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S1 Dynamics of the Plasma Edge
V. Naulin and J. Juul Rasmussen

Association EURATOM- Risg - DTU, Building 128, FBOx 49, 4000 Roskilde, Denmark

Understanding, simulating and modelling the plassdge, defined as the edge gradient
region together with the scrape off layer, are ing@ steps in creating a predictive
capability for present and future fusion devicebe Tplasma edge determines to a large
extend the confinement and is the region wheredmeahtal changes in plasma confinement
have their origin, such as the LH transition. Ferthore transport into the SOL in the form
of large events, like ELMs, is severely restrictthg operating space of ITER and machines
beyond.

Numerical simulations have in the last decade ctonthe point, where comparison with
experiment begins to become realistic. Here resutism 3D flux tube simulations of
electromagnetic turbulence using scale separattwden background and fluctuations are
presented, demonstrating the basic mechanisms oo¥ fleneration from turbulence.
However, in realistic geometry the flow energy hege simulations never exceeds the
energy content of the fluctuating part, demongsigathe lack of ingredients to form an edge
transport barrier within such models.

Further outward in the SOL scale separation isatall applicable. Thus, the fluctuations
have to be treated on the same footing as the packd" profile evolution. Dropping this
assumption results from a most simple 2D intercbasgstem compare favourably with
experiment. This shows that a large part of theenkesi dynamics in the SOL is more
determined by the lack of scale separation thartheywealth of dynamics neglected in
deriving this simple model.

In conclusion, some of the ingredients still migsto address the fundamental interaction
between turbulence and profiles at the plasma adgdiscussed.

* % %

S1 Turbulence Spreading and Anomalous Transport
J. Juul Rasmuss&rV. Naulin', P. Mantic4, and JET-EFDA Contributors

! Association EURATOM- Risg - DTU, Building 128, PBOx 49, 4000 Roskilde, Denmark
2 |stituto di Fisica del Plasma, Euratom-ENEA-CNRsdaation, Milano, Italy

The anomalous turbulent transport in magnetizednpés is traditionally described by
models based on linear stability properties togeth@&h mixing length arguments to
determine the particle and heat fluxes. These mspdehich only account for the local
properties of the plasma and the dynamics, have baer successful in describing the
stationary pressure profile in response to varioest and particle sources. However, they
fail to describe more complex transport phenomareh sas up-gradient transport and in
particular transient transport events in respoadedal perturbations as, e.g., edge cooling.

We shall here discuss an alternative model, acaaymbdr non-local effects, for describing
anomalous transport. The approach is based onotiheept of turbulent spreading, i.e., the
turbulence itself is transported and may spread regions that are linearly stable. The
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fluxes of the thermodynamically variables are dateed directly by the intensity of the
turbulent fluctuations and even in the linearlyb&aregimes the transport may reach
anomalous levels. The coupling of the turbulenaeating process with particle and heat
transport is shown to provide close to marginabglglasma profiles even in the presence of
radially localized sources. Inward pinches and lomal transport behavior are natural
features of this model.

The model has been applied to the heat modulatidncald pulse propagation experiments
in the JET tokamak. For parameters that fit the headulation results we found a cold pulse
propagation that is faster than obtained from steshdransport models, but not as fast as
observed experimentally.

*Appendix of M.L.Watkins et al., Fusion Energy 20(f&oc. 21st Int. Conf. Chengdu, 2006) IAEA, (2006)

* % %

S1 How to Build a Tokamak
T.N. Todd

EURATOM-UKAEA Fusion Association, Culham Scienagr@eAbingdon, OX14 3DB, UK

This seminar describes the basic design optionspandiples necessary to able to build a
tokamak, starting from a specification of the tdediplasma current and the plasma shape.

The talk covers the functions and principle loadlgshe@ main components of a tokamak,
namely the toroidal and poloidal field coils, povseipplies, support structure, vacuum vessel
and plasma limiters. Aspects covered begin with ¢heice of coil topology (eg the
advantages and disadvantages of having inter-linkedidal and poloidal field coils),
moving on to mechanical stress considerations atehpal problems in coil design such as
unintended magnetic field asymmetries (eg feedergemmetry). The pros and cons of
different power supply options (speed and contesbus cost), support structure geometries
(affecting port access), materials used in the wacwessel construction (strength versus
eddy currents), and limiter or divertor armour (thal shock, plasma chemistry) are
elaborated.

In the course of the talk, particle losses causethagnetic ripple, the creation of magnetic
islands by resonant magnetic perturbation erroiddieFinite Element Analysis, cyclic
fatigue, poloidal flux consumption, disruption hatarrents, and the rudiments of vessel
conditioning will also be shown as important coesadions in the overall design process.
Regarding the actual construction work, a littldl Wwe said about planning and the need for
good quality assurance and metrology of the grovasgembly, to be confident that the
precision intended in the design is achieved ictre.

Although focused on tokamak design, most of th& talrelevant to any other type of
magnetic confinement plasma physics or fusion rebedevice, since the principles of
topological constraints, magnetic field coil stesssand heating rates, vacuum vessel
considerations, and plasma-facing material issuesath common throughout the magnetic
confinement community.

* % %
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S1 Status of the COMPASS Tokamak Reinstallation
in IPP AS CR

R. Panek and the COMPASS team

Institute of Plasma Physics, Academy of Sciencsedfzech Republic, Za Slovankou 3,
182 00, Prague, Czech Republic
e-mail: panek@ipp.cas.cz

The COMPASS-D tokamak, originally operated by UKAEA Culham, UK, is being
reinstalled at the Institute of Plasma Physics YIRB CR. The COMPASSCOM Pact
ASSembly) device was designed as a flexible tokamath&n1980s mainly to explore the
MHD physics. Its operation (with D-shaped vesselydan at the Culham Laboratory of the
Association EURATOM/UKAEA in 1992.

The COMPASS tokamak will have the following unigieatures after putting in operation
on IPP Prague. It will be the smallest tokamak vétltlear H-mode and ITER- relevant
geometry. COMPASS is equipped with a unique fuligfigurable set of copper saddle coils
for resonant perturbation techniques. ITER-reley@asma conditions will be achieved by
installation of two new neutral beam injection syss (2 x 300 kW), enabling co- and
counter- injections. Re-deployment of the existihtysystem (400 kW) is also envisaged. A
comprehensive set of diagnostics focused mainlgheredge plasma will be installed.

The scientific programme proposed for the COMPA&&inak installed in IPP Prague will
benefit from these unique features of COMPASS-D aadsist of two main scientific
projects - edge plasma physics (H-mode studies)waave-plasma interaction studies.
Presently, the COMPASS tokamak has been dismantietsported to IPP Prague, installed
into a new tokamak hall. The main systems (powppbkes, cooling, vacuum, CODAC etc.)
have being designed, manufactured and are beingnmioned. The first plasma is
expected at the end of 2008.

The COMPASS-D tokamak will offer an important resbapotential as a small, flexible and
low-cost facility with ITER-relevant geometry.

* % %
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S2 Multiwire X-Pinch Research on S-300 Instalation

A.S. Chernenkd’, S.S. AnanieV, Yu.L.BakshaeV, A.V. Bartov?, P.1. Blinov?,
V.A. Bryzgunov', S.A. Dan’ka, A.l. Zhuzhunashvilf, A.A. Zelenin', E.D. KazakoV,
Yu.G. Kalinin?, A.S. Kingsep, V.D. Korolev?, V.1. Mizhiriski *, E.A. Smirnovd,
G.l. UstroeV!, V.A. Shagin', S.A. Pikus’, V.M. Romanové, T.A. Shelkovenkg,
S.I. Tkachenkd

RRC Kurchatov Institute, Moscow, Russia
’Lebedev Physics Institute RAS, Moscow, Russia
’lHED RAS, Moscow, Russia
“chernenko@dap.kiae.ru

On S-300 installation (3VA, 0,15 Ohm, 100 ns), a series of experiments osnma
dynamics research of compression X-pinch at cwsraptto 2,3MA have been executed. In
experiments the multiwire X-pinch loadings weredisé identical size (10 mm long, with
6 mm base width) from various materials and variwaghts.

The analysis of the achieved results allows to kwi®; that in a range of values of currents
on S-300 installation, the load mass should hawding; according to which for good
compression and formation of a radiating hot pwitth high parameters, the running weight
of X-pinch loading g, should correlate with a discharge currentndgn~ myl? where

ms = 3 mg/cm).

In the experiments generated X-pinch radiation regsstered in a range of parameter values
Mexp / Mineorfrom 0,63 up to 1,5.

The research is supported by the contract «Sandi#goNal Laboratories — RRC Kurchatov
Institute»Ne707492 and grants «Scientific school» SC-5819.2086d RFFI 05-02-17532.

* % %

S2 PFZ Fusion Neutron Source at the CTU in Prague
P. Kubes, M. Bohata, D. Klir, J. Kravarik, K. Rezac

CTU FEL Prague, Czech Republic

At the CTU in Prague a small device was constructesbmbination of plasma focus and z-
pinch principle (PFZ) for the study of deuteron®ducing neutrons from fusion D-D
reaction at the rise time of the current 200 kAZ2inus. As the diagnostics we use the
calibrated Rogowski coil for measurements of disgbacurrent, the high voltage probe for
measurement of fast voltage variations, the silietid detectors filtered with mylar foil for
measurement of soft x-rays in the range 200-1000tk¥ soft x-ray mikrochannel-plate
detector split into 4 quadrants, which transmitidiation in a window above 10 eV with the
exposure time 2 ns and the delay between expoduras, the time integrated XUV
spectrometer, two BC-408 scintillation probes of ¢k thick, equipped with fast
photomultipliers, to perform detailed time-resolveteasurements of hard x-rays above
hundred keV (penetrating a few mm of steal and Eadld) and neutron emission and the
diagnostic laser beam for visualization of the pext plasma.
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A special interest is devoted to the developmemhethods of the reconstruction of neutron
energy spectra in base on the time-of-flight analysrom the reconstructed neutron energy
spectra the energy distribution function of fasitdeons is calculated.

The important part of investigation work is devotedhe theoretic research of an influence
of magnetic field on the dense magnetized plasmét@the study of heating of the neutron
source with fast deuterons due to Coulomb intesastand internal magnetic field.

In the PFZ device we test the methods and diagisossed in the collaboration with the
Institute of Plasma Physics and Laser MicrofusiolMarsaw and with the Russian Research
Center Kurchatov Institute in Moscow at the studyhe x-ray and neutron radiation. The
upper mentioned research is solved in the franstuafent bachelor, master and PhD works.
The results of this research, i.e. developed disigmdools and techniques for the study of
high temperature plasma, will be applied in otladoratories in Prague, namely at the laser
system PALS.

Presentation of this contribution was supportedh®yCzech Technical University in Prague
Research Project No. CTU 0814213.

* % %

S2 Plasma Focus Discharge. Physical Processes and A pplication in
Technologies

V. Ya. Nikulin

P.N. Lebedev Phisical Institute, 119991, Leninsk§3 Moscow, Russia

In the report the results of the experimental stoflyplasma processes in Plasma Focus
installations of different types and with energsésred in capacitors from 4 kJ to 2.8 MJ will
be presented. The basic attention in the repditbeigiven to the research of dynamics of
plasma, current-plasma structures and dependertbe output of hard radiations on energy
and current. The reasons of restriction of the wutyh hard radiations on installations of MJ
level will be considered.

In the report possible applications of installati@i a plasma focus type in technologies also
will be discussed.

This research has been supported by the RFBR, 9#206-02-1739&; # 05-08-50052 and
# 07-08-12096.

* % %
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S2 Hot Spots and Filaments in the Pinch of a Plasma  Focus:
An Unified Approach

A. Di Vita

Golden Garland Intl., Via Marloni 163 70054 Giovimo (BA) — Italy

To date, no MHD-based description of the tiny, tre&dy stable, well-ordered structures (hot
spots, filaments) observed in the pinch of a PlaBowus (PF) seems to be feasible. This is
due to their unique combination of high particlensiey (16%10°® m*), small radii
(10%10° m, < ¢ / W ion), relatively long life-time (1+100 ns > resisti#¢HD decay time)
and geometrical complexity. Large particle dentgyds to short electron and ion collision
times € ns). The latter suggest that local thermodynanegallibrium (LTE) holds locally
within any arbitrary small mass element at all snf@e neglect here non-LTE features like
beams of accelerated particles, etc.). This vewt faads to an inequality involving
thermodynamic quantities like temperature, pressewiteamely, Glansdorff and Prigogine’s
‘general evolution criterion’. In turn, the genesalolution criterion puts a constraint on the
steady states a plasma may relax to, no matter whathemical composition and its
turbulence are like. This constraint takes the fafna variational principle, involving both
Joule and viscous heating and invoking no Onsagemetry. The principle reduces to
constrained minimisation of the sum of Joule andcouis heating power under the
assumption of flat temperature profile, adopteceter simplicity. The equations of motion
of an electrically conducting, viscous magnetodlyrovide the constraints. We assume
unmagnetised ions (ion collision frequency > iomrhar frequency) and allow Ohm'’s law to
include both Hall and fluctuation-related terms.eThlolutions of the Euler-Lagrange
equations of our variational principle satisfy Kihoff's constrained minimisation of Joule
heating power -with the constraint of electric geconservation- in an electric conductor at
rest. Furthermore, they reduce to Hartmann’s flowhie bulk of an electrically conducting
fluid with scalar electric conductivity, moving pemdicularly to a superimposed magnetic
field in slab geometry. Finally, they satisfy apgroately a generalised version of Turner’'s
constrained minimisation of the sum of magnetic kinétic energy -with the constraints of
given magnetic helicity and given generalised Iltglan an electrically conducting fluid
with relatively small magnetic interaction with erbal currents and with electromagnetic
fluctuations in Ohm’s law(If no interaction with external currents occursHBI virial
theorem is satisfied exactly). PF pinch is a goxahgple of such fluid. As particular cases,
relaxed states satisfy Taylor's constrained minatesy of magnetic energy —with the
constraint of magnetic helicity- and Froehlich’srsien of Ginzburg-Landau’s variational
principle in the large-density and low-density limespectively. Spontaneous filamentation
occurs in the Ginzburg-Landau-like state. The Haslige of a filament iss c/wy, « Magnetic
interactions among filaments allow energy diffus@ecross a plasma witg = 0.11 with
diffusion coefficient= 0.88 sonm The familiar Collisional Vlasov High Beta scalimgalso
retrieved.Our results suggest the following scenario forRikepinch.Fully developed MHD
instability leads to turbulence, which in turn enb@s energy transport and flatténs. As
0T vanishes, spontaneous filamentation occurs, Bghm diffusion. Any further, density-
raising process (e.g. radiative collapse) leadsoiat-like, large-density hot spots where the
magnetic field satisfies Taylor's principle. In &piof their quite different topology, both
filaments and hot spots seem therefore to be ertseai the same variational principle.

* % %

17



Oral presentations — Session | Monday

S2 Computational Studies of the IPD Discharge with Internal
Cathode

M. Rabiskit, K. Zdunek

The Andrzej Soltan Institute for Nuclear Studi€s)j) 05-400 Otwock-Swierk, Poland,
rabinski@ipj.gov.pl
Faculty of Materials Science, Warsaw Universityfethnology (PW), Woloska 141,
02-507 Warsaw, Poland

During the Impulse Plasma Deposition (IPD) processsurface engineering plasma is
generated in the working gas due to a high—voltagle—current discharge, ignited within an
interelectrode region of a coaxial accelerator.ré€ntrsheet spreads out within both the inter—
electrode space and behind the front face of thetrelde system. Owing to the concentration
of the electric field lines at the electrode, thectic arc forms an electron beam directed
toward the electrode front end. The electrode serfandergoes massive erosion due to both
sputtering and the thermal effects. Thus the aldetisystem becomes an efficient source of
the coating material components. At the outlethef device, plasma consists of the ionized
atoms of the working gas and the eroded electroatenml. Using the IPD process coatings
of a diamond-like carbon, c—BN, oxides (e.g.2@), amorphous and nanostructured high—
melting materials, the intersitial phases (e.ge thianium nitride) and multicomponent
metallic alloys could be deposited on various n@atéd substrates.

A continually growing demand for deeper understagdf the process was the reason to
investigate the plasma flow phenomena numeric@le paper reports computational studies
of the IPD accelerator with internal cathode. Th&aded structure of a discharge region was
described by a two—dimensional, two—fluid magnetishgynamic model. Equations are
solved numerically on a fixed Eulerian mesh by gstnmodified Lax—Wendroff scheme.
Obtained results have shown the differences ofptbeess dynamics when compared with
the discharge in electrode system with positiveapzdtion (the rod anode and external
cathode). One can observe a separation of worlasgotasma (nitrogen) in the outer region
of the discharge area and the titanium plasma fimevaporation zone in the front of the
central electrode face. The most important are dbeditions in which the compound
materials are mixed and synthesized — distribudioth parameters of the mass swept on the
current sheet surface. Within this area nitrogesipla is enriched with the erosion products,
e.g., titanium for titanium nitride coatings. Itshbeen found previously that obtained layers
have nonuniform phase composition and morphologgnmhe regions on the accelerator
axis and away from it are compared.

* % %
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S2 Effect of Nonequilibrium (non-Maxwellian) Parto  f lon and
Electron Distribution Functions on Neutron Yield an d Compression
of Thermonuclear Target

V. V. Gorev

Russian Research Center "Kurchatov Institute”, Kuatov sq.1, 123182 Moscow, Russia

Neutron yield in thermonuclear fusion reaction rhaohefined by degree of compression of
thermonuclear target material and details of fofroo distribution functions for deuterium
and tritium. Effects of nonequilibrium part of elean distribution function on compression
of target material, as well as effect of nonequilim part of ion distribution function on
neutron yield in thermonuclear reaction aliecussed in the repofflonequilibrium part of
distribution function of ions and electrons appearcase of impulsive high flux energy
impact, such as: light beams (laser ICF), heavybeams (beams ICF) or in Z-pinch, i.e. in
short-lived plasma formation. In defined conditigmesence of nonequilibrium peculiarity in
equilibrium plasma particles distribution functiorodifies neutron yield cardinally.

* % %

S2 Study of Plasma Parameter’s Distribution upon ElI  ectrical Wire
Explosion

S. I. Tkachenkt V. M. Romanovg T. A. Shelkovenkg
A. E. Ter-OganesyanA. R. Mingalee®, S. A. PikuZ

'Moscow Institute of Physics and Technology, 9jtlriskii per., Dolgoprudny, Moscow Region,
141700 Russia, svt@ihed.ras.ru;
P N. Lebedev Physical Institute of Russian Acadafrgiences, Leninsky Prospect 53, Moscow,
119991 Russia

The current-driven explosion of fine wires is oftesed to study properties of dense plasma
(for example, conductivity in paper A.W. DeSilvadad.D. Katsouros, Phys. Rev. %,
5945, 1998). At best, the time dependences of syrmltage and volume of a sample are
known in such experiments. Assuming that all eneliggharged into the circuit is deposited
in the plasma generated by the exploded wire, @me aalculate the increase of its total
internal energy and, consequently, specific pararaeffor example, conductivity, density
and etc.). In these experiments, it is very imptdrta maintain a homogeneous distribution
of plasma parameters in the discharge channel,cbntrol of the plasma parameters’
distribution has never been achieved in experimebgmarch of manners of homogeneity
maintaining of plasma parameter’s distribution e @f several motives for studying the
current distribution in wire-explosion products.u@fing the initial stage of wire array
explosion is another motive. Information about rilsttion of plasma parameters was
obtained from optical and radiograph images.

Our experimental data show that expansion dynamuck homogeneity of wire-explosion
products depend not only on the amount of energysieed into the wire before the
secondary breakdown but also on where the curlensfafter secondary breakdown. If the
secondary breakdown develops inside the wire-eiglogproducts and the energy is
continuously and homogeneously deposited into tine-explosion products, one can study
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the properties of plasma generated by exploded Wiogvever, the current also may flow in
the plasma channel generated in surrounding medi for example S. I. Tkachenko et al.
Phys. Plasmad4, 123502 2007). Therefore, it would be impossiblestady the wire-
explosion plasma properties using direct experialetéata as in paper A.W. DeSilva and
J.D. Katsouros cited above. The same can be sattidccase of inhomogeneous deposition
of energy even when current flows inside wire-egpa products.

Work supported by the RFBR 05-02-17533 and by thedth Capital Foundation.

* % %

S2 New Generation of FID Pulse Generators with Giga - and Terawatt
Peak Power for Z-Pinch, Accelerator, Laser and X-Ra y Systems

V. M. Efanov, M. V. Efanov

FID GmbH, Werksstrasse 25, 57299 Burbach, Germany

Traditional pulse generators with giga- and terawask power are built using gas discharge
switches (spark gaps). However, short life timghhnstability, low pulse repetition rate are
largely limiting their application in industry.

FID GmbH has developed a new generation of aldsstiite FID switches which in almost
all features are superior to know thyratrons aratlsgaps.

Operating voltage of FID switches can be from 1tk\100 kV, switching time of less than
1 ns, peak current of more than 100 kA, time stgbind jitter is better of 20 ps. At the
same time FID switches have high efficiency, higlse repetition rate, compact size and
almost unlimited life time.

On the basis of new FID switches several typesutéepgenerators with different pulse
shape, peak power and PRF has been developed ulBsspof the FPG 100KX series have
the amplitude from 100 kV to several megavolts va#dak current from 1 to 100 kA. Rise
time can be in range from 0,1 ns to several namoskcwhile the pulse width can be from
1 ns to several hundreds of nanoseconds. Jitteotisnore than 30-50 ps. Energy in pulse
can be from one joule to tens of kilojoules. A sihoadjustment of amplitude of the output
pulse is possible in range of 20-100% of maximunplaode.

The pulsers of the FPG 100KX series have highiefiy, compact size and are capable of
operating at high repetition rate.

On the basis of FPG 100KX with the amplitude ofQlMV compact Z-pinch systems can be
built with peak current from hundreds of kiloampete tens of megaamperes, rise time of
several nanoseconds and pulse width of about 10 ns.

Series of pulsers for accelerator, laser, and @ashemistry applications with the output
amplitude of 10-50 kV, pulse width of 1-10 ns arkRIFFin continuous mode of up to 10 MHz
has been developed.

A series of compact modular pulse generators fagali accelerators with output amplitude
of 100-200 kV, pulse width of 1-10 ns, PRF of upltdkHz and typical dimensions of
300x200x100 mm has been developed. Jitter of thesdels is not more than 20-30 ps.
Computer control allows synchronous operation afdrads and thousands of such modules.

* % %
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S1 Carbon Impurity Transport Studies in Tokamak Dis  charges
V. Piffl

Institute of Plasma Physics, Association EuratorR-R, Prague, Czech Republic

A progress in understanding of cross-field transpof carbon impurity has been achieved
involving an advanced diagnostics in the investigatbof the stationary tokamak plasma
regimes. A core impurity transport is an importambject in fusion research for determining
role of the impurity peaking — impurity accumulatiolmpurity accumulation increases
radiation losses in core plasma, dilutes the plasnaacan lead to disruptions.

An overview of the experimental observations whallow to compare the particle and
carbon profiles behaviour in L-mode as well in aéiddial heated discharges (demonstrated in
TCV tokamak experiments) is presented in view ofeflgping and upgrading of diagnostic
methods of impurity transport investigation. Spkeidention is given to those which have
sufficiently high temporal resolution to resolves thynamics of plasma density profiles and
could be implicated in carbon profiles study.

At most tokamaks, charge exchange spectra werdlysuzained in a wide variety of
plasma conditions using a diagnostic neutral bealmamced CXRS signal fitted with a
Gaussian profile, taking into account the specttemastrumental function. The steady state
radial profiles of fully ionized carbon °C released from wall tiles were obtained by
integrating the fitted active component of the sigemission (transition n=8-7, 529.1 nm)
corrected for the neutral beam attenuation ancchiamges of CX rate coefficient along the
beam. The temporal resolution of CXRS system,dikéhomson scattering system, is limited
by the low repetition rate of the system and isallgunadequate for resolving fast evolution
of the impurity density profile on transport timease.

The study of the transport phenomena during MHDviagtrequires diagnostics with high
temporal resolution<( 100 ps). The local emissivity is a strong function o€ tklectron
temperature, the electron density and the impumiyture. The radiation power is usually
monitored by many chords soft x-ray system in qolesma and fast bolometric AXUV
photodiodes system, which allow the study of femtgport at the plasma edge with temporal
resolution of tengus range. Such systems provide line integrated messunts which are
tomographically inverted to obtain local emissiwtigtribution.

In stationary Ohmic and ECR heated L-mode disclsafigeTCV), the profiles of carbon are
always peaked, with a clear dependencemf n, on <j>/j oo . The observed peaking of the
carbon density profiles exceeding the peaking of tilasma density profiles, and
phenomenon of impurity accumulation of anomalowh@r than neoclassical) origin is
observed.

* % %
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S6 The New Versatile lon Source (VIS) for High Powe r Proton
Accelerators

F. Maimoné, L. Allegra, L. Andd', L. Celond, F. Chine§ G. Ciavold, G. Galld,
N. Gambind® S. Gamming D. Mascalt? R. Miracolt?, S. PassareltpE. Zappala

YINFN - Laboratori Nazionali del Sud,via S. Sofig 88123 Catania, Italy
“Universita degli Studi di Catania, Dip.to Fisicadstronomia, via S. Sofia 64, 95123 Catania, Italy
®Dipartimento di Metodologie Fisiche e Chimiche plrgegneria, Viale A. Doria 6, 95125 Catania,
Italy

The characteristics of the ideal injector for hgbwer proton accelerators has been studied
in the past with the TRIPS ion source built at INENS, Catania and now in operation at
INFN-LNL, Legnaro. The beam production must obeythe request of high brightness,
stability and reliability. The new Versatile lon @oe (VIS) is a permanent magnet version
of the TRIPS source with a simplified and robudtastion system. It operates up to 80 kV
without a bulky high voltage platform, producing limnA beams of protons and H2+. The
description of the source design and the prelingina@rformance will be presented. An
outline of the forthcoming developments is giverthvparticular care to the use of a low loss
dc break and to the use of a travelling wave tuielifier to get an optimum matching
between the microwave generator and the plasma.

* % %

S6 Use of an Atmospheric-Pressure Dielectric Barrie  r Discharge
Reactor with Anodized Internal Electrode for Chemic al Synthesis
Applications

M. Nieto-Pérez; J. Pacheco-Sotelo, M. Pacheco-aclde Garcia-Garcia

Instituto Nacional De Investigaciones Nucleare®.A8-1027,
11801 México D.F., México

Given its nature as a highly reactive medium, pksimave found increasing application in
industry, as tools for surface treatment/modifmatiand for synthesis/degradation of
chemicals. A discharge used widely in these la#tigplications is the dielectric barrier
discharge (DBD), which can be operated at atmogppeessure or higher. The filamentary
nature of such discharges when a nude electropgleesent can cause disadvantages for their
operation. Such problems are usually eliminatecdiging a second dielectric barrier to the
internal electrode, at the cost of higher breakdowattages and hence higher power
consumption. In the present work, the operatioa DBD coaxial cylindrical reactor with an
anodized internal electrode is proposed. The aat@idiz process generates a thin (1 —
10 um) self-supported oxide layer on the surface ofedaftic rod; this oxide layer serves as
a second dielectric in the reactor (the first beimg quartz reactor wall), and greatly reduces
filament formation in the discharge. Since the faige thin, reactor power consumption
remains within the same level, and much lower thathe case of a double thick-wall
reactor. In addition, the porous structure of tkele layer formed by anodization makes it
an ideal support for catalytic particles. Results the characterization of anodized
aluminium, titanium and zirconium electrodes anel dperation of a DBD reactor with these
electrodes in the synthesis of ammonia from nitndggdrogen mixtures are presented.
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S6 Effect of the Frequency Tuning on the Electron C  yclotron
Resonance Process within an lon Source

R. S. Catalano F. Consofi, L. Tumind, and S. Barbaririd

'Universita degli Studi di Catania, Dipartimentoldgegneria Informatica e delle
Telecomunicazioni, Viale A. Doria 6 - 95125 Catartialy
?|stituto Nazionale di Fisica Nucleare, Laboratoraionali del Sud, Via S. Sofia 62 - 95123 Catania,
Italy
3Universita degli Studi di Catania, Dipartimentokisica e Astronomia, Via S. Sofia 64 - 95123
Catania, Italy

In an Electron Cyclotron Resonance lon Sourceaampé is magnetically confined and fed
by means of an electromagnetic radiation with profrequency and power. Some
experiments have shown that even small frequenggitians of this feeding electromagnetic
wave, can produce large changes in the source tmemathat can be observed in terms of
broad variations of the output ions current. Witile dealing with this phenomenon should
require the determination of the electromagneetds in the chamber when the plasma is
therein confined, an effective explanation of istmeen achieved by the observation of the
fields variations with frequency within the vacuuitted chamber. In particular, it was
shown that the effectiveness of the resonance psodepends on the electromagnetic field
distribution on the related resonance surfacehigwork we have considered an asymmetric
model for the description of the magnetostatiadelised to confine the plasma, that can be
easily created by means of a few experimental nmeasents of them within the source
chamber. We have studied analytically the relagstdmance surface area and the volume of
the space confined by it. Furthermore, we have rebdehow the electromagnetic field
distribution on the resonance surface varies becadseven small frequency changes.
Therefore, we have shown the dependence of thiglparenergy and confinement on these
variations, under the hypothesis of a very low dgnglasma, so that it is possible to
consider the chamber as it is in vacuum.

* % %

S6 Immersed Arc-Plasma Treatment of Mineral Wastes
L. SzymanskK;; Z. Kolacinskf; G. RaniszewsKi
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*Technical University of Lodz, Electrical Apparafepartment,

ul. Stefanowskiego 18/22, 90-924 Lodz, POLAND

In the paper, a new approach to utilisation of erah wastes using electric arc has been
presented. A model of mineral arc-plasma immersethé furnace feed charge has been
elaborated for this purpose. The theory of utii@atof materials by electric arc has been
verified by experimental tests in the laboratorynace. Properties of the end-product —
vitrified slag, are also presented in this paper.
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It has been proved that it is possible to lead aticoous process of utilization and
conversion of mineral waste material using an @lke@rc, which is generated inside this
material between an immersed electrode and a d¢eucib

This could be a step forward to elaborate and obmim effective technological process of
continuous casting with the ability of maximal atpgmn of arc energy by the feed charge. It
should considerably increase the energetic effoyiari the waste treatment process.

The aim of this work is to present theoretical axgerimental research of modelling of
mineral waste pyrolytic treatment process and tmatestrate some test results of the
following wastes treatment: medical ash, medicalwgh different inorganic additives and

medical ash with Polychlorinated Byphenyls.

This research has been supported by the Europeam@ssion within the research project:
“A Generic Plasma - Arc Process for Toxic WastetRedion with Co-Generation of High Value
Construction Materials” in 5TH Framework Programmacronym WASTILE.
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S6 Performance Optimization of HDP-CVD with Multipl e Responses
Using Response Surface Methodology (RSM)

J. H. Hwang, J. S. Park and S. J. Hong

Department of Electronics Engineering, Myongji Lrsity,
San 38-2,Nam-dong, Chuin-gu, Yongin, Korea

Performance optimization plays a crucial role ire throcess design of semiconductor
manufacturing. Due to the ubiquitous complexity anmwhlinearity of plasma process, the
process characterization and optimization of highsity plasma-chemical vapour deposition
(HDP-CVD) for the desire to achieve rigorous prdductgoals and achieve the best possible
efficient fabrication is the key to success in eatrsemiconductor manufacturing industry.
Utilizing statistical analysing method of resporsaface methodology (RSM), this paper
investigates three steps for the process optinoizatl) first-order model or screening
experiment; 2) path of steepest ascent (PSA); ande8ond-order model. This paper
proposes the method of prediction modeling for abti@rizing and optimization of HDP-
CVD process with respect to responses of depositaier (A/sec) and within wafer
uniformity (%) are performed. A°Z fractional factorial design with 3 center pointssw
employed to characterize the process, in whichvén@bles that were varied including a top
and bottom RF power, top and bott@&@iH, and O,. Three major variables, such as top RF
power, top and bottor®iH, were chosen for the next steps through fitting firet-order
models. To compute a path of steepest ascent (REB&Ayeighting factor values of 0.2 and
0.8 were added to the predictive models of demwsitate and uniformity, respectively. The
k=3 Box-Behnken design (BBD) was employed for theppse of which is to optimize the
process. Finally, process performance optimizasayenerated to simultaneously satisfy the
weighted multiple response of interest using pentorce index (PI) which was calculated by
the similar method with PSA. By the Pl method, \ae select the best recipe including only
significant terms. From the result of PI method,ca&ulated the new optimized recipe. The
proposed recipe of which tdpiH,;, bottomSiH,;, and top RF power are 37 sccm, 57 sccm,
and 4600 W and two removed factors of bottom RFgyaandO, are fixed to 1200 W and
185 sccm using the PI method.
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S6 Effect of Electron Magnetic Trapping in a Plasma Immersion
lon Implantation System

M. A. Algatti, K. G. Kostov, E. D. M. Pillaca, M..EKayama, R. P. Mota and R. Y. Honda

Dept. of Physics and Chemistry, Faculty of EngimegrState University of S&o Paulo UNESP
Av. Dr. Ariberto Pereira da Cunha, 333, Guaratinguel 2516-410, SP, Brazil

Plasma Immersion lon Implantation (Plll) is a fastd efficient surface modification
technique specially developed for treatment of demphaped three-dimensional objects. In
a PIIl process, a negatively biased target is insegkrin plasma generated in a vacuum
chamber. When the target is pulsed at a high veltweith negative polarity, electrons in the
plasma are driven away and uncover a region otipgesons (known as ion matrix sheath),
where the quasineutrality breaks down. Then oma 8cale of about the inverse ion plasma
frequency the resulting electric field in the sheatcelerates the ions to a high energy
toward the target. Because the sheath surroundsatfget conformably, all sides of a 3D
workpiece are simultaneously implanted and at nbinm@dence. The ion flux during the
negative high voltage pulse is maintained by th&inoal expansion of sheath-plasma edge,
exposing new ions that are accelerated towardatiget.

Since the main ion acceleration occurs in the $hedieath behavior is extremely important
in PlIl related processes. For example, to enswenéormal implantation it is important to
maintain the sheath thickness small enough compaitadthe workpiece characteristic size.
In some cases, this can not be easily accompldhedo hardware limitations.

One possible way of controlling the sheath thickneghe use of transversal magnetic field.
The magnetic field strength can be chosen suchpthaina electrons beyond the sheath edge
become strongly magnetized, while the motion of vigeaons remains essentially
unperturbed. In recent years, a great deal ofestenas arisen in the possibility of using
magnetic field for controlling PIIl process. Inighwork we describe a two-dimensional
computer simulation of magnetic field enhanced mpEsmmersion implantation system.
Negative bias voltage of 10.0 kV is applied to &ndyical target located on the axis of a
grounded vacuum chamber filled with uniform nitrogelasma. A several tens of Gauss
static magnetic field with main vector componerdngl the axial direction is created by a
pair of external coils. In this way a system ofssedExB field is generated inside the vessel
forcing the electrons to rotate in azimuthal dii@ct In addition, the axial variation in the
magnetic field strength causes axial electron irapprhe vacuum chamber is filled with
background nitrogen gas to form plasma in whicHisiohs of electrons and neutrals are
simulated by Monte Carlo algorithm. It is found ttigh density plasma region is formed
around the target due to the intense backgroundog@zation by the magnetized electrons
drifting in the crossedxB fields. Effect of the magnetic field on the shedyfmamics and
the implantation current density of the PIlIl syst&sninvestigated. Due to the magnetic
mirror effect the magnetic, the axial distributiohthe magnetic field is also important for
the PIII processing. By only changing the magngéld axial profile (by separation of the
coils) an enhancement about 30% of the ion dosebeamchieved. The results of the
simulation show that the magnetic mirror configimatorings additional benefits for the Pl
process, permitting more precise control of thelamfgd dose.

The authors would like to thank FAPESP and FUNDURIES financial support.
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