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ABSTRACT

Gallium Arsenide nanowires (GaAs NWs) have been grown on GaAs and
Silicon (Si) substrates by gold-assisted and using metal-organic chemical vapor
deposition (MOCVD) method. The structural properties and electrical conductivity
were studied and was found to be strongly dependent on the pre-annealing temperature,
growth temperature, growth period and V/III ratio. Pre-annealing process at 600 °C
has produced an eutectic point of Au and GaAs substrate and initiated the growth of
the NWs. The NWs were uniform in diameter and composition at a growth
temperature of 460 °C, growth period of 30 minutes and V/III ratio of 166. Activation
energy for the NWs in the temperature range (420 — 480) °C was found to be 58.86
kJ/mol. Energy dispersive X-ray analysis (EDX) indicated the presence of Au, Ga and
As. From the field-emission scanning electron microscopy (FE-SEM), the growth of
the NWs were at an elevation angle of 90°, 60°, 65° and 35° with respect to the GaAs
substrate for (111)B, (311)B, (110) and (100) orientations respectively. The NWs
grew vertically, randomly and horizontally on the Si(100) substrate when there was no
pre-annealing process, pre-annealing process at a temperature of 600 °C for 10 minutes
and an extended pre-annealing process at 450 °C for 7 minutes respectively. High-
resolution transmission electron microscope (HRTEM) micrograph showed the NWs
that grew on the GaAs(100) substrate has less structural defects when compared to the
GaAs(111)B. The electrical conductivity of the NWs from the measurement of the
conductive atomic force microscope (CAFM) showed similar to that of a p-n junction

characteristics. The energy gap for the GaAs NW was found to be 1.50 eV.
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ABSTRAK

Dawai nano Galium Arsenida (GaAs) telah ditumbuhkan di atas substrat GaAs
dan Silikon (Si) dengan bantuan zarah emas dan menggunakan kaedah pemendapan
wap kimia logam organik (MOCVD). Kajian sifat struktur dan kekonduksian elektrik
menunjukkan dawai nano GaAs sangat bergantung kepada suhu pra-sepuhlindap, suhu
pertumbuhan, masa pertumbuhan dan nisbah V/III. Proses pra-sepuhlindap pada
suhu 600 °C menghasilkan titik eutektik antara Au dan substrat GaAs, dan mula
merangsang penumbuhan dawai nano. Diameter dan komposisi yang seragam pada
dawai nano diperolehi pada suhu pertumbuhan 460 °C, masa pertumbuhan 30 minit
dan nisbah V/III 166. Tenaga pengaktifan dawai nano pada julat suhu (420 — 480) °C
adalah 58.86 kJ/mol. Analisis tenaga pembelauan sinar-X (EDX) menunjukkan
kehadiran Au, Ga dan As. Melalui kajian pancaran-medan mikroskop imbasan
elektron (FE-SEM), dawai nano GaAs tumbuh pada sudut kecondongan 90°, 60°, 65°
dan 35° terhadap permukaan substrat GaAs dengan masing-masing orientasi (111)B,
(311)B, (110) dan (100). Dawai nano tumbuh secara menegak, rawak dan mendatar di
atas substrat Si(100) masing-masing apabila tiada proses pra-sepuhlindap, pra-
sepuhlindap pada suhu 600 °C selama 10 minit dan pra-sepuhlindap tambahan pada
suhu 450 °C selama 7 minit. Mikrograf mikroskop pemancaran elektron resolusi
tinggi (HRTEM) menunjukkan dawai nano yang tumbuh pada substrat GaAs(100)
kurang struktur cacat berbanding substrat GaAs(111)B. Kekonduksian elektrik dawai
nano daripada pengukuran mikroskop konduktif daya atom (CAFM) menunjukkan
kesamaan terhadap pencirian simpang p-n. Jurang tenaga dawai nano GaAs yang

diperolehi adalah 1.50 eV.
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CHAPTER 1

BACKGROUND OF RESEARCH

1.1 Introduction

Nanotechnology is one of the fastest growing and most dynamic areas of
research in this decade. The growth can be felt with the emergence of increasingly
smaller electronic equipment such as smaller and higher performance computer
notebooks, handphones with sizes as small as two fingers, and slim but accessorised
with many applications, and many more electronic equipments. Similarly, the
information of a library can be loaded into the portable hard drives as the size of a
quarter of A4 size paper. For that reason, the quantity of raw materials necessary for
functioning devices and power consumption has been decreased. The cost required
for an operation will be reduced. The waste released into the air will be reduced
when the materials used decrease. Hence, this will trim down the release of carbon
dioxide into the environment and will save the earth. Malaysia is also actively
promoting the green earth. So as not to be left behind in the modernisation and
without missing the flow of life to enjoy the sophisticated and advanced technology,
many nano-based researches have been and are being actively carried out. This is
reflected in the establishment of centres such as Ibnu Sina Institute for Fundamnetal
Science Studies, Universiti Teknologi Malaysia, Institute of Science of Universiti
Teknologi Mara, Nanocomposite Center of Universiti Putra Malaysia, Institute for

Nano Electronics Engineering of Universiti Malaysia Perlis and many others.



The original idea of nanotechnology was presented by a physicist, Richard P.
Feynman in 1960 in his famous talk “There’s plenty of room at the bottom”
(Feynman, 1960). Nanotechnology is the study and fabrication of devices on the
nanometer scale (10”), where one nanometer is one billionth of a meter. One
nanometer is approximately the length equivalent to 10 hydrogen or five Si atoms
aligned in a line (Guozhong, 2005). The novel materials and devices made on
nanoscale offer unique and entirely different properties and applications as compared
to conventional technology. Materials in the microscale mostly exhibit physical
properties the same as that of bulk form. However, it is different in the nanoscale.
For example, the melting point of Au nanoparticle is lower than that of bulk Au since
it reduces lattice constant and number of surface atoms and becomes significant in
the thermal stability. Size effects become important when at least one dimension of a
crystal is reduced to the order of hundreds of atoms which is the length scale of
nanometers. This has instigated the explosive growth of the fields of nanoscience

and nanotechnology.

Many of the results in nanotechnology today are focused on applications of
semiconductor materials. Semiconductors are materials in which the electrical
conductivity depends on applied energy such as temperature due to the electronic
band structure of the material. The band gap between energy bands is sufficiently
narrow and the movement of electrons into the next energy band may occur with a
reasonable probability. This allows the materials to conduct electricity when
sufficient energy is supplied. This thesis focuses on GaAs materials which is the
II-V semiconductor compounds. It has a direct band gap (1.43 eV) meaning that
electrons and holes can combine directly while conserving momentum, a process that
results in the emission photon (Brozel and Stillman, 1996) and applicable for optical
applications (Lieber, 2003). The mobility carrier of GaAs is very high which is
8500 cm?V''s™! (Wang et al., 2008) compared to Si, which make it ideal for high
frequency electronic applications (Lauhon ef al., 2004 and Haraguchi et al., 1992).

Nanomaterials are commonly classified according to their dimensionabilities
as zero dimensional (dots), one dimensional (nanowires (NWs), nanotubes and
nanobelts) and two dimensional (thin films). These categories refer to the number of

dimensions in which the material is outside the nano regime (Wang, 2003). Much



work has been focused on the development and application of thin films and
quantum dots (QDs) compared to NWs. The formation and properties of thin films
are now well-understood, and these materials form the cornerstone of many high-
precision products including commercialized lasers, silicon microelectronics and
NASA quality optical components (Baca and Ashby, 2005). QDs are also easily
synthesized through wet chemistry and aerosol spray, and have been developed in the
past few decades into a host of commercial applications such as QD lasers and single
electron transistors (Coleman, 1997). Many researchers traditionally have not
pursued research into NWs due to their complex and corresponding lack of control
over their synthesis. However, NWs have grown and synthesis techniques have
greatly improved with the increasing of publications in NWs in the last ten years.
The potential for use in commercial environment, electronic and biological
applications have increased interest researchers from almost all science disciplines
and even to general public. Yet, the formation of NWs is incomplete, limited control
and contains structural defects. Also, an understanding of the basic process of NWs

has not fully understood and still in debate.

1.2 Semiconductor Nanowires

In the production of semiconductor NWs that meet the criteria of an
electronic device, epitaxial growth of NWs need to be highlighted. The tiny, wire-
shape structures with diameter less than 100 nanometers and length greater than 1
micron are effectively NWs. The other requirement for the future advanced
industrial application of NW materials are straight NWs, uniform in compositional

and uniform diameters.

Various techniques have been used to synthesized GaAs NWs such as metal-
organic chemical vapour deposition (MOCVD) (Hiruma et al., 1995; Hannah et al.,
2008 and Paiman et al., 2009), molecular beam epitaxy (MBE) (Ihn et al., 2007a;
Plante and LaPierre, 2008) and chemical beam epitaxy (CBE) (Persson et al., 2004).
GaAs NWs are commonly growth using vapor-liquid solid (VLS) technique by
applying metal Au as catalyst to initiate crystal growth. The VLS method was first



discovered by Wagner and Ellis (1964). Due to the presence of the metal on the
substrate, the geometry and atomic structure of the interface have been found to be
very critical to the NW growth. By regulation and preparation of the atomic

structure of interfaces, it can help produce high quality NWs.

Annealing temperature plays an important role in the eutectic alloy generated
of Au nanoparticle catalyst and substrate surfaces. In the eutectic phase, Au
nanoparticles can absorb vapours from the vaporization of the organic materials to
form NW crystal underneath the droplet particle. If the Au is in the solid phase, it
will not absorb any material and NW crystal did not occured. Investigation of the
annealing process has already been done by many researchers in the formation of
GaAs NWs (Seifert et al., 2004; Wang et al., 2008 and Ghosh et al., 2009).
However, many studies and observations of colloidal gold particles on GaAs
substrate at the early stages of formation were given less attention. Kawashima et al.
(2008) has reported the initial stages of Si NWs growth using transmission electron
microscopy (TEM). Other groups reviewed on the initial formation of Au catalyst on
the surface of the GaAs substrate using TEM and XRD (Ghosh et al., 2009; Mariager
et al., 2010). Atomic force microscopy (AFM) morphological studies of the surface
charatcerization of eutectic Au/Ga interface is reraly been done. AFM can image
surface structures down to atomic size near native conditions i.e, without capping the

sample the conductive layer.

An interesting subject in the VLS growth of NWs is changing their crystalline
orientation. Typically, the commonly used GaAs(111)B substrate results in III-V
semiconductor NWs grown in to the [111]B direction. This has been reported by
several groups in the growth of GaAs NWs (Hiruma et al., 1993 and Borgstrom et al.,
2004), InP NWs (Bhunia et al., 2004) and InAs NW (Dayeh et al., 2007a).
Important features found in the study of NW when it is grown in the [111]
orientation is a high density of twin stacking faults than growing in other orientation.
Moreover, NWs also crystallise in a hexagonal structure with higher grown
temperature and higher V/III ratio. Thus, from the perspective of quality crystal
produced, the NW growth with orientation other than [111] would be beneficial.
One method that can be used to change the direction of NW growth is by using

different substrate orientation. There are several problems that may arise as result of



different substrate orientation such as catalyst particle annealing (Krishnamachari et
al., 2004) and chemical treatment of the substrate surface (Ghosh et al., 2009), which
can affect the substrate surface. On the basis of energy consideration, Wang et al.
(2008) concludes that the (111)B direction is favourable as it minimises the surface

free energy of the liquid-solid interface.

In previous studies of GaAs NWs using MOCVD, mostly dealt with only
much thicker NWs (Hiruma et al., 1995; Hannah et al., 2007 and Dick et al., 2010).
A fundamental question remains on GaAs NWs, that is the minimum diameter of the
crystal NW which is attainable by the growth method. In order to address the
question, the growths of GaAs NWs are needed to study quantitatively. By applying
the Gibbs-Thomson effect, the growth rates of GaAs NWs have to be plotted with
variable diameters of NWs. It is found that GaAs NWs of smaller diameters are
likely to grow slower than those of larger diameters. The critical diameter which is

the minimum diameters of GaAs NW can be calculated from the plotted graph.

Si(100) substrate is widely used as a substrate in electronic industry for the
formation of resonant tunneling diodes (RTD) (Tan et. al, 2004a), light emitting
diodes (Roest et. al., 2006) and solar cells (Jayadevan and Tseng, 2005). The
application of NWs in the devices requires the fabrication of materials in the form of
horizontal to the substrate surface. Kang et al. (2010) in their studies had grown
GaAs buffer layers on Si substrate to minimize the lattice mismatch and by adding
the annealing temperature to the layer, the surface structure are formed in quality.
Horizontal growth of GaAs NW parallel to substrate offer a benefit of fabricating
integrated nanodevice arrays, but there are only a couple of reports about the growth
of laterally aligned NWs. Until now, there are a few studies on the horizontal growth
of Ga;03, ZnO and In,O3 NWs on sapphire and Si substrates (Kuo and Huang, 2008;
Nikoobakht et al., 2004 and Hsin et al., 2007), but essentially no reports describing
the direct horizontal growth of GaAs NWs on a substrate surface using MOCVD
method.

Characterisation of nanostructures is a challenging task because of the very
sensitivity required due to high surface to volume ratio. Although additional

characterisation tools are required to fully understand the chemical and structural



details of the chemical defects, electrical testing can provide a snapshot of the
underlying defects in the material. The uses of conductive atomic force microscopy
(CAFM) in nanoscale semiconductor devices are preferred because the conductivity
of any point can be measured by only probing the AFM tip in a few nanometers
distance from the surface. With the probe tip diameter of approximately 100 nm, the
conductivity of the material is measured more accurately as compared to the
conventional I-V measurements (Yanev et al., 2009). Accordingly, by using excess
CAFM, the electrical conductivity of horizontally grown GaAs NW can be measured

effectively, especially in different structures of the surface.

The electrical properties of NWs are critically dependent on their dimensions
and crystal structure (Dayeh, 2010). Small changes in the diameter of a NW can
significantly influence the separation of electronic energy states within the wire
owing to quantum confinement. Conductivity variations of this magnitude reflect
significant differences in dopant or defect concentrations in the wires. III-V
semiconductor NW, which is grown via VLS technique often contain numerous
stacking defects composed of ZB and WZ GaAs phase region (Banerjee et al., 2006).
These defects may influence the luminescence spectrum (Adu et al., 2006) and may
increased resistivity due to increasing the number of carbon-related impurities

(Thelander et al., 2010).

1.3 Problems Statement

GaAs NWs is one of the most fascinating III-V semiconductor NWs to be
further investigated for application in electronic and optoelectronic devices due to
their direct bandgap and higher mobility carrier (Lauhon ef al., 2004; Wang et al.,
2008 and Lieber, 2003). For the fabrication of NWs, a small size is not the only
requirement. For any practical application, the processing conditions need to be
highly controlled in such a way that the resulting NWs achieved the desired and
quality crystal structure with identical size (uniform size distribution), identical shape

or morphology and identical chemical composition.



Previous reports on GaAs NWs, however, still exhibit non-uniform
morphology such as tapering and high density of structure defects that should be
avoided (Hiruma et al., 2006; Borgstrom et al., 2007 and Ihn et al., 2006). Thereby a
well-controlled NW growth process with appropriate growth parameters must be
done in order to achieve GaAs NWs with uniform diameters and chemical
composition, less defect structure and higher electrical conductivity. Hence, this
study will be conducted in order to investigate the effect of variable growth
parameters on structural and electrical conductivities of GaAs NWs. Optimum
growth parameters and growth control will be selected in order to produce high

quality GaAs NWs.

1.4  Research Objectives

There are four objectives outlined in this thesis as follows:

1) to determine the effect of growth parameters i.e; annealing
temperature on gold colloids, growth temperature, growth period and
V/II ratio on the growth structure of GaAs NWs using MOCVD.

ii) to investigate the effect of annealing temperatures of gold colloids on
the growth direction of GaAs NW

iii) to characterize the effect of substrate orientation to the structure of
GaAs NWs

v) to obtain the energy band gap of GaAs NWs from electrical

conductivity measurement using CAFM.

1.5 Research Scopes

This thesis focuses on the structural and electrical properties of GaAs NWs
grown on GaAs(111)B, GaAs(311)B, GaAs(110), GaAs(100) and Si(100) substrates
by VLS mechanism. GaAs NWs were grown using vertical flow MOCVD that is



using purified hydrogen, H, as a carrier gas to transport the precursor materials.
Substrate was first treated with gold colloids as catalyst to initiate the growth of NWs.
The growth parameters addressed in these studies are growth temperature in the
range of 380 — 600 °C, growth period (10 — 60 mins), V/III ratio (17 to 297) and
substrate of different orientation. The metal-organic source was trimethylgallium
(TMGa) and organo-substitude hydride (AsH;) was used as group V source.
Annealing temperatures are deeply studied for the formation of NW structures by

changing the process of annealing temperature on gold colloids particle.

Field emission scanning electron microscopy (FE-SEM) was used to visualise
very small topographic details on the substrate surface and GaAs NW itself whether
in plan view or in cross-section. Energy dispersive X-ray spectroscopy (EDX) was
used to measure the changes in elemental composition of gold colloid particles,
GaAs NWs and the substrate used. Crystallinity and orientation of GaAs NWs were
studied by X-ray diffraction (XRD) technique. Transmission electron microscopy
(TEM) was used to obtained accurate information about defects and structure in
GaAs NWs. Electrical conductivity of GaAs NW at different point along the NW
was investigated by conductive atomic force microscopy (CAFM). With extracting
data from a current-voltage measurement, the energy gap (E,) at different section on

the GaAs N'W can be calculated.

1.6  Significance of the Study

Coupled with the emergence of high technology NW fabrication,
semiconductor NW is produced in atomic arrangement and can be applied in the
electronic and optoelectronic application. GaAs NWs due to its properties such as
high electron mobility, direct band gap and high quantum efficiency are potentially

use in solar cells and lasers.

On the fabrication, the vertical reactor used in this study are rarely been used
by other researchers. Various parameters such as annealing temperature on gold

colloids, growth temperature, growth period, V/III ratio and substrate orientation can



be modified to produce an optimum value of effective NWs. Although many studies
have been done on the different growth temperature, the values that were found are
different. This may depend on the characteristics of the device itself. The detailed
studies of catalyst forming also are not fully explored. In this regard, studies relating
the effect of annealing on gold colloids and NW formation will be discussed in
detailed. Direct horizontal growth of GaAs NWs was determined by applying
extended annealing process on the gold colloids. GaAs NWs have successfully been
grown on different orientation substrate such as (100), (311)B and (110) with
minimal twin defect structure compared to when using (111)B substrate. Another
factor that influences the structure of the GaAs NW is the growth rate of NWs.
Through the observation of growth rate of NWs, the activation energy of a substance
and minimum diameter of GaAs NW can be calculated. This was also a significant

study of GaAs NW and the Au nanoparticles catalyst.

In the structural characterisation of GaAs NWs, the equipment that is used
does not only measure the micro size, but even up to atomic level resolution
including FE-SEM and TEM. In electrical properties, measurements made were
based on actual usage of applications in semiconductor industries. This is in contrast
with the other characterisations which focused on the chemical analysis. The tool
used in the characterisation of the electrical properties is conductive atomic force
microscopy (CAFM). Study on the structural and electrical properties can enhance

the basic understanding on the effect of those parameters on the GaAs NWs.

1.7 Outline of Thesis

Chapter 1 presents a general background of nanotechnology, semiconductor
NWs and the growth review of GaAs NWs. This is followed by the objectives and
scopes of the study. The general physical properties of bulk GaAs are presented in
Chapter 2. Theory on vapour-liquid-solid related to the NW growth is also
described. Chapter 3 focuses on the experimental works including GaAs NW growth
and characterisation process. A brief overview of each characterisation technique

was discussed. Results and analyses are reported in Chapter 4. This chapter is
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divided into four sections referring to the four different objectives but closely related.
Section One is related to optimal parameters. The effects of different growth
parameters such as annealing effect on the gold colloids, growth temperature, growth
period and V/III ratio are studied in order to achieve optimised growth conditions.
Section Two involves the annealing process on the NW formation. Section Three is
referring to different orientation substrates used to NW structure and lastly the
electrical characterisation of GaAs NWs was discussed in Section Four. Chapter 5
concludes the thesis by describing the main observations and recommending some

future works.



111

REFERENCES

Adachi S. (2005). Properties of group-IV, ITI-V and II-VI semiconductors. 1* edition:
John Wiley & Sons Ltd. England. p 4-9.

Adu K. W., Xiong Q., Gutierrez H. R., Chen G. and Eklund P. C. (2006). Raman
scattering as a probe of phonon confinement and surface optical modes in
semiconducting NWs. Applied Physics A-Materials Science & Processing.
Vol 85. p 287 —297.

Baca A. G. and Ashby C. L. H. (2005). Fabrication of GaAs devices. The Institution
of Electrical Engineers. 1* edition. London, UK. p 12-14

Banerjee R., Bhattacharya A., Genc A. and Arora B. M. (2006). Structure of twins in
GaAs NWs grown by the vapour-liquid-solid process.  Philosophical
Magazine Letters. Vol 86 (12) p 807-816.

Bauer J, Gottschalch V, Paetzelt H, Wagner G, Fuhrmann B, Leipner H. S. (2007),
Journal of Crystal Growth. Vol 298. p 625

Bauer J., Fleischer F., Bretenstein O., Schubert L., Werner P., Gosele U and
Zacharias M. ( 2007). Electrical properties of nominally undoped silicon
NWs grown by molecular-beam epitaxy. Applied Physics Letter. Vol 90. p
012105

Bhunia S, Kawamura T, Fujikawa S, Nakashima H, Furukawa K, Torimitsu K and
Watanabe Y. (2004). Vapour-liquid-solid growth of vertically aligned InP
NWs by metalorganic vapour phase epitaxy. Thin Solid Films. Vol 464-465, p
244-247

Bokhonov B., Korchagin M. (2000). In situ investigation of stage of the formation
of eutectic alloys in Si-Au and Si-Al systems. Journal of Alloys and
Compounds. Vol 312. p 238-250



112

Bolkhovityanov Y. B. and Pchelyakov O. P. (2008). GaAs epitaxy on Si substrates:
modern status of research and engineering. Physics-Uspehki-review topical
problems. Vol 51 (5). p 437-456.

Bondi S. N, Lackey W. J., Johnson R. W., Wang X. and Wang Z. L. (2006). Laser
assisted chemical vapor deposition synthesis of carbon nanotubes and their
characterization. Carbon. Vol 44. p 1393-1403.

Borgstrom M, Depert K, Samuelson L and Seifert W (2004). Size- and shape
controlled GaAs nanowhiskers grown by MOVPE : a growth study. Journal
of crystal growth. Vol 260. p 18 — 22.

Borgstrom M, Immink G, Ketelaars B, Algra R, E.P.A.M Bakkars. (2007).
Synthesis-Regime change for NW growth. Nature Nanotechnology. Vol 2. p
541

Brandon D. D and Kaplan W. D. (1999). Microstructural Characterisation of
Materials. Wiley: New York. p 35-40

Brozel M. R. and Stillman G. E. (1996). Properties of Gallium Arsenide. 3" edition.
UK : Inspec, London. p 120-130

Bushan B. (2007). Springer Handbook of Nano-technology. 2™ edition, Springer
Berlin Heidelberg; New York. p 113 — 160.

Byon K., Tham D., and Fischer J. E. (2007). Systematic study of contact annealing:
Ambipolar silicon NW transistor with improved performance. Applied
Physics Letters. Vol 90. p 143513.

Cai Y., Chan S. K., Sou I. K., Chan Y. F., Su D. S and Wang N. (2006). The size-
dependent growth direction of ZnSe NWs. Advance Material. Vol 18. p 109-
114

Chan S. K., Cai Y., Wang N. and Sou I. K. (2006). Control of growth orientation for
epitaxially grown ZnSe NWs. Applied Physics Letters. Vol 88. p 13108

Charles E. L., Dale E. N., Joseph I. G., David B. Williams, Alton D. Romig, Jr. John
T. Amstrong, Patrick Ech, Charles E. Fiori, David C. Joy, Eric Lifshin &
Klaus-Ruediger Peters (1990). Scanning Electron Microscopy, X-Ray
Microanalysis & Analytical Electron Microscopy — A Laboratory workbook.
Ist edition. New York: Plenum Press. p 40-45

Chen G. (2005). Nanoscale energy transport and conversion-A parallel treatment of
electrons, molecules, phonons & photons. 2" edition. Oxford University

Press; New York. p 98 - 106



113

Coleman J. J. (1997). MOCVD for Optoelectronic Devices. Proceeding Of The
IEEE. Vol 85. p 1715-1729.

Cortie M. B. (2004). The weird world of nanoscale gold. Gold Bulletin. Vol 37. p 12-
19.

Davidson F. M., Schricker A. D., Wiacek R. J and Korgel B. A. (2004). Supercritical
Fluid-Liquid-Solid Synthesis of Gallium Arsenide NWs Seeded by
Alkanethiol-Stabilised Gold Nanocrystals. Advanced Materials. Vol 16. No 7.
p 646-649.

Dayeh S. A. (2010). Electron transport in indium arsenide NWs-topical review.
Semicond. Sci. Technol. Vol 25. p 024004.

Dayeh S. A., Yu E. T. and Wang D. (2007a). IlI-V NW Growth Mechanism: V/III
ratio and temperature Effects. Nanoletters. Vol 7 (8). p 2486

Dayeh S. A., Yu E. T. and Wang D. (2007b). Excess Indium and Substrate Effects on
the growth of InAs NWs. Small. Vol 3. p 1683

DenBaars S. P, Maa B. Y., Dapkus P. D, Danner A. D, Lee H. C. (1986).
Homogeneous and Heterogeneous Thermal Decomposition Rates of
Trimethylgallium and Arsine and Their Relevance to the growth of GaAs by
MOCVD. Journal of Crystal Growth. Vol 77. p 188.

Dick K. A., (2008). A review of NW growth promoted by alloys and non-alloying
elements with emphasis on Au-assisted III-V NWs. Progress in Crystal
Growth and Characterisation of Materials. Vol 54. p 138

Dick K. A., Caroff P., Bolinsson J., Messing M. E., Johansson J., Depert K.,
Wallenberg L. R. and Samuelson L. (2010). Control of III-V NW crystal
structure by growth parameter tuning. Semiconductor Sci. Technology. Vol 25.
024009.p 1- 11

Dick K. A., Deppert K., Karlsson L. S., Larsson M. W., Seifert W., Wallenberg L. R.
and Samuelson L. (2007). Directed growth of branched NW structures. MRS
Bulletin. Vol 32. p 127.

Duan X. and Lieber C. M. (2000). General synthesis of compound semiconductor
NWs. Advanced Material. Vol 12. p 298 — 302.

Dunaevskiy M, Dementyev P, Egorov V, Polyakov P, Samsonenko Y, Cirlin G and
Titkov A. (2009). Measurements of current-voltage characteristics of separate

single GaAs nanowhiskers. Physica Status Solidi. Vol 6. p 2701-2703.



114

Dupas C, Houdy P and Lahmani M. (2007). Nanoscience : Nanotechnologies and
Nanophysics.Zrld Edition. Springer Berlin Publisher. p 56-32

Egerton R. F. (2005). Physical Principles of electron microscopy-An introduction to
TEM, SEM & AEM. 1st edition. New York : Springer. p 67 - 75

El-Naggar M. Y., Gorby Y A, Xia W and Nealson K. H. (2008). The molecular
density of states in bacterial NWs. Biophysical Journal: Biophysical Letters.
Vol 95. Issue 1. p 10-12.

Feynman R. P. (1960). There’s Plenty of Room at the Bottom: An Invitation to Enter
a New World of Physics. FEngineering and Science. online:
http://www.zyvex.com/nanotech.feynman.html.

Fumagalli L., Casuso I., Ferrari G. and Gomila G. (2008). Probing electrical
transport properties at the nanoscale by current-sensing atomic force
microscopy. Applied Scanning Probe Methods. Vol VIII. Springer-Verlag:
Heidelberg. p 421 — 450.

Gacem K., Hdiy A. E, Troyon M., Berbezier 1. and Rhonda A. (2010). Conductive
AFM microscopy study of the carrier transport and storage in Ge nanocrystal
grown by dewetting. Nanotechnology. Vol 21. 065706.p 1 - 6

Gang C., Shujie W., Cheng K., Jiang X., Wang L., Linsong Li, Zuliang Du and
Guangtian Zou (2008). The current image of a single Cuo NW studied by
conductive atomic force microscopy. Applied Physics Letter. Vol 92. p
223116.

Ghosh S. C., Kruse P. and LaPierre R. R. (2009). The effect of GaAs (100) surface
preparation on the growth of NWs. Nanotechnology. Vol 20. p 115602.
Givargizov E. 1.(1975). Fundamental Aspects of VLS Growth. Journal of Crystal

Growth. Vol 31. p 20 — 30.

Glas F., Harmand J. C and Patriarche G. (2007). Why does wurtzite form in NWs of
III-V zinc blende semiconductors. Physics Review Letter. Vol 99 (14) p
146101.

Gobeli G. W. and Allen F. G. (1965). Physical Review. Vol 137. p 245 - 254
Grundmann M. (2006). The Physics of semiconductors-An introduction including
devices and nanophysics. Springer-Verlag Berlin Heidelberg: Germany.

Gu G., Burghard M., Kim G. T, Dusberg G. S, Chiu P. W., Krstic V., Roth S.and
Han W. Q. (2001). Growth and electrical transport of germanium NWs,
Journal of Applied Physics. Vol 90. p 5747-5751



115

Guozhong Cao (2005). Nanostructures & nanomaterials-synthesis, properties &
applications. 2nd edition. USA : Imperial College Press. World scientific
publishing. p 67 - 69

Gupta S., Patel R. J., Smith N., Giedd R. E and Hui D. (2007). Room temperature dc
electrical conductivity studies of electron-beam irradiated carbon nanotubes.
Diamond and Related Materials. Vol 16. p 236-242

Hannah J. J, Qiang Gao, Tan H H, Chennupati Jagadish, Yong Kim, Xin Zhang,
Yanan Guo and Jin Zou. (2007). Twin-Free Uniform Epitaxial GaAs NWs
Grown by a two-temperature process. Nanoletters. Vol 7(4), p 921-926.

Hannah J. J., Gao C., Tan H. H., Jagadish C., Kim Y, Fickenscher M. A, Perera S.,
Hoang T. B., Smith L. M, Jackson H. E., Yarrison-Rice J. M, Zhang X. and
Zou J. (2008). High Purity GaAs NWs Free of Planar Defects : Growth and
Characterisation. Advanced Functional Materials. Vol 18. p 3794-3800.

Haraguchi K., Katsuyama T., Hiruma K. and Ogawa K. (1992). GaAs p-n junction
formed in quantum wire crystal. Applied Physics Letter. Vol 60 (6). p 745 —
747.

Harmand J. C., Tchernycheva M., Patriarche G., Travers L., Glas F. and Cirlin G.
(2007). GaAs NWs formed by Au-assisted molecular beam epitaxy-effect of
growth temperature. Journal of Crystal Growth. Vol 301-302. p 853-856

Hiruma K, Haraguchi K, Yazawa M, Yuuichi Madakoro and Toshio Katsuyama
(2006). Nanometre-sized GaAs wires grown by organo-metallic vapour-phase
epitaxy. Nanotechnology. Vol 17. p369-p375.

Hiruma K, Katsuyama T, Ogawa K., Koguchi M, Kakibayashi H and Morgan G. P,
(1991), Quantum size microcrystals grown using organometallic vapour
phase epitaxy. Applied Physics Letter. Vol 59 (4). p 431.

Hiruma K, Yazawa M., Haraguchi K, Ogawa K, Katsuyama T, Koguchi M and
Kakibayashi H. (1993). GaAs free-standing quantum-size wires. Journal of
Applied Physics. Vol 74 (5). p 3162-3171.

Hiruma K, Yazawa M., Katsuyama T. , K. Ogawa, K. Haraguchi, M. Koguchi and H.
Kakibayashi. (1995). Growth and optical properties of nanometer-scale GaAs
and InAs whiskers. Journal of Applied Physics. Vol 77 (2). p 447.

Hong S. (2000). Equilibrium shape of hydrogen-covered diamond and silicon
surfaces. Journal of the Korean Physical Society. Vol 37. No 2. p 93-98.



116

Hsin C. L., He J. H., Lee C. Y., Wu W. W_, Yeh P. H., Chen L. J. and Wang Z. L.
(2007). Lateral self-aligned p-type In,O3 NWs arrays epitaxially grown on Si
substrate. Nano Letters. Vol 7 (6). p 1799.

Huang J. X. and Kaner R. B. (2004). Flash welding of conducting polymer
nanofibres. Nature Materials. Vol 3. p 783.

Hultgren A, Tanase M, Chen C. S., Meyer G. J. and Reich D. H. (2003). Cell
manipulation using magnetic NWs. Journal of Applied Physics. Vol 93 (10).
P 7554-7556.

Ihn S. G, Song J. I, Kim T. W, Leem D. S., Lee T., Lee S. G., Koh E. K. and Song
K. (2007a). Morphology and oriented controlled GaAs NWs on Si substrates.
Nanoletters. Vol 7 (1). p 39-44.

Ihn S. G., Song J. I., Kim Y. H., Lee J. Y and Ahn I. H (2007b). Growth of GaAs
NWs on Si substrates using a Molecular Beam Epitaxy. IEEE Transaction on
Nanotechnology. Vol 6. No 3. p 384-389.

Ihn S. G., Song J. I., Kim Y. H., Lee J. Y and Ahn I. H. (2006). GaAs NWs on Si
substrate by a molecular beam epitaxy. Applied Physics Letter. Vol 89. Issue
5.p 53106.

Ito T, Okazaki S. (2000). Pushing the limits of lithography. Nature. Vol 406. p 1027-
1031.

Jayadevan K. P., Tseng T. Y. (2005). One dimensional semiconductor
nanostructures as absorber layers in solar cells. Journal of Nanoscience and
Nanotechnology. Vol 5(11). p 1768-1784

Jiangtao H, Teri Wang Odom and Charles M. Lieber (1999). Chemistry and Physics
in One Dimension: Synthesis and properties of NWs and nanotubes. Accounts
of Chemical Research. 32. p 435-445

Johansson J., Brent A Wacaser, Dick K. A. and Seifert W. (2006). Growth related
aspects of epitaxial NW. Nanotechnology. Vol 17. p 355

Kang J. H., Gao Q., Joyce H. J., Tan H. H., Jagadish C., Kim Y., Choi D. Y., Guo Y.,
Xu H., Zou J., Fickenscher M. A., Smith L. M., Jackson H. E. and Yarrison-
Rice J. M. (2010). Novel growth and properties of GaAs NWs on Si
substrates. Nanotechnology. Vol 21. 035604.p 1 -6

Kawashima T., Mizutani T., Masuda H., Saitoh T. and Fujii Minoru (2008). Initial
Stage of Vapor-Liquid-Solid Growth of NWs. Journal of Phys. Chem. C.
Vol 112.p 17121-17126.



117

Kayali, S., Ponchak, G. and Shaw, R. (1996). Gads MMIC Reliability Assurance
Guideline for Space Applications. Pasadena, California: Jet Propulsion
Laboratory California Institute of Technology. p 1-10

Kikkawa J., Ohno Y. and Takeda S. (2005). Growth rate of Si NW. App. Phys
Letter. Vol 86. p 123109

Koguchi M, Kakibayashi H, Yazawa M, Hiruma K and Katsuyama T. (1992). Japan
Journal Applied Physics. Vol 31. p 2061.

Kramer A, Albrecht M., Torsten B., Remmele T., Schramm P. and Fornari R. (2009).
Self-assembled and ordered growth of silicon and germanium NWs.
Supperlattices and Microstructures. Vol 46. p 277-285.

Krishnamachari U., Borgstrom M., Ohlsson B. J., Panev N., Samuelson L., Seifert
W., Larsson M. W. and Wallenberg L. R. (2004). Defect-free InP NWs
grown in [001] direction on InP (001). Applied Physics Letters. Vol 85 (11).
p 2077-2079.

Kumar A. S (2008). Electronic devices and Integrated Circuits. 2" edition. Prentice
Hall of India. Private limited. New Delhi. p 89 - 99

Kuo C. L. and Huang M. H. (2008). The growth of ultralong and highly blue
luminescent gallium oxide NWs and nanobelts, and direct horizontal NW
growth on substrates. Nanotechnology. Vol 19. p 155604

Lauhon L. J., Gudiksen M. S. and Lieber C. M. (2004). Semiconductor NW

heterostructure. Phil. Trans. R. Soc. Lond, A, Vol 362. p 1247-1260

Lerch W. and Stolwijk N. A. (1998). Diffusion of gold in silicon during rapid
thermal annealing. Journal of Applied Physics. Vol 83.p 1312

LiJ., Yang W. S. and Tan T. Y. (1992). Enhancement of gold solubility in silicon
wafers. Journal of Applied Physics. Vol 71.p 527

Li N, Tan T Y. and Goesele U (2007). Chemical tension and global equilibrium in
VLS nanostructure growth process: from nanohillocks to NWs. Applied
Physics A. Vol 86. p 433

Li S. (2006). Semiconductor Physical Electronics. 2" edition. New York: Springer.
p 61-104

Liang X., Tan S., Tang Z and Kotov N. A. (2004). Investigation of transversal
conductance in semiconductor CdTe NWs with and without a coaxial silica

shell. Langmuir. Vol 20 (20). p 1016-1020.



118

Lieber C. M. (1998). One-dimensional nanostructures: Chemistry, physics and
applications. Solid State Communications. Vol 17. No 11. p 607-616

Lieber C. M. (2003). Nanoscale science and technology: Building a big future from
small thing. MRS Bulletin. p 486-491.

MaD.D.D,LeeC. S, AuF. C. K, Tong S. Y and Lee S. T. (2003). Small-Diameter
Silicon NW Surfaces. Science.Vol 299. p 1874 — 1877.

Marco A. R. A., Pedro H. L. de Faria and Edmundo S. B. (2004). Current-voltage
characterisation and temporal stability of the emission current of silicon tip
arrays. Microelectronic Engineering. Vol 75. p 383-388

Mariager S. O., Lauridsen S. L., Sorensen C. B., Dohn A., Willmott P. R., Nygard J.
and Feidenhans I. R. (2010). Stages in molecular beam epitaxy growth of
GaAs NWs studied by x-ray diffraction. Nanotechnology. Vol 21. p 115603.

Markov I. V. (1995). Crystal growth for beginners: fundamentals of nucleation,
crystal growth and epitaxy. World Scientific Press. Singapore. p 56 - 80

Messing M. E., Hillerich K, Johansson J. Depert K. and Dick K. A. (2009). The use
of gold for fabrication of NW structures. Gold Bulletin. Vol 42. No 3. p 172.

Mikkelsen A., Skold N., Ouattara L., Borgstrom M., Andersen J. N., Samuelson L.,
Seifert W., Lundgren E. (2004). Direct imaging of the atomic structure inside
a NW by scanning tunneling microscopy. Nature Materials. Vol 3. p 519

Morgan G. P., Ogawa K., Hiruma K., Kakibayashi H. and Katsuyama T. (1991).
Optical characterisation of GaAs quantum wire microcrystals. Solid State
Communications. Vol 80. p 235 - 238

Niebelschutz M., Cimalla V., Ambacher O., Machleidt T., Ristic J., Calleja E. (2007).
Electrical performance of gallium nitride nanocolumns. Physica E. Vol 37. p
200-203

Nikoobakht B., Michaels C. A., Stranick S. J. and Vaudin M. D. (2004). Horizontal
growth and in situ assembly of oriented zinc oxide NWs. Applied Physics
Letter. Vol 85. p 3244

Odom T. W., Huang J. L., Kim P. and Lieber C. M. (1998). Atomic structure and
electronic properties of single-walled carbon nanotubes. Nature. Vol 391. p

62.



119

Paiman S., Gao Q., Tan H. H., Jagadish C., Pemasiri K., Montazeri M., Jackson H.
E., Smith L. M., Yarrison-Rice J. M., Zhang X and Zou J. (2009). The Effect
of V/III ratio and catalyst particle size on the crystal structure and optical
properties of InP NWs. Nanotechnology. Vol 20. 225606.p 1 - 7

Paiano P., Prete P., Lovergine N and Mancini A. M. (2006). Size and shape control
of GaAs NWs grown by metalorganic vapor phase epitaxy using
tertiarybutylarsine. Journal of Applied Physics. Vol 100. p 094305

Paiano P., Prete P., Speiser E., Lovergine N., Richter W., Tapfer L. and Mancini A.
M. (2007). GaAs NWs grown by Au-catalyst-assisted MOVPE using
tertiarybutylarsine as group-V precursor. Journal of Crystal Growth. Vol
298. p 620-624

Pecharsky V. and Zavalij P. (2005). Fundamentals of Powder Diffraction and
Structural Characterisation of Materials. 2nd edition. Springer: New York

Persson A. 1., B.J. Ohlsson, S. Jeppesen, L. Samuelson. (2004). Growth mechanisms
for GaAs NWs grown in CBE. Journal of Crystal Growth. Vol 272. p 167-
174

Plante M. C.and LaPierre, R. R. (2008). Au-assisted growth of GaAs NWs by gas
source molecular beam epitaxy : Tapering, sidewall faceting and crystal
structure. Journal of Crystal Growth. Vol 310. p 356-363.

Prock A., Djibelian M. and Sullivan S. (1967). Photoinjection from rhodium into
hydrocarbon liquids under visible excitation. Journal of Physical Chemistry.
Vol 71. p 3378-3383

Reep D. H. and Ghandi S. K. (1983). Journal of electrochemical society. Vol 130. p
675

Reif, F. (1965). Fundamentals of Statistical and Thermal Physics. 1% edition:
McGraw—Hill, USA.

Rhoderick E. H and Williams, R. H. (1988). Metal-Semicondcutor Contact. 2™
edition. Oxford Science Publishers

Roest A. L., Verheijen M. A., Wunnicke O., Serafin S., Wondergem H. and Bakkers
E. P. A. M. (2006). Position-controlled epitaxial III-V NWs on silicon.
Nanotechnology. Vol 17. p271-275

Roper S. M., Davis S. H., Norris S. A., Golovin A. A., Vorhees P. W and Weiss M.
(2007). Steady growth of NWs via the vapour-liquid solid method. Journal
of Applied Physics. Vol 102(3), p 034304.



120

Rosnita M., Zulkafli O., Yussof W., Samsudi S. Faizal W. and Nazri M. (2009a).
Gallium arsenide NWs formed by Au-assisted MOCVD: effect of growth
temperature. Modern Applied Science. Vol 3 (7). p 73-77.

Rosnita M., Zulkafli O., Samsudi S and Yussof W. (2009b). Morphological and
characterisation of GaAs NWs. AIP Conference Proceeding. Vol 1150. p
344-347.

Rosnita M., Zulkafli O., Yussof W., Samsudi S. and Radzi A. M. L. (2010). The
effect of annealing process on the colloidal golds and gallium arsenide NWs.
AIP Conference Proceeding. Vol 1250. p 377-380.

Roy D. K. (2004). Physics of Semiconductor Devices. 2" edition; Universities Press
(India) Private limited, India. p 78 - 89

Samuelson L. (2003). Self-forming nanoscale devices. Materials today. Vol 6. p22

Schmidt V., Senz S and Gosele U. (2005). Diameter-dependent growth direction of
epitaxial silicon NW. Nanoletter. Vol 5(5). p 931.

Schricker A. D., Davidson III F. M., Wiacek R. J. and Korgel B. A. (2006). Space
charge limited currents and trap concentration in GaAs NWs.
Nanotechnology. Vol 17. p 2681-2688.

Seifert W., Borgstrom M., Depert K., Dick K. A., Johansson J., Larsson M. W.,
Martensson T., Skold N., Svensson C. P. T., Wacaser B. A., Wallenberg L.
R., Samuelson L. (2004). Growth of one-dimensional nanostructures in
MOVPE. Journal of Crystal Growth. Vol 272. p 211-220.

Shackelford J. F. (1996). Introduction to Materials Science for Engineers. Fourth
edition; Prentice Hall International Editions. New Jersey. p 109

Shiue J. and Kuo P. C. (2010). Anomalous current-voltage characteristic and
structural phenomena in an Au-Si interface. Scripta Materialia. Vol 62. p 82-
84

Shu Y., Hwee M. L., Si G. Ma. (2006). Semiconductor NWs for Electronic and

Optoelectronic device applications. Handbook of Semiconductor Nanostructure
and nanodevices.Vol 4. p 279 — 310.

Soci C., Bao X. Yu., Aplin D. P. R. and Wang D. (2008). A Systematic study on the

growth of GaAs NWs by metal-organic chemical vapour deposition.

Nanoletters. Vol 8 (12) p 4275



121

Song M. S., Jung J. H., Kim Y., Wang Y., Zou J., Hannah J. J.., Q Gao, H H Tan and
C Jagadish. (2008). Vertically standing Ge NWs on GaAs(110) substrates,

Nanotechnology, Vol 19, 125602.
Sze S. M (1981). Physics of semiconductor devices. 2™ edition: John Wiley and

Sons. p 80 - 99
Sze S. M. (2002). Semiconductor Devices-Physics and Technology. 2" edition: John

Wiley & Sons Inc, USA. p 67 - 89
Tan H. H., Sears K., Mokkapati S., Fu L., Yong Kim, P. McGowan, M Buda and C.
Jagadish. (2006). QD and NWs grown by MOCVD for optoelectronic device
applications. IEEE Journal of selected topics in quantum electronics. Vol 12.
(No 6). p 1242,
Tan S., Tang Z., Liang Z. and Kotov N. A. (2004a). Resonance tunneling diode on
CdTe NWs made by conductive AFM. Nanoletters. Vol 4 (9). p 1637-1641.

Tan T. Y, Li N and Goesele U (2003). Applied Physics Letter. Vol 83. p 1199
Tan T. Y, Li N. and Gosele U.(2004b). On the thermodynamic size limit of NWs
grown by the VLS process. Applied Physics A. Vol 78. p 519.
Thelander C., Dick K. A., Borgstrom M. T., Froberg L. E., Caroff P., Nilsson H. A.
and Samuelson L. (2010). The electrical and structural properties of n-type
InAs NWs grown from metal-organic precursors. Nanotechnology. Vol 21. p
205703.
Titova L. V., Hoang T. B., Jackson H. E., Smith L. M., Yarrison-Rice J. M., Kim Y.,
Hannah J. J., Tan H. H.and Jagadish C. (2006). Temperature dependence of

photoluminescence from single-core shell GaAs-AlGaAs NWs. Applied

Physics Letters. Vol 89.p 173126
Tjong S. C. (2006). Nanocrystalline Materials-Their synthesis-structure-property

relationships and applications. El-Sevier Ltd. UK. p 66 - 86
Wacaser B. A, Knut Deppert, Lisa S. Karlsson, Lars Samuelson and Werner Seifert
(2006). Growth and characterisation of defect free GaAs NWs. Journal of

crystal growth. Vol 287. p 504 - 508
Wagner R. S and Ellis W. C. (1964). Vapour-liquid solid mechanism of single crystal

growth. Applied Physics Letter. Vol 4 (No 5). p 89
Wallentin J, Johan M. Persson, Jakob B Wagner, Lars Samuelson and Magnus T

Borgstrom.(2010). High-performance single NW tunnel diodes. Nanoletters.

Vol 10. P 974-979.



122

Walton A. S, Allen C. S., Critchley K., Gorzny M. L., McKendry J. E., Brydson R.
M. D., Hickey B. J. and Evans S. D. (2007). Four-probe electrical transport
measurements on individual metallic NWs. Nanotechnology. Vol 18. p
065204

Wang Z. L. (2003). NWs and Nanobelts — Materials, Properties and Devices : Metal
and Semiconductor NWs. 1st edition. Vol 1. USA: Springer Science Business
Media, Inc. p 45 - 66

Wang N, Cai Y., Zhang. R. Q. (2008). Growth of NWSs. Materials Science
Engineering : Review Reports. Vol 60 (1-6). p 1-51

Wang Z. L., Liu Y. and Zhang Z. (2002). Handbook of nanophase and
nanostructured materials-Materials system and applications (I). Vol 3.
Kluwer Academic Publisher. p 67 - 78

Wiesendanger R. (1994). Scanning Probe Microscopy and Spectroscopy: Methods
and Applications. Cambridge, UK: Cambridge University Press. p 67

William D. B. and Carter C. B. (1996). Transmission Electron Microscopy: A
Textbook for Materials Science. New York: Plenum Press. p 88

Wu Y., Chui Y., Huynh L., Carl J. Barrelet, David C. Bell and Charles M. Lieber.
(2004). Controlled growth and structures of molecular-scale silicon NWs.
Nanoletters. Vol 4. No 3. p 433-436.

Wu Z. H. (2003). Growth, branching and kinking of molecular-beam epitaxial <110>
GaAs NWs. Applied Physics Letter. Vol 83. p 3368.

Xiangfeng D., Jianfang W. and Lieber C. M. (2000). Synthesis and optical properties
of gallium arsenide NWs. Applied Physics Letter. Vol 76. No 9. p 1116 —
1118.

Yakobi B. G. (2003), Semiconductor Materials — An introduction to basic principles.
1* edition: Kluwer Academic/ Plenum Publishes. New York, USA. p 56

Yanev V., Erlbacher T.,Rommel M., Bauer A. J. and Frey L. (2009). Comparative
study between conventional macroscopic IV techniques and advanced AFM
based methods for electrical characterisation of dielectrics at the nanoscale.
Microelectronic Engineering. Vol 86. p 1911-1914.

Ying He, Jun-an Wang, Wen-fei Zhang, Xiao-ban Chen, Zong-hao Huang and Qiu-
wen Gu. (2009). Colour electroluminescence with end light-emitting from
ZnO NW/polymer film. Journal of Physics: Conference series. Vol 152. P
012054.



123

Yu B., Sun X. H., Calebotta G. A., Dholakia G. R and Meyyapan M. (2006). One-
dimensional germanium NWs for future electronics. Journal of Cluster
Science. Vol 17 (4). p 579-597

Zhang Z. and Bullemer B. (1995). Normalised differential conductivity and surface
density of states in stimulated tunnelling spectroscopy. Thin Solid Films. Vol
264.p 277 —281.

Ziegler K. J., Boris P., Jaideep S. K., Timothy A. C., Kevin M. R., Michael A. M.,
Donats E. and Justin D. H. (2004). Conductive films of ordered NW arrays.
Journal of Materials Chemistry. Vol 14. p 585-589.

Zou J., Paladugu M., Wang H., Auchterlonie G. J., Guo Y., Kim Y., Gao Q., Joyce H.
J., Tan H. H., Jagadish C. (2007). Small. Vol 3. p 389





