Mn thin film was studied. GaN:Mn thin films were deposited
Vol 894 =
Advanced Materials and Engineering Grain Size Analysis on Bap gs5rg 35Ti03 Thin Films Using Design of 211
Materials [l z Experiment
Val. 893 Aurthors: Vithyacharan Retnasamy, Zaliman Sauli, Rajendaran Vairavan, Steven

Taniselass, Muhamad Hafiz Ab Aziz, Phaklen Ehkan, Fairul Afzal Ahmad Fuad

Abstract: This paper presents the relationship between spin coating speed, heat
11th International Fatigue Cangress tregtment time, and annealing temperature in respanse to the grain size in
Wols. 891-892 «=MarE
Engineering Solutions for Fabrication and Characterization of Stacked Self-Assembled 215

Manufacturing Processes IV
Viols. B33-550

Advanrez in Marerialz and Mararialz

Ing.sGap sAs/GaAs Quantum Dots Grown by MOCVD

Authors: Didik Aryantcu Zulkafli Othaman, A. Khamim [smail

Abstract: Stacked self-assembled Ing sGag 'GaAs quantum dots (QDs) were grown
using metal organic chemical vapor ‘depo (MOCVD). Atomic force microscopy




Advanced Materials Research Vol. 896 (2014) pp 192-196
© (2014) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMR.896.192

Effect of Growth Temperature on Cobalt-doped TiO, Thin Films
Deposited on Si(100) Substrate by MOCVD Technique

Aip Saripudin'?, H. Saragih®, Khairurrijal', Toto Winata', and Pepen Arifin"*"

'Physics of Electronic Material Lab., Dept. of Physics, Faculty of Mathemathics and Natural
Science, Institut Teknologi Bandung, JI. Ganeca 10 Bandung 40132, Indonesia

’Dept. of Electrical Engineering Education, Faculty of Technology and Vocational Education,
Universitas Pendidikan Indonesia, JI. Dr. Setiabudhi 229 Bandung 40152, Indonesia

3Laboratory of Applied Technology, Universitas Advent Indonesia, Bandung, Indonesia
2aipsaripudin@yahoo.com, *pepen@fi.itb.ac.id

Keywords: Co:TiO,, MOCVD, growth temperature, growth rate, thin films.

Abstract. Co:TiO, (cobalt-doped titanium dioxide) thin films have been deposited on the n-type
Si(100) substrate at the temperatures range of 325°C — 450°C using MOCVD (metal organic
chemical vapor deposition) technique. We investigated the effect of growth temperature on the
structural and morphological quality of Co:TiO; thin films. The structure of Co:TiO, thin films
were characterized by XRD while the morphology and the thickness of films were characterized by
SEM. The XRD results reveal that all films show the anatase structure and the dominant orientation
of anatase phase depends on the growth temperature. The grain size of crystal increases as the
growth temperature increases. We also revealed that the growth rate of Co:TiO; film has a
maximum value at the growth temperature of 400°C.

Introduction

Ti0; has many interesting properties, such as high refractive index, high dielectric constant, and
chemically stable. TiO, is commonly used as a pigment, absorbent, catalyst supports, filters,
coatings, photoconductor, and the dielectric material [1]. Today, TiO, is also known as a
semiconductor with photocatalytic activity and has a high potential for applications such as
environmental purification, decomposition of carbonic acid gas, and the generation of hydrogen gas
[2]. In addition, cobalt-doped TiO, has demonstrated a ferromagnetic semiconductor at room
temperature to allow for use as spintronics devices [3].

TiO; has three different types of crystal structure, namely rutile, anatase, and brookite. Anatase is
anisotropic, tetragonal (a = b = 3,785 A, ¢ = 9,514 A) with a bandgap of 3.2 eV. Anatase structure
can be produced at low temperatures around 350°C. Rutile is also tetragonal (a =b = 4.593 A, ¢ =
2.959 A) with a bandgap of 3.0 eV [4, 9]. Rutile structure can be produced at the temperature of
400°C or higher. Brookite structure can be produced at high pressure and temperature but
thermodynamically very unstable compared to the two other structures.

TiO, thin films can be obtained by different growth techniques, for example, atomic layer
deposition, MBE (molecular beam epitaxy) [3], PLD (pulsed laser deposition), DC and RF
Sputtering [5 — 7], and MOCVD [1, 8, 10]. Beyond these technicques, MOCVD technique has
many advantages such as epitaxial growth possibility, selective deposition, and growth parameter
controlling simplicity. Therefore, MOCVD technique is known as a powerfull technique and
suitable for stoichiometric and microstructural thin film deposition [10].

Undoped TiO, and cobalt-doped TiO, can be deposited on LaAlOs, SrTiO,, and Si substrates.
Cobalt-doped TiO, deposited on LaAlO, and SrTiO, substrates have been extensively investigated
due to a small lattice mismatch [11]. But, silicon substrates are low cost, available in large
diameters, and have well characterized electrical and thermal properties [12] so many reseachers
used silicon substrate to deposite TiO; or cobalt-doped TiO; thin film [1,2,4-11].

This paper focuses on the investigation of the effect of growth temperature on the structural and
morphological quality of Co:TiO; thin films deposited on Si(100) substrate by MOCVD technique.
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Experimental Details

Co:TiO; thin films were grown by MOCVD technique. The films were deposited on n-type
Si(100) substrate. We used TTIP (titanium (IV) isopropoxide) as TiO, precursor, Co(TMHD); (tris
(2,2,6,6-tetramethyl-3,5-heptanedionate cobalt (III) as Co precursor, and THF (tetrahydrofuran).
The type of MOCVD reactor is cold-wall cylindrical vertical MOCVD reactor.

In this experiment, we mixed 20 mL TTIP, 900 mg Co(TMHD);3, and 20 mL THF in a bubbler
tube. The bubbler tube was then heated at a constant temperature of 100°C to evaporize the
precursor. The precursor vapor with pressure of 0,3 kg/cm® were transported by the argon gas to
the reactor chamber. The flowrate of argon gas was 70 sccm. In the reactor chamber, Si(100)
substrate was placed on the heater (molybdenum disc) using silver paste. The growth temperatures
were set at 325°C, 350°C, 375°C, 400°C, and 450°C, respectively. The reactor chamber pressure
was 2 X 107 torr and the growth time was 120 minutes.

The crystalline quality of Co:TiO, thin films was characterized by XRD (X-Ray Diffraction)
using Cu Ko radiation (A = 1,54060 A). The grain size of the films was calculated using the
Scherrer equation [7]:

0.894

b= Bcos@ (1

where D is the grain size, A is the wavelength, B is FWHM (full-width at half-maximum) of
diffraction peak, and @is diffraction angle.

The surface and cross-section morphology of film was characterized by SEM (scanning electron
microscope).

Results and Discussion

The XRD patterns of Co:TiO, thin films are shown in Fig. 1. According to these results, the
films have an anatase phase with different dominant orientation for each growth temperature. At the
growth temperature of 325°C and 350°C, the dominant of crystal orientation is A(211), where “A”
stands for anatase, and its relative intensity decreases as the growth temperature increases. At the
growth temperature of 375°C and 400°C, the dominant of crystal orientation is A(112) and its
relative intensity decreases as the growth temperature increases. At the growth temperature of
450°C, the dominant of crystal orentations are A(112) and A(211). Based on these results, it is
revealed that the growth temperature play an important role to the crystal orientation.

A(101)  A(112) A211)

400°C

375°C
A(200)

Intensity (a.u.)

350°C
325°C
20 30 40 50 60 70 80 90

20 (deg.)

Figure 1. XRD patterns of Co:TiO; thin films grown at different growth temperatures.

The grain sizes of crystals were calculated using (1). The grain size dependence to the growth
temperature is shown in Fig. 2. The grain size of crystal is about 70 nm at 325°C and 75 nm at
350°C. The grain size of crystal decreases to 74 nm at 375°C, but increases as the growth
temperature increases. Therefore, the grain size of crystal tends to increases as the growth
temperature increases.
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Figure 2. Grain size of crystal of the films grown at different growth temperatures.

Figure 3. SEM images of Co:TiO; thin films grown at temperature of (a) 325°C,
(b) 350°C, (c) 375°C, (d) 400°C, and (e) 450°C.

The increasing of the grain size of crystal could be roughly seen from the SEM images as shown
in Fig. 3. On the left-hand size of Fig. 3, the surface morphologies of films are shown. Based on the
SEM images, it is shown that the grain size of crystal increases between the growth temperature of
325°C and 350°C, then decreases at the growth temperatures between 350°C and 375°C, and
increases again for the growth temperature between 375°C and 450°C. We can also see that the
surfaces of films are generally smooth and homogeneous.

The cross-sectional of SEM image of the film is shown on the right-hand side of Fig. 3. Based on
the SEM images, we found that films structure mainly composed of columnar-shaped grains. The
columnar-shaped of crystal is perpendicular to the direction of film deposition. As the growth
temperature increases, the grain size of crystal increases and the width of columnar-shaped of
crystal also increases. The increasing of the crystal grain size as the increasing of growth
temperature is supposed by the increasing of decomposition rate of the precursor at the substrate
surface [9].

The dependence of the growth rate with the growth temperature is shown in Fig. 4. The growth
rate of film has a maximum value at the growth temperature of 400°C. For the growth temperature
less than 400°C, the growth rate increases as the temperature increases. This result indicates that the
film deposition is controlled by diffusion. Furthermore, for the growth temperature higher than
400°C, the growth rate decreases as the temperature increases. It could be associated with some
desorption, precursor decomposition at gas phase, or pre-reaction with residual gases. In the other
word, the films deposited at high temperatures are denser than the films deposited at low
temperatures. The same tendency of the growth rate has been reported for other MOCVD systems

[9].
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Figure 4. Dependence of the growth rate with the growth temperature.

Conclussions

We have deposited Co:TiO, thin films on Si(100) substrate by MOCVD technique at growth
temperatures in the range of 325°C - 450°C. The structural and morphological qualities of films
have been investigated. It is revealed that the films have anatase phase with the dominant of crystal
orientation depends on the growth temperature. The grain size of crystal increases as the growth
temperature increases. The growth rate of film increases as the growth temperature increases for the
growth temperature in the range of 325°C and 400°C. On the other hand, the growth rate of film
decreases as the growth temperature increases for the growth temperature in the range of 400°C -

450°C. The growth rate of Co:TiO, film has the maximum value at the growth temperature of
400°C.
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