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In 2004, the German government 45 000-60 000 people are directly working
on building and maintaining plasma technologies.

Up to half a million employees were working in manufacturing chains that
require a plasma treatment step along the production line.

In 2004, this amounted to 6-7% of all jobs in the German economy or a
contribution to the GDP of almost 160 billion Euros.



Similar estimates and shares can certainly be assumed for other highly
industrialized countries in Europe, in Asia, the Americas, and for
Australia.

For a growth of the German GDP by 28% from 2004 to 2014, it is safe to
assume that the contribution of plasma technologies has proportionally
Increased.
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For cold plasma methods, their economic potential was
evaluated in a recent Market Research Report, predicting
a commercial volume of 2.91 billion USD by 2021.

Plasma Etching for
Semiconductors
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The US currently dominates about 50% of the global
semiconductor market.



In 2015 the global market for welding products reached 23
billion USD and is expected to exceed 31 billion USD in 2021.




Overview of
Plasma Physics



Plasma-etching

For nanosized sample

High-density plasma

sources, such as inductively coupled plasma (ICP)
and electron-cyclotron resonance (ECR) plasma.
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The defect generation due to charge
build-up and UV photons were
found to occur at a time constant of
1073 s during plasma etchings.

In the future we can use tens-of-
microsecond pulse-time modulated
plasma etching and neutral-beam
etching processes have Dbeen

Plroo\ﬁg\%erq'there IS UV radiation and the
rate of etching is law.



Plasma-Liquid
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Environmental Applications.
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 The first challenge deals with the breakdown
processes and mechanisms in liquids.

« The second main challenge iIs the
understanding of the physical and chemical
processes occurring at the plasma- liquid
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PLASMA GAS PHASE CHEMISTRY
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Plasma Medicine

| Effect on bacterial cells |
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DNA damage
lipid peroxidation
protein dysfunction

Cell membrane or
cell wall disruption
(cell leakage)

Interference with
cell metabolic
activity and

virulence factors

Extracellular
polymeric substance
destruction
Biofilm formation
prevention










e What are the fluxes and
energies of the various species
that the plasma delivers to the
cells and tissues?

e How do human tissues and
human beings react when
subjected to plasma treatment?



(Micro)biology and medicine

e How do Dbacteria and their signalling,
spores, fungli and prions behave under
plasma exposure?

e How do animal or human cells behave
under plasma exposure? How cytotoxic Is
the plasma?

e How do human tissues and human
beings react when subjected to plasma
treatment?




Classical plasma
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(Classical Plasma

(Quantum Plasma
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The electron temperature inside a fluorescent I
light bulb Is about 20,000 K. “My, it doesn’t feel

that hot!”




“warm dense
matter” (WDM)
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Warm dense matter regime
defines states of matter
between solids and plasmas.



After the star exhaust the nuclear fuel it becomes white dwarf

"WHITE DWARF




Neutron stars are created when giant stars die in supernovas and their
cores collapse, with the protons and electrons essentially melting into
each other to form neutrons.

outer crust 0.3-0.5 km
ions, electrons

inner crust 1-2 km
electrons, neutrons, nuclei

outer core ~ 9 km
neutron-proton Fermi liquid

few % electron Fermi gas

inner core 0-3 km
quark gluon plasma?




Inertial Confinement Fusion
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Laser beams rapidly heat the compressed by the rocket-like  part of the laser pulse, the  spreads rapidly through the

surface of the fusion target  blowoff of the hot surface  fuel core reaches 20 times the  compressed fuel, vielding
forming & surrounding plasma material density of lead and ignites at - many limas tha input energy

envelpe 100,000 000 degrees Calsis,

= Laserenergy Blowoff = Inward transported thermal energy




Recent experimental results on x-ray scattering suggest
that quantum mechanical effects are indeed important in
dense plasmas

Photo-Emitted Electrons (< 1.5 kV) .  Electron Energy Analyzer (0-1.5kV)
escape only from the very fop surface (measures Linetic energy of electrons)

(70 - 110A) of the sample \

Electron Detector
{counts the electrons)

Electron
Collection
Lens

Focused Beam of
X-ravs (1.5 kV)

Electron
Take-Off-Angle

Si0, /81"
Sampie

Samples are usually solid because XPS Si{2p) XPS signals
requires ultra-high vacuum (<10 torr) from a Silicon Wafer
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Dust Plasma

It was Initially viewed as a contamination
problem in semiconductor processing.
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Using plasmas as sources
new nanomaterials.

Inductively Coupled Plasma
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Challenges in understanding nanodusty
plasmas:

nucleation, growth, charging, heating and
Surface N eractlorr eatlon&
"L e

AT A <4
Ny

charging, heating &
surface interactions




The concept of qguantum dusty plasma

objects as white dwarf stars and the outer
envelope of neutron stars, as well as metals
and micro- and  nanoelectromechanical

devices.
Dust Particle

EI()NA)(A) ~ 1...5eV (where N, > 100),
T, ~ 11500-60000K, T, =5000K



1/4
T, > (n.132+T?)
ne > 10%% cm™?

T, > 10" K

Sputtering of the dust
material.



Plasma as Metamaterial

The index of refraction is real and negative if both (¢) and p are
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%‘ Regulation (on/off state,
parameters)

EM Waves Transmitted waves
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Microplasmas with
Metal resonators

split-ring resonators .
(c)






VL ASMAMADE AND PLASMATREATED MATERIALS IN AEROSPACE EXAMPLE!

Plasma-reated tanks for Cubesat Thruster and cathode

8)




While the studies on plasmas as
metamaterials are currently at the initial
stage of development, such structures
could be very promising for various
aerospace applications, including micro-
thrusters, electronics elements and energy
conversion devices.



Solar Wind

the Solar wind originates from the Solar
Corona, expands Iinto the universe and
Impacts the Earth® magnetosphere and
lonosphere, the two plasma layers

surrounding Earth’s gaseous atmosphere.
Solar energetic particle events are important, as they

can arise suddenly and lead to space weather conditions
near Earth that can be potentially harmful to astronauts.
Unraveling the sources, acceleration and transport of
solar energetic particles will help us better protect
humans in space in the future.






A Bill Gates Venture Aims To
Spray Dust Into The
Atmosphere To Block The
Sun. What Could Go Wrong?
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Different
Sources of
Knowledge



Egyphion Knowledge Bank ‘
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For the Public: It
provides access
to all general
resources

and [atest news
inevery area of
general interest.

For University
Professors &
Students: It
provides access
to all academic
resources as well
as other partals.

\

For Students &
Educators: |t
provides specia
educational
resources that
match the
curriculum

For children from
agesbto 14: [t
provides
entertaining
educational
activities and
reSources
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ScienceDirect

Search for peer-reviewed journals, articles, book chapters and open access content.
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