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and produces Cs(62P312). As in DPAL, a collisional relaxant trans
fers the population of Cs(62P312) to Cs(62P 112), which enables lasing 
on D 1 transition. A first principals global computer model has been 
developed for both systems to investigate the effects of plasma for
mation on the laser performance. Argon is used as a buffer gas and 
nitrogen or ethane are used as a collisional relaxant at total pressure 
of 600 Torr at temperatures of 350-450 K, which produces vapor 
pressures of Cs of <0.1 To·rr. In both systems, a plasma formation 
in excess of 10 14 - 1016cm-3· occurs, which potentially reduces laser 
output power by electron collisional mixing of upper and lower laser 
levels [2]. 
*Work supported by DoD High Energy Laser Multidisc, Res. Initia
tive.

1W. F. Krupke et al., Opt. Lett: 28, 2336 (2003).2B. D. Barmashenko et al., Opt. Comm. 292, 123 (2013).

GTl 123 Ultraviolet Light ·source Using Electrodeless Mi
crowave Discharge TAKU NISHIKAWA, Nagoya Univ. HIRO
TAKA TOYODA, Nagoya Univ., PLANT, Nagoya Univ. Surface 
treatment technologies using ultraviolet (UV) light, such as organic 
residue removal, surface modification or sterilization, are widely 
used. So far, UV lamps psing DC discharge with,e!ectrodes inside 
the lamp tube is commonly usFd. However, sputtenng of electrode 
materials sometimes causes deposition on the inner tube surface as 
well as degradation'. 6f the flectrodes, resulting in short life time 
of the lamp tube. In this study, .we propose an electrodeless UV 
mercury (Hg),lamp source.using microwave power. 2.45 <;}Hz Mi
crowave•pow�r ( <4 kW from a power supply is divided into four 
power lines using °branch waveguides. A mercury lamp �b� (�iam
eter: 9.6 mm, length:. 4� cm, Hg: 13.5 mg, Ar: 1 Torr) 1s mserted 
into the branch'waveguides and microwave power is coupled to.the 
pl�sma. Emission from the lamp i.s monitored by a monochromator 
and an 254 nm UV monitor. Lamp teinperafure is also measured by 
a thermography camera and tube temperature up to 900 K with good 
uniformity along ~ 30 cm was observed. Uniformity of the 254 nm 
UV light intensity was + 15 % along the lamp tube. The maximum 
UV light intensity of 64 mW/cm2 was observed at a microwave 
power of 4 kW.' 

GTl 124 EUV nanosecond laser ablation of silicon carbide, 
tungsten and molybdenum• OLEKSANDR FROLOV, KAREL 
KOLACEK, JIRI SCHMIDT, JAROSLAV STRAUS, Pulse Plasma
Systems Department, Institute of Plasma Physics AS CR, v. v.i., 
Prague, 182 00, Czech Republic ANDREI CHOUKOUROV, De
partment of Macromolecular Physics, Fac_ulty of Mathematics and 
Phy�ics, clzlirles University in Prague, Prague, 121 16, Czech 
Republic KOICHI KASUYA, Institute of Applied Flow, 3-24-
4 Utsukushigaoka-Nishi, Aoba, Yokohama, Kanagawa 225-0001,
Japan' . In this p�per wt present results 'of study interaction of 
nanosecon� EUV laser pulses at wavelength of 46.9 � with silicon 
cai:bide (SiC), tungsten (W,) and molyb�enum_ (Mo). As a source ?f
laser radiation was used discharge-plasma dnver CAPEX (CAPil
lary EXperirrien_t) b�sed on high current capill� discharge in argon. 
The laser beam is focused with a spherical Si/Sc multilayer-coated 
mirror on s.amples. Experimental study has been perfon11ed with t
5, 10,.20 and 50 laser pulses a�latiqn of SiC, W and Mo at various 
fluence values. Firstly, sample surface modification in the nanosec
ond time scale have been registered by opticai microscope. And the 
secondly, laser beam footprints on the samples have been analyzed 
by atomic-force microscope.(A.FM). 
*This work supported by the Czech Science Foundation under Con
tract GA14c29772S and by the Grant Agency of the Ministry of
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Education, Youth and Sports of the Czech Republic under Contract 
LG13029. 

GTl 125 Radiative prope�es of Ceramic Metal-Halide High 
Intensity Discharge lamps ( CMH) containing additives in -argon 
plasma YANN CRESSAULT, PHILIPPE TEULET, GEORGES 
ZISSIS, Toulouse LAPLACE TEAM The lighting represents a 
consumption of about E)%.of the world electricity production. We 
are thus searching new effective and enviro9-ment-friendliei' light 
sources. The Ceramic Metal-Halide High Intensity Lamps (CMH) 
are one of the options for illuminating very high area. The new 
CMH lamps are mercury free and contain additives spfcies which 
lead to ·a richer spectrum in specific spectral intervals, a be�er colour 
temperature or colour rendering index. This work is particularly fo
cused on the power radiated by these lamps, e�timated' using the Net 
Emission Coefficient, and depending on s�veral additives ( calcium, 
sodium, tungsten, dysprosium, thallium o'r strontium). 

I,,. ' . 

GTl 126 Tim� resolved EUV s��ctra from Zpinching_ cap
illary discharge plasma• ALE�DR JANCAREK, MICHAL 
NEVRKLA,. FAHAD NAWAZ,., Czech Technical University in
Pi-agu¢ We develop,ed [l] symriietrically charged driver to obt�n 
high voltage, high cUJ;rent Z-pinching capillary discharge. Pla&ma _1s 
created by up to 70,kA, 29 ns risetime current pulse passing through 
a 5 mm inner diameter, 224 mm .long capillary filled with gas to 
initial pressure in the range of 1 kPa. Due to the low inductance 
design of the driver, the pinch is observable directly from the mea
sured current curve. Time-integrated and time-resolved spfctra of 
discharge plasma radiation are i-ecor�ed together with the capillary 
curre�t and analY,zed. The 'most encouraging spectra were captured 
in the wavelength range 8.3-;- 14 nm. This spectral regio� contains 
nitrogen Balmer series lines including _potentially lasing NVII 2 - 3 
transition. 'Spectral lines are identified in the NIST database using 
the FLY kinetic code. The' line of 13.38 nm wavelength, transition 
NVII 2 - 3, was observecl in gated, and also in till}e-integrated
spectra for cµrrents >60 kA. , · 

*This work has been s�pported by the Ministry of Education, Youth
and Sports of the Czech Republic grants LO 13029. · 

1M. Nevrkla, A. Jancarek; and F. Nawaz, Discharge drivedor 13.4
nm XUV laser 2013 19th IEEE Pulsed Power Conference, PPC
2013; San Fran'cisco, CA;'United States; 16 June 2013 through 21
June 2013; Code 101034'

GTl 127 Spectroscopic studies of Cr VI species in a laser pro
duced plasma• NICOLAI Iq,EM�, SMIJES_H NADARAJAN,
DANE LABAN, JAME�'WOOD, DASHAYIR CHETTY, DAVID
KIELPINSKI, IGOR LITVINY UK, ROBERT SAN_9, Australian
Attosecond Science Facility, Centre for Quantum Dyl')amics, Grif
fith University We present measurements characteri?ing, a laser
generated, highly io9ized microplasma suitable to ex!�nd the cut
.off energy of High Harmonic Generation (HHG) to energies up to
5 keV. The HHG process occurs when a strong.ultrafast laser hits
a ga�eous target producing coherent radiation with a much higher
photon energy than the driving laser. Commo_nly,;nob�e gase� are
used a:nd typical photon energies of several 100 e V are obtamed.
We plan to use cr5+ species as the target for HHG �s generated by a
double pulse method: the first pulse creates the plasma, the second
pulse is used to obtain the temperature required for Cr5+. Here, we
present results on the optimization of plasma parameters such as the
plasm.a temperature, the number density and the dynamics of cr5+ 

by means of spectroscopic techniques in the optical a_nd the XUV
regime.
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distribution using plasma modeling. In the CCP model, charged par
ticle densities are detennined by solving transport equations using 
· drift-diffusion approximation. The electron temp�rature is solved
using electron energy equation. The electric (scalar) potential is de
rived from Poisson equation. A senri-circular annular configuration
consisting of inner curved surface as powered electrode and outer
curved surface as grounded electrode is used. Ar plasma at moderate
pressure (a few Torr) has been simulated at 13.56 MHz. A nega
tive de bias develops at the powered electrode that is smaller than
grounded electrode. Stronger electric field leads to stronger power
deposition and correspondingly higher plasma density near the pow
ered electrode. As straight segments are added to the semi-circular
configuration, it ill found that plasma drifts away from the curved
region to the straight region. Further addition of semi-circular and
strajght segments-reduces DC bias to zero as the powered electrode
a,nd grounded electrode areas become equal;, However, plasma is
observed to be stronger- near the straight region compared to curved
region as plasma drifts away from the curved region to straight
region.

15:15
KW3 7 Student Award Finalist: Advances in the three
dimensional simulation of streamer discharges• JANNIS TE
UNISSEN, Center for Mathematics and Computer Science (CW!),
Amsterdam, The Netherlands UTE EBERT, Center for Mathemat
ics and Computer Science ( CW!); Amsterdam, The Netherlands and
Eindhoven University of Technology We have-implemented a 2D
and 3D streamer model inside AFiVO, a simulation framework that
we have recently developed. We use numerical techniques such as
adaptive me�h refinement,' parallel multigrid and a novel, imp le�
mentation of photoionization to push simulations to new limits.
This allows us to study the interaction of two streamers in 3D, the
branching of streamers in 3D, ·or. the propagation of a streamer over
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a dielectric surface. Simulations in 2D also benefit, allowing for a 
relatively interactive exploration of parameter regimes. We present 
highlights of the new simulation possibilities .. 

*JT acknowledges support from STW project 10755.

15:30 
KW3 8 Pulsed surfa'ce discharges Jn nitrogen and in air: exper
iments and simulations• ANNA DUBINOVA, Centrum Wiskund� 
en Informatica, Amsterdam, Neth�rlands ·DIRK TRIENEKENS, 
Eindhoven University a/Technology, Eindhoven, Netherlands UTE 
EBERT, Centrum Wiskunde en lnformat�ca, Amsterdam, Nether: 
lands SANDER NIJDAM, Eindhoven University of T�chnology, 
Eindhoven, Netherlands We study positive streamer discharges in 
nitrogen and in air propagating near or on the surface o( a dielectric 
rod. The discharge is lau,nched from a needle, and propagates to
wards a dielectric rod which is placed directly under the nee�e. In 
some ·,cases",' when the discharge attaches to the _;od .it moves 'along 
it with a velocity larger _than in the ga_s without the rod, and in other 
cases it moves more slowly. We aim at understanding this dynam
ics of streamer interaction with dielectrics and the mechanisms of 
streamer propagation along the �uiface. We have develop�d a cylin
drically symmetric model based on the fluid streamer model in local 
field approximation. Our inode!' allO'f'S us to analyz� the interplay 
of photoionization, photqele?tron �mission from the rod and qielec_

tric polarization of the rod, and voltage pulse shape, amplitude and 
repetition frequency. 'yve compare the morphology and the vel.odty 
of the simulated surface streamers with those measured in dedicated 
experim,ents. In the experiments, we use.stroposcopic imagi1!-g with 
an ICCD caniera to retrieve streamer velocity and shape. 

*The work is supported by STW project 12119, partly sponsored by
ABB.
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Invited Papers· 

13:30 
KW 4 1 Modelling for turbulent transport-:of n_anoparticles growing around a thermal plasma jet 
MASAYA SHIGETA, Osaka University 

Modelling woljks for expressing the simultaneous processes of growth and transport of nanoparticles around a turbulent
like thermal plasma jet are presented. From the physical aspect, extending the previous model, a simple-but-consistent 
model which requires less computational costs is developed to describe the nanoparticles' birth and collective growth 
through homogeneous nucleation, heterogeneous condensation, and coagulation among themselves as well as transports 
by conve�tio�, diffusion, and thermophoresis. From the mathematical aspect, an original simulation ·code with higher 
accuracy is developed to express thermal plasma turbulence and to capture steep gradients in µie spatial distribution of 
nanoparticles. As a base case, an argon thermal plasma jet is ejected at 1.5 slm from the nozzle, and iron vapor is supplied 
at 0.1 g/min with'the plasma jet. The computation shows that the high-temperature plasma jet entrains the surrounding 
non-ionized gas because of Kelvin-Helmholtz instability at theidnterface. The instability waves grow up and then the 
interface rolls up to eddies. As the jet goes downstream, the eddies break to smaller ones, which 

0

lead to turbulence 
transition. This feature has also been reported in the experimental study. The iron vapor is transported with the plasma flow 
and simultaneously diffuses across the plasma's fringe where the vapor experiences the temperature'decrease. As a result, 
the vapor changes its phase to nanoparticles-through nucleation and condensation. The nanoparticles are also transported 
by convection and diffusion. The regions of large diameters coincide with those of low number d_ensities of nanoparticles, 
because the size of nanoparticles increases through coagulation among themselves decreasing their own numbers. 

14:00 
KW4 2 Diagnostics of transient non-equilibrium atmospheric pressure plasmas• 
PETER BRUGGEMAN, University of Minnesota 
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and its interaction with microdischarges has gained significant at
tention in the last few years particularly ·in the context of microscale 
gas breakdown. Recent advances in nanofabric_ation have led to the 
development of novel cathodes that demonstrate i¢pressive field 
emission properties with tum-on fields as low as�! V/µ,m and field 
enhancement factors as high as 1000 implying that field emission 
could play an important role in microplasmas as large as 500 µ,m.
This work_presents proof of concept of a novel application of_field 
emission assisted (FEA) microplasmas that exploits the relatively 
high plasma'.'number densities encountered in these devices. We 
hypothesize that the number density gradients and the resulting gra
dient in the microplasma relative permittivity/refractive index can 
be utilized as a tunable. diverging lens with on/off ability to defo
cus waves in the Terahertz regime. Electron number density profiles· 
obtained from one-dimensional particle-in-cell with Monte Carlo 
collisions (PIC-MCC) simulations for a typical FEA microplasma 
are used to determine the relative permittivity and conductivity pro
files. Frequency domain wave propagation simulations using these 
profiles show that sub-mm waves can be controlled using the mi
croplasma ,lens with the degree of defocusing depending on the 
wavelength. In spite of the nori-zero conductiyity, it is shown that 
the medium is not significantly lossy at the fr�quencies considered. 

· Sandia National Laboratories is a multi-program laboratory man
aged and o�er�ted by Sandia Corporation, a wholly owned sub
sidiary of Lockheed Martin Corporation, for the U.S. Department 
of Energy's National Nuclear Security· Administration un(ler con
tract DE-AC04-94AL85000. 

17:00 

QR4 6 2D Axisymmetric vs 1D: A PIC/DSMC Model of Break

down in Triggered Vacuum Spark Gaps ST� MOORE, CHRIS 
MOORE, JEREMIAH BOERNER, Sandia National Laboratories
Last year at GEC14, we presented· results _of one-dim

,ensional
PIC/DSMC [I°,2] simulations of breakdown in triggered 'vacuum 
sp�k gaps.' In· this talk, we extend the model to two-dimensional 
axisymmetrfo and compare the results to the previo�s ID case. �pe
cially, we vary the fraction of the cathode that ermts ele�trons and 
neutrals (holding.the total injection rates over the cathode surface 

'I 
,, 
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constant) and show the ,effects of the higher dimensionality on the 
time to breakdown. 
1C. K. Birdsall and A. B. Langdon, Plasma Physics via Computer
Simulation (McGraw-Hill, New York, 2005).

2G. A. Bird, Molecula� Gas Dynamics and the Direct Simulation of
Gas Flows (Oxford University Press, Oxforil, UK, 199�). 

17:15 

• , I 

QR4 7 Breakdown in Atmospheric Pressure Plasma Jets: 

Nearby Grounds and Voltage Rise Time•
, 
AM�DA �IETZ, 

MARK J. KUSHNER, University of Michigan Atmosphenc pres
sure plasma.jets (APPJs) are being investigated to stimulate ther-

. apeutic responses in biological systems. These responses �e not 
always consistent., One source of variability may be the 'design of 
the APPJs � the-number and placement of electrodes, pulse power 
format - which affects the production of reactive species. In this 
study, the consequences of design parameters of an APPJ were 
computationally investigated using nonPDPSIM, a 2 � model. The 
configuration is a cylindrical tube with one or two ring exterior elec
trodes, with or without a center pin electrode. The APPJ operates 

· in He/O2 flowing into humid air. We found that the placement of
the electrical ground on and around the :�ystem is important to the
breakdown characteristics of the APPJ, and'the•electron density and
temperature o( the resulting· plasma. With a single powered �ng
electrode, the placement of the nearest ground may vary dependmg
on the setup, and this significantly-affects the discharge. With two
ring electrodes, the nearest ground plane is well de�ned, howe�er
more distant ground planes can. also influence the d1scharg�. W1�
an ionization wave (IW) that-propagates out of the tube and mto the
plume in tens of ns, the rise time of the voltage.wavef?rm_can be on
the same timescale, and SQ variations in the voltage nse time could
produce different,IW properties, The effect of ground placement �d
voltage waveform on IW formation (ns timescales) and production
of reactive neutrals (ms timescales) will be discussed.
•wo�k supported bY, DOE CD,E:sc�o6i319) '�nd NSF (C�-

11247f4). I • 
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configuration and the second using no second electrode to form a 
surface discharge. One potential application of these piezoelectric
driven discharges is as electrohydrodynamic .flow sources, also 
called ionic wind generators. Using a combination of infrared 

SI.6N • · E'll CON l> 
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thermography and anemometry, we measure the induced flows by 
piezoelectric-driven discharges, and explore how the external sys
tem and resonant frequency affect.flow generati_on. 

at 15:30; Ynicbi Setsuhar,� Osaka Umvemty, 

"Invited Papers 

15:30 
WF2 1 Self-t.\.ssembled Multi-Layer a-C:H/Me Coatings by Reactive Sputter Deposition 
JYH-MING TING, Department of Materials Science and Engineering, National Cheng Kung University, Taiwan

The growth and characteristics of metal containing amorphous hydrogenated carbon thin films (a-C:H/Me) were studied 
in this research. The formation· of self-assembled, a)ternating nano-layered structures are addressed. a-C:H/Me thin films 
were synthesized using one single target, a rotating but not revolving substrate, and constant feed gas compositions in a 
conventional reactive sputter deposition chamber. The metals used include Al, Si, Cu, Pt, Fe and Ni Various mixtures of 
methane and argon paving fixed total flow rates were used as. the feed stocks. A number of growth parameters, including 
methane concentration, working pressure, electrode distance, de power, substrate bias, and substrate temperature were 
used. The resulting a-C:H/Me thin fiims were found to exhibit three different structures·. Amon� them, self-assembled, 
alternating nano-layered structures werei observed in a-C:H/Cu, a-C:H/Pt, a-C:H/Fe, and a-C:H/Ni thin films. It was 
found that such self-assembled, alternating nanci0layered structures can be obtained unde\ controlled growth parameters 
for selected metals. A growth mechanism based on the considerations of clustering of carbon and metal, segregation of 
carbon, catalytic effects of metal, formation of carbide, energy of adatoms, and surface diffusion of metal and carbon, lias 
been developed. Further data analysis was also performed to verify the validity of the mechanism. 

Contributed Papers 

16:00 
WF2 2 Applying Composition Control to Enhance the Mecliani
cal and Thermal Properties of Zr-Cu-Ni-AI-N Thin Film Metal: 
lie Glass JOSEPH LEE, JENQ-GONG DUH, National Tsing-Hua
University This study focuses on the correlations among the com
positions of Zr-Cu-Ni-Al-N thin film metallic glass (TFMG) and 
their properties. The TFMG was prepared by DC magnetron,co
sputtering technique with Zr-Cu and Ni-Al targets. By adjusting 
working power, pressure and nitrogen flow rate, thin films with var
ious constituents were fabricated. Also, the effect of Zr/Cu ratio on 
the physical properties will be explored. With the increasing nitro
gen content in the system, the hardness was improved up to 100% 
as compared to Zr-Cu TFMG. The strengthening mainly results 
from t:J:ie atomic radii difference, and the enthalpy of mixing among 
mutual atomic bonding. In pursuit of high hardness, whether the 
coating still belongs to a metallic glass is critical. Differential scan
ning calorimetry (DSC) analysis further identifies the metallic glass 
characteristics of.films with the formation of super-cooling regions. 
Finally, a Zr-Cu-Ni-Al-N TFMG with appropriate composition to 
exhibit improved hardness, thermal stability, and antimicrobial abil
ity was revealed and discussed. 

16:15 
WF2 3 Fabrication of spin valve junctions based on
Fe/Fe3Si/FeSi2/Fe3Si quadrilayered films by facing targets 
direct-current sputtering• KAZUYA ISHIBASHI, KAZUTOSHI 
NAKASHIMA, Department of Applied Science for Electronics and
Materials, Kyushu University KEN-ICHIRO SAKAI, Department
of Control and Information Systems Engineering, Kurume National 

College of Technology TSUYOSHI YOSHITAKE, Department of 
Applied Science for Electronics and Materials, Kyushu University 
In order to prepare magnetic multilayered films applicable to spin 

devices, the film preparation method is ·an important key that de
termines the quality of the spin devices, such as interfaces between 
layers and crystalline orientations. A facing targets direct-current 
sputtering (FfDCS) method, in which a couple of targets are posi
tioned in parallel and a substrate is set in the direction perpendicular 
to the two-targets, has the following features: (i) less plasma dam
age, (ii) fewer rises in the subs,trate temperature, and (iii) small 
stoichiometric differences between the target and fi.qn, owing to a 
substrate is free of the plasma. These features should be beneficial to 
Fe3Si/FeSi2 multilayered films at low· substrate temperatures, with 
Fe3Si i;ind FeSi2 sintered targets. In this study, Fe/F�Si/FeSh/Fe3Si 
multilayered films were prepared by employing the F.fDCS method. 
The bottom Fe3Si layers were epit�ially grown on Si( l 11) sub
strates, and they exhibited small coercive forces of less than 10 Oe. 
Ppsterior to FeSh layers being deposited 9n the bottom Fe3Si lay
ers, polycrystalline Fe3Si and Fe were successively d(?posited on the 
FeSh layers. The resultant multilayered films showed sharp signals 
due to magnetoresistance as spin valves. 

*This work was supported by JSPS KAKENHI Grant Number
15K21594'.

16:30 
WF2 4 Surface Roughness Control of DC Sputter Film De
position by Superposition of VHF Power FUKUI TAKASHI, 
SUYAMA TAKU, FUKUOKA YUSHI, SASAI KENSUKE, 
Nagoya University TOYODA HIROTAKA, Nagoya University,
PLANT, Nagoya University Magnetron plasmas are one of the 
most important tools for sputter deposition of thin films. However, 
energetic particles from the sputtered target such as backscattered 
rare gas atoms or oxygen negative ions (O-.) from oxide targets 
sometimes induce physical and chemical damages as well as sur
face roughening to the deposited film.surface during the sputtering 
processes. In our previous work, we have investigated spatial and 












































