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ABSTRACT

n order to improve the standard electro-spark coating system, semiconductor metal
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preferential axis. This control unit in the robotic platform provides the linear movement of
the substrate in an axis during the spark, as well as the coaxial movement of the selected

metal electrode pair. This project is considered to be successful in material production

system design including robotic control unit, NP production and testing its effect on
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properties.
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1. Introduction

The production of materials at the nanoscale enables the
making of functional devices whose physical, chemical
and biological properties can be changed and making these
devices usable in our daily lives. Although composed of the
same atoms, formations in different geometries create
different material properties with different behaviors. This
situation reveals how important the material production
techniques can be, as it enables us to reach new and useful
technologies.

Semiconductor metal oxide materials, on the other hand,
arouse great interest in researchers working on nano-scale
semiconductor devices, as they can be produced in various
nanoscales, as well as being easy to manufacture.
Moreover, these materials show unexpected properties
when produced in different forms. For example, the optical
and electrical properties of metals such as copper (Cu),
gold (Au) are very different at the macroscopic and
nanoscale. At the macroscopic scale, gold is yellow in color
for its optical properties, but red at the nanoscale. Copper is
opaque at the macroscopic scale (it absorbs more light) and
quite transparent at the nanoscale. Bismuth, which has
semimetal properties in macroscopic form, is
semiconductor in nanowire form. The optical and
electronic properties of materials vary greatly depending
on their size. In that case, it will be possible to control many
physical properties and functions of materials whose size
can also be controlled.

The "moving electrospark coating system on robotic
platform" designed in this project study and the
translational movement of the substrate along a
preferential axis during the spark, instead of the traditional
"immobile substrate feature" in the coating technique,
which is one of the plasma-based material preparation
techniques, causes semi-metal oxide nanoparticle
formation and physical effects on its properties were
investigated.

In the standard electrospark coating technique, a high
voltage difference is applied between two high purity metal
electrodes, which are at a critical distance from each other.
In this way, the spark formed between the electrodes
vaporizes the electrode tips and metal particles are
released. The next step is important from here. Because the
process of depositing these metal particles on the substrate

as metal oxide nanoparticles by combining with the oxygen
in the atmosphere is the reason for the emergence of this
project. Since the subject of our interest is the production of
semiconductor metal oxides, it is very important to be able
to deposit the resulting NPs into the desired template area.
Thus, a more comfortable working area will be created on a
suitable surface for applications such as diodes and
Sensors.

In this study, one of the most important parameters in the
semi-metal oxide nanoparticle generation system is the
size of the electrostatic energy stored in the capacitor.
Capacitor energy is highly dependent on the voltage
difference between metal electrodes. When capacitor
energy is released, direct current (dc) creates a high
temperature plasma arc between the ends of the two
electrodes. In the examination of the NP production system
and the resulting product material, separate experiments
should be carried out for certain values of the voltage
difference between the electrodes. This process is
necessary because, depending on the magnitude of the
voltage difference applied between the electrodes, there are
differences in the shapes of the nanoparticles deposited on
the substrate surface.

It is possible to create many properties and application
areas by succeeding in controlling the structure of
semiconductor nanoparticles. Therefore, an interface
design was carried out to control the size distribution of the
semiconductor metal oxide NP and to be linearly oriented
and deposited to a preferential region. This interface gives
the substrate an axial movement capability controlled by
Arduino UNO, and it produces NPs for different spark
voltage values at certain intervals, at once, with the
systematic movement of the substrate. Accumulation of
nanoparticles at the desired line length and concentric
smooth placement on the target area on the substrate
surface in one go, on the preferential axis, has been
successfully achieved. The interface designed in this study
works as a functional robotic control component that
performs both operations at the same time and enables NPs
to be deposited into millimetric or micro channels
(template). Since the same component moves the substrate
during spark, NP production is provided in independent,
parallel and linear channels (template) on the substrate
surface, and it is possible to cover the substrate surface with
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homogeneous semiconductor nanoparticle channels. The
critical element in this process; It is the accumulation of
nanoparticles in a homogeneous and preferential region of
the substrate surface with identical dimensions. If the
homogeneous distribution of nanoparticles on the substrate
surface and size control cannot be achieved, effective
optical and electrical properties cannot be achieved.
Therefore, the most important feature of this robotic
component is to create electronic and/or electrooptical
paths on suitable surfaces.

It covers measurement systems that will determine the
application areas. Once it is understood that the properties
of materials change depending on their size, they are very
valuable for many application areas such as electronics,
computers, aviation, space, health, energy, defense and
food. There are various studies on the antimicrobial
properties of gold and silver NPs (Singh et al., 2014;
Habiboallah et al., 2014; Nambiar et al., 2010) to ZnO (zinc
oxide) NPs on their capacity to act as gas sensors (Singh et
al., 2010). ., 2014). The fact that nanoscale materials are
lighter, more robust, and programmable means that the
same or more processes can be performed with less
material compared to large-size material. This also means
less energy, cost and hassle.

There are different techniques to produce materials at the
nanoscale. These are generally material preparation
techniques created in solution, plasma or vacuum systems
(Raneetal., 2008). Plasma-based techniques are frequently
used to produce materials such as particles and wires at
nanoscale. Electro-spark also; It is a technique with
different arc capacity depending on the type of electrodes
used, cross-sectional area and work function. Although it is
a very simple technique, the cost for the needs may vary.
After the first studies for the purpose of producing
materials, applications were made in the normal
atmosphere environment without the need for vacuum
(Schwynetal., 1988). In various researches, this technique;
carbon nanoparticles (Horvath et al., 2003), carbon flakes
(Tabrizi et al., 2009), metals (Tabrizi et al., 2010), metal
oxide nanoparticles (Kim et al., 2005; Vons et al. , 2011),
semiconductor nanoparticles, Si nanoparticles (Kumpika
et al., 2008), Zinc-Oxide nanoparticles (Giingér et al.,
2017), Copper-Oxide nanoparticles (Gilingér and akd.,
2019).

In this study, it is aimed to increase the capacity of the
system to be used in semiconductor nanomaterial
production and semiconductor device applications by
adding interfaces such as robotic control unit to a standard
electrospark coating system. Thus, the mobile electrospark
coating system was installed on the robotic platform, the
details of which are given in the "Methods" section, and
thin films consisting of nanomaterials produced with this
system were examined optically, surface and electrically.

2. Materials and Methods

In this study, the system designed to produce functional
semiconductor metal oxide NP basically consists of two
main units. The first is the robotic control unit that
simultaneously provides the axial movement of the
substrate controlled by the Arduino UNO and the
concentric movement of the metal electrode pair. The other
is the high voltage unit used to create the plasma-based arc
between the electrodes.

High voltage unit; It consists of a variac that provides 0-
220V output and a DC high voltage source whose output
voltage can be adjusted between 0-6kV, the capacitor used
to store energy and the switch used to adjust the spark

number (Fig.1a). Here, the 0.2 uF/5kV capacitor is charged
with a voltage difference of 3kV, 4kV and 5kV, and the
stored 0.9J, 1.6] and 2.5]J electrical energy is discharged
between the electrodes. High purity Zn, Ag and Cu
electrodes were used in the experiments. Spark speed is set
to be 1 every 3s. Thin film sample group consisting of each
semi-metal oxide nanoparticle was prepared with a spark
number of 10. Microscope glass was used as substrate. The
position of the metal electrodes is adjusted relative to the
horizontal axis. The vertical axis distance between the glass
substrate and the metal electrodes is approximately 1 mm.

The robotic control unit, on the other hand, has two
freedoms of movement at the same time. One of them is
related to the axial movement of the substrate during the
spark. Axial movement was controlled by microcontroller
(Arduino Uno) and step-motor driver unit with the values
determined by the user for the number of steps. For this
control process, in addition to the micro-step feature and 1,
2,4, 8, 16 and 32 steps, the pitch value of the mechanical
system is taken into account. In this way, the linear regions
(lines) on which nanoparticles are coated on the substrate
surface are separated from each other. Another feature of
the robotic control unit is that it can provide planar motion
control not only in one axis, but also in both axes for a fixed
spark voltage value (Fig.1b). Thanks to this feature, it will
be possible to produce devices such as optical and electrical
circuit elements by coating semiconductor nanoparticles
on special template surfaces. The other motion controlled
by the robotic unit is related to the concentric motion of the
metal electrode pair. In concentric motion, it was decided to
use an intermediate element (M8X1) with metric-8 right
and left threads to control the distance between metal
electrodes and combined with a second step-motor driver
unit with Arduino Uno. Thus, the step-motor completes 1.8
degrees with different steps (up to 6400 steps), which are
multiples of 2. It is possible to control the distance between
the electrodes in the order of 10-6m. The schematic
representation of the rsystem designed and used in the
projectis given in Figure (1c).

Yiksek Gerilim
Birimi

Robotik Kontral J
Birimi

c
Fig. 1: Photographs taken during electro-sparking in the
nanoparticle deposition system (a) and during the movement of the
substrate with a single axis robotic control unit (b), Schematic
representation of the system (c)

In order to examine the optical properties of
semiconductor metal oxide nanoparticles produced with
the system controlled by Arduino UNO-based, optical
transmittance spectra in the wavelength range of 300-1100
nm were obtained at room temperature. For this, a UV-Vis
spectrophotometer (Seeman 3000) with CCD (Charge
Coupled Device) detector was used. Experimental optical
transmittance spectra of thin films in the uniaxial linear
region where semi-metal oxide nanoparticles accumulate
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on the substrate were obtained. The optical constants of the
material (such as film thickness, refractive index, optical
band gap) cannot be obtained directly from the
experimental optical transmittance spectra obtained in a
certain wavelength range. Therefore, theoretical spectrum
curves obtained by calculation are fitted to the
experimental spectrum by means of utilities in the
computer environment. In this study, the program that
provides us this convenience is a computer program that
works on the basis of the unconstrained minimization
algorithm by Birgin (Birgin et al., 1999). In this way,
theoretical optical transmittance spectra, which give the
best agreement with the experimental optical transmittance
spectra, were obtained. Then, information such as film
thickness, refractive indices, optical band gap of the
samples were obtained from these theoretical spectra.
Scanning electron microscope (SEM, FEI Quanta FEG
250) was used to examine the surface properties and energy
dispersive spectroscopy (EDS, Energy Dispersive
Spectroscopy) analyzes were used to determine atomic
concentrations. Electrical measurements; were made using
4-point technique for Ag doped ZnO and Cu doped ZnO
samples at room temperature. For this, an optical
microscope (USB connection, x1000) and current-voltage
unit were used to observe the movement of these types at
the micrometer scale during the measurement with two
tungsten types (Fig. 2 a,band ¢).
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Fig. 2: Photographs of Ag/Zn and Cu/Zn metal electrodes before
and after electro-spark (a) and photographs of thin-film samples
formed from Ag-doped ZnO and Cu-doped ZnO nanoparticles
obtained with the tHESK system, and schematic representation
showing the linear sample regions on the substrate surface ( b)

The experimental optical transmittance spectra of the
samples produced for each different spark voltage in the
system are shown in Figures ( 3) and (4). Accordingly, the
Cu-doped ZnO nanoparticle thin film formed with 4kV
spark voltage is highly optically permeable, that is, quite
good transparent, compared to the samples obtained for
other spark voltages. The Cu-containing sample obtained
when 3kV spark voltage is applied is not sufficiently
optically permeable compared to the other samples in this
group. However, Ag-doped ZnO samples showed high
optical transmittance for the wavelength of the light used in
optical transmittance measurements greater than S50nm.
The graphs in Figures (5) and (6) show the theoretical
spectra of Ag-doped ZnO and Cu-doped ZnO thin films
obtained when a spark voltage of 4kV is applied between
the electrodes, which is consistent with the experimental
optical transmission spectra. Just like the experimental

optical transmittance spectra obtained for each sample
separately, the theoretical optical transmittance spectra for
each sample were obtained separately.
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Fig. 3: Experimental optical transmission spectra of thin films of
Cu-Zn-Oxide nanoparticles obtained with Cu/Zn metal electrode
pair for different spark voltages.
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Fig. 4: Experimental optical transmission spectra of thin films
composed of Ag-Zn-Oxide nanoparticles obtained with Ag/Zn
metal electrode pair for different spark voltages

The film thicknesses and optical band gaps determined by
using these spectra obtained for three different spark
voltages of the Ag-containing and Cu-containing ZnO
sample groups are given in Table (1). From this
information, it was observed that the optical band gap in
both Cu-containing and Ag-containing metal oxide NP
sample groups increased with spark voltage. The thickness
of'the thin films formed by nanoparticles varies in the range
of 74-196nm.

Table 1: Parameters of metal oxide nanoparticles produced with the
system designed in the project. Thickness t, optical band gaps Eg,
average NP size D and electrical resistances of elements obtained

from EDS analyzes R of thin film samples formed from
nanoparticles obtained for different spark voltages

Elektrot | Sample  Viu |t Egr D Ag Cu Zn R
Couples W) | om) @) (am) AMOURt  amount  amount .
(%) (%) (%)
5 181 3.1630 50 0.05 - 278 33
Ag/Zn | Ag-Zn0 4 196 30700 60 0.05 - 252 12
3 183 3.0600 60 018 - 5.41 56
5 95 30045 20 - 0.38% 308 4000
CwiZn | Cu-Zn0 4 74 30780 70 - 0.30 397 8000
3 174 3.0580 60 - 1.04 1.52 12000

SEM images of the samples obtained with Ag/Zn and
Cu/Zn electrode pairs in the rHESK system, depending on
the spark voltage values (5kV, 4kV and 3kV), are shown in
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in Figures (7) and (8).
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Fig. 5: Experimental (-) and theoretical (o) optical transmittance

spectra of thin film consisting of Cu-Zn-Oxide nanoparticles
obtained with Cu/Zn metal electrode pair for SkV spark voltage
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Fig. 6: Experimental (-) and theoretical (0) optical transmittance
spectra of thin film consisting of Ag-Zn-Oxide nanoparticles
obtained with Ag/Zn metal electrode pair for SkV spark voltage

Fig. 7: SEM images of Ag-Zn-Oxide nanoparticle films obtained
with Ag/Zn electrode pair for spark voltages of SkV (a), 4kV (b)
and 3kV (c)

Fig. 8: SEM images of Cu-Zn-Oxide nanoparticle films obtained
with Cu/Zn electrode pair for spark voltages of 5kV (a), 4kV (b)
and 3kV (c)

When 5kV spark voltage is applied to Ag/Zn electrodes,
groups with an average diameter of 60nm and groups with
diameter distribution in the 40-230 nm range, which can be
distinguished from each other, were observed. When 4kV
spark voltage is applied, NPs of 30-80nm dimensions were
observed. While an average NP size of 60nm was observed
in the sample obtained when 3kV spark voltage was
applied, it was observed that NPs overlapped
(agglomeration) in places.

When 5kV spark voltage was applied to Cu/Zn

electrodes, the lowest 20 nm NPs were observed, while
pellets with an average diameter of 180 nm were also
observed due to overlapping NPs. When 4kV spark voltage
was applied, the average NP size was determined as 70nm
and the NPs were more evenly distributed on the surface. In
the sample produced with 3kV spark voltage, a fringed
formation formed by nanowires and NPs of different
lengths and approximately 10nm in width was observed.

SEM images made us think of other possibilities. The
work-functions of the electrodes used during the sparking
process (4.33eV for Zn, 4.26 eV for Ag and 4.65 eV for Cu)
are different from each other. Due to the high energy values
stored in the capacitor with high spark voltages and the
high kinetic energies gained by the nanoparticles formed
while discharging during the arc, it is considered that NPs
may jump to different positions on the substrate surface or,
if they are lower, may not complete the nanoparticle
shaping, adhere to the surface or clump. The elemental
analysis values of the EDS measurements made by
selecting a specific region on the surfaces of the samples
produced with Ag/Zn and Cu/Zn electrode pairs are shown
in Table 1. In Figures (9) and (10), EDS spectra of Ag-
containing and Cu-containing ZnO samples produced with
4kV spark voltage are shown as examples. In these
analyzes, it was understood that Ag ions entered the ZnO
structure in a very small amount, but Cu ions relatively
more. The electrical measurement results are shown in
Table (1). The electrical resistances of Cu-containing ZnO
samples in the order of M decrease as the spark voltage
increases. Ag-containing ZnO samples, on the other hand,
have resistances of the order of k, the resistance values
change depending on the amount of Ag ions in the ZnO
structure.
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Fig. 9: EDS analysis of a thin film sample consisting of Ag-Zn-
Oxide nanoparticles for 4kV spark voltage with Ag/Zn electrode
pair

Fig. 10: EDS analysis of the film sample consisting of Cu-Zn-
Oxide nanoparticles for 4kV spark voltage with Cu/Zn electrode
pair

3. Conclusin and Discussions

New technologies are required to produce materials at the
nano-scale and to study their properties. In this project
study, the standard electrospark coating system, which is a
plasma-based material preparation technique in which
nanomaterials such as nanoparticles and nanowires can be
prepared, was developed to produce functional
semiconductor nanoparticle structures that can be used as a
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device, its applications were made and its physical
properties were examined. Therefore, the project studies
were planned in three main groups.

The first group; It includes the design and installation of
the material production system and the software of the
robotic control unit. In the standard electrospark coating
system, the substrate surface on which the nanomaterial
will be coated is immobile, and the nanoparticles that
emerge thanks to the spark between the electrodes
accumulate on the substrate surface. Physical properties of
materials; Since it changes according to the size, shape and
arrangement on the surface, designs were made to ensure
the formation of homogeneous semiconductor paths on the
substrate surface, and the first prototype of a new
electrospark coating system called sHESK emerged. The
second group of work; involves the production of
semiconductor nanomaterials. With the designed system,
Ag doped ZnO and Cu doped ZnO samples were produced.
By applying different spark voltages with this system, the
formation of independent, parallel, linear regions
consisting of semiconductor nanoparticles on the substrate
surfaces has been successfully achieved.

Last group work; It includes the examination of the
physical properties of the produced samples. The Cu-
doped ZnO nanoparticle thin film produced with 4kV spark
voltage is highly optically permeable compared to the
samples obtained for other spark voltages. Ag-doped ZnO
samples, on the other hand, showed high optical
transmittance for the wavelength of the light used in optical
transmittance measurements greater than 550nm.

Thicknesses of thin films formed by Cu-containing and
Ag-containing metal oxide nanoparticles vary in the range
of 74-196nm. In both sample groups, the optical band gap
increases with the spark voltage. It has been observed that
the nanoparticle sizes vary in the average range of 20-
70nm. In sample structures from SEM images; In addition
to nanoparticle forms, it has been observed that nanowire
forms are also formed. In the test experiments carried out
according to the EDS analysis, it was understood that Ag
ions entered the ZnO structure in very small amounts, but
Cu ions relatively more. The electrical measurement
results showed that Cu-containing ZnO samples had
resistances in the order of M, while Ag-containing ZnO
samples had resistances in the k order.

In this project work; Optical, surface and electrical
properties of thin film materials obtained with Ag-
containing and Cu-containing ZnO nanoparticles were
investigated depending on the spark voltage values
between the electrodes. In these experiments, the spark
number and the translational velocity of the substrate were
kept constant. In the rHESK system, which was developed
for the production of nanoparticles and other forms, it was
observed that nanoparticle sizes, shapes, and therefore
optical and electrical properties can be changed by
changing the spark voltage, spark number and substrate
velocity in the first place. Physical properties can be
controlled with rHESK system parameters and these
semiconductor films made of metal oxide nanoparticles; It
can be used in the construction of devices such as LED,
solar cell, diode, sensor, varistor, capacitor. These devices
can be evaluated in many areas such as space, energy,
defense, health and food.

4. Suggestions
The designed rHESK system can also be used by
planning different nanomaterial production parameters

apart from the works within the scope of the project. In the
system used in the atmosphere, the area where the arc
occurs can be closed and the surface coating experiments
can be repeated with electrospark in an appropriate and
inert (non-reacting) gas environment. By using different
substrate surfaces, substrates with different surface
energies can be coated with metal oxide nanoparticles.
Because the adhesion of an energetic particle to every solid
surface does not occur under the same conditions. The
effect of substrate on nanoparticle formation can be
investigated.
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In this study, photographs of the physical changes of Zn,
Ag and Cu metal electrodes in the system before and after
electro-spark are given in Figure 2 (a). Wear, melting and
sedimentation were observed at the ends of the metal
electrodes after electro-sparking. Photographs of thin film
samples consisting of metal oxide nanoparticles formed on
the glass substrate surface are shown in Figure 2(b). In
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semiconductor linear regions consisting of Ag doped ZnO
and Cu doped ZnO nanoparticles form on the substrate
surfaces.
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