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Preparation of Polymer Nanocomposites
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Abstract:

Recently, in light of the spread of composites and their positive and effective
characteristics in many areas at all levels. There is a general trend to the need to follow the
development and preparation of these compounds. The most important compound
composites used in many fields are polymer nancomposites. The importance of polymer
nancomposites from the first two strands of the scientific community to the preparation of
materials commensurate with the nanometer scale, and the second importance of polymers
in the industry in general.

Therefore, this paper aims to study the preparation of these compounds and identify some
of their characteristics and applications.
Keywords: Polymer, Nanocomposites, Preparation, Application, Properties.
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Introduction:

First we can develop a general definition of the composite that is the combination of two
components or more and get new properties of the resulting compound. Compositesconsist
of reinforcing elements, fillers and a compositematrix; the resulting compounds differ in
terms of form. The filler also plays a large role in modifying and changing the properties of
the resulting composite, depending on the, size, shape, concentration and interaction within
the compositematrix. [1]

Polymers have exceptional properties that qualify them to enter many fields. Polymers
nancomposites are classified depending on the type of reinforcement (reinforce elements)
into three types:

— Particulate reinforced (Classified depending on particle size).

— Laminar composites.

— Fiber reinforced.

As for the nanometer scale, it is one of the most important scientific breakthroughs in the
scientific community. This is because nanometer-sized plates have proven more effective
than conventional size plates and better chemical and physical properties. [2]

Therefore, the creation of polymeric compounds with nano-technology leads to an
improvement in the chemical and physical properties of the compounds and thus widens
the scope of their applications and uses. [3]

Studies on nanocomposites began many years ago in 1950. Since then, there has been
continuous development in this field, and each day appears new. Polymeric
nanocomposites have been identified as materials created by dispersing molecules of
inorganic nanocomposites into an organic polymer matrix. This is done in order to improve
polymer properties and using it in the wide range of applications. Nanocompositesare
multi-phase (containing one or more phases) ranging from 10 to 100 nanometers. We can

-1-




ka9 i . iig_myml nfll adad

Hcoademic J. for Engineering and Science
2023 4l 3 1 anmd) 5 alaal)

ISSN: 2708-7956, vol. 5, No. 1, 2023

|

also say that they are structures with equal intervals on the nanometer scale between the
constituent phases of the material. [4]Nano is one more particulate type where and which
the dimensions (one of the dimensions) will be in nanometer scale. So we can say that is
required to add more interface in the material. That’s because when we add more interfaces
in the material fracture toughness increases in ceramic matrix composite, as far as polymer
matrix composite is concerned it enhances the toughness property as well as wear
resistance. So this has led to conducting polymers nanocomposites. [5]

Polymer Matrix Composites (PMCs)

Factors affecting the properties of a polymer matrix composite are more towards interfacial
adhesion. So, interfacial adhesion has to be very strong, let it be a fiber, let it be particulate
or let it be nanomaterial. The interfacial adhesion; that means to adhesion factor should be
very strong. The shape and the orientation factor play a very important role of the
dispersed phase. For example, when we talk about fiber we talk about orientation 0
degrees, 45 degrees, 90 degrees and the orientation which is made so that we get required
output (target material). When we talk about shape and orientation of particulates the
spherical nature of the sphericity cubic platelet size; that means to say we are talking about
the aspect ratio it can be regular or it can be irregular geometries, can be taught of the
shape and the orientation of the dispersed phase inclusion place a very important role. The
last factor is going to be the property of the matrix. It also plays important roles because it
has to give enough space for particulate to meet out the requirements. When the properties
of the matrix we put costing easy process ability, for example, all thermosets are easy to
process, but thermoplastic are difficult to process. Good chemical resistance and low
specific gravity all those things are properties of the matrix which are a very important
factor while deciding polymer matrix nanocomposites for the required application. On the
other hand low strength, low modulus and low operating temperature limit the usage of a
particular polymer. So, based upon the requirement we look into all those properties and
decide a polymer whether it has to be a thermoset, whether it has to be a thermoplastic or it
has to be an elastomer. [6]

In the matrix, we have thermoplastic polymers, thermosetting polymers, elastomer
polymers, and their blends. Matrices where and which a thermoset is mixed with
thermoplastic, a thermoset is mixed with an elastomer to meet out requirements.
Thermoplastic polymers consist of linear or a branched chain molecule having strong intra
molecular bond but weak inter molecular bond. Intra is within the same and inter is
between two different particles, reshaped by application of heat and pressure is a very
common feature of thermoplastic polymers. The example for thermoplastic polymer we
have PE, PP polystyrene polycarbonate.

Thermoset polymer has cross-linked or network structure with covalent bond with all
molecules, they do not soften but they directly decompose with heat. Once solidified the
cross-linking process they cannot be reshaped. For example: polyester, epoxy, phenolic
furious and silicon. [7]

Advantages of composites:

— CMCs: increased toughness

The un-reinforced polymer which is the bending displacement, we had looked into force
versus bend displacement and then the next one is we are looking at fiber reinforced
composite and the last one we are seeing is particulate reinforced composite. In particulate
reinforced composite, there is a gradual fall of the force.




‘ Hcadoemic J. for Engineering and Science ekl 19 Gt heaield - iiy_ny=l il il
ISSN: 2708-7956, vol. 5, No. 1, 2023 2023 L 3 1 aad) 5 alaalf ’

Force
article-reinf

fiber-reinf
un-reinf

_ >
Bend displacement

— PMCs: increased E/p

The advantage of polymer matrix composite is a very high E by p ratio, which (p) is the
density. Polymers fall in a region, polymer matrix composites fall in a higher region, metal
alloys almost fall in the same region and ceramic much hlgher So, this makes polymer
matrix composite more prominent for application where weight is an important factor.

103 ceramics
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1k metgl alloys
AT G 3E/8 polymers
01 k=& L
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— MMCs: increased creep resistance

In metal matrix composite it increases creep resistance. So, a whisker reinforced this is the
alumina whisker reinforced (SiC/ silicon carbide), the creep resistance behavior this is a
typical aluminum alloy, 6061 response. [8]

At
ts(s) |6061A
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10°®
10710 Whi?k.e.rs.... o(MPa)
2030 50 100 200

Nanocomposites:

The nanocomposites can be polymer-based composite due to the small size of the
nanoparticles of the structural unit and high surface area to volume ratio. Nano materials
will have a very large surface area, but a very small volume, A/v (surface area to volume
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ratio). So, it is not talking about gravitational force but talk about van der Waals bond and
surface tension all this small surface phenomena’s get into action and they try to dictate the
process. So, gravity and density are no more important when talking about nano, the most
important term is surface to volume ratio because the signs change. Due to the small size
of the structural units and high surface to volume ratio these nanocomposites are finding,
these nanoparticles included in nanocomposites are finding large utilization. [9]
Surface area to volume ratio:

e Spherical particle: 3/r

o Fibrous material: 2/L + 2/r.

e Layered material: 2/t + 4/L
Which r, L, t represent radius, length and thickness respectively, note that surface energy
increase as moving macro to nano.
So, what is the processing difficulty with this nanocomposite, nanoparticles have a large
number of surface charges, So, the moment you have a large number of surface charges
they quickly go get agglomerated, the moment it gets agglomerated then the functional
property is not uniformly distributed all across the matrix. So, we will have chunks of
nanoparticles loaded at a few spots and some area it will be exclusively polymers. So, here
in order to break the agglomeration, we always try to functionally coat the nanoparticle. To
play with the charges, they always stay a little far away and then they do not agglomerate,
this is a huge challenge. For example, when you have two huge challenges one is
agglomeration, second, the density nanoparticles are always very light. So, when trying to
disperse it in a polymer matrix they will always try to come to the top and they will try to
stand there and get frozen. in order to have a uniform distribution, we have to think of
novel mechanisms where and which these particles enter into the polymer and get
dispersed then it gets cured. These two are the major challenges. [10]
So, in nanocomposites very high surface area to volume ratio in nanostructures are there,
the nanocomposites provide a very large interface area between the constituent and the
intermixed phase. the interfacial area is more, the moment the interfacial area is more.
When the crack grows it gets arrested very fast, it allows significant property improvement
with a very low loading at very low loading levels because the density is low. then they
have more amount of particles individual particles present. A lot amount of particles
present even at very low loading. So, traditionally micro particles additives require a much
higher loading level as compared to that of nanoparticles; this controls the degree of
interaction the property. It alters the chemistry between the filler and the matrix thus
influencing are changed because of adding this nanoparticle inside a polymer. That is
nothing, but polymer chain mobility degree of cure and the crystallinity etcetera all these
things the nano composite what we make. The surface and the interfacial properties
example adhesion and friction forces become very critical as the material is very small. this
point high surface area materials have application in energy storage, catalysis battery and
capacitor elements, gas separation, filtering biochemical separations etcetera these are the
areas where today nano composite polymer matrix nano composite are used exhaustively.
[11]
What is the unique nature of the filler? It is small in size very small nano particles do not
scatter light significantly possibly to make the composite with an alt which alters electrical
and mechanical properties that retains optical clarity. So, electrical property and
mechanical property can be changed by retaining the optical clarity; that means, there has a
transparent material. The transparent polymer which is very which will be used for vision
application, but it will also try to become electrically and mechanically stronger. Do not
create large stress concentration - do not compromise on the ductility of the polymer. So,

_4-
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the sizes are very small - to a large extent that ductility sacrifices not there. leads to a
unique property of the particle by them self it is single valve nanotubes are essentially
molecules free from defects having modulus as hlgh as 1 Tera Pascal, the strength as high
as 500 giga Pascal, which is very difficult to get in a single material which is got in single
valve nanotubes. It leads to an exceptional large interface area in the composite the
interface controls the degree of interaction between the filler polymer and the control
properties. [12]

Synthesis of nanocomposites
We will discuss three very common preparation routes for nanocomposite:

e Solution casting,

e Melts blending

e Insitu polymerization.
In solution casting a polymer, a solution and nano reinforcement are combined thoroughly
mixed by ultrasonication. We use ultrasonic tool to fill the polymer. That tool tries to
vibrate in 21 kilohertz with small amplitude and creates a lot of cavities. So, these cavity
bubbles keep moving towards the top and dispersing. Where at this we will try to disperse
the nanoparticles and there are several tricks. Ultrasonification is very important because
that creates cavitation when this cavitation bubble burst then there is a space for a
nanoparticle to get inside and it gets properly mix all around. Thoroughly mixed by an
ultrasonification and the solution or solvent is allowed to evaporate leaving behind the
nano particles typically as a thin film right. So, ultrasonication and the solutions are
solvents are allowed to evaporate leaving along with the things. All these nanoparticles
will form a thin film or it can be uniformly dispersed, now you pour it inside a die you get
a nanocomposite. The solvent or the solution was chosen should completely dissolve and
the polymer as well as disperse the nanopartlcles the solution solvent used with the help in
the mobility of the polymer chain which in turn helps in inter calcination of the polymer
chain with the layered nano reinforcement leads to a nanocomposite. [13]

Making graphene / polymer nanocomposites

Solution casting

The solvent
is evaporated

Graphene™ B
nanoplatelets

The polymer / graphene
nanocomposite remains

The graphene and polymer are mixed together
With a common solvent using ultrasound
Then spread on a suitable surface
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The melts blending is the other process we take a polymer and a nano material. It is
extruded, it is intensive mixing is happened then it is pressing using a die and then you get
a nanocomposite. In this method the polymer mobility simply comes out from the thermal
energy. Taking the polymer and trying to extrude it at 240 degree Celsius 100 rpm and
then mixing it up. Then getting is a thin film which is done by melt blending. So, this is a
thermoplastic polymer which is taken it is extruded and then getting it, there is twin screw
extruder which are used where and which you can even disperse solid nanoparticles and
then you try to dispersive it to get it is extruded. It is like an injection molding machine,
twin screw extruders injection molding you directly injected into a die to get the required
part. [14]

Making graphene / polymer nanocomposites

Melt Blending

“Gatere
\l nanoplatelets

The graphene and polymer ~ The polymer/ raphene nanacomposite
are fed into a screw miver is extruded and cooled

then heated to meltthe polymer

vih continual mixing

In situ polymerization 1 think it is getting developed while the process is going on by
adding two independent elements you add together and then it mixes it tries to generate a
polymer nanocomposite. So, in situ polymerization lot of mass together to form a
polymer.in situ polymerization in this, there are two important discussions to be carried out
this is with regard to the nanomaterial which is getting reinforced inside the polymer
material. There are two processes one is called as inter calcination the other one is called as
exfoliation, in nanocomposites they are charged there if a lot of charge around the
nanocomposite it is going to create agglomeration. So, | have to separate these
nanoparticles. Basically, ittries to do functionalization and in the same thing, a nanoparticle
can have multiple layers and each layer it will be a nanometer.to separate these layers one
from each other such that the agglomeration does not happen, for this what we go ahead is
we do this inter calcination and exfoliation. Inter calcination is the reversible process like
reversible inclusion or insertion of molecule or ion into the material with a layered
structure. So, this is very clear interring calcination and extra exfoliation can happen only
with layered nanoparticles or layered nanomaterial. This phase aims to separate these
layers. For example; several layers of some materials stack to each other. Now separated
the layers so that is what is happening in inter calcination. Then adding a material such that
this material is getting included into the nano layers and it separates out nano layers, the
inter calcination expands the van der Waals gap, in nano materials all the van der Waals
forces surface tension all these things play a very important role, the van der Waals gap
between the sheets which is which requires energy what we do is we try to push in this
material this ion or a molecule inside such that it separates out usually this energy is
supplied by charge transfer between the guest and the host solid. [15]

-6 -
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Applications:

If you look at a car these are nowadays several parts of a car is now replaced by
nanocomposite, lightweight graphene-based materials are used for structural applications
in the engine. Graphene nanofibers are used for integrated sensors than functional textiles
are used for detecting the sensors for pollution detection and safety is also there, smart
adhesions are coming up today. So, where and which it can expand and contract depending
upon the temperature and then you have nano fluids which are coming up for maintaining
the thermal temperature friction and thermal management which is done by nanofluids and
nanostructure thermal emissive materials which are used for thermal energy materials
which are used for cooling and heat recovery are being considered.

So, these are some of the applications where polymer nanocomposites are exhaustively
used in an automobile. So, some more examples power train, timer belts, engine cover,
inverter cover, coatings, headlamps, tires and then interiors all these things are made out of
nano composites and they are finding it applications. So, polymer nanocomposites are
finding out for environmental remedial measures, energy storage, electromagnetic
shielding sensing and activation transportation and safety defense systems information and
electronic industry are using it o LED an LCD are using polymer nanocomposite and novel
catalysis are done for nano-pigments are also coming up, these are the areas where
polymer matrix nanocomposites are used in a very big way. [17]

Conclusion

In conclusion many high highly hyped technology products polymer nanocomposites are
coming up into the market, polymer nanocomposites exhibit superior property in
mechanical thermal barrier optical etcetera moving to the polymer nanocomposites how a
presence omnipresence in various fields of applications seen. Polymer nano composites
finds various applications could be synthesized by proper selection of matrix, nano
reinforcement synthetic method and the process surface modification is also very important
many products based on term polymer nano composites have been commercialized today
therefore, we can conclude that various types of nano composites and their surface
modification procedure some unique properties of nano composite and its offer for various
technology applications can be achieved.
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Abstract

In this work, we have designed an optical detector for organic vapor by used
Michelson interferometer in order to generate laser longitudinal mode interferometer to
identify the rate of organic materials. A proposed system consisted of: a gas chamber with
a fixed size that injected by organic vapors, the light source which are two semiconductor
lasers with wave length (780 nm) and (850 nm) with (5 mW) output power, and a
spectrometer that works in optical range between (700 nm) to (900 nm) with (50 pm)
resolution in order to analyses the optical spectrum that generated from laser mode
interferometer before and after injection process. Furthermore, three organic materials
vapors have been used in this experiment which is (Propane, Hexane and Methanol).

The experimental result shows a positive effect in sensitivity of optical system for
detection the chemical vapors ratios as increasing in rate of liner absorption factor of
material. From results, the vapor ratio from using 780nm laser shows that the air has
(Hexane=1,161), Methanol (1,123), and Propane= (1,204), and the vapor ration for using
850nm laser is (Hexane=1,154), Methanol (1,111) and Propane= (1,189). From these
result, it appears that the proposed system is more sensitive to Propane vapor when
compared with other materials.

Keywords: Gas sensor, Michelson interferometer, Organic Vapor detection.
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1. Introduction

A lot of industrial production such as paints, cosmetics, fragrances and others are uses
volatile organic compounds. Short-term exposure to the vapors, however, can be
dangerous at high quantities since it can cause breathing difficulties, lightheadedness, and
eye discomfort. Long-term exposure even has the potential to cause cancer. A variety of
sensors, including as optical sensors, surface acoustic wave (SAW) sensors [1, 2], crystal
resonators [3], and others have been developed recently to detect volatile organic
molecules [4]. Optical sensors have experimented an important growth and relevance in
sensing technologies field. Recently, many applications have been developed to monitor or
detect a wide range of parameters in different fields such as biomedicine, aeronautics,
environmental control, and other industries. This interest of the scientific community in
optical sensors is motivated by their already well-known advantages, as immunity to
electromagnetic interferences, remote sensing, small dimensions, low weight,
biocompatibility, real time monitoring, or multiplexing capabilities [5, 6].

The gas sensor device is required to monitor harmful gases in the environments and
industries. Many volatile organic compounds adsorbed on the sensor material will result in
changes of the optical properties including the refractive index and the film thickness.

In this study, gases vapor of some compounds have been detected, designed and
realized using Michelson Interferometer technique which have many.

Significant properties to be suitable for this purpose such as clean pattern, narrow
distance, high-sensitivity, fast response, and more others [7]. The operation principle is by
measurement the fringe shift which obtained when exposed to different concentrations and
maybe by using image processing as information achievement for this purpose.

2. Method

Different compounds are possible to measure quantitatively using the infrared
absorption in an absorbing medium caused an attenuation in its values. Beer-Lambert law
satisfy the correlation between the absorbance (A) and density (N) of an absorbing species
of molecules as following [8].

A=0NL=alLA=0oNL=al gl)

where A represents the absorbance, , 6 (cm®), represents the cross-section, L (cm), is
path length, and N (cm™) analytic particle density, and a (cm™) the absorption coefficient,
as illustrated in the absorption cell of Figure 1. Transmittance, T, is defined by [8]:

T=>2r_L
Ip Iy (2)
where I, and I, are the attenuated and initial intensities in the sample, and A be as:

A= —InT = ~In(*)A = —LnT = —Ln(%)

Absorption Cell
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Figure 1: Gas detection setup of gas detection [8].
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By measuring the absorbed light intensity and applying the Beer's law, it can determine
the concentration of the analyze atom or molecule. A simple principle of gas detection,
based on absorption, has been demonstrated in Figure 1. This setup has been afforded by
the advent of tunable laser sources, in particular, tunable semiconductor diode lasers. The
combination of high intensity and narrow line width makes lasers ideal light sources for
such applications [9, 10].

In other hand, the steps to measurement such compound using the suggested method
are by the observation of pattern and then calculated the shift of this pattern which means
the refractive index have been changed. Depend on the refractive index of medium which
always greater than air refractive index and then the speed of light reduced through its
passes of medium and make got of the pattern phase between them regarding the equation:

[9]
s s
mm==mn+(l—mﬂh=lﬁm==MH+(1—ﬂm]=—£@)
a a
Where AmAm represents the fringe shift, S represents the beams splitter-screen
distance. The refractive index of vapor changed reflects the number of fringes shift which

expressed as: [9]
2d 2d
m= —m= —
¥ ¥ (5)
where m and d represents the initial fringe and the thickness of the chamber (4 cm)
respectively, in addition, A is the laser wavelength of 780 nm and 850 nm as shown in

Equation [9,10]:
2d

2d
m=-ym= g
n " ()

The fringe shift is expressed in Equation 7 [9, 11].

2d 2d
Am=m,—m,=m—1)—Am=m,—m,=n—1)— -
¥ ¥ o (
The refractive index can be calculated by Equation 8.
A4 A
n=1+"Fn=1+ ="
2d 2d (8)

3. Experimental Setup

In this study, the light source used are the two-laser diode with a wavelength of 780 nm
and 850 nm and three organic vapor samples were (Hexane, Methanol and Propane) with
purity of (99.9%). The block diagram of the equipment is shown in Figure 2 which shows
the setup of block which contains the light source of DL which divided into two beams by
the BS towards the M1 and SC [12].

A spectrometer type (Meteratech) work in range (190 to 1100 nm) with (0.8 nm)
resolution has been used to analysis the organic compound. Furthermore, a spectrometer
type (HR4000) work in range (700 to 920 nm) with (10 pm) resolution has been used to
analysis the stability of laser as a function of the operating time. Figures (3) and (4) shows
the chart of the stability of 780 nm and 850 nm laser respectively that details in table 1.1.
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Figure 2: Experimental set-up. AP: Air Pump, SG: Silica Gel, V: Valve, SC: Sample Chamber, IH:
Injection Hole, DL: Diode Laser, BS: Beam Splitter, M1: Mirror 1, M2: Mirror 2, S: Screen, C:
Camera, PC: Personal Computer.
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Table 1: Laser Diod Stability

Laser Diode 780nm
Laser Power (mW) 5 mw
Central Wavelength Ao (nm) 785,73 nm
Spectrum Band Av (nm) ~3 nm
Laser Diode 850nm
Laser Power (mW) 5mw
Central Wavelength A (nm) 855,87 nm
Spectrum Band Av (nm) ~4 nm

In this work, Michelson interferometer has been considered, added an optical vacuum
chamber in order to get a room with known value of chemical vapors., were a small
medical syringe contains a known volume of the organic liquid used in experiment to
inject these materials inside the vacuum chamber, were the injected liquid has transformed
to vapor due to the speed of air rush figure 3 shows the experimental setup, table 1.1 shows
the percentage of vapor that generated inside the optical vacuum chamber.

Table 2: Laser Diod Stability

Matera(illﬂq;)auimtity Vapor Ratio (uL/cm?)
250 70.60152
200 56.48122
150 42.36091
100 28.24061
50 14,1203

Figur 5: The prosedystem setup

Finally, a CCD camera type (LBP-2-PCI) that work in range between (200 to 1100) nm
has been used to determine the location of spot laser in order to achieves the Interference
process, as shown in figure 4.
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4. Results and Discussion

The system was operated and injecting sample fluid into the chamber by known rate of
chemical compounds that transformed to vapor due to speed of air rush into optical
chamber, then the used optical spectrum analyzer to measure the amount of the optical
shifting related to concentration of the chemical compound vapor. As shown in figure 7.
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Figure 7: Spectrum anylyiser for laser beam [11]

To evaluate the accuracy of optical system for sensing the organic vapors, the slop
value between every two periodic points has been calculated which was higher in laser at
(780nm) than in laser of (850nm). With note that the slop is equal to zero at low
consecration which represent the system cannot sensing.
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Figure 8: System sensing at 780nm wavelength
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5. Conclusion

The absorption coefficient of materials is the main factor that give ability to employ
optical technique in any field of sensing and detection. Gases vapor of some compounds
have been detected, designed and realized using Michelson Interferometer technique which

have many

Significant properties to be suitable for this purpose such as clean pattern, narrow
distance, high-sensitivity, fast response, and more others. The operation principle is by
measurement the fringe shift which obtained when exposed to different concentrations and
maybe by using image processing as information achievement for this purpose.
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As a result, the laser mode interferometer is the promising technique in vapor sensing

that can achieves fast and high accuracy in field of sensing and detection of organic
vapors.
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Abstract:

Dipole antenna can benefit from fractal geometry in the design of antennas in general
and dipole antenna in particular. The benefit of using conductive thin film Tree dipole
antenna is to minimize the total height of the classical antenna at resonance and save area
by printing the antenna on the glass of the window. Calculations are made using
NEC4WIN code based on numerical method of moment. Results indicate that it is feasible
to reduce the total height of the classical dipole and improve the matching properties
represented by (SWR) ratio, while the gain and directivity remain slightly constant.
Keywords: Antenna, Tree antenna, conductive thin film, size reduction.
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1. Introduction:

Irregular shapes studied by Mandelbrot called fractals [1]. Fractal shapes have fantastic
features like self-similarity that means the object consist of smaller tiny copies of itself,
and fractal dimension, which tell the ability of the matter to fill the space [2, 3]. Designing
antenna with fractal shapes take up wide area in communication applications as observed
in our previous work [4-11]. Fractal antennas are worth way that crossed classical antennas
restrictions. Among these restrictions is single band operation and wave length - antenna’s
size dependence [12]. Nathan Cohen precede his contemporaries at Boston University. He
published his first article “Fractal Antennas” on 15August 1995 [13]. Few months later,
Puente at University of Catalonia also declare paper about fractennas [14, 15]. In this
research, we start with a dipole antenna that is resonant at 300 MHz as a zero iteration of
Tree model. We know from previous studies in this field if the height of the antenna is held
constant, the resonant frequency decreases as the number of iteration increases. If the
resonant frequency is held fixed, miniaturization of antenna height is possible [16]. In the
present work calculations show good results in size reduction of dipole antenna and area
saving when the antenna print on the glass of the window.

-17 -




‘ Hecademic J. for Engineering and Science ka9 i . iig_myml nfll adad
ISSN: 2708-7956, vol. 5, No. 1, 2023 2023 L 3 1 aad) 5 alaalf ’

2. Computer Simulation
Method of Moments is used to undergoes numerical calculations for solving integral
equations. The general formula is written as in ref. [17]:

[1@)K (@ 2)dz'= -E'(2) ....(1)

Where K (z, z) varies according to the equation formula.
The electric field of the wire is given by:

L[| P e o

p= o’ u,e, v(z,2") represent green function.

Ja)g

If the conductivity is infinity, then Eq. (2) can be written as [17, 18].

E _ 1 L/2 62l//(z, Zr)
joe, ¢, oz*
where: L is the wire length. _
(E,) is classified into scattered field ( E) and incident field ( E! ). The sum of them must
be zero (ES=-E!).
Thus, Eq. (3) can be written as:
1 L/2 7.7
[ i ){a w(2,2)

Jogy ),
Currents are given in Eq. (5).
L/2

+ﬂ2!//(Z,Z')}I(z’)dz' .. (3

+ py(z, z)}dz-—E (2)...(4

_[I(z/)K(zm,z')dz’z | f(z,,2)+1,8(z,, )+ 41, F(2,,20) 4.4 1 F(2,,2) *-E!(z,) ------ ()
-L/2
The radiation pattern can be obtained from computed currents [18,19]:
E=—-JoA .............. (6)
H=32 A ... )
n
where 7= Ao ®)
£
-ipr

A(r) = ﬁe - jJ(r)e“'ﬁrds ...(9)

3. Conductive Polymers

Conductive polymers are materials combined electrical features of conductors and
semiconductors. Conductive polymers could be in two portions, intrinsic and extrinsic
polymers. These polymers are useful in various applications like transistor and other
applications [20-22]. Conductivity of some polymers constructed by doping with p—type or
n-type is much higher than that of carbon composites [23, 24].
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4. Fractal Generation:

Tree generator is dividing the straight segment into two segments, the top segment is
one third of the original segment length and splitted by angles (206 = 180°). If this process is
repeated to the top segment at each iteration, the fractal tree will be obtained, as shown in

—

!

Figure (1): Various Iterations of fractal Tree dipole antenna (26 = 180°)

The length of each straight section in the first three iterations is shown in Table (1). It can
be seen from section lengths that the total length always equals one at each iteration.

Table (1): Length of each strait segment of Fractal Tree for three iterations

Iteration 0 1 2 3
1 1/3 1/7 1/15
273 2/7 2/15
4/7 4/15
8/15

The fractal dimension (D) for fractal Tree is obtained using [25]:

(2/3)° +2(1/3)P =1 (10)
New segment is miniaturized to (2/3) of its original length. The branch is (1/3) its original
length. The dimension of this geometry is 1.395. The angle of our model is chosen to be
20=180°.

5. Results:

The initial height of the dipole is chosen to be (1m) and connected to 50 Q coaxial cable.
These dimensions make the dipole resonant at 300 MHz, which make it applicable in UHF
band.

To make all fractal Tree iterations resonant at the same frequency, scaling each iteration is
required. The relative height and length of the dipole and the three iterations of fractal Tree
is given in table (2).

Table (2): Relative height of Fractal Tree

Iteration Height (cm)
0 100
1 89
2 86
3 85
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For more understanding for the antenna pattern shape, current distribution over the antenna
structure is required

T T I
1 L I
1 T T I
all 1 !

Figure (2): Current distribution

From the figure above we can see similar distribution of currents over the antenna structure
for all iterations which explain the similarity in far field pattern. The following figures
represent the standing wave ratio (SWR) of Tree antenna iterations.
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Figure (3): SWR of dipole
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Figure (4): SWR of 1% iterated Tree
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Figure (5): SWR of 2" iterated Tree
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Figure (6): SWR of 3" iterated Tree.
The values of (SWR) and gain of the Tree antenna are given in Table (3).

Table (3): gain and SWR for Tree antenna in its first three iterations.

Iteration SWR Gain (dB))
0 1.45 2.12
1 1.1 2.1
2 1.07 2.0
3 1.05 2.0
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Figure (7): Far Field radiation of the proposed models

Radiation field of the dipole does not affected by fractalizing its shape, and then all
iterations have slightly similar far field shape.

6. Conclusions:

From our investigation of the results we conclude:
e The height of fractal Tree dipole is reduced at high iterations, but the benefits of
fractal geometry in reducing the height of the antenna became very little at third
iteration as seen in Table (2).
¢ The matching properties of the antenna described by (SWR) were improved because
of increasing the number of segments which leads to adds loads to the end of the
antenna. This is results a reduction in reactance of the antenna.
o Construction of antenna with conductive polymers makes it saving area when printed
on glass of window.
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Preparation of Copper Nano Composites using Arabic
Gum for Biological Applications
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Abstract:

The green synthesis technique was used to create nano copper oxide in this study. Drop
casting techniques were used to create thin films on glass substrates. The X-ray diffraction
patterns for all samples reveal polycrystalline structure for CuO, and crystallite size and
structural parameters were calculated from the X-ray patterns. All of the samples exhibit
significant levels of inhibition of bacterial activity, indicating that the CuO nanostructure is
promising as an antibacterial agent.

Keyword: XRD, SEM, Cupper oxide, inhibition bacteria.
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1. Introduction

Water is the substance that is present in the greatest quantity and is essential for the
survival of all forms of life on this world [1]. Because of the worldwide discharge of
environmental effluents brought on by the increase in unprecedented population growth,
urbanization, and industrialization [2, 3], the availability of potable water continues to be a
significant obstacle more than a decade after it was first identified as such. Therefore, in
order to accomplish one of the objectives of the Sustainable Development Goal (SDG 6)
set by the United Nations General Assembly by the year 2030, exceptional methods and
materials need to be developed in order to guarantee that everyone will have access to
clean water [4]. The random disposal of pharmaceuticals in aqueous medium is associated
with an increased danger to human health, which has resulted in significant issues due to
the harmful effects that these substances have had on the environment [5]. This is due to
the fact that after being ingested, pharmaceuticals are only partially metabolized in the
human body, and between 20 and 80 percent of the unmetabolized residues are discharged
into the environment in a state that is pharmacologically active. A great number of
pharmaceutically active compounds are discharged into the atmosphere either directly or
indirectly [6]. On the other hand, the primary sources of drug contamination are domestic
waste, waste from hospitals and other medical facilities, by-products of the pharmaceutical
business, and human urine [7]. Fluoroguinolone antibiotics are among the most important
antibacterial agents that are employed in both human and veterinary medicine [8].
Ciprofloxacin (CIP) is an antibiotic that has a broad spectrum of activity and is widely
used to prevent post-operative infections following intra-abdominal surgery [15, 16]. The
characteristics of Ciprofloxacin are given in Table 1. The elimination of CIP from different
water sources has been accomplished through the application of a huge variety of
techniques. Photodegradation (9), ozonation, photo-Fenton, the Fenton oxidation process,
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and absorption are some examples of these types of reactions. An adsorption method can
be used to successfully remove antibiotics from the aqueous solution [10]. To this day,
numerous adsorbents for CIP removal have been documented. Some of these include
titanium carbide, humic acid coated magnetic biochar, nano-hydroxyapatite, multiwall
carbon nanotube, activated carbon, montmorillonite, and graphene oxide. However, some
of these adsorbents come at a very high cost, can be harmful to humans, and are difficult to
recycle once they have been used. As a result, it is necessary to develop adsorbents that are
better for the environment, cheaper, easier to reclaim, biocompatible, and contain less
toxicity. It is possible to investigate the use of natural sustaining adsorbents derived from
plant sources like Gum Arabic (GA). In the course of our investigation, we will combine
copper salts with gum arabic in order to produce antibiotics that are effective against a
variety of microbes.

2. Experimental work

a. One gram of gum Arabic granules was used and ground in a manual ceramic grinder
until a powder is obtained, then dissolved in 100 ml of deionized water using a magnetic
vibrator at a temperature of 60 degrees Celsius for half an hour.

b. 1.89 gm of copper nitrate was dissolved in deionized water using a magnetic vibrator
until a bluish solution was obtained, see fig.1.

c. 5 ml of the gum arabic solution is added to the prepared copper nitrate at a concentration
of 0.1 M and the temperature is raised to 80 °C to obtain a solution that tends to be
greenish, which indicates the formation of copper and its compounds .Figure 2 represented
(water, Cu No3, arabic gum and Cu nanocomposite).

d. The glass (of Chinese origin) is cut and cleaned into square pieces of 2.5 cm in Iength
then we put four drops of the prepared solution on the glass placed on the heater and raise
the temperature to 60 degrees Celsius to obtain a film of the material and the method is
called drop casting.

Fig.3: Cu nanocomposite
layer

Fig. 1: water and
Cu nanocomposite

ig.2: water, CuNo3, arabic'gum and
Cu nanocomposite

3. Results and Discussion

At room temperature point sample was analyzed by an X-ray diffractometer, and the
results are shown in Fig. 3. The peak positions appeared at room to Cu2(OH)2 and CuO,
Cu and Cu,0 indicated to JCPDS (04-0836 ,05-0667, 03-420 and 45-0379) [11].
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Figure 4: XRD of CuO thin film

Figure 1 Examination of the resulting solution using XRD and finding crystallite size using
the Scherer equation [12]. From sherrer equation was calculated the average grain size for

the thin film has been prepared, which include the XRD line width FWHM [13].
KX

= FWHM cos ©
Where, (%) wave-length of x-ray, and (©) diffraction angle,. The value of the strain and the

density of the dislocation value may be evaluated through the use of the relations in eq.

(2,3):
1
FWHM .
= 3)
Table (1): X-ray diffraction parameters of copper oxide nanoparticles

2 Theta | plane | theta Theta FWHM | FWHM D Strain ox 10"

(hkl) | (deg) (deg) (deg) | (RAD) (nm) 10* Lines /m?
21.6532 | 200 | 10.8266 [ 0.189940351 | 0.1476 | 0.002589 | 54.50462882 | 6.357258228 | 3.366148159
25.8275 | 201 | 12.91375 | 0.226557018 | 0.1476 | 0.002589 | 54.92804653 | 6.308252739 | 3.31445168
33.6362 | 002 | 16.8181 [ 0.295054386 | 0.1968 | 0.003453 | 41.95638198 | 8.258576732 | 5.68072726
35.6664 | 111 17.8332 | 0.312863158 | 0.1968 | 0.003453 | 42.19142315 | 8.212569621 | 5.617610846
39.075 222 19.5375 | 0.342763158 | 0.1968 | 0.003453 | 42.62267092 | 8.129476463 | 5.504510166
43.6851 | 111 | 21.84255 | 0.383202632 | 0.246 | 0.004316 | 34.62598953 | 10.00693423 | 8.340567728
51.3932 | 211 | 25.6966 | 0.450817544 | 0.2952 | 0.005179 | 29.7327595 | 11.65381235 | 11.3117439
53.0201 | 020 | 26.51005 | 0.465088596 | 0.1968 | 0.003453 | 44.9139725 | 7.714748457 | 4.957207095
58.8064 | 202 | 29.4032 [ 0.515845614 | 0.1968 | 0.003453 | 46.1482976 | 7.50840265 | 4.695573368
60.9293 | 113 | 30.46465 | 0.534467544 | 0.1968 | 0.003453 | 46.64895744 | 7.427818734 | 4.595323772

Cu nanoparticles and the mixture composition changes were studied by FT-IR
spectrometry. The IR spectrum of cupper composite is represented in Figure 5. The
spectrum of cupper oxide at 729 (1/cm) and the peak of enolhydroxyl were observed at
1693 cm-1 and the hydroxide bon located at 1443 (1/cm) [14].
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Fig. 5: FTIR of cupper oxid nanoparticle
The SEM micrographs of the Cu nanocomposite (synthesized using the extract of Arabic
gum)) are illustrated in Fig. 6. Figure shows that the prepared CuO were mostly shell and
rod in shape. This can be due to the coating of different surface functional groups from the
prepared extracts. The SEM micrographs revealed that the synthesized CuO NPs were in
the nanometer range of ~ 75 nm.

SEMHV 1S0kv | WD: 8.49 mm MIRAS TESCAN

1
View field: 2.54 Det: SE 500 am
SEM MAG: 50.0 kx | Date(midly): 11/10/22

Figure (6) A transmission electron microscope image of a copper oxide nanoparticle

The optical properties of the prepared solution were studied using a spectrometer within
the range 200 to 1100 nm to include the ultraviolet region and the visible region in addition
to the near infrared, in which it is noted that the absorbance is the greatest possible 0.86 at
the wavelength of 216 nanometers, then it decreases a lot to reach a quarter of the value at
the length The wavelength is 244 nm, so Figure (7) indicates that the material is
transparent [13, 14]
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Figure 7: Optical absorbance of copper oxide nanoparticle

The optical energy gap was calculated using Taus' law, and it represents the vertical
relationship between the square of the absorption coefficient and the energy to the energy
of the incident photons.
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Figure (8): The Tauss law to find the energy gap for a solution of copper oxide
nanoparticles

The Disc Diffusion Method was utilized in order to ascertain whether or not the CuO NPs
that were manufactured exhibited antimicrobial activity or not. The antibacterial tests on
CuO revealed that it had a lower level of action against Gram-positive bacteria like
Staphylococcus aureus and Gram-negative bacteria like Escherichia coli, as shown in
Figure 9. Gram-negative bacteria are microorganisms that take on the appearance of a red
balloon when a crimson dye is introduced to the mixture. It is distinguished by the
thickness of its cell wall as well as by its ability to withstand the attack of antibodies
directed against the thickness of its wall. Gram-positive bacteria, which are blue in

_28-




ISSN: 2708-7956, vol. 5, No. 1, 2023 2023 L 3 1 aad) 5 alaalf

appearance, acquire their color from the addition of a gram dye. They are distinguished by
the lack of thickness in their cellular walls, which makes them less harmful than gram-
negative bacteria and makes them more susceptible to the action of antibiotics due to the
thickness of their cell walls. Therefore, gram-negative and gram-positive microorganisms
can be distinguished using this method [15].
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Figure (9): determination of antibacterial effect of CuO nanoparticles
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4. Conclusion

It is possible to draw the conclusion that the synthesis of (CuO) nanostructures using
the hydrothermal method was successful based on the results that were obtained in this
study. The X-ray model that we got showed that our poly-crystal was in the nanostructure
(copper oxide). Because it is inversely proportional to the full width at the middle of the
peak (FWHM), an increase in the molar concentration will result in an increase in the
density of the dislocation. This is because the density of the dislocation is also inversely
proportional to the size of the crystal, as demonstrated by the results of the X-ray
experiment. It is recommended that you make use of nano copper oxide because its impact
in a biological context is more effective, despite the fact that it is less toxic; in addition, it
has an effect on fungi more than it does on bacteria.
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A Solar Cell Manufactured of Porous Silicon and
(ZnO NPs) and its Characterization
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Abstract
Zinc oxide nanoparticles (ZnO NPs) were synthesis by plant synthesis and chemical
precipitation as colloidal nanoparticles and deposited on both glass substrates and p-type
porous silicon (PSi) to prepare films by using drop casting method to improve the
performance of (PSi/SI) solar cell. PSi was prepared by electrochemical etching process
for p-type silicon wafers. The structural and morphological properties for zinc oxide
nanostructure (ZnO NPs) deposited on glass substrate have been studied by using X-ray
diffraction (XRD) and Atomic Force Microscope (AFM) and Fourier transform infrared
(FTIR) and ultraviolet-visible radiation (UV-Vis) were carried out to find out the
properties of nanoparticles and then zinc oxide nanoparticles were deposited on porous
silicon wafers of the P-type using drop casting technique to create a solar cell and then
study its properties. The photovoltaic characteristics of ZnO NPs/PSi/Si/Ag Solar cell were
reported and the efficiency of solar cell was (n=0.142675%) and (F.F = 18.42105%).
Keywords: ZnO NPS, XRD, AFM, FTIR, UV-visible spectroscopy, Solar Cell.
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1. Introduction

Solar energy conversion is attractive because it is inexhaustible and non-polluting [1].
On the other hand, nanoparticles have been great interest due to their unique chemical and
physical properties in last decades, which are different from those of either their bulk
materials or single atoms [2]. Unique electronic and chemical properties of metal
nanoparticles have taken the attention of physicists, chemists, biologists, and engineers
who wish to use them for the development of new generation nanodevices. Metal
nanoparticles such as gold and silver show noticeable photoactivity under UV-visible
irradiation as is evident from the photoinduced fusion and fragmentation process [3], they
used for many applications in, photonics, biosensing, intracellular, gene regulation and
catalysis [4-8]. Porous silicon (PSi) can be considered as. a silicon crystal having a
network of voids in it. The nanosized voids in the silicon bulk result in a sponge- like
structure of pores and channels surrounded with a skeleton of crystalline silicon nanowires
[9]. PSi has attracted great deal of interest because of the efficient room temperature
visible photoluminescence, which was observed for the first time by Canham in 1990 [10].
PSi has a number of unique properties such as visible light emission and enhanced light
absorption. Electrochemical anodization and stain etching are remaining the most common
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methods for PSi substrate fabrication, which enable the production of PSi with tailored
morphological properties (porosity, pore size, and depth of pores).

Coupling system consisting of metal nanoparticles (NPs) and semiconductor nanocrystals
(NCs) has been subject of graat interest for scientific communities [11]. Because of the
plasmon resonance in metal nanoparticles, the interaction between the NPs and NCs can
modify spectral feature of semiconductor NCs to enhance the emission efficiency because
it involved charge transfer across the semiconductor/metal interface [12].

2. Experimental

Zinc oxide (ZnO NPs) nanoparticles were prepared by the method of plant synthesis
and chemical precipitation where the nano zinc oxide was prepared by the method of plant
synthesis using zinc nitrate and henna plant extract where (1 g) of the henna plant was
added to (100 ml) of distilled water in a glass beaker and the solutions were placed on
Magnetic Stirrer and kept under continuous stirring at (70 °C) for (30 min) then the
solution was filtered by medical cotton to get rid of impurities and the solution was cooled
at room temperature to be ready for sedimentation. (1.89 g) of zinc nitrate with the
chemical formula Zn(NOs), which is a substance as crystals that dissolves very well in
water and the zinc nitrate has a molecular weight of (189.39 g/ml) was added to (100ml) of
distilled water in a glass beaker denoted by S1. I placed the solution on a magnetic stirrer
and kept under continuous stirring at (70 °C) for a period of (30 minutes). Sodium
hydroxide with a molecular weight of (40 g/ml) and a chemical formula (NaOH) was
added to the solution where a white mixture was obtained We have Nano powder in
suspended form and I cooled the solution to room temperature until it was ready to
precipitate denoted by S2 then the nano-solution (ZnO NPs) is deposited on cationic
porous silicon wafers using a droplet casting technique to produce heterojunction (p-
ZnO/Si) solar cell.

3. Results and Discussion
Results of X-ray diffraction of ZnO (XRD)

The following figure (1) represents the X-ray diffraction spectrum of ZnO prepared by
plant synthesis using zinc nitrate and henna plant extract and deposited on the glass by
droplet casting in air) For a range of angles (20-80 degrees) in which it is noted that there
are two sharp peaks at the angles (29.76, 31.89) and they represent Miller coefficients
(100), (002) which apply to international specifications (96-230-0451) in addition to that
were calculated each crystalline size and interfacial distances, as shown in Table (1) As for
In the case of preparing zinc oxide nanoparticles using a The simple chemical method we
notice that there are three sharp peaks at the angles (31.73, 34.50 and 36.20) and they
represent Miller coefficients (101), (002), (100), which apply to international specifications
(96-230-0451) which indicate the figure (2-1) that there is no trace of any other Substance
and that the two methods are very suitable for preparing zinc oxide nanoparticles with a
slight difference in the shape of the reflected ray spectrum This may be attributed to the
effect of the extract on the oxidation and reduction process of zinc nitrate Which differs in
effect when using a base Medium such as sodium hydroxide wise the broadening of the
spectrum in the first method (plant synthesis) for the range of angles 20 to 30 will lead to a
decrease in crystalline size according to Scherer equation (1-1) which applies with atomic
force microscopy examinations as it does not exceed (24.57 nm) which is relatively less at
the average particle size in the chemical method which reaches (32.34nm) which confirms
that the intensity is much greater in the second method which confirms the formation of
Bragg's reflection surfaces.
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Table (1) shows the structural characteristics of ZnO NP

20 Deg) | FWHM (Deg) | dhkiStd.() | dhkl Exp. (&) C‘”ys}ﬁ'g‘ie AEE A"e‘”gigz‘*e?grf)‘a"“e
29.76 0.38 2.92 3.00 21.63 21.25
31.89 0.34 2.67 2.80 20.86 -
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Figure (2) shows the X-ray diffraction (XRD) of zinc oxide (ZnO)
Nano films bonded by the chemical reaction method (S2).
Table (2) shows the structural characteristics of ZnO NPs
,‘ dhkl Crystallite | Average Crystallite
31.73 0.38 2.81 2.82 21.73
34.50 0.40 2.60 2.60 21.01 21.04
36.20 0.41 2.60 2.48 20.39
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Atomic force microscopy examination results for ZnO (AFM)

The following figure (3) represents an atomic force microscope image in two
dimensions (1, 1p) of zinc oxide nanomaterial prepared by a plant synthesis method using
both zinc nitrate and henna extract and deposited on the glass by drop casting at a
temperature of (70C) where we notice ripples distributed in a homogeneous and regular
manner on The surface of the glass which indicates the absence of voids and that the
deposited film is regular and the meanders of the material particles that describe
horizontally towards the peaks upwards where the highest peak represents a rise in the
roughness rate and reaches (24.57nm), and the distances separating those peaks which
represent the free path rate (2.14nm), which indicates that the method of preparing the film
by drop casting method is suitable for this purpose and that increasing the roughness leads
to an increase in the surface distances which leads to an increase in the Surface distances
per unit volume which increases the absorption of the film which describes the work of the
solar cell which indicates the results of reflection and the reflection coefficient In the case
of preparing zinc oxide nanoparticles by a chemical method in the presence of sodium
hydroxide instead of the plant extract we notice a dense entanglement in the membrane
layer in terms of distribution with an increase in the roughness and the rate of the path. In
addition to the availability of an increase in the free path rate and particle size this may be
due to the availability of an impurity base because the nitrate reaction will produce zinc
nano-oxides.
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Figure (3) 2D and 3D AFM images of ZnO prepared by plant synthesis
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Table (3) the surface roughness average values, root mean square roughness values, and
particle size average values according to (AFM) measurements of ZnO

Sample Average Grain size Roughness average Root mean square
(nm) (nm) (nm)
ZnO 14.37 24.57 2.14

Table (4) the surface roughness average values, root mean square roughness values, and
particle size average values according to (AFM) measurements of ZnO

Sample | Average Grain | Roughness average Root mean square
size (nm) (nm) (nm)
ZnO 17.34 32.34 2.81

FTIR analysis helped to identify functional aroups existing in the plant extract that
contribute to the mechanism of bonding with ZnO NPs. A comparison between the FTIR
spectrum of the plant extract and simple chemical method that of the biosynthesized ZnO
NPs is shown in fig .5. Accordingly, the FTIR spectrum of the plant extract exhibited
several peaks at 673, 1338, 1634, 2059and 3412 cm™!. The peaks at 673 (Zn-0), 1338—(C-
0), and 1634 (C=0) or 2059 cm™" are related to C-C AND 3412 cm™ (OH) respectively
[13-17], whereas the broad stretching band at 3412 cm!indicates the presence of
hydrogen-bonded aroups. These results signify the existence of flavonoid derivatives in
the plant extract. Any shift or change in the position and intensity of peaks in the sample
spectrum can be correlated with the interaction of the functional groups of the flavonoids
and phenols with the ZnO NPs. It can be mentioned that functional groups in the extract
donate electrons that could reduce zinc ions (Zn®* to Zn**) and finally zinc NPs (Zn.
Moreover, the negative functional aroups present in the extract could have a stabilizing
effect. FTIR spectra of the biosynthesized ZnO NPs showed a small shift with slight
changes in some related peaks and in their intensities, suggesting that the major
biomolecules from the extract were capped or bonded to the surface of ZnO NPs. The
major peak for the plant extract shifting from 3412 cm™' in ZnO was assianed to the O-H
of the phenol aroups and -NH, stretching vibrations, while another peak shifted from 1634
cm ' was ascribed to N-H binding. The appearance of new peaks at 700 and
2059cm ! proved that ZnO NPs underwent C-H and C=C out-of-plane bending,
respectively. Furthermore, the FTIR spectrum of the biosynthesized ZnO NPs showed a
sharp and intense band at 573 cm', indicating the existence of Zn-O vibrations [14]. The
FTIR results demonstrated that phenol and flavonoid compounds were abundant in the
prepared extract and ZnO NPs.

The optical band gap can be determined using the Tauc formula [15], (ahv) 2=B (hv-Eg)
Where; a is the absorption coefficient, h = 6. 626x10-** m? kg/s is Planck’s constant, v 1s the
frequency of photon, B is the constant and Eg is the band gap energy. When (ahv) =0
then Eg = hv Hence, extrapolating the linear portion of the graph (ahv)? Vs hv having
intercepted on energy axis gives the optical band gap of the sample. The Tauc plot of as -
synthesized ZnO sample is given in the fig.(6). From the Tauc plot, the optical band gap of
the as-prepared ZnO sample was found to be 5.3 and 5.46 eV. Since bulk ZnO has a band
gap of 3.37 eV [16], there is band widening in our prepared ZnO sample. This band
widening may be attributed to the quantum quenching effect. This confirms the formation
of ZnO nanoparticles in our prepared sample.
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Figure 5: FTIR Transmittance curve for ZnO nanoparticles.
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Figure 6. Tauc plot of as prepared ZnO nanoparticles.

Preparation of heterojunction Solar Cells and the conversion efficiency of porous silicon
cells can be improved by the preparation of the tandem solar cell. Ag/ZnO/PSi/Si/Ag
device structure is shown in Fig.7. The porous silicon solar cells were used as bottom cells
and top cells respectively to design tandem solar cells. The PSi cells were previously
prepared in an electrochemical etching method, ZnO layer then deposited upon the upper
PSi substrate at (80 °C) by the drop-casting method. The cell mechanically stacked on top
of each other. The silicon used in this work was P-type. Ag electrodes were connected in 2
side to perform the efficiency test.
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Figure 7. Schematic of Ag/ZnO/PSi/Si/Ag device structure.

The fill factor of Al/ZnO/PS/Si/AL can be calculated by:

FF=Im:Vm/ (lsc * Voc) X 100% ..... (2)
where Jm, Vm, JSC, VOC are the values of the current density and the voltage for the
maximum power point, short current density (Jsc) of the measured current at 0 V, and the
open-circuit voltage (Voc), respectively. The power conversion efficiency (n%), which is
the ratio between maximum power (Pmax) and electrical input power (Pin), is calculated
by the following equation [17]:

n=Im-Vm/(S.R)x 100% N )]

where S is the area of the porous silicon (0.789 cm?

The current density-voltage (J-V) curve of the ZnO based PSi at light intensities (R=10
mW/cm?) is shown in Fig. 8. From the J-V curves, the parameters such as open-circuit
voltage (Voc), short circuit current density (Jsc), fill factor (FF) and efficiency (n) were
calculated using Equations (2), (4). The calculated values of the SC parameters are given
in Table 1. The n% value of the fabricated ZnO based PSi was found to be quite good
compared to the studies with similar ZnO nanoparticle structures in the literature. The high
efficiency can also be explained by the increased absorption due to the increase in the
number of dye molecules adsorbed onto the ZnO surface. Therefore, because the method is
simple and the samples can easily be prepared, the use of ZnO nanoparticles in
photovoltaic is promising for the future. The current density value was found to be
relatively low. The most important parameter that determines the overall efficiency limit of
the system is the photocurrent. If the particle size approaches to the Nano level, then
parental materials behave differently due to their high surface area and surface energy [18]
The average crystallite size of the prepared ZnO nanoparticles is found to be about 22 nm.
Therefore, we can expect significant photochemical properties. Various factors such as a
small roughness factor, reflection or scattering in the photo anode, low injection efficiency,
charge collection effluency can cause a relatively low photocurrent [19]. As the light
intensity increased, the short circuit current value linearly increased to the values close to
saturation. The Imear increase in (Jsc) was attributed to higher photo generated excitons
[8]. Therefore, more electron densities were transferred to ZnO at higher light intensities. It
can be seen from Table 1 that the n and Jsc values increased as the applied light density
rises. An increase in light intensity is attributed to an increase in charge generation. Similar
observations have been reported for the ZnO-based PSi [9], These results show that when
the intensity of illumination is increased up to 100 mW/cm®, there is no significant change
in transport, injection and recombination mechanisms.
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Figure 8.J-V curves of ZnO-PSi for S1 and S2
Table 5. The photovoltaic parameters of ZnO/PSi
Isc Voc Im Vm S R FF % n %
1.9 32 0.8 14 0.785 10 18.42105 | 0.142675
0.9 52 0.5 33 0.75 10 35.25 0.2
Conclusion

The most important parameter that determines the overall efficiency limit of the system is
the photocurrent. If the particle size approaches to the nano level, then parental materials
behave differently due to their high surface area and surface energy [19]. The average
crystallite size of the prepared ZnO nanoparticles is found to be about 22 nm. Therefore,
we can expect significant photochemical properties. Various factors such as a small
roughness factor, reflection or scattering in the photoanode, low injection efficiency,
charge collection efficiency can cause a relatively low photocurrent [20]. As the light
intensity increased, the short circuit current value linearly increased to the values close to
saturation. The linear increase in (Jsc) was attributed to higher photogenerated excitons
[16]. Therefore, more electron densities were transferred to ZnO at higher light intensities.
It can be seen from Table 1 that the n and Jsc values increased as the applied light density
rises. An increase in light intensity is attributed to an increase in charge generation. Similar
observations have been reported for the ZnO-based PSi [21]. These results show that when
the intensity of illumination is increased up to 10 mW/cm?, there is no significant change
in transport, injection and recombination mechanisms.
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Abstract
Photodetctor were synthesis by using p-type porous silicon (PSi) was prepared by
electrochemical etching (ECE) process for p-type silicon wafers. Current density (15 mA/
cm?) for (15 min). were examined The structural and morphological properties for PSi
studied by using X-ray diffraction (XRD) and Atomic Force Microscope (AFM) and
Fourier transform infrared (FTIR). XRD pattern of PSi showed that it had single crystalline
structure, the electrical properties of the photodetector have was studied The spectral
response was (R,=0.033A/W) at wavelengths (750nm) Maximum the Specific detectivity
is (D*=4.4 x 10" cm Hz"W™) at wavelength (760nm) and The best value for Quantitative
efficiency is (n=5.5%) at wavelength (760nm) in the photodetector.
Keywords: Psi, ECE, XRD, AFM, FTIR, Photodetector.
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1- Introduction

Porous Silicon (PS) was first observed by Uhlir in 1956. Later on, PS was investigated
in detail by Turner. In general, PS is a new face of silicon that consists of a complex
structure of pore and Silicon. It has been classified into three categories depending on the
pore size (Micro porous < 2nm, Meso porous 2-50nm, Macro porous > 50) PS consists of a
network of Nano-scale sized silicon wires and pores that formed when crystalline silicon
wafers are etched electrochemically in hydrofluoric acid (HF) -based electrolyte solution
under constant anodization conditions like etching time, current density, HF concentration,
and Si orientation [1]. The surface chemistry of porous silicon is interesting in both
fundamental studies and for applications arising from the technological importance of
silicon in microelectronics, photovoltaic, and sensors. In1990, Canham showed that certain
PS materials have large photoluminescence (PL) efficiency at room temperature in the
visible region [2]. Numerous models proposed to illustrate the luminescence mechanism,
the most popular being quantum confinement in nanometer size silicon crystallites [3, 4].
PS has attracted much attention as a new optoelectronic material since the observation of
its efficient visible photoluminescence at room temperature [5].
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2- Experimental
The Electrochemical Etching Process (ECE)

The positive type silicone is cleaned with a mixture of HF by (1 ml) with (3ml) of
distilled water mixed well until homogeneous then the mixture is placed on the surface of
the silicone and by using medical cotton the surface of the silicone is rubbed for (15min)
until the impurities and plankton are removed. The crystalline wafers of p-type silicon
sheets with resistance of (4 to 20 Q.cm), thickness is (508 pm)and orientation (100), are
used as substrates Crystalline silicon (c-Si) wafer was cut into small square pieces (2.5*2.5
cm?®) before the beginning of the etching process. The electrochemical etching was
performed at (1:1) HF (48%)-Ethanol (95) mixture put in Teflon cell at room temperature
By using a ring of gold as a cathode as shown in figure (1). The current could flow through
the electrolyte from the back surface of the silicon to the top surface. (15mA/cm?)current
density was applied for period (15 mlnutes) an etched area of the sample was equal to
(0.785 cm®) the samples were stored in a plastic container filled with methanol after the
etching process is completed to prevent surface oxidation.

0-ring seal Gold cathode

\ f
\

|
DCvoltage |\ | HFsolution l
supply /

Metaliic anode

p-Silayer

Figure (1): The electrochemical etching setup schematic diagram [6]

3- Results And Discussion

3. 1. Results of X-ray diffraction of porous silicon (XRD)

X-ray diffraction results showed a clear difference between the pure silicon surface (C-Si)
and the surface of silicon (P- Psr) etching which the engraving duration is (15min) with a
current density of (15mA/cm?®) and a single strong, sharp and narrow peak has been
observed at (2¢69.79) On direction (400) confirming the single crystalline structure of the
(Psi) layer and the tests showed that (Psi) with a cubic crystal composition according to
international specifications (JCPDS 1985, JCDD 1997) and illustrates X-ray diffraction
chart in Figures (2a, b) pure silicon (C-Si) and Psi porous silicon also at comparison with
pure silicon X-ray (C-Si) We note from the figure (2) that the pure silicon top has a high
intensity value compared to the porous silicon top (Psi) This result is due to the radiation
deviation from the crystals between the pores and according to this graphic we can confirm
that the porous silicon layer (Psi) remains crystallized. The slight expansion of the sliding
peaks shown is due to an increase in the thickness of the Nano porous wall where data
show (XRD) that porous silicon is synthesis and crystal structure after embossing time
(15min) the upward shift can be attributed to the relaxation of pressure in the porous
structure.
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Table (1) shows the most important structural parameters of the X-ray diffraction of the
prepared P-Psi

Etching 2Theta | (hkl) | FWHM D (nm) n x10” O lines *m™
Time (min) (deg) (deg) 10"
15 69.79 (004) 3.1 81.18853 4.267844406 1.517087667
25000 . e
c-Si F
HIE|
20000 -
S 15000 - "
£ 10000 -
= 5000 -
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2 Theta (deg) 0 2 3 i{_ s 8 i 3
Figure (1.2a) the X-ray diffraction Figure (1.2b) the X-ray diffraction
diagram of c-psi diagram of p-psi

3.2. Atomic force microscopy examination results for porous silicon (AFM)

In this part we present a study on some of the characteristics of the structural and porosity
layer of porous silicon (P-Psi). The figure (3) shows the three-dimensional image of the
drilling time (15min)And the density of the current (15 mA/cm?) this picture that is three-
dimensional (3D) Shown in figure (1.3) silicon chip forms a uniform porous structure
where the average volume of granules has been estimated (P-Psi) from the (AFM) scan and
it was found to be about (25nm) and that's when the average coarse was measured and it
was found to be about (17.53nm)and average square root found to be about (23.32nm)for
porous silicon Table (2) shows information on P-Psi and shows the surface topography of
the layer (P-Psi) surveyed by (AFM) with a very smooth and homogeneous structure.

Table (2) Roughness square, and the average grain size according
to the (AFM) measurements of porous silicon (P-Psi)

Sample Average Grain size Roughness average Root mean square
(nm) (nm) (nm)
PSi 25 17.53 23.32
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Pseudo-color view of the surface 3D view of the surface

Figure (3) 3D AFM images of (p-Psi) prepared with etching time
(15min) and current density (15 mA/cm?).

3.3 Infrared Fourier Transform Examination Results (FTIR)

Psi surface chemical composition can be successfully examined using infrared
spectroscopy (FT-IR) The FT-IR spectrums of the porous silicon layer observed a strong
broadband around (1070cm™)because of isotopic expansion vibration mode Si-O-Si in
porous silicon which depends on the porous silicon oxidation degree as well as observed
two peaks at (666, 629cm™) Linked to Si-H insight Related to curvature in vibration
position top permeability at (2329cm™) Periscope O-H Whereas a peak at (2918cm™)
associated with C-H stretching. And the peak at(3741cm™) associated with N-H
stretching in p-Si type figure (4) shows some of the main peaks of (Psi) FT-IR spectrums.

PSi

T T T 1
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (1/cm)

Figure (1.4) shows the FT-IR spectrum of porous silicon Prepared
at a time (15min) and current density (15mA/cm°?)

4- Photodetectors

The detector absorbs the electromagnetic radiation and outputs an electrical signal that is
usually proportional to the irradiance (the intensity of the electromagnetic radiation)
depending on the type of detector and the way, in which it is operated, the output signal
can be either a voltage or a current [7]. There are two fundamental IR detectors, photon
and thermal detectors. Thermal detectors respond to temperature changes generated from
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incident IR radiation through changes in physical and electrical properties. Photon
detectors generate free electrical carriers through interaction of photons and bound
electrons [8].

5- Photodetector Properties Measurements
1.5 Spectral Responsivity (R,)
Spectral response within wavelength (350-1100 nm) with voltages (3V) is verified by the
equation (1) where (P-Si) comprises silicone porous and silicone, figure (5) shows
response as a function of wavelength of (P-Si). The sample was prepared at the time of
etching (15 min) and the current density (15mA/cm?). Figure (5) shows that the spectral
response curve comprises two response peaks at the first peak (0.033A/W) and at the
wavelength (750nm) representing the porous silicon (psi), while the second area is
(0.02A/W) at the wavelength (900nm) because of the silicon absorption edge. All samples
show very similar spectral responses and the difference appears to be in capacity and by
changing drilling time and current density there will be a change in response. The result of
the response means that the portion of high-energy light (650-750nm) is absorbed by P-Si
(first zone) and low-energy light (850-950nm) (second zone) can occur in Si.

Ry = o Yon g

A7, p,

0.035 -

PSi

0.03 -

Si

——
S~mm——

| S —

\

0.005 - '='

0 T T T T T T
350 450 550 650 750 850 950

Wavelength(nm)

Figure (1-5) spectral response as a function of the porous silicon wavelength
(psi) prepared with current density (15mA/cm?) and time (15min)

2.5 Specific Detectivity (D*)

Specific Detectivity is an important feature of Photodetectors as it represents minimal
detectable energy. As a result, the detector's performance is associated with this
coefficient. Figure (1-6) shows the quality of the detector's wavelength (PS/p-Si) prepared
at the time of etching (15min) and current density (15mA/cm?). Form (1-6) shows that
scoutlng depends directly on the resg)onse (Ry) through the equation (1-2). The maximum
(D*) is found to be (4.4x10"cm Hz"“W™) at wavelength (760nm) for heterojunction.
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Figure (1-6) Specific Detectivity as a function of the porous silicon wavelength
(psi) prepared with a current density (15mA/cm?) and time (15min)

3.5 Quantitative efficiency (1)

Quantitative efficiency is generally expressed as a function of a parameter such as
wavelength The decrease is due to the current loss of recombination and incomplete
absorption and reflection as it is calculated using the equation (3-1). From the allergy
chart, the quantitative efficiency of the photodetectors in the spectral range (350-1100nm).
External quantitative efficiency is determined as a function of wavelength as shown in the
figure (1-7) for structures (p-Si). Figure (1-7) shows the variability of quantitative
efficiency as a function of the wavelength of devices at different annealing times. The
increase in light current is because of the same reasons for response. Figure (1-7) indicates
that quantitative efficiency (1) as a wavelength function (L) At voltages (3V) of porous
silicon detector and prepared with current density (15mA/cm?) and time (15min) as such,
the figure (1-7) shows the highest quantitative efficiency value at wavelength (760nm)
Owing to the increased permeability in this area and thus the increased generation of
carriers in the depletion zone and thus the increased spectral response leading to increased
quantitative efficiency, the best quantitative efficiency value is (1=5.5%) at wavelength
(760nm) in the heterojunction.

R(M)hc

gl

(1) ~(1-3)
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PSi

350 4;0 5;0 6!';0 7!';0 85;0 9!';0
A(nm)
Figure (7) quantitative efficiency as a function of the porous silicone
wavelength (p-si) prepared with current density (15Ma/cm?) and time (15min)

Conclusion

The process of preparing silicon using the electrochemical etching method is considered a
good one by identifying the most important characteristics of the gaps that fill the surface
of the silicon, the most important of which is the current density and the time required for
etching. The range that is less than the limiting range, which is the near infrared region and
creeps towards the visible lengths below 700 nanometers. A photodetector with distinctive
optical properties was obtained.
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Abstract
This paper deals with ZnO thin films' structural and optical properties and the most
important methods of preparing them on heated glass bases to form prepared thin films
doped with Al. This research deals with the most important practical studies that dealt with
the preparation of these membranes, which included the calculation and study of the
optical properties on the absorption and transmittance spectrum of the membranes and the
forbidden energy gap for the permitted direct and indirect electronic transitions and the
absorption properties, the absorption coefficient, the reflectivity, and the optical constants
represented by (fatigue coefficient, refractive index, real and imaginary molecule dielectric
constant, and conductivity) as a function of photon energy.
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A Sh ) LA delina 3 Jsand) e 436 Al s (Hydrogen Plasma) oss soxed) L 3 a9 g
J14] WPl aladinly jeaas Al (Amorphous Silicon Solar Cell) 4 siial)

(TCO) ilind Jiom 55 w5l 4 bai ZNO o355 48 ¢ [15](Phillips  etal) A il 2,
Joa gall 4l 88 g gl LBl dg)liia i 408N (30 53 Cildal ga3 Transparent Conducting Oxide
O iad ¥ leain) 2asie cIndium Tin Oxide (ITO) (= 8252 sall @l (1o G i Llua 53l s CalnO3
ki Ao Jaad s doa i3l asaa Y 1518 (TCO) i M sl & sad) Cigatl 385 (ITO) s 48 Ji) 43
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(O5Shal) 2 ) Sl 5 a2 (g ) 58 e (psiad¥) 20 l) L sal¥1 g0 (st IS (S5
ol e elesll 55 )l pall aa i ge ccaandl 5 3kl Q8 (i s Qi jedae 53 aaY (o 5 -3
il umind Gl il ml 530 5l o (2) Ul -4
O Grand (S g HA) alas 43l) quawﬁh}emyuu”mm)@;e\m\ Y las aa) e Wl -5
;.ud“_ﬂ_:‘i\ cgradall Gl gl (8 A gall Liilis 8 Baj0e Ciladia 8 aoul g (Gl e 45US ja a0d003 3) dal &
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23 i) A8y play 3 puzmaall 488 51 ZnO el e o gialVU cu gl 530 [1984] (Minami etal) o2 -1
cwmuhﬁ&}m}ulbhpd\}um Znou,;i U\R.m\)q]\ k_i)g.LL, @)h@nkhudmm,
[24] Jsp 48 a3

L) 5 48l e al g2l e cpa il g o gl il lee i [1990] (Al-Mamury) o2 -2
LAl sl ya A o 8 el daliia i o)) il ) o pedal 5 Slasl Cann jill 48 jhay 3 sl s ZnO dadey
(251 (3.2 2oy A8Ua 8 gady g cppalill dmy J5 g oy g8l B3l 30 213 35 8 5 [0.12x102 (Q.cm) 1] i
.eV)

G yill A8y ?j.\.\_v\ﬂ.\ G il g 9éf.\.“ O AN A uS gl eLdie jyaant [1991] (Banush) Gy -3
O Sad ey ol JJRJA&-SJS)J&-I‘JL@A.\AAM‘}” O a5 WS 400°C 5l da o 2ie chJ\);J\ @L\A.\SX\
A\L@_\A:\S‘_gui.u 3 58 ZNO sliad dpaliaiaV) Gl a5 oo sl Ao 33 30 4y suliall 050 50 28U 5 b 500 )
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O Ao ganas Ay 8l ZNO Ande Y A8l <) 5 &y padl (el 5211 [1992] (Jianhua and Gordon) e -4
miu\u\ﬂ\@uuﬂ.}n\j(cvp) 1AL Alaasll Sl 45 Hhay 5zl g il Leiy (e yualinll
Ao panall jualing 4y 5idl) ZNO il e e 45 ye 435 (High Mobility) 4ille 48 a3 &llis (ZnO:F)
(27] L pusatl) LA 2l 450 5eS S T 23305 (ZNOXF) Gl o) an g5 Luimny e e V1 i) 8 S5 1y
O AN Gy plae (a8 yuianall s 488 51 ZnO dndel sai 52« [1997] (Studenikin et al.) 2 -5
s (Paasll s il B el 5l cl 535 Jlas ) Baa o3 LS 3l jall il pa ity (Al s il Al
28] 350°C 5 s da 0 (358 Lusilaia rumy 4351 185-165°C 5l s a3 o (eilaie

(ZnO) ey A€ il s & yeaill gl s30) o a5k 505 [1998] (Studenikin et al.) o2 -6
i ) 2255 (0.02,0.1M) S s b8 <l 5 J slaa e o) oadl (Gaassll g jill 43 jlay 3 juaadll
Gnmar a4l oS yildlaaie o T, caaidy e ‘}“}).A\S(ZnO)J.A.\LAmCA.mJTC 180° Aa a3 )l )
[29],43&.]\ 3 yad o Adih ol ) Jas gl e V) (pali dic g A gl 4 gea

ghaal) sl O 2 g5 0 sSOY) JLe (g amg dans o 2 5 48 )y ZnO 452 [1999] (Ginting) s-as -7
el s 48,3l 5 )y da 5o 8 [1.4x10°2 (Q.cm)] 2saas il A slad) ¢ ladl Java e S G adiag
B9 (400-1300nm) d sall J1 53N 850 sl s

(Laser ol cuvs yill 4085 dad 0 o iiad¥) 2ol 8 e ZnO 42ef [1999] (Sam and Kwok) =~ -8
Julaas (Photo Luminescence) 4 saall diluall chiana’ il jo &5 Al 4y jaill Gal 52l 5 Deposition)
Ll avenatl dpulia giliil) o) 2 g 35 (Sellmeier equation) _alis dalas sacluey ddbua o3 (3l SLuSSY)
BU ZnO 2o/ e GaN(w-V) s suall Cuny

8 madll 5 (ZNO:AL) dxsie Y A il 5 40l <) 5 &y pad) (el 521 [1999] (Asomoza et al.) 2 -9
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O coagl) Bale ) oS5 A i) ) 3all) 405 48 ey ZnO:AL 43l [2001] (Singh et al.) Gl s -10
Dlle a5y 4iled el 452 V1 o) Al pall @ pelals (e Jsba 53 )00 sailS ArF,ALOs 33 2%
A Sl al sAl) o)) LeS (10-60min) e M) die 2-3]/cm? Waie 28l 4S5 (10HZ) 228 die (S5
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‘;\3\ eJLL.LmY\ STV} c\)a;.“ 3 4xiY) S ‘H m\s:.ﬂ“ (53 \JlA LILAASJ ‘;lLu 433_)}.4\ uA@_i b}a;.d‘ My‘
(331 o saial¥) Lghany

8_panall s Sl sllel) Ao ganas 4353l ZNO LY 4y peadl s S il Lal 531 [2002] (Farea) os -11
Wbl i aly sl saratie Lases L2V o)) A€l G gl el &yl Al s il 45y yhay
Al 2855 e S o late 5 Gy ool i 33l 3 J8y Galeaial) Jalas o)) 5 3lall (5 b} S Sl e il 5l
[341,(3.216V/) 48Ua 5 58 daiy 5 (370-390nM) s sall JI sb¥) Gar Galsial)

8l s ZNO:AL 4ie Y A il 5 Al 5S4y adl (=l 5211 [2003] (Jeong et al.) ss-12
Claa sad A G g Aol )l il Gyl 3 zla 3l e 20 8 (o A jall s R (eunlalial 353 51l 43y )k
Baclal (o Ailosall 3aly 3 4pde V) gai ala 355 (002) dalasi¥l s saclill 45 ) s s eV ) dyipad) 223Y)
Dhiey 40 A se W) oda elliaiy 4pde ) o2 sai A o 55 Y Baclill 3 ) ja A )3 Ol (s (8 (Dis) el s
Dts=45mm aie o) cilaa gaill il caS) LS (3.2-3.64€V) 2533 Al b gad y 35 el dilaiall 3 85%
(351 9.8x1072 (€2.cm) 253 Ly i dsa sliall 4a il AL(OH)3=4%

33 emmlaliaall 333 53 485 e 2 (ZNO:Al) 4pie 5 48l ZnO 4:221 [2004] (Czternastek) s -13
e Lanall il A oy caall L8 3 (470K) ) oa iy die dalaae) 8 o Ll g el Tasal)
L;LMY\}ML;AYML\)DLM\ die 43l Jas o) 38y A0 Y1 sded Ay peand) s Al 1oSUl 5 duuS il yal 4l
i Alad 821 (L 30 a ssaal WLy oy ol A (358 Lad JISuls (5) (N doadd dniaial) 3aly 3 e 5 S ol
Al e e e LG Azt V) o2a () i sl il < jelal a5 Baclill mhaus e Lo gae (C-axis) elasVl
ALSS AalatY) e sl (g giana 33 ) e 5 A yall Aalaiall 8 8100 ot 4535 5 2x1073(Q.0m) 25
(36 Zliall il gl 3 jUaias) Canes J&5 (Hall Mobility) Jss S 5as ) gns (b (AR5 5 (A0
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il ) 3lll Aol 5y s 51 A Hhay Al GllaY 5 ZnO 4521 [2005] (Suchea et al.) s -14
DaasS (308nM) (o> sl Jsdall 53 sl 5l pladindy s 435Sl daala 22 8 e 4l 5 (PLD)
S 5 o Jaih gt At Y1 (ol A jall gy 5 Aiad) 28V 5 o aladialy Apn ) Gl i) A 50 3 85 g
Ll s 5 e V) A5 gdd 5 lgall aladd 5 IS e i cpms i) 0 (1) U8 Al pall (8 IS 5 ) 33 il
B71 30 s

5 pumnall 5 (ZNO:AL) 42 ¥ 4y yamill Ul 5211 [2006] (Keunbin Yim and Chongmulee) o2 <15
(002) slaiVly gaiiy 3 3¥) Bl Ge dala 20l 58 e A ye L2 Y5 23 5L (iliae (458 )l Aau) 5
iy ZN0 Caagll sala 33 5 S g Ay lalinall 4 50l 1 21 saDU 33 53 deLise Ay 5 junne Lpie Y1 o2a
3) ¥ Jama s 6l A e 2 aind (i s dall Ui, 8 pamnall dpie S Aglpaiall 5 300 ) Jalail il
B38] 5 jpiaall Ao sall J sha¥) olaily (Shift) s L0l ol el

L all pal sl e (ALO3) psial¥) anS b cu il i [2006] (Bai and  Tseng) w2 -16
Lalajreld e 488 Y @ pnd 3 30 5l 4 da ) 508 sl 3 ZnO Adie Y 4 5ol 5 4 il
L3 Jallas cuig 3 (0-4%) (e iz s ALpO35 ZNO (e gl s3la i 131 1737F 5,0 s 4y
O J85 40 Y Ae gl o)) (I A jall il LS (002) daalaaVl Tile 1 gl ellies 3 jumaal) 2052 ) () dyiad)
A pad) Al L8 MAS 5 496 (A 0% O ALO3 A 33 ) 23 2,210 (Q.cm) A1 74 (Q.cm)
LeS A5 el dslaiall 3 850 iy Les) i 55 (200-800nM) el (8 o sall Jshall A8 cans )3 Bpie B
O Ayl sl 285 (300-400NM) (o> sl J sl vie Lpnasdial) (358 Aiaial) 3 (abiaial dila ) seda s )
B39],(3.4eV) Lldiay (oa Lol JUEsU A5l 5 gad

L2e Y A il 5 4 peadl (ol sl e oS YV Gl 58 [2006] (Mohamed and Drese) o -17
& yann 5 (30%AL) iS5 Zn: AL Caagd) 3ol s sind 3 jlaall HLall 33 55 44585 dalus 55 sl 5 (ZAO)
Laai (a8 uanall dpdie Y1 ) Ayl i 85 A 551 a Ao (B 405k s Aala 2o ) B e dpseY)
z sh G35 Ading () 5S5 (plaall Jaai 83 pemnall LuseY) ) (a3 Al 7 glan g dlle 4345 @llias 3a0SY)
3L ) Al lialiy A8Me 4T CpanS oW1 lid) 30 ) e HLuSIY) Jalae dad (8 lalill o) LS Jaa dass
[40] 2l

ol sall e Azl @il ) (AL, Ga, In) die abaally Gy sl 33 [2006] (Hong et al.) (s> -18
Adeia sl 3305 ae Lima 523 385 Zn0 Andie ] 200 o Al all s28 i 3 (ZnO) Aty Al el 5 Ay peadl
(6 sbasd AUl 5 5 5 yulatunall Aiadll Cilagen o lus g i 1) il (e IS Gl 1 Al jall o jLl i
411.(3.37eV)

80l Aa 0 s Ll Gl a3 Zn el e 5auSYI 5 cpalill L35 [2006] (Aida et al.) os2 -19
35853 il Jleaionly @35 & jad) s A Sl Lemal 53 5 oLl 33l (e (100-400)°C Ge )
oS b Aae Y o) ()l @l 3 (UV) A el 4360 5 (XRD) el 42331 2 538 5 (RBS)
O $Y) eS8 (palill ) o A 5383 ) e 5 (S ) 2800 LeasS i (B lliaig aaly ) gk 935 (ol
3 A3 aie WIS 3008 5a (5S35 iS5 2500C da o die 3208V fas e Y o) ) ddpal) ca sl 3 a3
ol laaic A8Uall 5 a8 il cldall 8 cpanS oW1 LS ) Ll Cuad B0 nSY) Alee (4) 5 300°C
42 (3.27eV)

Orae o il enlaliaal) 303 il 408 aladiuly ZAO5 ZnO 4eiel [2007] (Sucha et al.) s -20
e O (A Al jall @ jL) a8y 8 3A0 ZnAL s psial¥) Garae (e IS GaagS 853 ZnO s &) Zn
8 omnall L5l s Cayati (002) Ael) (L amal) Ciagll Ala 8 (s (2 (002) AualadVly sati 422 Y)
8096 252 Alle 4,385 @lliad Ap8e V) o)) ilia gandl) il (e an g a5 Liad) ol 8 i @llia o JaaDly
Wl (3.31 — 3.35eV) sl (ana ZNO- A8all 3 gad il 5 salall paliaiel) Glila 5 4 yall dddaiall &
oabiaie¥) dila ad e o o3 aaind; (3.35 —53.43eV) il e iS4 5 b (6 ZAOS Al
143, 5l 5 Fanall Caagl (g JST A pead) 2300 30y 5 () (252 o sl Wl oy slil) ) SAIL 0l (e
sel Ao b panaly bl 3asid)l ZnO ol 2 o) 40321 [2007] (Zheng etal.) Caldl s 2 -21
5l a dayd e ey Zn0slie ) Zn slie (e JEBY) o) I Al all & jli) 885 Mo(100) ke i lalaa
s S Y1 ] laaaS JISly () ling g Jal a5l ) aa s Ty Y Sle e s cpalil
[44] (3.37eV) 2s3a 38Ul 5 g iS5 400K 51 s 3a )

J.:LAAAS\
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