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ABSTRACT

Conductive graphene coated film of rubber silicone polymer was prepared
using the facile and simple spin coating technique. Graphene coated films have been
studied tremendously worldwide and attracted much attention as they have great
potential in flexible optoelectronic applications. Traditionally, Indium Tin Oxide
(ITO) have been used for decades as electrodes but high mechanical brittleness of ITO
makes it unsuitable for flexible devices. Thus, studies on finding the alternatives for
ITO increase by time. In this present work, rubber silicone polymer was used as
substrate due to its high transparency and flexibility while graphene was used as
coating layer as it has great properties. The main aims of this project include to develop
high conductivity electrode together with optimum aforementioned properties.
Deposition of graphene solution was varied from 1 to 8 drop. Several parameters were
used; dispersion duration (1 & 2.5 hours) and coating speed (500 & 1000rpm) obtain
the best sample. Longer sonication time produced better dispersed graphene while
lower coating speed resulted in better scattered graphene coating. In the present work,
Sample 3 with 3 drops of graphene solution was found to have the best properties
among all. Conductivity was set to be the most important property, hence was set as
the first screening. The highest current value recorded was 0.2 x 10®> A at V=10
meanwhile for flexibility test, current value dropped by 100 times as resistivity
increased. As drop number increased, the deposition of graphene on substrate
increased causing the formation of graphite from graphene. This resulted in very low
conductivity for Sample 6, 7, and 8 with current value ~1 x 10°°A which closed to
reference sample with current value ~1 x 10%°A. However, results obtained are
respectively low compared to electrical properties of graphene from literature which
will be further discussed in this report. Optical microscope image shows the presence
of graphene but agglomeration was spotted on the substrate which explains the low

current value in most samples.
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ABSTRAK

Polimer silikon getah disaluti graphene telah disediakan menggunakan teknik
salutan ringkas. Filem bersalut graphene telah banyak dikaji di seluruh dunia dan
menarik perhatian kerana mempunyai potensi besar dalam aplikasi optoelektronik
fleksibel. Secara tradisinya, Indium Tin Oxide (ITO) telah digunakan selama beberapa
dekad sebagai elektrod tetapi kerapuhan mekanikal yang tinggi menjadikannya tidak
sesuai untuk peranti fleksibel. Oleh itu, kajian mencari alternatif untuk ITO bertambah
mengikut masa. Dalam kerja ini, polimer silikon getah digunakan sebagai substrat
kerana ketelusan dan kelenturannya yang tinggi manakala graphene digunakan sebagai
salutan kerana ia mempunyai ciri-ciri yang hebat. Matlamat utama projek ini termasuk
untuk menghasilkan elektrod berkonduktiviti tinggi. Jumlah titisan graphene
dimanipulasi dari 1 hingga 8 titis. Beberapa parameter digunakan; tempoh penyebaran
(1 & 2.5 jam) dan kelajuan salutan (500 & 1000rpm). Masa sonikasi yang lebih lama
menghasilkan graphene yang lebih baik sementara kelajuan salutan yang lebih rendah
menghasilkan salutan graphene yang lebih baik konsisten. Dalam kerja ini, Sample 3
dengan 3 titisan titisan graphene didapati mempunyai sifat terbaik antara semua.
Konduktiviti telah ditetapkan sebagai sifat yang paling penting, oleh itu telah
ditetapkan sebagai pemeriksaan utama. Nilai arus tertinggi yang direkodkan ialah 0.2
x 10?2 A pada V = 10 sementara untuk ujian fleksibiliti, nilai arus menurun sebanyak
100 kali apabila resistiviti meningkat. Apabila jumlah titisan meningkat, pemendapan
graphene pada substrat meningkat menyebabkan pembentukan graphite dari graphene.
Ini mengakibatkan kekonduksian yang sangat rendah seperti Sampel 6, 7, dan 8 dengan
nilai arus ~ 1 x 10 A yang hampi kepada sampel rujukan dengan nilai arus ~ 1 x 10°
10 A, Walau bagaimanapun, nilai arus yang diperoleh adalah rendah berbanding
dengan sifat elektrik graphene dari literasi yang akan dibincangkan dalam laporan ini.
Imej mikroskop optik menunjukkan kehadiran graphene tetapi aglomerasi dilihat pada

substrat yang menerangkan nilai semasa yang rendah dalam kebanyakan sampel.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

Nowadays, great attention has been attracted to the synthesis of field emission
display (FED) structures materials made from polymers due to their enhanced optical,
electrochemical and electrical properties intrinsically associated with their low
dimensionality. Materials with a remarkable combination of high electrical
conductivity and optical transparency are important components of various
optoelectronic devices such as organic light emitting diodes (OLEDSs), energy storage
and conversion (supercapacitors), batteries, fuel cells, solar cells, and
bioscience/biotechnologies [1].

In the case of emission display, these components work as anodes to extract
separated charge carriers from the absorbing region, while in the case of OLEDs, they
inject charge carriers without affecting the light out-coupling efficiency. Traditionally,
Tin-doped Indium Oxide (ITO) and Fluorine-doped Tin Oxide (FTO) have been used
for most OLEDs for almost four decades. The ability to deposit these materials with
controlled thickness and controlled doping concentration has significantly contributed

to their widespread application [1,2].



However, the next generation of optoelectronic devices requires transparent
conductive electrodes (TCEs) to be lightweight, flexible, cheap, and compatible with
largescale manufacturing methods, in addition to being conductive and transparent.
These requirements severely limit the use of ITO as transparent conductors because
ITO films fail under bending, restricting their use in flexible optoelectronic devices
[2]. In addition, the limited availability of indium sources resulting in ever-increasing
prices of indium creates an urgent need to find other materials that can work as

transparent conductors for future optoelectronic devices [1].

The question arises: what materials can fulfil these requirements? Having
realized the need to replace ITO, the research community has made significant
advances in this direction, with identification and evaluation of potential candidate
materials. The most significant materials among these are carbon nanotube (CNT)
films, graphene films, metal gratings, and random networks of metallic nanowires [3].
Vis a vis, the study on the new contender; graphene, has increased exponentially since
it was first isolated in 2004 as it has enhanced the behaviour of polymer especially in
electronic applications.

Graphene, a two-dimensional (2D) single layer building block for sp2 carbon
allotropes, exhibits remarkable electronic and mechanical properties. The discovery of
graphene has revolutionized the field of electronics owing to its excellent and
mechanical stability and electronic properties such as high flexibility and optical
transmittance, which paves the way for ultrafast electronic devices, bio- and chemical
sensors graphene is a single sheet of sp2- bonded carbon atoms. As a zero band gap
semiconductor, its electronic structure is unique in the sense that charge carriers are
delocalized over large areas, making it a scattering-free platform for carrier transport.
High Fermi-velocity and the ability to dope the graphene films externally result in
extremely high in-plane conductivities [4].

In this project, various properties of spin-coated graphene film on polymer
substrate will be investigated. Conductive films with different layers were made by
spin-coating graphene dispersed in dichloromethane (DCM) onto a rubber polymer
substrate (1cm x 1cm). Then their properties including morphological, compositional,



structural and optical properties of the nanocomposites will be characterized and
further discussed.

1.2 Research Motivation

In spite of the tremendous progress of miniaturized electronic technology,
further development to soft electronics is still limited by the rigidity of the materials
themselves. Electronic devices on flexible and stretchable substrates, defined as soft
electronics, are contrasted to traditional rigid chips using conventional substrates and
metals. The strategies for developing soft electronics are driven by the investigation of
new materials which are bendable, twistable, flexible and stretchable. Toward the basic
requirement of replacing traditional rigid silicon electronics by new materials,
structure engineering, such as structures in “wavy” layouts and the open mesh

geometry have also been investigated to achieve stretchability.

In recent years, graphene has been found as replacement to transparent
conductive oxides such as FTO and ITO as flexible electrode displays. Graphene is
expected to act as an excellent conducting transparent electrode material because of its
extraordinary electrical, thermal, and mechanical properties including a carrier
mobility exceeding 10* cm?/Vs and a thermal conductivity of 102 W/mK [5,7]. In this
work, rubber silicon polymer is introduced as substrate, which meets aforementioned
requirements of strong interaction and electrical conductivity.  Rubber has
perfluoroalkyl backbones which have higher hydrophobicity than the traditional
hydrocarbon-based surfactants and may have stronger interaction with graphene than

other traditional surfactants.



1.3 Problem Statement

ITO has dominated the transparent electrode market for several decades due to
its high transparency and conductivity [1]. It is a commercially dominant transparent
conductor with relatively high conductivity (sheet resistance of 10-20 Q/cm) and
transmission (>80%) in the visible region of the solar spectrum. However, brittleness,
scarcity of indium and relatively high cost have hindered its application in the

emerging fields, such as flexible, stretchable and wearable devices [2].

1.3.1 Increase in Price of Indium

ITO is a ternary composition of indium, tin and oxygen in varying proportions.
Depending on the oxygen content, it can either be described as a ceramic or alloy.
Indium tin oxide is typically encountered as an oxygen-saturated composition with a
formulation of 74% In, 18% O2, and 8% Sn by weight.at However, the scarcity of
indium resources in the world and its high demand from the display industry has

created large cost fluctuations and future supply concerns [2].

An official report on the market trend of minerals United States Geological
Survey (USGS) suggests that the price of indium increased by approximately 25%
between 2010 and 2011 from $570/kg reaching a maximum of $780/kg in the U.S.
while world-wide production of indium increased only by 5%. The price of indium has
fluctuated anywhere between 10 and 40% annually in the past 5 years [2,4]. Apart
from the volatility of indium prices, its incorporation in the processing of ITO requires
high preparation temperatures and vacuum-based highly energy intensive deposition

techniques such as sputtering, thus further increasing the cost of ITO.



1.3.2 Flexibility of ITO

Despite its high conductivity and transparency, ITO is not flexible as it has high
mechanical brittleness and will break under little strain that make it unsuitable for
flexible electronic devices. Apart from that, it also has bad adhesion to organic and
polymeric materials. Gu et al. deposited ITO layer on PET substrate and then the
substrates were operated bending test (100 times) with various range to study the effect
of cyclic bending on ITO films’ sheet resistance using four-point probe [6]. They
reported that as the radius of bending test decreased, the reduction of device properties,
such as current density, brightness, and quantum efficiency. They also found that the
sheet resistance of ITO films increased as the radius of bending decreased (Figure 1.1),

hence making it not feasible for flexible FEDs [6].
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Figure 1.1: Graph of Sheet Resistance against Radius [2]

Thus, alternatives such as conducting polymers, carbon nanotubes, graphene,
and metallic networks have been proposed where in this particular report will focus on

graphene.



1.4  Research Objectives

The objective is to prepare high transparency and flexibility graphene coated

electrode using ion irradiation and spin coating methods.

1. To study the effect on film transparency with respect to the amount of graphene
dispersed on each sample.

2. To obtain high conductivity of current improved by the graphene coating.

3. To characterize the morphological, compositional, structural and optical properties

of the structure.

1.5  Research Scope

The objective of the project can be obtained through the research scopes that
outlined as follows:
1. Fabrication of polymer sheet using polymer & Elastomer (Rubber Silicon
Polymer)
2. Coating the surface using spin coating technique
3. Transparency and conductivity analysis
4. Characterization of its mechanical properties

1.6 Research Activities

The implementation of this study has been summarized into a flowchart as
shown in Figure 1.2. This study is focused on the preparation of the graphene coated
substrate made from Silicon Rubber Polymer. Firstly, the preparation of the
experimental setup is performed. Graphene then were dispersed in DCM. The film
were prepared using spin coating method and its properties will be investigated by
varying a few parameters such as amount of graphene dispersed and ultra-sonication

time.



Next, the morphological of the film structures will be performed using Optical
Microscope. Due to equipment’s availability issue and time constraint,
characterization using SEM and TEM was not possible. Meanwhile, the electrical
properties were characterized using 2 probe tester and the transparency were studied

qualitatively. All data collected was analysed.

‘ Preparation of experimental setup For Polymer/Gr \
Film

IFIlICOI‘] Rubber Substratrl Dispersion of Gr

Preparation
_

Spin coating graphene onto substrate

V

Characterization of the morphological,
compositional, structural and optical spectra of
Polymer/Gr structures using OM and 2 probe tester

Data collection analysis

Figure 1.2: Research Activities



1.7  Significance of Research

This research addresses various electronic sectors’ strategic objectives. It
includes achieving maximum plant useful life and cost/risk-focused decision making
in regulation, operation, and design. This research also focuses on developing a
methodology to address materials degradation/aging.

The preparation technique can be a cost effective, less tedious method for real
life applications. Conventional method such as using ITO is assumed to obsolete soon

due to cases mentioned before. Thus, finding such alternatives is vital.

1.8 Thesis Overview

This thesis is organized into 5 chapters. Chapter 1 gives a brief introduction of
the research background on the application of flexible devices, problem statements.

The objectives, research scopes and research activities are also presented.

Chapter 2 presents a comprehensive review of literature on the ITO and
graphene properties together with their application. The first part of this chapter
explains the structural, optical and electronic properties of ITO in order to provide in-
depth knowledge of ITO materials. Then it briefly explains the need to replace ITO
and candidate materials in research world today. Method and application of graphene

then are discussed together with nanostructures.

In chapter 3, the details of experimental procedures in this research are
described. The substrate preparation and the experimental setup are explained in the
first part. Second parts describe the coating procedure with its parameter. The

characterization techniques and equipment used are mentioned in the last part.

In chapter 4, results obtained from characterisations are analysed and discussed
in details. The effect of drop numbers on samples conductivity and transparency are

described which following the objectives of this project. Other than that, the effect of



flexibility on samples conductivity are also discussed. The last part shows the analysis

of samples’ morphology.

Finally, chapter 5 concludes the results obtained and discusses the future

research directions.



[1]
[2]

[3]

[4]

[5]

[6]

REFERENCES

Article, P., The rise of graphene. , pp.183-191

Bao, C. et al., 2012. Preparation of graphene by pressurized oxidation and
multiplex reduction and its polymer nanocomposites by masterbatch-based melt
blending. Journal of Materials Chemistry, 22(13), p.6088. Available at:
http://xlink.rsc.org/?DOI=c2jm16203b [Accessed December 6, 2014].

Czajka, M., Shanks, R. a. & Kong, 1., 2013. Preparation of graphene and
inclusion in composites with poly(styrene-b-butadiene-b-styrene). Science and
Engineering of Composite Materials, pp.1-10. Available at:
http://www.degruyter.com/view/j/secm.ahead-of-print/secm-2013-0119/secm-
2013-0119.xml [Accessed December 3, 2016].

Hu, K. et al., 2014. Graphene-polymer nanocomposites for structural and
functional applications. Progress in Polymer Science, pp.1-39. Available at:
http://linkinghub.elsevier.com/retrieve/pii/S0079670014000367 [Accessed May
12, 2017].

Kuilla, T. et al., 2010. Recent advances in graphene based polymer composites.
Progress in Polymer Science, 35(11), pp.1350-1375. Available at:
http://linkinghub.elsevier.com/retrieve/pii/S0079670010000699 [Accessed June
11, 2017].

Li, X. et al., 2014. Preparation of polylactide/graphene composites from liquid-
phase exfoliated graphite sheets. Polymer Composites, 35(2), pp.396—403.
Available at: http://doi.wiley.com/10.1002/pc.22673.



http://doi.wiley.com/10.1002/pc.22673

78

[7] Nobel Foundation. Nobel Prize in Physics 2010.

[8] Sabzi, M. et al., 2013. Graphene nanoplatelets as poly(lactic acid) modifier:
linear rheological behavior and electrical conductivity. Journal of Materials
Chemistry A, 1(28), p.8253. Available at: http://xlink.rsc.org/?DOIl=c3ta11021d
[Accessed November 28, 2016].

[9] Singh, V. etal., 2011. Graphene based materials: Past, present and future.
Progress in Materials Science, 56(8), pp.1178-1271. Available at:
http://linkinghub.elsevier.com/retrieve/pii/S0079642511000442 [Accessed June
10, 2017].

[10] MD Jacunski, MS Shur, M Hack, Threshold voltage, field effect mobility, and
gate-to-channel capacitance in polysilicon TFT's. IEEE Trans. Electron.
Devices. 43, 1433-1440 (1996). doi:10.1109/16.535329

[11] DH Oh, YH Lee, Stability and cap formation mechanism of single-walled
carbon nanotubes. Phys. Rev. B 58, 7407-7411 (1998).
doi:10.1103/PhysRevB.58.7407

[12] E Artukovic, M Kaempgen, DS Hecht, S Roth, G GrUner, Transparent and
flexible carbon nanotube transistors. Nano Lett. 5, 757-760 (2005).
d0i:10.1021/n10502540

[13] L Hu, W Yuan, P Brochu, G Gruner, Q Pei, Highly stretchable, conductive, and
transparent nanotube thin films. Appl. Phys. Lett. 94, 161108 (2009).
doi:10.1063/1.3114463

[14] Q Liu, Z Liu, X Zhang, L Yang, N Zhang, G Pan, S Yin, Y Chen, J Wei,
Polymer photovoltaic cells based on solution-processable graphene and P3HT.
Adv. Funct. Mater. 19, 894-904 (2009). doi:10.1002/adfm.200800954

[15] T Durkop, SA Getty, E Cobas, MS Fuhrer, Extraordinary mobility in
semiconducting carbon nanotubes. Nano Lett. 4, 35-39 (2004).
doi:10.1021/n1034841

[16] I-H Lee, J-W Im, U-J Kim, E-J Bae, K-K Kim, E-H Lee, Y-H Lee, S-H Hong,
Y-S Min, Low temperature growth of single-walled carbon nanotube forest.



79

Bull. Kor. Chem. Soc. 31, 2819-2822 (2010).
doi:10.5012/bkcs.2010.31.10.2819

[17] K Hata, DN Futaba, K Mizuno, T Namai, M Yumura, S lijima, Water-assisted
highly efficient synthesis of impurity-free single-walled carbon nanotubes.
Science 306, 1362-1364 (2004). doi:10.1126/science.1104962

[18] ZF Ren, Synthesis of large arrays of well-aligned carbon nanotubes on glass.
Science 282, 1105-1107 (1998). doi:10.1126/science.282.5391.1105

[19] UJ Kim, IH Lee, JJ Bae, S Lee, GH Han, SJ Chae, F Guenes, JH Choi, CW
Baik, SI Kim, JM Kim, YH Lee, Graphene/Carbon nanotube hybrid-based
transparent 2D optical array. Adv. Mater. 23, 3809— (2011).
d0i:10.1002/adma.201101622

[20] D Wang, P Song, C Liu, W Wu, S Fan, Highly oriented carbon nanotube
papers made of aligned carbon nanotubes. Nanotechnology 19, 075609 (2008).
d0i:10.1088/0957-4484/19/7/075609

[21] SC Lim, K Lee, IH Lee, YH Lee, Field emission and application of carbon
nanotubes. Nano 2, 69-89 (2007)

[22] SC Lim, HK Choi, HJ Jeong, Y1 Song, GY Kim, KT Jung, YH Lee, A strategy
for forming robust adhesion with the substrate in a carbon-nanotube field
emission array. Carbon 44, 2809-2815 (2006).
doi:10.1016/j.carbon.2006.03.030

[23] L Hu, DS Hecht, G Gruner, Percolation in transparent and conducting carbon
nanotube networks. Nano Lett. 4, 2513-2517 (2004). doi:10.1021/n1048435y

[24] A Moisala, AG Nasibulin, EI Kauppinen, The role of metal nanoparticles in the
catalytic production of single-walled carbon nanotubes - a review. J. Phys-
Condense Matter. 15, S3011-S3035 (2003). doi:10.1088/0953-8984/15/42/003

[25] RC Tenent, TM Barnes, JD Bergeson, AJ Ferguson, B To, LM Gedvilas, MJ
Heben, JL Blackburn, Ultrasmooth, large-area, high-uniformity, conductive

transparent single-walled-carbon-nanotube films for photovoltaics produced by



80

ultrasonic spraying. Adv. Mater. 21, 3210-3216 (2009).
doi:10.1002/adma.200803551

[26] H-Z Geng, KK Kim, KP So, YS Lee, Y Chang, YH Lee, Effect of acid
treatment carbon nanotube-based flexible transparent conducting films. J. Am.
Chem. Soc. 129, 7758—+ (2007). doi:10.1021/ja0722224

[27] Z Wu, Z Chen, X Du, JM Logan, J Sippel, M Nikolou, K Kamaras, JR
Reynolds, DB Tanner, AF Hebard, AG Rinzler, Transparent, conductive carbon
nanotube films. Science 305, 1273-1276 (2004). doi:10.1126/science.1101243

[28] W Jong Yu, S Yol Jeong, K Kang Kim, B Ram Kang, D Jae Bae, M Lee, S
Hong, S Prabhu Gaunkar, D Pribat, D Perello, M Yun, J-Y Choi, Y Hee Lee,
Bias-induced doping engineering with ionic adsorbates on single-walled carbon
nanotube thin film transistors. New J. Phys. 10, 113013 (2008).
doi:10.1088/1367-2630/10/11/113013

[29] Tena-Zaera, R., Elias, J., Wang, G. and Levy-Clement, C. Role of chloride ions
on electrochemical deposition of ZnO nanowire arrays from O reduction. J.
Phys. Chem. C. 2007. 111:16706-16711.

[30] Chroder, D. K. Semiconductor Material and Device Characterization. 3rd. ed.
Hoboken, New Jersey: John Wiley & Sons, Inc. 2006.

[31] Energy Dispersive.  Retrieved 14 October, 2014,

from http://www4.nau.edu/microanalysis/microprobe/EDS

[32] Barrett, C. R., Nix, W. D. and Tetelman, A. S. The Principles of Engineering
Materials, Prentice-Hall, Inc. 1973.

[33] Raegan Lynn Johnson. Characterization of Piezoelectric ZnO Thin Films and the
Fabrication of Piezoelectric Micro-Cantilevers. Masters Thesis, lowa State
University, Ames lowa. 2005.

[34] Dapeng wang. Fabrication and Characterization of ZnO Related Materials Thin
Films for Optical Device Application. Doctor of Philosophy, Kochi University of
Technology Kochi, Japan, 2012.



81

[35] Photoluminescence. Retrieved 14 October, 2014, from
http://www2.warwick.ac.uk/fac/sci/physics/current/postgraduate/regs/mpags/

ex5/techniques/optical/pl/

[36] Choi, W. Lahiri, I. Seelabayina, R. Kang, Y. S. Synthesis of Graphene and Its
Application: A Review. Critical Review Solid State Materials Science. 2010. 35:
52-70.

[37] Mahmood, K., Park, S. S. and Sung, H. J. Enhanced photoluminescence, Raman
spectra and field-emission behavior of indium-doped ZnO nanostructures. J
Mater Chem C. 2013. 1:3138-3149.

[38] Rusli, N. I., Tanikawa, M., Mahmood, M. R., Yasui, K. and Hashim, A. M.
Growth of high-density zinc oxide nanorods on porous silicon by thermal
evaporation. Materials. 2012. 5:2817-2832.

[39] Ghosh, M. and Raychaudhuri, A. K. Shape transition in ZnO nanostructures and

its effect on blue-green photoluminescence. Nanotechnology 2008, 19:1-7.

[40] Xu, X. L., Lau, S.P., Chen, J. S., Chen, G. Y. and Tay, B. K. Polycrystalline ZnO
thin films on Si(100) deposited by filtered cathodic vacuum arc. J Cryst. Growth.
2001. 223:201-205.

[41] Hambali, N. A., Yahaya, H., Mahmood, M. R., Terasako, T. and Hashim, A.M.
Synthesis of zinc oxide nanostructures on graphene/glass substrate by
electrochemical deposition: effects of current density and temperature. Nanoscale
Res. Lett. 2014. 9:609.

[42] Aziz, N. S. A., Nishiyama, T., Rusli, N. I., Mahmood, M. R., Yasui, K. and
Hashim, A. M. Seedless growth of zinc oxide flower-shaped structures on
multilayer graphene by electrochemical deposition. Nanoscale Res Lett 2014.
9:337.

[43] Yang, H. Y., No, Y. S,, Kim, J. Y. and Kim. T. W. Effect of Potassium Chloride
Concentration on the Structural and Optical Properties of ZnO Nanorods Grown
on Glass Substrates Coated with Indium Tin Oxide Film. Jpn. J. Appl. Phys. 2012.
51(6):06FG13.



82

[44] Wu, J-J. and Liu, S-C. Low-Temperature Growth of Well-Aligned ZnO Nanorods
by Chemical VVapor Deposition. Adv Mater 2002, 14(3): 215-218.

[45] Umar, A., Kim, S. H., Kim, J. H, Al-Hayry, A., Hahn, Y. B.
TemperatureDependant Non-Catalytic Growth of Ultraviolet-
Emitting ZnO Nanostructures on Silicon Substrate by Thermal Evaporation
Process. J Alloys Compd 2008, 463: 516-521.

[46] Srivatsa KMK, Chhikara D, Kumar M S: Synthesis of Aligned ZnO Nanorod
Array on Silicon and Sapphire Substrates by Thermal Evaporation Technique. J
Mater Sci Technol 2011, 27(8): 701-706.

[47] Hambali, N. A., and Hashim, A. M. Synthesis of Zinc Oxide Nanostructures on
Graphene/Glass Substrate via Electrochemical Deposition: Effects of Potassium
Chloride and Hexamethylenetetramine as Supporting Reagents.

Nano-Micro Lett. 2015. DOI 10.1007/s40820-015-0045-5.

[48] Xiu, F., Yang, Z., Zhao D., Liu J., Alim, K. A., Balandin, A. A., Itkis, M. E. and
Haddon, R. C. ZnO growth on Si with low-temperature ZnO buffer layers by
ECR-assisted MBE. J Cryst. Growth. 2006. 286:61-65.

[49] Liu, X.,Wu, X., Cao, H. and Chang, R. P. H. Growth Mechanism and Properties
of ZnO Nanorods synthesized by Plasma-enhanced Chemical Vapor Deposition.
J. Appl. Phys. 2004. 95:3141.

[50] Terasako, T., Murakami, T., Yagi, M. and Shirakata, S. Shape controllability and
photoluminescence properties of ZnO nanorods grown by chemical bath
deposition. Thin Solid Films. 2013. 549:292-298.





