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Abstract: Plasma being the fourth and most abundant form of matter extensively exists in the universe in the
inter-galactic regions. It provides an electrically neutral medium of unbound negative and positive charged
particles, which has been produced by subjecting air and various other gaseous mixtures to strengthen the
electromagnetic field and by heating compressed air or inert gasses for creating negative and positive charged
particles known as ions. Nowadays, many researchers are paying attention to the formation of artificial Plasma
and its potential benefits for mankind. The literature is sparsely populated with the applications of Plasma. This
paper presents specific methods of generation and applications of Plasma, which benefits humankind in various
fields, such as in electrical, mechanical, chemical and medical fields. These applications include hydrogen
production from alcohol, copper bonding, semiconductor processing, surface treatment, Plasma polymerization,
coating, Plasma display panels, antenna beam forming, nanotechnology, Plasma Torch, Plasma pencils, low-
current non-thermal Plasmatron, treatment of prostate cancer, Plasma source ion implantation, cutting by
Plasma, Plasma etching, pollution control, neutralization of liquid radioactive waste, etc. Resultantly, worth of
Plasma technology in the medical industry is increasing exponentially that is closing the gap between its benefits

and cost of equipment used for generating and controlling it.

Keywords: Plasma Generation Techniques, Applications of Plasma; Fusion technology; Plasma ion
implantation and Deposition.

1. Introduction

Plasma has been observed by mankind in nature since a long time ago. It has recognized as the 4" state of
matter. Most of the universe comprises the Plasma rather than solid, liquid or gas. Astrophysicists found that
galaxies are mostly composed of this form of matter. The Plasma term was initially recognized by a medical
scientist, Purkinje (1787-1869) that referred it as the clear liquid, which is left after various corpuscle
components, and protoplasm are removed from the blood, but this was not the Plasma, which is nowadays
recognized as the 4" state of matter. This was first ever discovered by William Crooks in 1879, and this state
of matter was officially named as ‘Plasma’ by Irving Langmuir in 1928.

The theory of Plasma Sheath was developed by Langmuir, which is the boundary layer formed between solid
particles and ionized Plasma. He also discovered the periodic variations of electron density in certain regions

of Plasma discharge tube, which is known as Langmuir Waves. This was how Plasma physics came into being.
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Plasma mainly constitutes of negative ions, and heavy charged particles. Therefore, Plasma can be defined as
partially ionized gas usually produced by an electrical discharge at near surrounding temperature. Due to
extensively increasing potential and benefits of Plasma in recent years, the application of Plasma is growing
very rapidly.
Scientists ever tried to model this form of matter and some equations defining this state. These equations apply
to many proposed controlled thermo-nuclear reactors. Many issues regarding this state of matter were raised in
past like the mere fact of localization of the Plasma anisotropic heating. To resolve such concerns, various
models were already developed. These involve models, which gives information about the frequency
dependence of the resistivity, and the associated processes of absorption and emission of radiation and effect of
frequencies [1-3].
Nuclear Physics usually require slow neutrons for many of its operations like fission and fusion reactions.
Plasma also finds its role in nuclear physics. Later studies revealed that Plasma also exists in several other forms
like Non-equilibrium Plasma, which is initiated as the appropriate medium for surface properties modification
of the material surface occurs. To build an effective treatment with energy and time-saving feature, various
Plasma parameters are used that depends on the type of materials and their properties. Such treatment properties
were considered as to be drawn of organic chemistry, during the late 20" century. The implication and its
efficient use for synthetic fabrication make it much famous in various industrial products. In the field of artificial
products, this also provides the platform for advanced research in the field of organic materials integration and
control. Moderate and highly ionized Plasma can also be able to provide temperature resistive effects for
inorganic materials like ceramic, alloys and glass.
Plasma used in medical application occurs during the biological and chemical distillation, Plasma therapy,
sterilization and the blood coagulation process. It also provides the ease of producing low-temperature Plasma
in the open air.
Use of Plasma technology for the efficient development of Inter-punitive sciences can efficiently provide the
equipment’s designing for effective diagnoses and monitoring of diseases level and tools used during the
medical process. According to reviews of pharmaceutical scientists about the use of Plasma for diagnoses of
diseases, they provide several positive effects for Plasma use. Like the scientist, Stoffels in [4], states it as the
invention of Plasma needle, which provides a practical use during the treatment of living tissues. Moreover,
many other applications of Plasma in the medical field will be discussed later.
In the future, a key problem to be faced will be a lack of energy resource for power generation. Scientists
frequently consider the use of alternative energy resources, in which the most important practical method is the
use of Plasma under the field of power production. It also identifies the implication of newly exposed state of
matter and discovers the dynamic behaviors to integrate it into the electrical system, one good example is a
portable Plasma torch. Electrical scientists also identify the significance of this newly discovered state of matter
and find ways to integrate it into the electrical systems, like in the portable Plasma Torch [5].
2. Categorization of Plasma
The process for plasma generation requires the application of energy on gas, which causes ionization of gas [6].
According to the temperature of electrons, Plasma is classified into two groups, non-thermal (cold) and thermal
(hot) plasma based on their degree of ionization, atmospheric pressure and the temperature conditions [7-13].
. Hot (thermal) Plasma is composed of negative ions and heavy charged particles, which are in thermal
equilibrium with each other, i.e., both, are at the same temperature. Thermal Plasma is thermodynamic
and can abundantly found in the universe [14]. It can be produced by electrothermal and
electromagnetic launchers, (Lehrstuhl fur Raumfahrttechnik) [15], investigated the micrometeoroid

and space debris impacts for surface treatment to provide Plasma of hot, dense, short wavelength and
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high velocity by the accelerated small glass beads that can directly affect the material surface for
coating purpose. The use of Plasma antenna for beamforming has the interaction of Plasma elements
which includes various scattering from Argon Plasma cylinders boundary and electromagnetic wave
transmission on Argon Plasma, due to the incident electromagnetic wave for beam formation of the
antenna. Such Plasma antenna provides highly efficient beam radiation, beam forming and beam
scanning [16]. Ion implantation based on Plasma is an advanced technique for depositing thin films
and surface modification for many fabrication processes in industry.
ii. Non-thermal Plasmas (Cold Plasma) have electronics which are at much higher temperature than the
heavy charged particles. Cold Plasma manifests a behavior outside the thermodynamical equilibrium
[17]. The conventional ion sources include Plasma generators for ion extraction and acceleration. The
most commonly used techniques in Plasma generators to create discharge are electron cyclotron
resonance and microwave frequency ionization source [18].In recent years, the technology to produce
Plasma at high temperature without gaseous collision has been of interest due to its demand in space
physics, inertial fusion and magnetic fusion [19]. The frequency and power of radiation emitted by
artificial Plasma can be modified by using vacuum microwave oscillators as ionization sources [20].
Plasma gun technique for high energy density Plasma contains electrodes connected with high current
sources like MARX generators or magnetic flux compression generators in order to ionize the gas
injected and foils to accelerate the ions by Lorentz force, which then results in expulsion and flow of
resultant Plasma [21].
Plasma technology is growing rapidly for industrial as well as commercial applications. Plasma technology has
a strong application for use in metallurgy process, nanotechnology tools [22] for forming the antenna beams.
Its application in Plasma lenses ensures the biocompatibility with the human tissues for treatments of living cell
tissues [23]. The surface treatment application or the implant material treatment that is targeting the blood
coagulation or wound healing aid for avoiding the electrocution, the preferred one would be the floating
potential electrode [17] [12]. Its use in reactors with corona discharges and Plasma display panels is much
efficient than the conventional flat screen televisions due to the development of better performance, highly
efficient, and low-cost advanced electronic circuitry driver topologies. It depends on the resonant energy source,
resonant network connection type, and panel voltage levels [24]. The literature published on the use of Plasma
in the processing of semiconductor is currently far better than the published on its use for fusion research [19].
The purpose of this paper is to provide an idea of the development, advancement and applications of Plasma,
which will be discussed in following sections.
3. Plasma Generation Techniques
i DC Glow Discharge: This belongs to non-thermal plasma, in which Direct current (DC) electric
source is connecting between cathode and anode plate and the application of plasma gas is performed

among the plates for plasma generation.

Cathode / Anode

source &

Figure.1 System for DC glow discharge
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The application of DC electrical field across the cathode and anode plate causes the acceleration of
electrons in the front end of the cathode, which increases the inelastic collision between atoms and electrons
and leading towards the ionization and excitation. lons and new electrons created by the ionization collision
are strongly accelerated by the electric field toward the cathode that discharges the new electrons by ion-
induced through the secondary electron emission. The increase ionization collisions increase the
concentration of new electrons and ions at the cathode build the discharge glow of self-sustaining plasma.
The emitted electrons from the electrodes usually unable to sustain the discharge when there will be no
potential difference between the electrodes, while the injection of constant potential difference increases
the DC discharge because of the large flowing of current. This can be extensively utilized for material
processing, as a light source, etching, Ion-deposition and for physical mechanism of surface modification.

ii. Radio Frequency Discharge: It produces the plasma either by inductively or capacitively coupling energy
at frequency range lies under the radio spectrum (1KHz to 103MHz) and has AC power supply. Based on
the coupling mechanism, there exist two kinds of RF plasma discharge, i.c., the Capacitively Coupled
Discharge (CCD) and Inductively Coupled Discharge (ICD). Within capacitively coupled discharge
system, the AC voltage source is provided to power electrodes through a capacitor, while the other electrode
is solidly grounded. The capacitor rapidly charged at the positive half of the voltage source, which causes
the voltage drop over the plasma. The charging up of the capacitor by the ion current and dropping of
plasma voltage likely occurs in the negative half cycle but the voltage is much prevalent of the lower ion
mobility. It preferably utilizes as a lower temperature processing medium of plasma for material processing
in aerospace and microelectronics fields.

C Powered electrode

1

K
L 1 N\
T, Grounded electrode
Figure.2Capacitively coupled discharge system
The inductive coupled discharge contains the configuration of a cylindrical helical coil, in which the
electromagnetic induction provides the corresponding electric current. The passing of RF current through the

coil develop the time-varying magnetic flux that largely induces the RF sinusoidal electrical field that sustains

the plasma discharge and accelerate the free electrons.
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Figure.3 Inductively coupled discharge system
Transformer coupling usually aid for inducing the electromagnetic field between the induction coil and plasma

at a frequency range of 1 to 100 MHz It is much efficient for generating the oscillation and electron acceleration
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in the curved orbits that cause a significant decrease of electron losses with the walls. It is preferable to use in

deposition and etching for processing of semiconductor wafers, for modifying the surface surfaces of diamond

films and fabrication purposes.

Source of Plasma Background Electron number Nominal Power / W
pressure/Torr density/m
RF glow discharge 0.057! 10" 200-500
DC glow discharge 0.057 1016 100-300
Inductively Coupled 103-0.1 10'8 500-2000
Electron cyclotron 104-0. 01 10'8 300-1000
resonance
DC welding arc 750 10'°-10% 500-2000
Helicon 0.01-0.1 10'8-10" 500-2000
DC plasma jet 750-75000 10%°-10% 1000-20000

Table.1 Plasma generation techniques and their properties
ili. Hydrogen Production from alcohols
Non-thermal Plasma has more applications in the industry than thermal Plasma. Methanol has high H to C ratio.
Methanol can be made from methane, which is abundant. Conversion of methanol to hydrogen can be made
done by Dielectric Barrier Discharge (DBD) Plasma, corona discharge Plasma, surface-wave discharge Plasma,
Microwave Plasma, glow discharge Plasma, pulse charge Plasma, etc. [6]. DBD is also known as silent Plasma.
It is generating by using the two electrodes, which have a barrier between them made up of dielectric of few

millimeters in thickness. Three different variants of the setup used for making DBD Plasma are shown in Fig.
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Figure.4 Three basic configurations
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The useful product from the decomposition of methanol is hydrogen and byproducts are CO and CO;. The
highest yield of hydrogen achievable by this process to date is about 28% [25].

CH30H->2H,+CO

CH3;0H+H,0->3H,+CO»
4. Applications of PLASMA
Some of the Plasma applications for both the industries as well as individual users are as follows:

i. Pollution Treatment

Diesel engines are used in a different application like in transportation, power generation, farming, construction
and in other industrial settings. They produce a significant amount of pollution, especially NOx [26]. NOX
storage reduction, Selective NOX recirculation and Non-thermal Plasma have been considered increasingly in
recent times, with a view to developing techniques to reduce NOx emissions in diesel engine [26]. Non-thermal
Plasma technology has been introduced as a promising method of NOx removal which is done by reaction with

free electrons, ions, radicals, molecules in Plasma [27]. NOX removal can be summarized as the following:
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N,+e—>N+N+e

NO+N — N,+O
0,+0 — O,
N,+e— e+ N,(4)
N,(4)+ NO—> N, + N +e
N,(4)+ N,0 —> N2,+ O
N2,+ N >N, +0,
Where N (A) represents N, meta-stable state.
ii. Liquid radioactive waste utilization
Plasma technology can be used for the utilization and neutralization of liquid radioactive waste [28]. The most
difficult phase of the nuclear fuel cycle is safe disposal or recycling. This requires separation and extraction of
different components to regenerate the irradiated fuel, and neutralization of waste before disposal. The irradiated
fuel is around 97% and waste is around 3%, which consists of Uz3sand radioactive isotopes of plutonium [29-
30].
iii. Semiconductor Processing
Today about a hundred chips are made from a silicon wafer of 4-8-inch diameter. The element forming these
chips should be around 0.25 micrometer [19]. This resolution is only possible with Plasma. The Plasma helps
in the process of etching in following ways
a) Atomic species such as fluorine or chlorine are produced using Plasma which in turn perform the
etching
b) A substrate is produced by using Plasma so that the etchant species act in an effective manner.
c) Plasma helps to keep the process of etching in a straight line due to its highly directional properties
iv. Ion Implantation
Ion implantation is a process in which the acceleration of ions towards the targets occurs at high energies to
enter them below the surface of the target that usually depends on the acceleration energies and the applications
for which it is used [31]. Ion implanters are used for the manufacturing of modern integrated circuit (IC) by
modifying silicon or doping several other semiconductors. It includes the production of an ion beam and it is
steering into the substrate in order to make the ions to come to rest under the surface. The beamline at energy
causes the ions to move at which they were taken out from the source material or energy at which they are
decelerated or accelerated by radio frequency or dc electric fields.
. Living Tissues Treatment
The Cold Plasma treatment initially dedicated to environmental protection has been completed in the last years
with bio-medical and bio-decontamination treatments. The living tissue treatment imposes characteristics for
the devices used to produce cold Plasma such as;
a) To avoid the electrocution.
b) Reduction of invasive actions on living cells.
c) Assuring the selectivity to affect only the afflicted cells.
d) Avoiding the thermal effect.
e) Limitation of treatment time to avoid the induction of toxic effects to treat cells [17].
vi. High Energy Density Pinch Plasma
The synthesis of different characteristics Nano-scale materials have many optimizations and improvement
processes and routes, including vapor reduction and milling, chemical and nature’s organic routes. Low-

temperature (cold) Plasmas have temperature and density very smaller than high-density (hot) pinch and fusion
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plasma. Very high temperatures present in pinch and fusion plasma can produce the fully ionized material,
while the low-temperature Plasmas is produced by DC or AC energization of working gas, radio-frequency or
microwave electromagnetic fields. Such discharge level has a low level of ionization and most of the ions still
exist in the neutral state, having the energy of few tens of electron volts that use kinetic temperatures of an
electron to produce Nano-materials [32-34]. Low-temperature plasmas are many times preferable for use in
nanotechnology applications. These can be further classified as non-equilibrium (non-thermal) and equilibrium
(thermal) Plasmas. The Non-equilibrium plasma follows the relation of T. >>T; = T,. Where Tg, Te, Tiand are
corresponding temperatures of background gas, ions and electrons. These values are dependent on kinetic
energies.
Generation Process of non-equilibrium thermal Plasmas are followed:
a) Low operating pressure technique which results in less frequent collisions between neutral, ion and
electrons and hence they cannot achieve thermal equilibrium.
b) The high-pressure techniques used along with pulse discharge. The collisions are high but for short
time, so the thermal equilibrium cannot be reached due to pulse discharge interruption [35].
¢) The high-pressure micro-plasma is high-pressure plasma whose dimensions reduced to micron size,
which causes enormously increase in electrons kinetic energy due to the high electric field.
The equilibrium (thermal) Plasmas are in thermal equilibrium where temperature equilibration made by an
electron, ions and neutral repeated collision in high-pressure plasma discharges results in the substantial degree
of ionization due to T=Ti=T,. Both equilibrium and non-equilibrium techniques have been widely used in
Plasma Nano-technology. The thermal, chemical and electrical properties of low-temperature Plasmas provide
an efficient and versatile tool for nanotechnology [36].
vii. Plasma Pencil
Plasma pencil, which is also known as the Plasma plume is considered as the most important application for
low pressure or non-equilibrium plasma. In the medical field, low-temperature plasma provides the no arcing
risks and generates a low concentration of ozone because of plasma formation [37].
It is frequently used for healing wounds, kill the bacteria inside the mouth and modify the surface of heat
sensitive materials. Plasma plume usually creates the Cold Plasma that destroys the bacteria without damaging
the skin tissues.
Plasma plume contains the two electrodes of copper rings that are attached to the glass disk surface having a
hole in the center of about 3mm. Power supplied is high voltage pulse with very high frequency (in kHz) and is
applied to electrodes when gas is inserted. The device usually works on 15-watt DC power supply. The gas used
in this application is mainly Helium gas with small traces of Oxygen gas. The Plasma plume production by this
method is around 5¢m in length, which can increase up to 12cm in length. Key factors that can affect the Plasma
plume length largely depend on the flow rate of Helium gas through the electrodes and the magnitude of voltage
pulses.
Substantial disadvantages of other Plasma jet producing devices are that Plasma pencil causes several degrees
rises of temperature from the room temperature, which can make unsafe for the skin. In addition, in Plasma jet
devices, the plasma length can also be reduced to about few millimeters [38].
viii. Low Current Non-Thermal Plasmatron
Hydrogen gas has many important industrial uses, such as used as an efficient power source in aerospace for
hydrogen gas fuel rockets and the automobile industry, etc. It is also a useful source of energy in a fuel cell or
thermonuclear fuels. It has found its uses in fertilizers, petroleum refining, food and fat processing also [39].
One of the most effective way of producing Hydrogen gas is by using Low Current Plasmatron which is also

an energy efficient way. Conventional sources used to produce Hydrogen require very large plants; high cost
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and catalysts depreciate very quickly [40]. The new Plasmatron has 70% conversion efficiency and produces
3% less heat.

ix. Use of Plasma in Treatment of Prostate Cancer
In the early days, curing cancer was a matter of early detection and timely treatment of the tumors. The side
effects of techniques used to treat the cancerous cells were quite a few including the damaging of body cells
without the assurance about the complete elimination of cancer [41].
Low-temperature Atmospheric Plasma has revolutionized the field of medicine and is being successfully used
to cure cancer. It has low side effects than the conventional techniques and the chances of cancer returning to
the body are minimal. The reason is that the low-temperature plasma breaks down the DNA double strands
within the nucleus of Prostate cancer [42].
The device uses 6kV supply at 30 kHz frequency. Helium gas is used with 0.3 % of Oxygen gas mixed with it.
The distance of the plume is 10mm from body to nozzle and the time of operation is usually 5 to 10 minutes.
Body temperature does not go above 36.5°C during that period [43].

X. Cutting by Plasma
Plasma can be used to cut the materials also. We have been using it for many years, but it is cost-effective and
depend on the range of the material. In the start, the cutting system had some limitations just, because, of the
thickness of material but now, the quality of cutting system has been improved [44]. There are two machines
used to cut materials as CombiCut and RUR machines.
We can see the significant improvements in the cutting system of Plasma. Holes for the bolt can easily be driven
and the edges are made excellently with this system even with the thicker material [45]. High definition Plasma
cutting is best for stainless steel cutting, mild steel cutting and aluminum cutting.

xi. Plasma Etching
Sputtering or ion milling is used for etching, the item that is being etched is kept on one side of the electrode of
the system. Ions are accelerated by DC radio frequency or microwave electric field. To increase Plasma density,
a magnetic field is used. We can also use inert gasses or reactive gasses for this purpose.
Plasma that is generated from RF has a frequency ranging from kHz to GHz. Plasma is produced from the
region that is empty of the substrate and then defused so that it doesn’t cause any harm to the substrate by high
energy electron [46].
Plasma etching is used in silicon dioxide for making memory devices. Plasma gives high-ranking results for
chemical etches (especially wet) [47]. Numbers of gasses are used for Plasma etching some of them are SF6,
CF4, Halogen mixtures (CF4 /02). The Plasma has the ability to break these gasses into reactive ions, neutrals
or free radicals then they interact with the substrate as they both play their role in etching, especially neutrals.

Reactive Ion Etching (RIE) tools are given in Figure. 5.

13.56 MHz &

Figure. 5 Reactive ion etching tools

xii. Surface Treatment
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It is named as Glow discharge cleaning and it is like sputtering, but it removes the impurities from the surface
of the material so this process is used to clean the things i.e., medical instruments and vacuum surfaces [15].
PIII we can also say Plasma Immersion Ion Implantation, this is used to harden the surfaces, so we can improve
the resistance to wear fatigue and corrosion as a ferrous material that is hardened by Nitriding. PIII uses Plasma
as the source of ions that is being embedded. The substrate is dipped then with proper biasing ions is rushed to
the substrate with proper energy [48].

xiii. Plasma Antenna of Beam Forming

This Plasma based beam formation and radiation technique used widely in communication [49-50], radio
detection, target directing [51]. In the communication field, the engineers use Plasma element as an effective
radiator (Omni-directional radiation source) for electromagnetic energy release. In radio detection and target
directing technique, we consider Plasma element as a planar shape reflector to reflect the electromagnetic wave
in a specific direction [52]. Plasma element can be easily energized by high-frequency AC discharging in
vacuum tubes other than a heavy big size cylinder. The cylindrical geometry reflector can also be used other
than to planar shape to scatter wave energy and then concentrate it in the predicted direction.

To prevent the leakage of electromagnetic energy by the penetration of Plasma shield we consider the radiation
source frequency well below the Eigen frequency for excellent performances in term of beamforming, beam
scanning and radiation [53]. This Plasma antenna technique has great influence on Plasma density, Plasma
collision, radii and separations of the Plasma elements.
xiv. Atmospheric Pressure Plasma Jet

The conventional low-pressure plasma process provides a directional etching and deposition of thin films at a
rate of 10 m/min with temperature as below as 150°C, so it prevents the damage of thermally sensitive
substrates. A uniform glow discharge generation provides the material processing at the same rate over large
substrate areas. Vacuum systems are very expensive because it require a special arrangement for its operation
and its maintenance is very costly, but this efficient method has high applications like load locks and robotic
assemblies used for shuttle materials, also the size of the object used for operation is limited by the size of the
vacuum chamber. The atmospheric pressure plasmas techniques overcome the disadvantages of vacuum
operation but it is very difficult to support a glow discharge because higher voltages are necessary for the
breakdown of gas at 760 torr, which often causes arcing between the electrodes [54]. Plasma torches application
produce arcing which can be easily sought, however, to prevent arcing and to low the temperature of the gas,
pointed electrodes in corona discharges [55], or insulation insertion in dielectric barrier discharges are used
[56]. However, still, the problems of uniformity throughout the volume occur in these techniques.

A Plasma jet based new technique is developed most recently that uses helium flow and unique electrode design

to prevent arcing [57], which can etch and deposit materials at low temperatures for a wide range of applications.

XV. Plasma gun Techniques for Fusion at MegaGauss Energy Densities

A simple controlled fusion Plasma gun technique is used to obtain high-energy ions but has some problems like
adequate quality for Fusion Plasma (electrode ablation), separation of reacting Plasma from the permanent
portion of the system and repetitive operation for fusion power reactors [58].

The more advanced technique includes the coaxial guns in the form of the Plasma Flow Switch (PFS) that
operated through the wire arrays discharge and foils in vacuum to build up the magnetic energy in very low-
density plasma and then release this magnetized plasma at very high speeds. The PFS technique generates fusion
temperature Plasma from an ultrahigh speed flow [59]. This high-speed electromagnetic force has applications

in Plasma physics community in controlled fusion research. To provide converging, collimated jets to compress
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the Plasma generators and chamber walls a spherical array based quasi-steady plasma guns technique are used,
but it is critical for the development of the pulsed system.

XVi. Plasma Ion Implantation and Deposition

In Plasma-Based Ion Implantation (PBII) and Plasma Based Ion Implantation and Deposition (PBIID)
techniques, the target uses as a part of the beam forming system, in which ions beams are generated and used.
The deposition is an integral part of the treatment process. These Plasma immersion ion implantation and
deposition techniques suitable for an innovator non-line of sight process by incorporating a three-dimensional
shaped target (substrate) in the ion acceleration scheme, the treated object immersed in Plasma and by biasing
it became the part of ion source [60]. The biased target surface formed around the ion acceleration that occurs
in a dynamic, self-adjusting sheath.

These technologies have tribological applications by decreasing wear and corrosion through the development
of hard, tough, low-friction, smooth and chemically inert phases and coatings, which majorly used as frictionless
engine components and have applications in microelectronics [61]. Fundamental physical and economical
limitations occur in conventional technique due to increasing of size, a number of substrates and pulsed high
voltage reached at a level of 100 kV, which yield large secondary electrons causing disadvantages. The great
technical challenges and high-cost issue leads due to the pulse modulator to handle the total current, which is
dominated by secondary electrons rather than ions. Generally, the shielding against X-rays is required due to
the impact of high-energy electrons with the chamber wall or various other components. It causes an increase
in the process cost [62]. For this; the modern techniques of PBII and PBIID require a few kilovolts voltage level
or even less where pulse modulation is affordable. Therefore, it can be effectively used in large area processing
emerging fields like biomaterials, deposition of thin films with controlled stress, and synthesis of nanostructured
thin films [63].

Xvil. Electrothermal and electromagnetic Plasma for surface treatment

These launchers produce Plasma of hot, dense, short wavelength and high velocity by the accelerated small
glass beads that can directly affect material surface [64], so we use it directly for coating purpose in which
specific properties of some material impose on other material to achieve better properties of them and neglect
bad characteristics. Such interface Plasma pulses on metallic surfaces produce an extremely rigid metallic
surface that has very high tendency to resist the corrosion [65-66].

The experiments performed on LRT launcher shows that the resistance to friction corrosion considerably
increases during Plasma pulse treatment process which causes no oxides on the treated surface layer of the

material, for that electromagnetic and electrothermal launchers can be used [67-69].

5. Conclusions

Plasma technology is the most challenging field of research, which has a wide range of applications but still has
some unsolved issues. Many issues are expected to be solved in the near future as the research is going on.
Understanding Plasma, its applications and problems require knowledge of many areas like particle and
radiation physics, electronics, electromagnetic wave theory, thermodynamics, quantum mechanics, physical
chemistry and many others. The future of Plasma technology is anticipated to provide a better understanding of
the creation of the universe and the forces that work in it. The advancements also provide an inexhaustible
supply of electrical power using thermonuclear fusion reactions, reliable communication with space and re-
entry vehicles, propulsion devices appropriate for interplanetary travel, devices for producing and amplifying
high-frequency radio energy, electrical generators with no mechanical parts and numerous semiconductor
devices.

6. Future Directions
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The immediate future must be devoted to a better understanding of the behavior of Plasmas and related
phenomena under various conditions. The most significant progress is thus most likely to be made in
fundamental studies under controlled conditions. It is difficult to predict what the long-term future will hold.
However, we can predict that Plasma physics will grow both in importance and in scope. The present problems
are indeed formidable, but the richness of the rewards for their solution warranted the interest and effort, which
is and will be devoted to Plasma technology.

Plasma has played an important role in every field of life. The applications of Plasma are widespread in the
fields of medicine, energy, environmental sciences, physics, etc. Plasma is present in human blood also and is
the most abundant form of matter and these facts increase the importance of studies linked to Plasma.

We have discussed some of the applications of Plasma with respect to engineering and medical field. Other
applications may include Plasma particle accelerator, Ion Propulsion of spacecraft, Plasma spray coating,
corona dying of ink and textile, isotopes separation, ozone production for water purification, etc. As the
developments in these applications occur, Plasma physics will become more important and will find many other

practical uses and the role of engineering will become integral in the applications of Plasma.
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