
Chapter 1. Introduction 
 

1.1. Introduction of Nanotechnology 
 

In general, nanotechnology can be understood as techniques of 

designations, fabrications and applications of nanostructures and 

nanomaterials. Nanotechnology also includes fundamental understanding 

of physical properties and phenomena of nanomaterials and 

nanostructures. 

  Nanotechnology deals with small structures or small-sized materials 

which typically spans from subnanometer to several hundred nanometers. 

A nanometer (nm) is one billionth of a meter, or 10-9m. Materials in the 

micrometer scale mostly exhibit the same physical properties as those of 

bulk material. However, nanometer scale materials may exhibit the 

following distinctive physical properties which are different from those of 

bulk : (i) large fraction of surface atoms, (ii) large surface energy, (iii) 

spatial confinement, and (iv) reduced imperfections. Some interesting 

aspects are addressed as follows : 

(1) Nanometer scale crystals have lower melting point and reduced lattice 

constants which the surface energy plays a significant role in the 

thermal stability because the fraction of the surface atoms to total 

atoms is large. 

(2) Nanoscale materials have higher surface area than the microscale 

materials which can be sensors with higher sensitivity. 

(3) Semiconductors become insulators when their characteristic 

dimension are sufficiently small.  

(4) Although bulk Au does not exhibit catalyst properties, Au 

nanocrystals are well-know low temperature catalyst. 

(5) Electrical conductivity decreases when dimensions reduce due to the 
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increase of the surface scattering probability. On the other hand, 

electrical conductivity of nanomaterials, e.g., polymeric fibrils, could 

also be enhanced appreciably due to better ordering in the 

microstructure. 

 
1.2. III-Nitride Semiconductor 
 

1.2.1. Optoelectronic properties and atomic structures[1]  

III-nitride semiconductors, such as GaN, InN, AlN and their alloys, have 

attracted considerable interest recently because of their great potential in 

electronic and optoelectronic applications. They are considered as 

materials for efficient blue and ultraviolet (UV) laser diode (LD) and 

photo-detectors for short-wavelength regine. With the substantial 

development of materials and devices, an energy span ranging from blue to 

near-UV wavelengths that had been inaccessible to semiconductor 

technology in the past has been realized. The current interest in developing 

UV photodetectors is driven by applications in aerospace, automotive, 

petroleum, engine monitoring, flame detection and solar UV detection. 

Like most other semiconductor materials, III-nitride materials have a 

tetrahedral coordinated atomic arrangement in either cubic (zincblende) 

or hexagonal (wurtzite) lattices structures. The wurtzite form is the 

easiest one to grow and to give the best result for optoelectronic 

applications. The atomic arrangement of them can be viewed as 

consisting of hexagonal double layers: one is occupied by nitrogen, while 

the other one contains the Group III elements. Fig. 1.1 shows the 

zincblende structure occurs when the hexagonal layers stack in a periodic  

sequence (ABCABC) while the wurtzite structure follows an ABAB 

sequence. This kind of the transition from one structure to another can be 
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produced by slip generated by the motion of a dislocation along the basal 

plane with the consequent change of the stacking sequence. There are 

three common crystal structures shared by the III-V nitrides group: the 

wurtzitic, zincblende, and rock salt structures. Under the ambient 

condition, the thermodynamically stable structures are wurtzitic for the 

bulk AlN, GaN, and InN [2-4]. The zincblende structure for GaN and InN 

has been stabilized by epitaxial growth of thin films on (001) crystal 

plane. The wurtzitic polytype has a hexagonal unit cell and thus two 

lattice constants, c and a. Each type contains six atoms. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1.1  Atomic arrangement in tetrahedrally coordinated structures. (a) 

cubic zincblende, (b) hexagonal wurtzite, and (c) 6H hexagonal 
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1.2.2. Structural and chemical properties of Galium 

Nitride  

The fundamental properties of the GaN are listed in Tables 1.1 It’s 

know that The lattice constant of III-N is influenced by the growth 

conditions, impurity concentrations, and the film stoichiometry. Probably 

as a result of increased interstitial defects, the lattice constant of GaN 

grown with higher growth rates was found to be larger than the normal 

one. It occurred an expansion of the lattice when GaN was doped heavily 

with Zn and Mg because of the absence of good quality single crystal 

films. 
 

Table 1.1 The properties of GaN  

Optical properties hexagonal-GaN cubic-GaN 

Density 6.15g/cm-3 6.15g/cm-3

Electron affinity 4.1eV 4.1eV 

Dielectric constant 
(static) 

8.9 (300K)[5] 

10.4, E∥axis-c[6]

9.5 , E⊥axis-c 

9.7 (300K) 

Dielectric constant 
(high frequency) 

5.35 (300K)[5] 

5.8 , E∥axis-c[7]

5.35 , E⊥axis-c[6]

5.3 (300K) 

Refractive index[5], n 2.29 (300K) ~2.3 (300K) 

Radiative 
recombination 
coefficient[8]

1.1 x 10-8 cm3 s-1 (300K) 1.1 x 10-8 cm3 s-1 (300K) 

Optical phonon 
energy[5] 91.2meV 87.3meV 

phonon 
wavenumbers 

533 cm-1, νA1(TO||) 
559 cm-1, νE1(TO⊥) 

569 cm-1, νE2(High) 
735 cm-1, νA1(LO) 
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735 cm-1, νE1(LO⊥) 

Energy gap, Eg

Eg=3.47eV (0K) 

Eg=3.503eV (1.6K)[9]

From excitonic gap adding on the 

exciton binding energy, PL 

Eg=3.475eV (1.6K) 

A-exciton (transition from Γ9v) 

Eg=3.481eV (1.6K) 

B-exciton (transition from upper Γ7v)

Eg=3.493eV (1.6K) 

C-exciton (transition from lower Γ7v)

Eg=3.28eV (0K) 

Energy gap, Eg 
versus 

Temperature[5]
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Electrical 
properties 

h-GaN c-GaN 

Breakdown field ~5 x 106 V cm-1 (300K) ~5 x 106 V cm-1 (300K) 

Electron mobility ≦1000 cm2 V-1 s-1 (300K) ≦1000 cm2 V-1 s-1 (300K) 

Hole mobility ≦200 cm2 V-1 s-1 (300K) ≦350 cm2 V-1 s-1 (300K) 

Diffusion coefficient 
of electrons 

25 cm2 s-1 (300K) 25 cm2 s-1 (300K) 

Diffusion coefficient 
of holes 

9 cm2 s-1 (300K) 25 cm2 s-1 (300K) 

Effective mass of 

density of state[7] mv
1.5 m0 1.4 mo

Effective electron 
mass 

me=0.20m0 (300K)
me=0.20m0 (300K), Faraday 

rotation 
me∥=0.20(2)m0 (300K) ,fit of 

reflectance spectrum 
me⊥=0.20(6)m0 (300K) 

me=0.13m0 (300K) 

Effective hole masses 0.8 m0 N/A 
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Effective hole 
mass[9] (300K, 

calculated values)

Effective hole masses (heavy) mhh

mhh = 1.4 mo  
mhhz = 1.1 mo 
mhh⊥ = 1.6 mo

Effective hole masses (light) mlp

0.259 mo

mlh = 0.3 mo  
mlhz = 1.1 mo 

mlh⊥ = 0.15 mo

Effective hole masses (split-off 
band) ms

msh = 0.6 mo  
mshz = 0.15 mo 
msh⊥ = 1.1 mo

Effective hole masses (heavy) mhh

mhh = 1.3 mo  
m[100] = 0.8 mo 
m[111] = 1.7 mo

Effective hole masses (light) mlp

mlh = 0.19mo  
m[100] = 0.21 mo 
m[111] = 0.18 mo

Effective hole masses (split-off 
band) ms

msh = 0.33 mo  
m[100] = 0.33 mo 
m[111] = 0.33 mo

Thermal 
properties 

h-GaN c-GaN 

Bulk modulus5 20.4 x 1011 dyne cm-2 20.4 x 1011 dyne cm-2

Melting point, Tm 2500° C 2500° C 

Specific heat[5] 0.49 J g-1°C -1 0.49 J g-1°C -1

Thermal conductivity 1.3 W cm-1 °C -1 1.3 W cm-1 °C -1

Thermal diffusivity 0.43 cm2 s-1 0.43 cm2 s-1

Lattice constant, a 
3.160-3.190Α (T-dependent)[10]

3.189Α (300K) 
4.52Α 

Lattice constant, c 
5.125-5.190Α (T-dependent)[10]

5.186Α (300K) 
 

 (300K) (300K) 
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1.3 Vapor-Liquid-Solid (VLS) mechanism to 

grow nanowires 
 

Many mechanisms are proposed to illustrate the growth of different 

1-D materials from the vapor phase, such as oxide-assist growth, 

vapor-solid (VS) mechanism, solid-liquid-solid (SLS) mechanism, and 

vapor-liquid-solid (VLS) mechanism. Among these vapor-based methods, 

the VLS process seems to be the most successful in fabricating 1-D 

nanostructures with single-crystalline structures and in relatively large 

quantities. 

The main feature of this mechanism is the presence of inter mediates 

that serve as catalysts between the vapor feed and the solid growth at 

elevated temperature under chemical-vapor-deposition conditions. By 

controlling the diameter of catalyst to nanometer scale, the resulting 

fiber- like structure can also be controlled to nanometer range. Thus, the 

most important parameter in VLS growth is the catalyst in the reaction, 

and the resulting nanowires from the catalytic reaction are usually 

erminated with a nano particle on the tip of each individual nanowire. 

Figure 1.2 illustrates the VLS mechanism in the studied nanowires. 

 
 

alloying nucleation Axial growth 

target material feeding 
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Fig.1.2  A schematical illustration of the typical VLS process applied for the growth 

of 1-D nanostructures. 
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1.4 Photoconductivity 
 

A photosensor is an electronic component that detects the presence of 

visible light, infrared transmission (IR), and/or ultraviolet (UV) energy. 

Most photosensors consist of semiconductors having a property called 

photoconductivity, in which the electrical conductance varies depending 

on the intensity of radiation striking the material. 

Photoconductivity is the tendency of a substance to conduct electricity 

to an extent that depends on the intensity of light-radiant energy striking 

the surface of a sample. Most semiconductor materials have this property. 

The photons must have sufficient quantum energy to overcome the 

band-gap in the material in question. The enhancement in electrical 

conductivity results from the increases of number of free carriers 

generated or carrier mobility when photons are absorbed. 

When there is no illumination, a photoconductive sample has a 

conductance that depends on its dimensions, on the specific material(s) 

from which it is made, and on the temperature. In most cases, the greater 

the radiant energy of a specific wavelength that strikes the surface, the 

higher the conductance of the sample becomes, up to a certain maximum. 

When the maximum conductance is reached for a particular sample, 

further increases in irradiation produce no change in the conductance. 

Photoconductive materials are used in the manufacture of photoelectric 

devices. Typical photoconductive substances consist of germanium, 

gallium, selenium, or silicon with impurities, also known as dopants, 

added. Other common materials include metal oxides and sulfides. 
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