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1.0 INTRODUCTION

Oxide materials are promising for industrial production and sustainable development due to their
abundance on earth, low cost and environmental friendly features as well as easy processing [1].
Beneficial properties offered by new families of materials like the metal oxides and organic
semiconductors have prompted a shift in research for thin film transistor (TFT) from amorphous
silicon to new semiconductor materials [2]. Materials with high dielectrics such as ZrO,, Y,03, HfO,,
AlOy have been investigated and they are promising. However, aluminum oxide (AlOy) is unique
among other materials because of its abundance in nature, low cost, good chemical stability, high
breakdown field, and low interfacial trap density with oxide semiconductors. Other properties of
AlOx that make it suitable for use as a dielectric material in TFT are; wide band gap (9.9 eV), high

dielectric constant, low leakage current densities, and good adhesion to glass substrate [3]-[5].

Amorphous AlOx is considered a suitable gate dielectric in TFTs because of its high permittivity
value, and wide band gap which helps to avoid leakage current through crystalline grain boundaries
[4]. In order to reduce the size of metal oxide semiconductor (MOS) transistors below 50 nm for
next generation electronic devices, amorphous materials that are novel with high dielectric
constant, high breakdown voltage, low leakage current and low interface trap density values are
needed [5]. AlOx has a band gap and dielectric constant of 9.9 eV and 10 respectively compared to

SiO; with band gap of 9 eV and dielectric constant of 3.9 [5].

According to the literature review, several deposition methods have been employed to deposit thin
films of aluminum oxide. Examples of such methods are sol-gel based method [6]—-[8], Chemical
Spray Pyrolysis (CSP) [9], [10], Chemical Vapor Deposition (CVD) [11], [12], Pulsed laser deposition
[5], Plasma Enhanced Atomic Layer Deposition (PEALD) [13], Filtered Cathodic Vacuum Arc [14],
Plasma Enhanced Chemical Vapor Deposition (PECVD) [15], Vacuum Evaporation [16]. CSP has been
adopted as the deposition method for the purpose of this thesis because it’s an easy and
inexpensive technique for depositing thin films on large substrate area [17]. CSP offers ease in
doping films with virtually any element by mixing the solutions in any proportion and adding it to
the spray solution, it does not depend on high quality substrates and/or targets, no vacuum is

needed, and both the deposition parameters and film thickness can be changed with ease [18].

This thesis is aimed at studying the electrical properties of CSP deposited Aluminum oxide thin films
which could be used as a gate dielectric material in TFT. The influence of varying film deposition

temperature and the effect of post deposition annealing temperature on the thin film properties



are presented. The deposited AlOy thin films were characterized to study their structural,

morphological, and electrical properties.

In chapter one, the thesis was introduced by stating the background and specific objectives of the

research study.

Literatures on various research carried out on AlOythin films were reviewed in chapter two. Chapter
two also discusses the various structures of AlO4 and their applications, different methods of
deposition of AlOy thin films, importance of the CSP method, applications of AlOy thin films, and

finally overview of thin film transistor and its structures.

Chapter three contains materials and methods used to carry out experimental work, and
experimental procedures, including detailed discussion of the apparatus and reagents used. It

further reviews the characterization techniques and the instruments used to achieve that.

Chapter four presents the results of the experiments carried out, detailed discussions and analysis
of results and some valid recommendations for future research. Chapter five elucidates a detailed

summary of all the work done.
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2.0 LITERATURE REVIEW

2.1 Aluminum oxide (AlOy)

AlOy is a very important insulating material due to its high dielectric break-down field, wide
bandgap, and a high dielectric constant [19]. It is also a multipurpose and technologically significant
material because of its transparency over a wide range of wave length from ultra-violet to mid-

infrared, good thermal and chemical stability, and superior electrical and mechanical properties [7].

AlOx occur in numerous crystallographic polymorphs [20]. More than 45 million tons of AlOy
produced in the world are manufactured industrially majorly by the Bayer method using bauxite,
and about 40 million tons are utilized for refining aluminum.

Around 5 million tons of AlOx are manufactured as chemical grade and employed for several
functions. Furthermore, approximately 1.5 million tons of AlOy is served as raw powder in the world,
and the remainder is used for raw powder of aluminum hydroxide, aluminum sulfate and

polyaluminum chloride [21].

AlOyexists in different forms of crystalline structure such as a (trigonal), @ (monoclinic), y, n (cubic),
6 (either tetragonal or orthorhombic) and these structures represent the important crystalline
phases in the alumina structure[22]. The crystal structure of aluminum oxide can be seen in Figure
2.1. a-AlOy is the most stable type of the compounds formed between aluminum and oxygen at
high temperature with melting temperature of 2051 °C [23], and is the final product from thermal
or dehydroxylation treatments of all the hydroxides [21].

As seen in Table 2.1, a-AlOy also has a high density of 3980 Kg/m?, high elastic modulus of 409 Gpa,
and a high hardness of 28 Gpa. These properties show that a-AlOx has excellent physical and
mechanical properties compared to ¥ and 8 alumina phases. Figure 2.2 shows that the a-phase
alumina does not change to ¥ and @ phases, while the ¥ and 8 phases transform to the corundrum

phase at specific temperature [23].
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Figure 2.1 Crystal structure of alumina [79]

Table 2.1 Mechanical and physical properties of alumina phases at different melting temperatures [23]

Alumina Selected Properties
Density, kg/m3 Elastic Hardness, Gpa Melting
Modulus, Gpa Temperature, °C
a-Alumina 3980 409 28 2051
y-Alumina 3200 - - y —6&:700-800
6-Alumina 3560 - - 6 - a: 1050

Other forms are commonly called transition AIOx and they appear during the thermal

decomposition of aluminum trihydroxides under dissimilar conditions [21].

Vapor (CVD) K J'P a
Amorphous/PVD -|'> Y '|" 0/ -I-b o
0 200 400 600 800 1000 1200

Temperature (°C)

Figure 2.2 Transition stages of alumina phases at different temperatures [23]
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©-phase Alumina is one of the unstable phases of Alumina which is transformed into the a-phase
at temperature of about 1050 °C. ©-phase has a lower density of about 3560 kg/m3 compared to a
density of 3980 kg/m?3 for a-phase [23]. Sequence of phase transformations of alumina may be
influenced by factors such as particle size, heating rate, impurities and atmosphere as a result of
their effect on the kinetics of transformation [24]. The y-alumina phase is an unstable phase that
has been used as a catalyst and catalyst support due to its large specific area and low surface energy.
It is transformed to B-alumina phase at a temperature of 700-800 °C. The lattice structure for y-
alumina phase has two different lattices consisting of Aluminum ions which is formed from
octahedral and tetrahedral interstitial locations and oxygen lattice formed with the face-centered

cubic structure [23].

Single crystal a-alumina phase is called sapphire. It crystallizes in the corundum structure to form
sapphire mono crystals. Polycrystalline a-alumina is suitable as a structural ceramic due to its good
mechanical properties, high strength and excellent thermal properties at high temperature. It
acquires these properties during developing, processing, and optimizing the polycrystalline alumina
[23]. Polycrystalline a-alumina also has a high chemical stability and heat resistance which makes it

suitable to fabricate high pressure sodium lamps from translucent alumina [23].

Table 2.2 Applications and properties of high purity grade alumina [23]

Grade Al203 Content, Kind of product Porosity Density Applications
% and applications % g/cm?
Al >99.6 Electrical and 0.2-3 3.75-3.95 Structural
Engineering
A2 >99.8 Translucent <1 3.90-3.99 Sodium lamp
A3 >99.5 Hot-pressed <1 3.80-3.99 Machine tools
A4 >99.6 Sintered 3-6 3.75-3.85 Refractory
recrystallised
A5 99.0-99.6 Low dielectric 1-5 3.76-3.94 Microwave
Table 2.3 Applications and properties of low purity grade alumina [23]
Grade Al20s3 Content, % Kind of product Porosity Density Applications
and applications % g/cm3
A6 99.5-99.0 Electrical and 1-5 3.71-3.92 Mechanical and
Engineering Electrical
A7 94.5-96.5 Electrical and 2-5 3.60-3.90 Insulators and
Engineering Wear parts
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Grade Al203 Content, % Kind of product Porosity Density Applications
and applications % g/cm3
A8 86.0-94.5 Electrical and 2-5 3.40-3.90 Insulator, Wear
Engineering parts, Refractory
A9 80.0-86.0 Electrical and 3-6 3.30-3.60 Insulator, Wear
Engineering parts, Refractory

Polycrystalline alumina is divided into 2 sets, depending on the alumina purity and applications.
These are the high purity alumina and low purity alumina. High purity alumina properties with
purity of at least 99% alumina can be seen in Table 2.2. Low purity alumina with purity of 80% to

99% alumina which represents the second group is shown in Table 2.3.

Table 2.4 presents the thermal properties of high purity grade alumina and low purity grade alumina
in terms of thermal expansion coefficient, specific heat, enthalpy and the thermal conductivity
properties. High purity grade alumina have high thermal conductivity in the range of 25-40 W/m K,

while the low purity grade alumina have thermal conductivity in the range of 15 -30 W/m.K.

Table 2.4 Thermal properties of higher and lower purity alumina at 25°C [23]

Grade Thermal Expansion Specific Heat Enthalpy at Thermal Conductivity
Coefficient (J/8.K) 25 °C, (J/g) (W/m.K)
10 (1/K)
Al 5.4 0.775 0 30-40
A2 5.4 0.775 0 30-40
A3 54 0.775 0 27 -40
Ad 5.4 0.775 0 25-35
A5 5.4 0.780 0 30-40
A6 51-5.4 0.780 0 25-30
A7 5.1-5.4 0.760 - 0.780 0 20-30
A8 49-55 0.755-0.785 0 15-20
A9 49-55 0.750-0.785 0 15-20

AlO can be processed into different forms such as thick and thin films, porous films, nanocrystalline,
and polycrystalline particles, among many others. Nanoparticles of AlO4 have been studied and
characterized by Vijaya Dhawale et al. [25] and Ravindhranath et al. [26] for water treatment of
colored industrial effluents and the removal of toxic ions from water due to their large surface area,

high surface energies and potentials, and availability of surface functional groups for binding over
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the pollutants. Nina Doskocz et al. [27] investigated the effect of AlOx nanoparticles on bacterial
growth, and they reported that nanoparticles of AlOximpede the growth of P. putida bacterial and

it has a higher impact on the bacterial than macro-form of AlOxwhen they are in comparison.

A review on the application of nanoparticles of AlOyin the biomedical industry have been carried
out by Peyman et al. [28]. They reported that nanoparticles of AlOxare applied in biomedicine; as a
drug delivery vehicle, in biosensing of different molecules like DNA in a competitive bioassay, in
cancer therapy, as anti-microbial growth, in treatment of diseases like asthma, in stabilization and
preservation of biomolecules like protein to prevent aggregation and mis-folding, in

immunotherapy and next generation vaccines.

AlQOy is a valuable material in contemporary materials technology in comparison with other ceramic
materials [21]. Due to its high dielectric constant (approx. 10), high thermal stability (up to 1000
°C), high band gap (9.9 eV) and high insulative properties, aluminum oxide is a very promising
material in optoelectronics and microelectronics devices [5], [29]. As a result of its stability as an
insulator and higher radiation resistance than SiO,, Aluminum oxide has several advantages over

SiO; for semiconductor applications [30].

Nanostructured Aluminum oxide is used as a passivation layer in solar cells, as a dielectric material
in MOSFET, for water purification [31], firebricks, integrated circuit, abrasives, anti-reflection

coating, sensors, gas diffusion barrier, biomedicine and neurosurgery [21], [32], [33].

Thin films of AlOx which is the focus of this study have been studied extensively using several
deposition methods for different applications in microelectronics, optoelectronics [5], [6], [34]-

[39], and photovoltaics [40] industry and for corrosion protection [41][42].

2.2 AlO, thin films

AlOy thin films are grown via physical/chemical deposition methods such as; electron beam
evaporation, pulsed laser deposition, sputtering, chemical vapour deposition, metal-organic
chemical vapour deposition, and plasma-enhanced chemical vapour deposition [13].

AlOq thin films are useful as dielectric layers on several types of microelectronic devices [10], as an
anti-reflection coating and passivation film for silicon-based solar cells [40], biomedicine,

neurosurgery, and optoelectronics [32].
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Che-Chu Lin et al. [40] demonstrated that Liquid phase deposition AlOy thin film is favorable for use
as antireflection and passivation properties for silicon nanowire based solar cells. P. Katiyar et al.
[5] also reported that AlOthin films prepared using pulsed laser deposition method are suitable for

high dielectric constant materials in next generation electronic devices.

2.3 AlO, thin film deposition methods

Physical deposition method involves the transportation of atoms /molecules of the materials to be
deposited from a source to the substrates where they bond to form a film using mechanical,
electromechanical or thermodynamic processes [48]. It is divided majorly into vacuum evaporation
and sputtering. Vacuum evaporation operates at a low background pressure, while sputtering
involves the release of atoms or molecules from the surface of a material target by a mechanism of
momentum transfer resulting from an impact from ionized inert gas atoms [49].The physical
methods include; physical vapour deposition (PVD), laser ablation, molecular beam epitaxy, and
sputtering [17]. The major advantage of this deposition method is that they produce good quality

film. However, they are highly expensive and they require large amount of material target [50].

On the other hand, the chemical deposition method employs a fluid precursor which decompose
on the substrate to produce a thin film. It is divided into gas-phase deposition methods and solution
techniques. The gas-phase method is further divided into chemical vapour deposition (CVD) and
atomic layer epitaxy (ALE). While the solution technique method comprises of spray pyrolysis, sol-
gel, spin and dip-coating [17]. The chemical deposition technique relies heavily on the chemistry of
solutions, pH value, and viscosity [50]. They produce good quality films, and they are economical to

use as they mostly do not require expensive equipments [50].

According to the ISl web of science database, different methods of deposition that have been used

to deposit AlOy films with their number of publications are presented in Figure 2.3
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Figure 2.3 Schematic illustration of published methods used for deposition of AlOx thin film in accordance to
ISI web of knowledge database

2.3.1 Chemical deposition methods

The chemical deposition methods are described below;

Chemical vapor deposition: The CVD process was first used commercially for the deposition of
pyrolytic carbon and metals in the late 1800s. Epitaxial deposition of silicon from SiHs/H, on several
metal oxide substrate surfaces was one of the earliest CVD studies to be documented in the Journal
of Vacuum Science and Technology (JVST). In this deposition technique, solid thin films are
deposited from the vapor phase through a chemical reaction. Wide range of nanomaterials like
amorphous semiconductors, insulators, barrier layers, metals, silicides, superconductors, and

organics can be deposited by this method [51].

The films deposited can either be epitaxial, polycrystalline or amorphous in nature. The films are
employed in the fabrication of microelectronics and optoelectronic devices, they are also useful for
optical coatings, protective coatings, and decorative coatings. This method is widely used due to
the following advantages; they can be used to deposit new materials, thin films can be deposited
over a wide range of deposition rates, it has the ability to exploit a variety of pressure conditions,

films can be uniformly deposited over a large sample area, thin film properties and deposition
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parameters can be controlled using the CVD process. Deposition parameters to be controlled are;
process and film purity, doping level, stoichiometry, uniformity, layer thickness, interface
abruptness, interface structure, conformality, film structure and crystallinity, and deposition
selectivity [51]. For effective utilization of precursor in the CVD process, the precursor should: have
adequate vapor pressure to allow transportation for film growth on the surface, undergo facile
decomposition of the preferred product at a suitable temperature, have no reaction or association
in the gas phase. Specialized aspect of the CVD processes are: epitaxial growth which is termed
vapor phase epitaxy (VPE), organometallic vapor phase epitaxy (OMVPE)-for precursor containing
a metal-carbon bond, deposition from a precursor that contains organic ligands attached to the
metal such as alkoxides, amides, or diketonates are termed metalorganic chemical vapor deposition

(MOCVD) process.

CVD equipment selection is strongly dependent on; the quality and type of film desired, the
properties of the film that is of interest, chemistry selected for deposition, and the conditions
needed to carry out the reaction process. CVD reactors can be classified by: (1) the number of
wafers processed concurrently (batch or single wafer), (2) the arrangement of the wafer (stacked
or planar), (3) the operating pressure of the reactor (UHV to atmospheric), (4) the wall temperature
of the reactor (hot or cold wall), (5) the process of adding energy to cause deposition (thermal

and/or plasma) [51].

Atomic layer deposition (ALD): It is a surface-controlled layer-by-layer deposition process involving
alternating, self-limiting surface reactions to achieve controlled atomic level deposition. In order to
have a successful ALD deposition, it is essential to devise a reaction scheme involving a sequence
of discrete, self-limiting adsorption and reaction steps. Precursors for ALD should be highly reactive
and contain surface termination groups that give rise to volatile by-products, but should
additionally result in a self-limiting surface reaction mechanism [51]. The step involved in the ALD
process are; reaction of the precursor containing metal or non-metal source atom, reduction,
oxidation, or nitridation in the subsequent steps. Growth temperature is very important during the
reaction and in the desorption of ligands and by-product because the ALD is a surface adsorption

and reaction controlled process [51].
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2.4 Chemical spray pyrolysis (CSP)

Spray pyrolysis technique is a very simple, non-vacuum and cost-effective method of preparing thin
and thick films, ceramic coatings and powders [17], [68]. Thin film is deposited by spraying a
precursor solution on a heated substrate, where the constituents vaporizes, and the precursor salt
decomposes [69], [70].

It can be used to prepare films of any composition, high quality substrates or chemicals are not
needed, substrates with multifarious shapes can be coated, it can also be used to produce uniform
and high quality coatings [71]. Dense films, multilayered films, and porous films for powder
production, have employed the spray pyrolysis technique for deposition. It has been widely
employed for decades in the solar cell production and glass industry [17]. Chamberlin and Skarman
were the first set of researchers to employ the spray pyrolysis technique in 1966 to deposit CdS
films for solar cells. Since then, detailed research and investigation have been done on this method

of deposition [70].

The spray pyrolysis technique setup consists of Atomizer, precursor solution, substrate heater, and
temperature controller. There are 3 kinds of atomizers employed for the spray pyrolysis method
viz; (i) Air blast (the solution is exposed to a stream of air) (ii) Ultrasonic (ultrasonic frequencies
produce the short wavelength necessary for fine atomization) (iii) Electrostatic (the liquid is exposed
to a high electric field) [17]. Atomizers vary according to its droplet size, rate of atomization and
droplet velocity. Droplet velocity is significant because it can determine the heating rate and
residence time of the droplet during spray pyrolysis. The size of the droplets produced with
pneumatic or pressure nozzles decreases when the pressure difference across the nozzle is
increased. Ultrasonic atomizers can produce droplets as low as 2 to 4 um, but atomization rate can’t
exceed 2 cm3/min [72]. For a specific atomizer, the droplet qualities depend on the solution density,
viscosity, and surface tension. The viscosity of metal organic and organic acid precursors can vary

in orders of magnitude, depending on chemistry.

Spray pyrolysis technique involves 3 major steps: Precursor solution atomization, Aerosol
transportation, and decomposition of the precursor on the substrate. Having a good understanding
of these processes helps to improve film quality [17]. Generally, in an experimental setup, the
synthesis parameters that are more important are the concentration molarity of the precursor
solution, the carrier gas flux rate, and the synthesis temperature [68]. Examples of aerosol
precursors used are; True solutions, colloidal dispersions, emulsions and sols. However, aqueous
solutions are regularly used due to ease of handling, safety, low cost, and its availability over a wide

range of water-soluble metal salts [72].

19



Deposition parameters such as substrate temperature and spray rate affect the structure and
properties of deposited films in spray pyrolysis method. Substrate surface temperature is the main
parameter that influences film morphology and properties. Altering the temperature can change
the film morphology from a cracked to a porous microstructure [17]. Solvent, type of salt,
concentration of salt, and additives influence the physical and chemical properties of the precursor
solution. Changing the composition of precursor solution and spray rate affects the structure and

properties of a deposited film [17].

2.4.1 Ultrasonic spray pyrolysis method

The ultrasonic spray pyrolysis method was adopted in this thesis to deposit AlOy thin film. In the
ultrasonic spray pyrolysis system, an ultrasonic nebulizer is used to obtain evenly distributed
micrometer and sub-micrometer size droplets. The nebulizer vaporizes the precursor solutions
leading to formation of mist while being operated at a frequency of 2.56 MHz. The vapor is
transported to the heated substrate via a carrier gas through a pipe. For large area substrate
coating, small sized droplets with narrow size distribution are formed from the precursor solution
through ultrasonic waves, the solvents vaporizes as the droplets hit the substrate, leading to the
formation of thin solid films [18]. The schematic diagram explaining the ultrasonic spray pyrolysis

technique is in Fig. 2.4 below.

2.4.2 Advantages and disadvantages of ultrasonic spray pyrolysis method

The ultrasonic spray pyrolysis technique offers both advantages and disadvantages in thin film

deposition. The advantages of ultrasonic spray pyrolysis methods are; [18][73]

1. The gas flow rate doesn’t depend on the aerosol flow rate unlike in the pneumatic spray system.
2. Small and homogenous droplet size distribution

3. Droplet size can be decreased by increasing ultrasonic frequency.

Disadvantages; [73][74]

1. Low throughput from the ultrasonic atomization
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2. Spray nozzle may become cluttered after long deposition time.

3. It may lead to oxidation of sulphides when processed in air atmosphere.

Transport gas Director gas
- —
Feed
tank Temperature
“ T controller
|| ___/\_, Substrate /ﬂ\
Ultrasonic
nebulizer Heater

Figure 2.4 Schematic diagram of ultrasonic spray pyrolysis technique [75]

2.4.3 Applications of spray pyrolysis

Spray pyrolysis presents several opportunities to synthesize powders with modified physical and
chemical characteristics. This technique can be used to synthesize solid particles to give well-
defined properties required for the fabrication of advanced ceramics such as chemical purity and
homogeneity, <1 um particle diameter, dense particles, equiaxed shape, and freedom from particle
aggregation. The main setback to using this technique for solid particles synthesis is the formation

of hollow particles or broken shells [72].

Spray pyrolysis technique also offers the opportunity to synthesize hollow or porous particles that
maybe valuable for thermal insulation or applications for catalyst support. Powders formed from
metal nitrates consist of porous or irregular particles because molten salt inhibit removal of the
entrapped solvent, since a number of metal nitrate melt before the solvent is completely removed
[72]. Based on inherent simplicity and compositional flexibility, spray pyrolysis techniques have the

possibility to expand the availability and compositional range of nanostructured particles.
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A discontinuous fiber can be formed by spray pyrolysis when using a two-fluid atomizer by altering
the precursor viscosity, surface tension and solution concentration. Spray pyrolysis is applicable for
producing thin films of the desired stoichiometry on large and nonplanar surfaces. This technique
has been widely applied to produce coating films of transparent conducting oxide, sulfide, and
selenide semiconductors [72]. The spray pyrolysis technique has been used to deposit various thin

films of materials such as Sb,S; [76], TiO2[77], SnyS, [78], and ZrO,[79], for several applications.

I. Dundar et al. [77] have presented the effect of change in deposition temperature on TiO; thin
film, deposited by ultrasonic CSP on window glass substrate. They reported an increase in film
thickness with increasing deposition temperature. The films deposited at the highest deposition
temperature (450 °C) show visible large grains of approximately 50 nm, RMS roughness value of 1.2
nm with a total transmittance of 80% in the spectral region (400-800 nm), while the films deposited
at lower deposition temperature were relatively smooth with little or no grains present, and a lower
optical transmittance. A. Oluwabi et al. [79] also reported similar effect of deposition temperature

on film thickness for ZrO; films as-deposited on quartz substrate.
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Figure 2.5 Schematic diagram of chemical spray pyrolysis setup [17]
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2.5 Influence of deposition parameters on AlOy thin films

Properties of thin films are greatly influenced by deposition parameters such as deposition

temperature, precursor concentration and deposition rate.

It was reported by Kiyoto et. al [12] that absorption coefficient of chemical vapor deposited AlOy
film increases with increasing deposition temperature across the frequency ranges. Effect of heat

treatment on absorption coefficient also depends on depends on deposition temperature.

According to the study by Yiquan et al., Alumina coatings deposited by aerosol assisted spray
deposition with same deposition temperature (450 °C) but different molecular weight precursors
were reported to have different color and microstructure. Alumina films with high molecular weight
precursor of aluminum acetylacetonate were darker than alumina films with low molecular weight
precursor of aluminum acetate. The dark color was due to the presence of carbon as a result of

incomplete oxidation reaction of carbon [44].

Aguilar-Frutis et al. [10] have investigated the effect of spraying solution with and without the
addition of water mist on AlOy thin films deposited on silicon and quartz substrates by ultrasonic
CSP technique. They reported that the films deposited with the addition of water mist produced
the best films, with a low content of -OH and water related bond, and highest refractive index.
Truong et. al also investigated the effects of substituting TMA precursor which is most common
precursor material for atomic layer deposition with ATIP in deposition of AlOy film. They observed
that AlO film prepared by thermal ALD technique using ATIP and water precursor has a maximal

growth per cycle of 1.8 A/cycle at 150 °C temperature [47].

2.6 Influence of annealing process on AlOy thin films

Annealing plays a significant role for the structural, electrical and optical properties of Aluminum

oxide thin films.

Zhao et al. reported that aluminum oxide film deposited by filtered cathodic vacuum arc method
and annealed at 900 °C showed monoclinic crystallinity induced by crystallization at such high
annealing temperature [14]. It is unusual to have any degree of crystallinity in alumina thin films

deposited or annealed at temperatures below 700 °C [43].
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Yiquan et al. studied the microstructure of Alumina coating prepared by spray deposition method.
They observed that the color of Alumina coatings heat-treated in air, at a temperature of 550 °C for
2 h changed from brown/grey to white [44]. Recently, Tang et al. [45] have also investigated the
effects of annealing rate on sputtered AlOy films. They reported that annealing rates can
significantly change the phase of the AlO films from amorphous to crystalline. As-deposited AlOy
films annealed at 500 °C and further heat treated at 800 °C and 900 °C at a very high annealing rate
resulted in crystallized film. However, at low annealing rate, the films were amorphous. Increasing
annealing rate also led to a finer, more compact, and improved film surface for the film annealed
at 500 °C. This result is also similar for films heated at 900 °C at a high annealing heat rate as they

show an unbroken surface morphology.

WenWen et al. in their recent study also reported that increasing annealing temperature of AlOy
film deposited by the sol-gel method decreases the leakage current density of the film and vice
versa. The reduced leakage current was attributed to the decrease in oxygen defect as Al-O bonding
forms, and the large leakage current was due to the presence of hydroxyl group and residual
organics which form the conduction paths. They also recorded a large dielectric value of 13.8 for
low temperature annealed AlOy film, which was ascribed to the large amount of hydroxyl group

revealed by the XPS result [46].

2.7 Properties of AlOy thin films by chemical deposition method

Several techniques have been reported for the chemical deposition of Aluminum oxide thin films
such as; sol-gel, spin and dip-coating, atomic layer epitaxy, spray pyrolysis, chemical vapor

deposition [17], and they are summarized in Fig. 2.4.

Yiquan et al. prepared AlOxthin film on glass substrate by aerosol assisted spray deposition method
at a deposition temperature of 450 °C. They reported that the film prepared using high molecular-
weight precursor such as aluminum acetylacetonate was darker and less dense than that with low
molecular weight aluminum acetate precursor. Annealing the films at 550 °C in air for 2 hours

changed the film color from brown/grey to white [44].

Aguilar Frutis et al. reported that the addition of water mist during the spray deposition process led

to an improvement in the overall dielectric properties of AlOy films prepared from a solution of
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aluminum acetylacetonate and N,N-dimethylformamide and deposited on silicon substrate at
temperatures between 450 - 650 °C [10]. Wonjin et al. have demonstrated that AlOfilms deposited
by plasma-enhanced chemical vapor deposition method at deposition temperature of 100 °C and

400 °C on silicon substrate before and after etching have a smooth surface [52].

Toshiro Maruyama et al. prepared amorphous AlOy film by chemical vapor deposition on glass and
silicon substrate which was heated to a temperature of 250 °C. They reported that the X-ray
diffraction pattern of the films showed that the films were amorphous [11]. Wangying et al.
reported thatincrease in annealing temperature decreases both the dielectric constant and leakage
current of the sol-gel deposited AlOy films. The film thickness increases with a decrease in annealing

temperature. And the films were all amorphous until annealing temperature reaches 500 °C [6].

J-Guzman et al. studied the structural characteristics of AlOy film deposited by spray pyrolysis with
and without the addition of water mist on silicon substrate at a temperature in the range of 500 —
650 °C. They reported that AlO«film without the addition of water mist are amorphous and porous

nature, while the film with the addition of water mist results in a crystalline and denser material [9]

Ahmet et al. described the relationship between annealing temperature of films deposited by
plasma-enhanced atomic layer deposition method and dielectric constant. Increasing the annealing
temperature increases the dielectric constant of the annealed films from 8.5 to 10.2. The films were
amorphous in the annealing temperature range of 250 — 750 °C with a dielectric constant of 8.5. At
annealing temperature between 750 — 1000 °C, the films show a crystalline phase and this increased

the dielectric constant to 10.2 [13].

With respect to the effect of atmosphere in which dielectric measurement is carried out, N.
Koslowski et al. [53] revealed that dielectric measurements done in ambient temperature increases
the capacitance significantly and affect parasitic resistance due to water molecules from the
atmosphere adsorbed on the film surface. It was established that AlOx films deposited by spin
coating method at high humid conditions improves the electrical properties of the film by producing
a smooth film surface, very low leakage current and higher breakdown voltage. At low humid
conditions, spherulite structure in form of cracks are formed on the surface of the films leading to

unfavorable dielectric properties [54].

It was reported by J. Jun et al. [55] that hydration improves the properties of AlOy films. They
discovered that increase in dipping time of AlOy films in deionized water increases the dielectric
constant from 7.8 to 11.5 with no significant increase in leakage current. This effect is due to the

structural change of the film surface from aluminum oxide to pseudo-boehmite after reaction with
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water. Kolodzey et al. [34] also confirmed the effect of difference in oxidation conditions, sublayer
composition and structure in the variation of current-density characteristics. The summary of the
properties of AlOx thin film deposited by different chemical deposition methods as reported in

literatures are listed in Table 2.5.

CHEMICAL DEPOSITION PROCESS

Gas Phase Solution
| |
s : . : Spray
CVD ALE [ Sol-Gel ] {Dm Cuatmg} [Spm Coatmg] { Rl ]
Figure 2.6 Chemical deposition methods [17]
Table 2.5 Summary of AlOx films deposited by chemical methods
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2.8 Applications of AlOy thin films

AlOy thin films are useful as dielectric layers in several types of microelectronic devices [10], as an
anti-reflection coating and passivation film for silicon-based solar cells [40], biomedicine,

neurosurgery, and optoelectronics [32].

They are suitable for optoelectronic and microelectronic devices due to their high mechanical
strength, wear resistance, chemical inertness, good adhesion to glass substrate, transparency over

wide wavelength [59], and their resistance to corrosive environments [32].

2.8.1 Solar cells

Schmidt et al. have studied the application of AlOy thin films deposited by atomic layer deposition
in solar cells. They reported that AlOxthin film can function as antireflective coating and passivating
layer in solar cells as it provides an excellent level of surface passivation on p- and n-type silicon
wafers. It is the ideal choice for a dielectric layer at the c-Si solar cell rear because of its very high

transparency for near-bandgap photons [60].

Ismail et al. reported that Silicon photodiode coated with nanostructured Alumina film gives a low
optical reflectance. The least reflectance of the silicon photodiode was recorded for Alumina film
prepared at 3.5 J/cm?/pulse. The average optical reflectance of silicon decreased from 31 to 15%
after alumina deposition, which is an indication of the effect of the antireflection properties of
Alumina film. After deposition of Alumina films, the dark current of the photodiode decreases while

the photodiode current increases [33].

Dobrzanski et al. have also studied the influence of AlOy film as an antireflection coating on the
efficiency of solar cells. They reported that AlO4 coating deposited on solar cell by atomic layer
deposition method increases the fill factor, short circuit current, open circuit voltage, and efficiency
of solar cells with efficiency difference of about 5.28% between solar cells with and without
antireflective coating. Reflection accounts for about 8% loss in solar cells, therefore, reduced
reflection leads to a much more improved efficiency of solar cells. Efficiency difference of 5.28%

was reported for solar cells with and without antireflective coating [61].
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2.8.2 Thin film transistors

In thin film transistors, Arunima et al. have shown that AlO, can be used as a suitable substrate and
dielectric layer for n-layer MoS; transistors. They reported that the use of AlOx material for high

gate dielectric can improve the stability and increase mobility in MoS; layers transistor [62].

Barbara et al. demonstrated that Aluminum oxide thin films modified with self-assembled
monolayer can be effective as gate dielectrics to achieve low operational voltage in solution-
processed organic field effect transistors. The need to device a means of fabricating solution based
transistors with low operational voltage stems from the fact that most organic transistors function
at voltages that are too high for use in aqueous environment [38]. Shao et al. studied the electrical
characteristics of atomic layer deposition of hydrogen rich AlOy at different temperatures as a
dielectric material in IGZO-TFT. They concluded that the hydrogen rich AlOy film as-deposited at
room temperature is most suitable due to its high field-effect mobility, small subthreshold swing,
low threshold voltage, a large on/off current ratio, and enhanced negative and positive gate bias
stabilities. The hydrogen rich AlOy film also led to effective passivation of interfacial states of a-
IGZO/Al,03 ascribed to hydrogen impurities released as a result of electrons generated during

sputtering of IGZO [58].

2.8.3 Dynamic random access memory (DRAM)

According to Sivaramakrishnan et al., AlOyx is one of the most appropriate material for blocking
dielectrics in high performance memory, embedded flash and DRAM applications. Blocking
dielectric blocks the leakage of the stored charge from the floating gate of a flash memory. Use of
AlOx (hence, larger physical thickness) as blocking dielectric can minimize the charge leakage
efficiently and withstand higher operating voltages, thereby enhancing the programming and
erasing speeds of the flash memory. High-k dielectrics are the next best alternative to be used as

IPD since the conventional material used SiO; has reached its physical limit [63].

2.8.4 Humidity sensor

Shamala et al. [39] studied AlOy thin films prepared by spray pyrolysis for application in humidity
sensor. They fabricated a Metal Oxide Semiconductor capacitor sensor to study the variation of
capacitance as a function of relative humidity and temperature. Parameters like volume resistivity

and breakdown electric field present the properties of a good dielectric film.
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2.8.5 Corrosion protection

Potts et al. [42] have investigated the properties of ultra-thin film AlOx deposited by plasma
enhanced atomic layer deposition (PEALD) in comparison with AlOy film deposited by thermal
atomic layer deposition (TALD) on steel and aluminum for corrosion protection. They reported that
AlOythin films deposited by PEALD gave a longer corrosion protection and the lowest porosity than
TALD AlOy film. So therefore, it is a promising technique to deposit thin films for corrosion

protection and sealing.

2.9 Thin film transistor (TFT) structure and operation

A transistor is a device that is used to amplify or switch electronic signals. It is divided into bipolar
and unipolar (field-effect transistor, FET) [64]. Basically, a thin film transistor comprises of three

elements [65];

e Semiconductor or channel layer
e aninsulating layer

e the electrodes [66]. They are three namely; source, drain and gate [64].

Although, organic semiconductors have been known since 1940s, but the first transistor based on
an organic semiconductor was only reported in 1986 with a device made on an electrochemically
grown polythiophene film. The possibility of fabricating organic TFT with small conjugated
molecules was reported in 1989 with sexithiophene [66]. Interests in organic semiconductor and
solution-processed inorganic semiconductors such as oxides for TFT have grown in recent times
because such materials can be processed and deposited cheaply thereby lowering the cost of

fabrication [64].

Semiconducting inorganic or organic conducting channel is devised between two ohmic contacts:
the source and the drain [64]. The source and the drain are in contact with the semiconducting film
at a small distance from each other [66]. The gate regulates the charge induced into the channel

from the source to drain when the gate voltage is higher than a threshold voltage [64].
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The gate material of a thin film transistor can be doped silicon, indium tin oxide (ITO), or other
conducting materials. A dielectric material functions as the gate insulator or capacitor, and the

channel is composed of semiconductor materials such as conducting polymers or metal oxides [64].

Transistor channel

Charge transfer CL Gate Dielectric

Figure 2.7 Schematic diagram of a TFT [64]

A thin film transistor functions as a capacitor, when a voltage is applied between the source and
the drain, as shown in Fig. 2.7 above, a charge is induced at the insulator-semiconductor interface.
The charge forms a channel which is conductive, and the conductance is proportional to the gate
voltage. According to Ohm’s law, at low drain voltage, current increases linearly with drain voltage.
Insulator plays a vital role in the performance of a transistor by isolating the gate contact from the

rest of the structure [66].

The TFT device is divided into two main groups; the staggered and coplanar group. This division is
based on the configuration of the source/drain electrode and gate electrode. In the coplanar
structure, the source/drain and gate electrodes are placed on the same side of the channel, and in
the staggered structure, the source/drain and gate electrodes are placed at opposite sides. The TFT
structure can be further classified into top-gate devices and bottom-gate devices depending on the
position of the gate electrode [65], [67]. The bottom-gate devices are referred to as inverted

structure [65].
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[ semiconductor M Gate dielectric  [] Substrate

Figure 2.8 Thin-film transistor device (TFT) structures: (a) bottom gate, top contact, (b) bottom gate, bottom
contact, (c) top gate, bottom contact, and (d) top gate, top contact [44]

Each of these TFT structures in Figure 2.8 has its advantages and disadvantages, and the type of
structure adopted is a direct effect of its use. Bottom gate bottom contact structure offers the
advantage of swift inspection and investigation of new semiconductor materials since the gate
electrode, gate dielectric, source and drain contacts are pre-fabricated, and the semiconductor is
deposited in the last stage of the process. A perfect semiconductor-dielectric interface can also be
maintained as there are no other steps involved after depositing the semiconductor. The
disadvantage of this structure is that it exposes the semiconductor to ambient conditions which
may hasten degradation due to oxygen, water, and other factors. The Top gate top contact and top
gate bottom contact structures make use of the dielectric material as an encapsulation layer to
protect the semiconductor from environmental degradation. However, the dielectric material must

be carefully chosen to preserve the integrity of the semiconductor [67].

Structure of organic semiconductors differs from that of inorganic semiconductors. Organic solids
are defined by weak van der Waals bonds, in contrast to semiconductors like Silicon or Germanium,
where covalent bonds define their crystals. This major difference has an impact on their properties
and processing. Inorganic compounds are processed in extreme conditions such as high
temperature and vacuum, while organic compounds are processed at or around room temperature
and ambient pressure by inkjet processing, laser printing, or other simple methods due to the weak

bonding present in organic materials [67].

The downside to the usage of SiO; as a dielectric material in TFTs is that the chemical structure
contains a huge amount of surface states which can act as charge traps, thereby affecting efficient
application of the device. Passivation of the Silicon oxide surface is one way to evade the effects of
the traps. Charge scattering and density of traps can be limited in the electronic channel by

minimizing the roughness at the semiconductor-dielectric interface. TFT operation is dependent on
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the application of 2 potentials, which are the gate electrode and the drain electrode resulting into

gate-source voltage (Vess) and the drain-source voltage (Vops) [67].

2.10 Summary of literature review and aim of the study

According to the literature review, Aluminum oxide has shown to be a promising material for use
in the microelectronics industry due to its excellent insulative properties, high band gap, high
dielectric material, wide transparency window from ultraviolet to mid-infrared region, good
thermal and chemical stability, and superior electrical and mechanical properties. Aluminum oxide
has been used in various applications such as for water purification, firebricks, integrated circuit,

abrasives, anti-reflection coating, sensors, gas diffusion barrier, biomedicine and neurosurgery.

AlOy thin films have also been deposited using various deposition methods such as spray pyrolysis,
sol-gel, pulsed laser deposition, chemical vapor deposition, filtered cathodic vacuum arc, plasma-
enhanced chemical vapor deposition, vacuum evaporation, and plasma-enhanced chemical vapor
deposition. The most frequently used precursor material for deposition of AlOyfilm is Aluminum
acetylacetonate, and the most widely used deposition method is the atomic layer deposition
method. However, there is limited publication on the dielectric applications of ultrasonic spray

deposited Aluminum oxide films.

Ultrasonic spray pyrolysis (USP) deposition method is a very important technique for AlOy thin film
deposition because of its low-cost setup, simplicity and flexibility. It can be used to deposit
homogenous thin films. Extensive study carried out on AlOy thin films has shown it to be a versatile
material. Aluminum oxide thin film has been used as an antireflective and passivating layer in solar
cells to improve the efficiency of the cells. It is used as a suitable substrate and dielectric layer for
gate insulator in Thin Film Transistors (TFT) to reduce leakage current and increase breakdown
voltage for optimal performance of the TFT. Thin films of Aluminum oxide can also be used a
blocking dielectric in performance memory, embedded flash and dynamic random access memory

(DRAM) applications.
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2.10.1 Aim of the study

The aim of the study is to fabricate Aluminum oxide thin films by ultrasonic spray pyrolysis

technique for dielectric applications.
The objectives of the study are;

1. To deposit AlOxthin films by chemical spray pyrolysis at various deposition temperatures.

2. To investigate surface morphology and structural characteristics of AlOxthin films.

3. Analyse the electrical properties of the deposited AlOythin films.
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3.0 MATERIALS AND METHODS

3.1 Experimental details

3.1.1 Reagents

The following reagents listed in Table 3.1. below were used in depositing thin films of Aluminum

oxide.

Table 3.1 Details of chemicals used for the experiment

Reagent name Chemical Molecular weight Company Purity (%)
formulae (8/mol)

Ethanol CH2HsOH 46.07 Ou Estonian spirit 96.6
Methanol CHsOH 32.04 Sigma Aldrich 96
Al(acac)s Al(CsH702)3 324.31 Aldrich 99

Deionized water H>0 18.7 Milipore >18.2 MQ.cm

3.1.2 Preparation of precursor solution

In this experiment, the chemicals used for the preparation of the spray solution were methanol
(solvent) and aluminium acetylacetonate (precursor). 50 ml volume of AlOy solution with 0.05 M
concentration was used for the deposition of films on all substrates irrespective of the deposition
temperature. The solution was prepared by weighing a sample of 4.05 g of Aluminum
acetylacetonate powder, this sample was dissolved in methanol to prepare a volume of 250 ml
solution. The mixture was then stirred with a magnetic stirrer for 15 minutes at room temperature
to ensure a complete dissolution and homogenous mixing. The steps involved in this preparation

can be seen in the schematic diagram in Figure 3.1 below.
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Aluminum
acetylacetonate Methanol
Al{CsH,0;) CH,OH

Mixed and dissclved at room

temperature

Stirred for 15 mins

Sprayed onto silicon and quartz

substrate @350 °C, 450 °C, 550 °C

Figure 3.1 Schematic diagram for the preparation of spray solution

3.1.3 Substrate preparation

The substrates used for the purpose of this experiment were UV grade quartz (PGO-Germany) and
an n-type silicon wafer of low resistivity (<0.005 ohm/cm from Siegert wafer). They were cut
mechanically into sizes of dimension 2 cm x 1 cm. Afterwards, the substrates were cleaned for 5
minutes each at 60 °C with methanol, ethanol and deionized water in ultrasonic bath. Finally, the

cleaned substrates were then dried in air and kept in a Petri-dish.

3.2 Deposition of AlOy thin film

The cleaned substrates were placed on the heater and positioned in such a way that the vapor

coming from the pipe will be evenly deposited on the substrates. The heater was allowed to heat
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up to the required deposition temperatures (350 °C, 450 °C, and 550 °C) before depositing. The
temperature of the heater is adjusted with the aid of the temperature controller. After reaching the
desired temperature, it was left for few minutes to stabilize before plugging the ultrasonic

generator.

The carrier gas flow rate used for spraying the solution was 3 L/min. The nebulizer was first
calibrated using methanol as the spraying solution since the solvent used is methanol. The spray
parameters were set at 3 steps, 10 cycles for deposition of 50 ml volume of AlOx solution. Deposition

parameters of AlO thin films on different substrates is shown in Table 3.2 below.

Table 3.2 Deposition parameters of the AlOxthin films deposited by ultrasonic spray pyrolysis method

Sample Substrate Condition Substrates Carrier gas
name Temperature flow rate
(°C) (L/min)
1.1 Quartz 0.05 M 350 3
1.2 Quartz Concentration 450 3
1.3 Quartz of AlOx 550 3
2.1 Silicon 10 cycles 350 3
2.2 Silicon 3 steps 450 3
2.3 Silicon 550 3

3.3 Annealing of AlOy thin films

The AlOy thin films deposited at 350 °C, 450 °C, and 550 °C on quartz substrates were annealed in
air for 1 hour at temperatures of 500 °C, 800 °C, and 1000 °C using a Nabertherm L5/11/06D furnace.
The films were first placed in the oven before setting the annealing temperature and annealing
time. The heating time up to the required temperature was set for 20 minutes. After annealing, the
films were allowed to cool down in the furnace before taking them out. Description of the annealing

conditions is shown in Table 3.3 below.
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Table 3.3 Annealing conditions of AlOx thin films

Sample name Substrate Ts (°C) Tan (°C) Time (hour)
1.1a Quartz 350 500 1
1.2a Quartz 450 500 1
1.3a Quartz 550 500 1
1.1b Quartz 350 800 1
1.2b Quartz 450 800 1
1.3b Quartz 550 800 1
1.1c Quartz 350 1000 1
1.2c Quartz 450 1000 1
1.3c Quartz 550 1000 1

3.4 Electrode deposition

Pure Aluminum metal electrode contacts were deposited on the surface of the as-deposited AlOy
film with silicon substrate with the aid of Quorum K975X vacuum evaporator to prepare the samples
for electrical measurement. Before deposition was done, the surface of the film was covered with
a mask of uniform area 1.7 mm?. The samples were heated at 200 °C for 10 minutes. This
experimental procedure was carried out in Laboratory of chemical thin film technology, Tallinn

University of Technology, Estonia.

3.5 Thin film characterization methods

In this thesis, the characterization methods used were scanning electron microscopy (SEM), x-ray

diffraction (XRD), current-voltage and impedance measurement.
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3.5.1 X-ray diffraction

The structural properties and phase composition of the AlOy thin films deposited on the quartz
substrates was studied by carrying out x-ray diffraction measurement using an ULTIMA IV Rigaku
D/max 2500 diffractometer and strip silicon detector D/Tex Ultra with Cu Ka radiation operated
with 40 KV and 40 mA. The diffraction patterns were measured in the 20 range from 20 to 60 degree

with a step of 0.02°and a scanning speed of 5 degrees/minute.

3.5.2 Current-voltage measurement

Electrical properties of AlOy films were characterized by constructing a capacitor of AIO/AIOx/Si
structure. The MOS structure was formed by evaporating Aluminum on the surface with 1.7
mm?2 as the contact area. The current-voltage (I-V) curves were measured by using the
AUTOLAB PGSTAT30 in the Laboratory of Chemical Thin Film Technologies, Tallinn University
of Technology. While the data was obtained by using the Frequency response analyser
software. DC measurement was carried out by using graphite contact deposited on top of the
AlO films. Resistance was determined from the inverse of slope of the I-V plot. Electrical

resistivity was estimated from resistance using equation 3.1 below.

p =R (3.1)

where p - resistivity, Q cm,
L - film thickness, mm,
A - contact area, mm?,
R —resistance, Q.

The values for electrical conductivity was calculated by taking inverse of resistivity.
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3.5.3 Impedance spectroscopy

The impedance measurement was done by using the AUTOLAB PGSTAT30 equipment. Capacitance
was extracted from the impedance measurement and both the average area capacitance and
average dielectric constants were estimated for all working devices at different frequencies. The
Capacitance of the samples were estimated from the imaginary part of the impedance spectroscopy

using equation 3.2 and dielectric constant in equation 3.3.

1
C = p—— (3.2)

where C — capacitance,
f - frequency, Hz,
Z” - imaginary impedance, Q,

1 - constant 3.1415.

= Eok4 (3.3)

where C - capacitance,
€ - permittivity of free space,
k - dielectric constant,
A - contact area, mm?,

d - film thickness, mm.

3.5.4 Scanning electron microscopy

The surface morphology and cross-sections were investigated with the aid of Zeiss HR FESEM
Ultra 55 high-resolution scanning electron microscopy (SEM). The accelerated voltage for SEM
measurement was 4.0 kV. SEM images were taken by focusing the samples on the electron

beam where the electrons are made to relate with atoms in the sample. The apparatus consists
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of the electron gun unit, scanning unit, demagnification unit, focus unit and detector unit. The
measurements were carried out in the Laboratory of Optoelectronic Materials Physics by Dr.

V. Mikli.
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4.0 RESULTS AND DISCUSSIONS

4.1 Surface morphology

Figure 4.1 shows the surface morphology with cross-section of AlOy films grown at 350 °C, 450 °C
and 550 °C on quartz substrate. The images obtained from the SEM measurement were used to
study the influence of varying deposition temperature on the as-deposited AlO, film morphology
and thickness. The surface of the films deposited were homogenous, well compacted and smooth.
According to Alexey et al. AlO thin film deposited by atomic layer deposition method also show

smooth surface [80].

Sgwi A intess 20 NM*
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o
Figure 4.1 SEM images with cross-section of 0.05 M concentration of AlOx as-deposited at 350 °C (A-1), 450 °C
(B-11), 550 °C (C-IlI)

The thicknesses of the films were estimated from the cross-sectional images shown in Figure 4.1 (I-
[I1). The obtained results revealed that the thicknesses of the films increase with increase in
deposition temperature. The thickness of the film as-deposited at 350 °C is 54 nm, while the

thickness of films as-deposited at 450 °C and 550 °C are 96 nm and 159 nm respectively.
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4.2 Structural properties of AlOy films

The X-ray diffractogram of AlOy films as-deposited at 350 °C and 450 °C and annealed at 1000 °C on
quartz substrates is shown in Figure 4.2. No diffraction peaks are observed in the XRD. This proves
that all the samples were amorphous with no degree of crystallinity in the films. Amorphous films
are desirable for application as a dielectric material where grain boundaries at crystalline interfaces
can act as preferential paths for impurity diffusion and thus leakage currents, leading to a poor
performance of the desired dielectric [53]. Our result corresponds with XRD measurements of AlOy
films in previous literatures that no sharp peak was observed for AlOy film annealed until annealing

temperature of 1000 °C [53][46][12].
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Figure 4.2 X-ray diffractogram of AlOx thin films deposited at 350 °C and 450 °C, annealed at 1000 °C

4.3 Electrical properties

4.3.1 Current-voltage study of AlO thin films

Figure 4.3 shows the leakage current density in the forward bias and reverse bias regime (-2 V to
+2 V). Electrical properties of the AlOy films were characterized by constructing a capacitor of
Al/AlO,/Si structure. The current density at -1.0 V was estimated to be 9.5 x 108 A/cm?, 1.5 x 10°
A/cm?, and 1.6 x 10° A/cm? for AlO,as-deposited at 350 °C, 450 °C, and 550°C respectively. J. Jun et
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al. [55] reported a leakage current of 3.8 x 10* A/cm? for as-deposited AlO, thin film by metal
organic chemical vapor deposition. Y. Koda et al. [81] also reported leakage current density of 3.6 x
101°A/cm? for as-deposited AlO, films. Our leakage current values are close to the values reported
in previous literatures. The devices made from as-deposited AlOy at both 450 °C and 550 °C have
large leakage current densities attributed to the presence of large amount of residuals which will

lead to conduction paths [6].

It can be seen from the result that AlOy thin film as-deposited at 350 °C has a very small leakage
current. This small leakage current could be attributed to a smooth and compact surface of the
sample due to the absence of grain boundaries which may act as leakage channel resulting in a large
leakage current. Presence of Al-O bonding on the film surface as a result of film condensation at
higher deposition temperature also decreases the leakage current of dielectric layer [46]. It also
shows that 350 °C deposition temperature could presumably be sufficient to achieve a good

dielectric with low leakage current by using USP technique.

The resistivity values for the as-deposited AlO, thin films were estimated to be 3.1 x 10*Qcm, 1.6 x
10° Qcm, and 3.9 x 101 Qcm at 350 °C, 450 °C and 550 °C. It can be observed that AlO, thin films as-
deposited at 450 °C has a large electrical resistivity among all the samples which could be due to its
small thickness. The resistivity of the film increases with increasing deposition temperature from
350 °C to 450 °C, followed by a decrease in resistivity with increase in deposition temperature from

450 °Cto 550 °C.
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Figure 4.3 Leakage current density for AlOx thin films as-deposited at 350 °C, 450 °C, and 550 °C
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Performance of the TFT is strongly dependent on the breakdown properties and current transport
behaviors of the gate dielectric films. The current transport in dielectric films is influenced by film
material composition, film processing conditions, film thickness, trap energy level and trap density
in the films [82]. Two transport mechanisms that are known to be important for tunneling in gate

dielectric films are described below; Fowler-Nordheim tunneling and Frenkel-Poole emission [34].

o Fowler-Nordheim (FN) tunneling: They explain the phenomenon behind electrons tunneling
from the metal into the conduction band of the dielectric material [34], [82]. Conduction current

in dielectric films can be excellently described by the FN formula in the equations below.

] = CE* exp(=B/E) (4.1) [82]
¢ = 16:’2::1771@ (4.2)

_ 4 em'? g
T3 qh @

(4.3)
where E — externally applied field,
g — electron charge,
m. — electron mass in free space,
Mox — electron mass in the oxide,
h —reduced planck’s constant,

@, — barrier height, eV.

The conduction behavior in the conventional SiO; films has been extensively explained using the FN

formula [82].

¢ Internal Schottky (or Pool-Frenkel) effect: It describes the field enhanced thermal excitation of
electrons from its delocalized state into the conduction band of the insulator [34]. Dependence

of current density on the oxide electric field is given by the equation below.
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] = Conexp[((don)l/z —0:)q/KpT] (4.4) [34]
Where K, — boltzmann’s constant,
T — measurement temperature,

¢ —a constant that depends on the trap density,

.17
nEi’

E; - total electric permittivity of the insulator.

Poole-Frenkel effect is clearly dependent on temperature. The higher the temperatures, the lower
the current and the effect of the field on the current. Meanwhile, temperature dependence of the
bandgap, the barrier heights, and the carrier occupation statistics have an effect on both current

transport mechanisms [34].

4.3.2 Dielectric characterisation

Statistical studies of both the capacitance and dielectric values for about 30 capacitors were carried
out after measuring the electrical impedance at a frequency range of 10 — 1 MHz. Capacitance value
was extracted from the impedance and both the mean area capacitance and mean dielectric
constants were estimated at different contacts for all working devices at different frequencies. The
capacitance-frequency for as-deposited AlOy thin films on silicon substrates presented on a box plot
is shown in Figure 4.4. This plot shows the range of calculated area capacitance values for all the
samples at different frequencies of 1 kHz, 10 kHz, and 100 kHz. It is seen that capacitance of AlOy
film as-deposited at 350 °C decreases with increase in the frequency. This phenomenon of reduced
capacitance at high frequency is linked to the presence of trap states in dielectric films which
prevents the film from acquiring enough speed needed to match higher frequencies [26]. On the
other hand, capacitance values for AlOx as-deposited at 450 °C and 550 °C were relatively stable
across the frequency range. The variation in capacitance could be attributed to the presence of
hydroxyl groups in the AlO4 films. Large amount of hydroxyl groups could lead to significant

decrease in capacitance and vice versa [46].
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Figure 4.4 Capacitance-frequency plot for the AlOx as-deposited on Si at 350°C, 450°C and 550 °C

AlOy film as-deposited at 350 °C, 450 °C, and 550 °C at 1 kHz exhibited capacitance values of 116
nF/cm?, 57 nF/cm?, and 36 nF/cm?respectively. Area capacitance reported by Wenwen et al. [46]
for annealed AlOy films were in the range of 72.2 -120.6 nF/cm?2. It was also observed that the

capacitance values decrease with increase in deposition temperature.

Figure 4.5 shows the dependence of dielectric constant on frequency for as-deposited AlO4 samples
on silicon substrates. It was observed that the capacitor with as-deposited AlOy thin film at 350 °C
has a large dielectric constant value of approximately 7.4 at 1 kHz. Reported values of dielectric
constant for as-deposited AlOx films are in the range of 7-10 [83][19]. At higher frequency
dispersion, mean dielectric constant for sample as-deposited at 350 °C is almost equal to that of
the sample as-deposited at 550 °C. The summary of the electrical results are presented in Table 4.1

below.
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Figure 4.5 Dielectric-frequency plot for the AlOx as-deposited on Si at 350 °C, 450 °C and 550 °C

Table 4.1 Summary of the electrical results for as-deposited AlOx samples

As-deposited Thickness Area (cm?) Dielectric Capacitance
Samples (°C) (nm) constant @ (nF/cm?)
1kHz @1kHz
350 54 0.017 7.4 116
450 96 0.017 5.6 57
550 159 0.017 6.5 36

4.4 Recommendations for future work

In this research work, it has been established that AlOy thin film as-deposited at 350°C by ultrasonic
spray deposition (USP) method has excellent properties that makes it desirable as a dielectric
material. However, the electrical properties of annealed AlOy films have not been studied. The

following recommendations are useful for future research in this field:
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(1) Itis recommended that the performance of thermal annealed AlOy films deposited by USP

as a dielectric layer should be studied.
(2) XPS and EDX characterization should be carried out on the as-deposited AlOyfilms to study
the elemental composition and stoichiometry of the films.

(3) The as-deposited AlOy thin films should be tested in a TFT.
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5.0 SUMMARY

In this thesis, chemical spray pyrolysis deposition method which is cheap and allows mixing of
precursor solution prior to deposition was adopted to deposit thin films of amorphous AlOy at
deposition temperatures of 350 °C, 450 °C, and 550 °C onto a preheated silicon and quartz
substrates. The influence of varying deposition temperature and annealing temperature on the AlOy
film’s structural, morphological and electrical properties for application as a dielectric layer in thin
film transistor technology were investigated. The experiments were carried out in the Laboratory
of Thin film Chemical Technology, Tallinn University of Technology. The results of this research have
been presented at the 16% International Conference of Young Scientists on Energy lssues
(24.05.2019 - 25.05.2019), in Lithuania and published in proceedings of ISSN 1822-7554.
Conclusions drawn from this research is based on experimental observation supported and backed

by results from other literatures reviewed on AlOy films deposited by other deposition techniques.
The conclusions are summarized below:

e AIO, thin films was successfully deposited by the CSP method at different deposition
temperatures.

e The SEM study revealed that the AlOy films as-deposited by the chemical spray pyrolysis
technique were homogenous, compact and smooth. The film thicknesses increase with
increase in deposition temperature. The thickness of the as-deposited films were in the
range of 54 nm — 159 nm.

e XRD data revealed that both the as-deposited and annealed AlOy films on quartz substrate
were amorphous with no degree of crystallinity in the films.

e Resistivity of the as-deposited AlOy films on Silicon substrate are in the range of 10 Qcm -
10° Qcm, and resistivity increases with increasing deposition temperature from 350 °C —
450 °C. Leakage current density at -1.0 V were in the range of 10 A/cm?—10° A/cm?. AlO,
thin film as-deposited at 350 °C has noticeably small leakage current which could be
attributed to a smooth and compact surface of the sample due to the absence of grain
boundaries which may act as leakage channel resulting in a large leakage current. Decrease
in leakage current could also be due to the presence of Al-O bonding on the film surface as
a result of film condensation at higher deposition temperature.

e Dielectric study revealed that at frequency of 1 kHz, the dielectric constants for the as-
deposited AlOy films were in the range of 5.6 — 7.4, and area capacitance values are in the
range of 36 — 116 nF/cm?. Both the area capacitance and dielectric constant decrease with

increase in deposition temperature. Reduced capacitance at high frequency is linked to the
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presence of trap states in dielectric films which prevents the film from acquiring enough
speed needed to match higher frequencies. Variation in capacitance could also be due to
the presence of hydroxyl groups on the film’s surface.

Finally, we can conclude that AlOy films deposited at 350 °C by chemical spray pyrolysis
method are desirable for superior performance as a dielectric layer in thin film transistors
due to its smooth surface and amorphous nature, large resistivity, small leakage current,

and a very large dielectric constant.
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ABSTRACT

Aluminum Oxide (AlOy) is a high-k semiconductor material with excellent optical and electrical properties, and it
has been successfully used in different applications most especially as a gate insulator for thin film transistors.
For the purpose of this work, an ultrasonic spray pyrolysis (USP) method was adopted. To the best of our
knowledge, limited work has been done on USP deposition of AlOx thin films. Aluminum acetylacetonate salt
Al(acac); was used as the AlOy precursor salt. 0.05 M concentration of AlOx precursor was prepared by
dissolving Aluminum acetylacetonate in methanol, the solution was sprayed onto heated silicon wafer and quartz
substrates at temperatures of 350, 450, and 550 °C. As-deposited films on quartz substrates were annealed at 500,
800, and 1000 °C for 1 hour. The microstructural, morphological and electrical properties of the films were
investigated. The X-ray diffraction (XRD) studies revealed that both as-deposited and annealed AlOx thin films
were amorphous. Scanning electron microscope (SEM) images revealed that the AlOx films were smooth,
uniform, and well compacted with the absence of grain boundaries. Electrical properties of the as-deposited AlOy
thin film was accessed by constructing capacitor in a metal-insulator-structure (MIS). As revealed by the current
— voltage characterization, the resistivity of the as-deposited film increases with deposition temperature from
3.07x10* Qcm (in 350°C as-deposited films) to 1.57x10° Qcm (in 450°C as-deposited film). The films have a
high dielectric constant in the range of 7.4 — 5.6. Based on this result, USP as-deposited AlOx film shows
promising properties suitable for use in transistor application.

Keywords: Aluminum oxide, Spray pyrolysis, Dielectric, Thin films transistor, Current-voltage

1. INTRODUCTION

Aluminum Oxide (AlOx) is considered an outstanding material for application in
microelectronics, optoelectronics, sensors, water repellent coating, protective coating,
gate dielectric in thin film transistors (TFTs), biomedicals and sensing layer due to the
following properties: excellent dielectric constant; wide band gap; low-leakage current
densities; good adhesion to glass substrate; chemical inertness; high thermal
conductivity; high refractive index; and mechanical strength [1]-[5].



] CYSENI 2019, May 23-24, Kaunas, Lithuania
ISSN 1822-7554, www.cyseni.com

Amorphous AlOx is considered as a suitable gate dielectric in TFTs to avoid
leakage current through crystalline grain boundaries [2]. In order to reduce the size
of metal oxide semiconductor (MOS) transistors below 50 nm for next generation
electronic devices, amorphous materials that are novel with high dielectric constant,
high breakdown voltage, low leakage and low interface trap density values are
needed [3]. AIOx has a band gap and dielectric constant of 9.9 eV and 10
respectively compared to SiO; with band gap of 9 eV and dielectric constant of 3.9

13].

M. Aguilar Frutis et al. [5] have investigated the effect of adding water to the
AlOx spray precursor solution on the optical properties of the film formed. The thin
film from the addition of water mist showed the highest refractive index (~ 1.66),
and lower content of -OH and water related bonds, while the AlOx thin film without
addition of water mist has low value of refractive index with presence of water
related impurities and -OH bonds.

It was reported by J. Jun et al. [6] that hydration improves the properties of
AlOx films. They discovered that increase in dipping time of AlOx films in deionized
water increases the dielectric constant from 7.8 to 11.5 with no significant increase
in leakage current. This effect is due to the structural change of the film surface from
aluminum oxide to pseudo-boehmite after reaction with water. J. Kolodzey et al. [7]
also confirmed the effect of difference in oxidation conditions, sublayer composition
and structure in the variation of current-density characteristics.

With respect to the effect of atmosphere in which dielectric measurement is
carried out, N. Koslowski et al. [8] revealed that dielectric measurements done in
ambient temperature increases the capacitance significantly and affect parasitic
resistance due to water molecules from the atmosphere adsorbed on the film surface.
It was established that AlOx films deposited by spin coating method at high humid
conditions improves the electrical properties of the film by producing a smooth film
surface, very low leakage current and higher breakdown voltage. At low humid
conditions, spherulite structure in form of cracks are formed on the surface of the
films leading to unfavorable dielectric properties [9]. WenWen et al. in their recent
study reported that increasing annealing temperature of AlOx film decreases the
leakage current density of the film and vice versa. The reduced leakage current was
attributed to the decrease in oxygen defect as Al-O bonding forms, and the large
leakage current was due to the presence of hydroxyl group and residual organics
which form the conduction paths. They also recorded a large dielectric value of 13.8
for low temperature annealed AlOx film, which was ascribed to the large amount of
hydroxyl group revealed by the XPS result [10].

According to our review, AlOx thin films prepared by other deposition
methods such as pulsed laser deposition (PLD) [3], chemical vapor deposition
(CVD) [11], [12], plasma enhanced chemical vapor deposition (PECVD) [13], and
plasma enhanced atomic layer deposition (PEALD) [14], [15] have been studied
extensively, however, only limited research could be found on AlOx thin films
deposited by chemical spray pyrolysis. Of all these methods, the spray pyrolysis is
considered to be optimal due to its simplicity and low-cost as it does not require a
vacuum [16], its ease in doping, it doesn’t require a high quality target/substrate, it
also offers an easy method of adjusting the deposition rate and film thickness by
altering spray parameters [17].

In this paper, we focus on the deposition of AlOx thin film by the USP method
with the aim of studying the influence of varying deposition temperature and

2
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annealing temperature on the film’s structural, morphological and -electrical
properties for its application as a dielectric layer in thin film transistor technology.

2. METHODOLOGY

AlOy films were deposited onto a preheated substrate of silicon and quartz
with dimension 2 cm by 1 cm by ultrasonic spray pyrolysis (USP) technique. The
substrates were cleaned in methanol, ethanol and deionized water in ultrasonic bath
for 5 minutes each at 60 °C. The precursor solution of 250 ml volume with 0.05 M
concentration were prepared by dissolving 4.05 g aluminum acetylacetonate
(Al(CsH707)3) powder in methanol (CH30H) and the solution was stirred for 15
mins with a magnetic stirrer at room temperature to ensure homogeneity. The
solution was atomized by an ultrasonic generator of 1.7 MHz frequency, and the
generated aerosol was transported directly to the heated substrates using air as
carrier. Films were deposited by spraying 50 ml solution of AlOx with the same
molar concentration at various substrate temperatures, (Ts) of 350 °C, 450 °C and
550 °C in air. The carrier gas flow rate and director gas flow rate for spraying the
solution were 3 L/min and 1 L/min respectively. For the deposition, spray
parameters were set as 3 steps, 10 cycles. Structural studies were carried out on the
quartz substrate, while electrical studies were carried out on the silicon substrate.

The as-deposited AlOx films on quartz and silicon substrates were annealed in
air at temperatures of 500 °C, 800 °C, and 1000 °C for 1 hour using a Nabertherm
L5/11/06D furnace. X-Ray diffraction (XRD) measurement was carried out with the
RIKAGU ULTIMA 1V diffractometer with Cu Ko radiation (y = 1.5406 A, 40 kV,
40 mA) using silicon strip detector D/tex Ultra. Sample measurement were taken in
the 20 range from 20-60 degree with a step of 0.02° and scanning speed of 5 °/min.

The surface morphology, cross-sections were investigated with the aid of Zeiss
HR FESEM Ultra 55 high-resolution scanning electron microscopy (SEM). The
accelerated voltage for SEM measurement was 4.0 kV.

A metal-oxide semiconductor (MIS) with structure AI/AlOx/Si-C was
fabricated for the purpose of electrical measurement by evaporating Aluminum
electrode contact on the surface of the films with the help of Quorum K975X
vacuum evaporator. A mask with uniform area 1.7 mm? was used to cover the films
before deposition. Graphite paste was applied on the back side of the device to
improve ohmic conductivity, and measurement was carried out through both the
graphite and Al. The I-V and impedance measurements were carried out using the
AUTOLAB PGSTAT 30 equipment.

3. RESULTS AND DISCUSSIONS
3.1. Surface Morphology

Figure 1 shows the surface morphology and cross-section views of AlOx films
grown at 350 °C, 450 °C and 550 °C on quartz substrate. The surface of the films
deposited were homogenous, well compacted, and smooth, with the presence of
some random particles of about 100 nm size. According to Alexey et al. AlOx thin
film deposited by atomic layer deposition method also show smooth surface [18].

3
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Fig. 1. SEM images with cross-section of 0.05 M concentration of AlOx films as-
deposited at 350 °C (A-I), 450 °C (B-II), and 550 °C (C-III)

The thicknesses of the films were estimated from the cross-sectional images
shown in Fig. 1. (1-III). The obtained results revealed that the thicknesses of the
films increase with increase in deposition temperature. The thickness of the film as-
deposited at 350 °C is 54 nm, while the thickness of films as-deposited at 450 °C and
550 °C are 96 nm and 159 nm respectively.

3.2. Structural Studies

The X-ray diffractogram of AlOx films as-deposited at 350 °C and 450 °C
followed by annealing at 1000 °C on quartz substrates is shown in Figure 2. The X-
ray diffractogram of the as-deposited AlOx films and annealed AlOy films at 500,
and 800 °C show a similar pattern to the film annealed at 1000 °C below. No peaks
are observed on the diffractogram, which proves that all the samples were
amorphous with no degree of crystallinity in the films. Our result also corresponds
with XRD measurements of AlOx films in previous literatures that no sharp peak
was observed for AlOx film annealed until annealing temperature of 1000 °C

[12][10][8].
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Fig. 2. X-ray diffractogram of AlOx thin films as-deposited at 350 °C, 450 °C, and
annealed at 1000 °C

3.3. Electrical Studies
3.3.1. Current-voltage characterisation

Electrical properties of the AlOx films were characterized by constructing a
capacitor of AlI/AlO«/Si structure. Figure 3 shows the leakage current density in the
forward bias and reverse bias regime (-2 V to +2 V). The current density at -1.0 V
was estimated to be 9.5 x 10 A/em?, 1.5 x 10 A/cm?, and 1.6 x 10° A/cm? for
AlOy as-deposited at 350 °C, 450 °C, and 550 °C respectively. J. Jun et al. [6]
reported a leakage current of 3.8 x 10* A/cm? for as-deposited AlOy thin film by
metal organic chemical vapor deposition. Y. Koda et al. [20] also reported leakage
current density of 3.6 x 10719 A/cm? for as-deposited AlOx films. Our leakage current
values are close to the values reported in previous literatures.
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Fig. 3. Leakage current density for AlOx thin films as-deposited at 350, 450, and 550
°C

It can be seen from the result that AlOx thin film as-deposited at 350 °C has a
very small leakage current. This small leakage current could be attributed to a
smooth and compact surface of the sample due to the absence of grain boundaries
which may act as leakage channel resulting in a large leakage current. Presence of
Al-O bonding on the film surface as a result of film condensation at higher
deposition temperature also decreases the leakage current of dielectric layer [10]. It
also shows that 350 °C deposition temperature could presumably be sufficient to
achieve a good dielectric with low leakage current by using USP technique.

The electrical resistivity p (€2 cm) of the AlOx dielectric film was estimated
from resistance R () using equation below.

A
p=RZ (1)

Where L is the thickness of the film, A is the contact area, and R is the
resistance. The values for electrical conductivity was calculated by taking inverse of
resistivity. The resistivity values for the as-deposited AlOx thin film at 350 °C, 450
°C and 550 °C are estimated to be 3.1 x 10* Qcm, 1.6 x 10° Qem, and 3.9 x 10' Qecm
respectively. It can be observed that AlOy thin films as-deposited at 450 °C has a
large electrical resistivity among all the samples which could be as a result of its
small thickness. The resistivity of the films increases with increasing deposition
temperature from 350 °C to 450 °C.
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3.3.2. Dielectric-characterisation

Capacitance value was extracted from the impedance and both the mean area
capacitance and mean dielectric constants were estimated at different contacts for all
working devices at different frequencies. The capacitance-frequency box plot for as-
deposited AlOx thin films on silicon substrates is shown in Figure 4. This plot shows
the range of calculated area capacitance values for all the samples at different
frequencies of 1 kHz, 10 kHz, and 100 kHz. It is seen that capacitance of AlOx film
as-deposited at 350 °C decreases with increase in the frequency. This phenomenon of
reduced capacitance at high frequency is linked to the presence of trap states in
dielectric films which prevents the film from acquiring enough speed needed to
match higher frequencies [21]. On the other hand, capacitance values for AlOyx as-
deposited at 450 °C and 550 °C were relatively stable across the frequency range.
The variation in capacitance could be attributed to the presence of hydroxyl groups
in the AlOy films. Large amount of hydroxyl groups could lead to significant
decrease in capacitance and vice versa [10]. The Capacitance (C) of the samples was
estimated from equation below.

1
€= 2nf " (2)

Where f is the frequency, Z” is the imaginary impedance, 7 is a constant = 3.1415.
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Fig. 4. Capacitance-Frequency plot for the AlOy as-deposited on Si at 350, 450 and
550 °C

AlOx film as-deposited at 350 °C, 450 °C, and 550 °C at 1 kHz exhibited mean
capacitance values of 116 nF/cm? 57 nF/cm?, and 36 nF/cm? respectively. Area
capacitance reported by Wenwen et al. [10] for annealed AlOx films were in the
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range of 72.2 -120.6 nF/cm?. It was also observed that the capacitance values
decrease with increase in deposition temperature.

Figure 5 shows the dependence of dielectric constant on frequency for as-
deposited AlOx samples on silicon substrates. It was found that the sample as-
deposited at 350 °C has a large dielectric constant value of approximately 7.4 at 1
kHz. Reported values of dielectric constant for as-deposited AlOx films are in the
range of 7-10 [22][23]. At higher frequency dispersion, mean dielectric constant for
sample as-deposited at 350 °C is almost equal to that of the sample as-deposited at
550 °C.
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Fig. 5. Dielectric-Frequency plot for the AlOx as-deposited on Si at 350, 450 and
550 °C

Dielectric constant, k was determined using the following equation:
gokA

== 3)

Where C is the capacitance, &, is permittivity of free space, k is the dielectric
constant, A is the contact area, d is the AlOx film thickness.
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Table 1. Summary of the dielectric constant values and area capacitance at 1kHz for
all the as-deposited samples.

As-deposited Area (cm?) Dielectric constant Area Capacitance
Samples (°C) @ 1kHz (nF/cm?) @1kHz
350 0.017 7.4 116
450 0.017 5.6 57
550 0.017 6.5 36

4. CONCLUSIONS

The ultrasonic spray pyrolysis method was successfully used to deposit
smooth and homogenous AlOx thin films of 0.05 M concentration at deposition
temperatures of 350 °C, 450 °C and 550 °C on silicon and quartz substrates. The
SEM images reveal that the AlOx samples as-deposited were smooth, homogenous
and compact. Film thickness increases with deposition temperature. XRD data shows
that the as-deposited films were amorphous. Further annealing at 500 °C, 800 °C and
1000 °C shows amorphous films with no diffraction peak observed. The films were
highly resistive with high dielectric constant in the range of 7.4-5.6 depending on the
deposition temperature (350 °C - 550 °C). The results indicated that AlOx thin films
deposited by ultrasonic spray pyrolysis is suitable as a gate dielectric layer in thin
film transistor application.
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