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Plasma Classification

E Plasmas are described by many characteristics, such as
temperature, degree of ionization, and density.

E A plasma is sometimes referred to as being "hot" if it is
nearly fully ionized, or "cold" if only a small fraction, (for
Instance 1%) of the gas molecules are ionized, but other
definitions of the terms "hot plasma" and "cold plasma"
are common. Even Iin cold plasma the electron
temperature is still typically several thousand centigrade.



Plasma Processing and Low Energy
Plasma Science

E Plasma processing technologies are of vital importance to
several of the largest manufacturing industries in the world.
Foremost among these industries is the electronics industry,
In which plasma-based processes are indispensable for the
manufacture of very large-scale integrated microelectronic
circuits. Plasma processing of materials is also a critical
technology in, for example, the aerospace, automotive, steel,
biomedical, and toxic waste management industries. Most
recently, plasma processing technology has been utilized
Increasingly in the emerging technologies of diamond film and
superconducting film growth. Because plasma processing is
an integral part of the infrastructure of so many vital
Industries, it is important for both the economy and the
national security that any country maintain a strong leadership

role in this technology.
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Cold Plasma Experiments
A Cold plasmais a partially ionised gas comprisingions,
electronsultravioletphotonsandreactiveneutralssuchas
radicals,excitedandgroundstatemolecules

ACold plasma technologies have found extensive
applicationin material processingor over 30 yearsand
they are now widely used in the manufacture of
semiconductorsmagneticmediaand specialglassesand
for metalcoating,etc

A The succes®f thesetechniquess relatedto their ability
to changethe surfacepropertiesof a materialby physical
or chemical modification of its most external layers
( ©e ) without modifying its bulk characteristics






Magnetron Sputtering Deposition

A Magnetron Sputtering is a Plasma Vapor Deposition (PVD) process in which a
plasma is created and positively charged ions from the plasma are accelerated by
an electrical field superimposed on the negatively charged electrode or "target".

A The targets are fabricated from materials that one subsequently wishes to deposit
on the surface of the component facing the electrode.
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Thermal -Plasma Experiments
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Peak performance: new stellarator
experiments
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Principle of Operation
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Plasma Arc

Plasma arc wielding and waste
recycling

C Plasmatorches like this are the heart of a plasma recycling
plant. They can create temperatures of over 10,000 degrees
enoughto blast waste materials apart into their constituent
atomssothey can be reassemblednto lessharmful materials.
Photo by Ames Laboratory courtesy of US Department of
Energy, published on Flickr.



Medical applications:
A Woundhealing

A Dentistry

A Cancetreatment




Agriculture
A Upgradecotton fabric qualities
A Killingharmful bacteria
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PLASMA DISPLAYS

Plasman industry.
A plasmadisplays
A Insidefluorescentamp.

A Fabricationof semiconductordeviceincluding i
reactive ion etching, sputtering and surface
cleaning




Useplasma Radiation in industrial

applications

A Plasmas underlie numerous important technological
applicationsand devicesas well as our understandingof
muchof the universearoundus.

A Plasmaprocessingechnologiesare of vital importanceto
severalof the largestmanufacturingndustriesin the world.
Foremost among these industries is the electronics
Industry, In which plasmabased processes are
Indispensablefor the manufacture of very largescale
Integrated microelectronic circuits Plasmaprocessingof
materialsis also a critical technologyin, for example,the
aerospace automotive, steel, biomedical,and toxic waste
managemenindustries



Useplasma Radiation in industrial

applications

A Most recently, plasma processingtechnology has been
utilized increasingly in the emerging technologies of
diamond film and superconducting film growth. The
dominantrole of plasmatreated surfacesin key industrial
sectors, such as microelectronics,is well known, and
plasmas, certainly experimentally and, in places,
Industrially, are being used to modify a huge range of
material surfaces,including plastics, polymersand resins,
paper and board, metals, ceramicsand in organics,and
biomaterials Addingto usesthe plasmaradiation in the
field of nanotechnology
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Revolutionary Nanasynthesis lechnologes

Nanomaterials have the potential to revolutionize many fields,
including electronics, energy storage, andenvironmental and

pharmaceutical applications.
A Many existing methods of nanosynthesis use low

pressue (10-3-10 torr) and higher pressue (¢ 1 atm.)
| plasmasto producea broad range of nanomaterials
T with various nanostructures:
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Low pressire plasmasynthesisof
siliconnanopatrticles.

Mangolini and Kortshagen

Advanced Materials2007
Univ. of Minnesota \olotskova et al, Nanosale, 2010
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Magnetically controlled arc
synthesisof graphene at 500 torr. Microplasmasynthesisof nano
diamondsat 1 atm. presaure

A. Kumar et al., Nature Canm. 2013
Case Wegern Reserve Univ.




Emerging Plasma-Based Nanotechnologies

« Use low-pressure magnetized plasmas to produce new nanomaterials:

* Synthesis of nanostructural functional * Functionalization of nanomaterials by

coatings using magnetized plasmas magnetically filtered cold plasmas
=) b}

*  Sputtering magnetron discharge: {a) High
power impulse magnetron (HiPIMS); {b)

Plasma non-uniformity rotating in E* B * =l MRL Electron-beam plasma source for
direction (DCMagnetron). A. Anders et functionalization of graphene. Baraket,

beam system and rotating spoke instability.
Raitses et al., DOE P5C mesting 2012

«  MNeedunderstanding of relevant plasma instahilities and plasma-surface
interactions at nanoscale level to control quality of synthesis and
functionalization processes and nanomaterials.
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Macroscopicimage (a) of thetungsterspecimerNo. 40 afterits irradiationin DPF,
anopticalmicroscopigpictureof it (b) at the borderbetweerzonesof irradiation by hot plasma
andfastion beam,a scanningelectronmicroscopicview (c) of the part of the samesamplewith
the strongest action of the ion beam,an atomic force microscopy(d) of the samplewith its
roughnessaswell asonecrosssectionof theTi foil madeby the X-ray micro-tomography(e).
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Figurel. Fouroscilloscopdracesof dl /dt
takenat eachof the four capacitorsof the

DPFbank

(g) Roughness 16.71

Optical microscopicimagesof the surfaceof the DF60 specimenof W before(a) and after (b)
irradiationby 7 pulsesof hot plasmaandfastdeuteronsSEM imagesof the DF10 sampleafter4 |
shots(c) andDF11 after 8 shots(d); imagesof the DF9 sampleafter 4 shotsobtainedoy means

AFM ((e)and(f) 0 differentma g n i y caadDk 1t after § shots(g).
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X-ray micro CT images
(a) 2 crosssectionsof theAl foil sample(10x 10x 0.5a & ) before(below)andafter
(above)irradiation

(b) 2 crosssectionsof a sampleof a Mo foil (10 x 10 x 0.1 & & ) takenbefore
(above)andafter(below)irradiation
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