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In present paper, results of experimental investigations of energy characteristics of plasma stream, generated by
magnetoplasma compressor (MPC) are presented. It is shown that total energy contained in the plasma stream
strongly depends on the discharge current, mass flow rate and sort of working gas. Radial distributions of energy
density in plasma streams for different MPC modes of operations and energy transfer efficiency from the
acceleration channel to the plasma stream are investigated.

PACS: 52.30.Cv, 52.50.Dg, 52.25Xz

INTRODUCTION

Investigations of dense magnetized plasma of
different gases are important for various scientific and
technological applications such as generation and
acceleration of plasma streams, testing of fusion reactor
materials with high energy and particle loads etc. Dense
plasma is especially attractive object of investigations
and development of efficient sources of EUV radiation
[1]. From the point of view optimization of plasma
source operation regimes for lithography applications,
achievement of maximal intensity of EUV radiation in
the characteristic wavelength of 13.5 nm is important [2,
3]

The present investigations are devoted to analysis of
the basic energy characteristics of plasma streams
generated by magnetoplasma compressor, which
operates with argon. In some experiments helium has
been applied as working gas. The main aim of these
researches is to analyze the energy characteristics of
plasma streams in dependence on discharge current,
mass flow rate and residual gas pressure.

1. EXPERIMENTAL DEVICE AND
DIAGNOSTIC EQUIPMENT

MPC accelerating channel (Fig. 1) consists on
copper coaxial electrodes: outer multiroad anode and
the inner cathode. The anode consists of two parts. First
one is a solid cylindrical part with diameter 120 mm,
length 145 mm. Second part is conical, it consists of 12
rods with diameter of 10 mm each and length 147 mm.
Design of MPC device is described in detail in [4-7].

MPC has been installed into vacuum chamber with
diameter of 45 cm and length of 200 cm. Camera is
pumped by the turbo-molecular pump TMN-500.

Power supply system consists from capacitive bank
(90 pF and a maximum voltage of 30 kV) and vacuum
discharger.
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Fig. 1. General view of MPC plasma source

Experiments were carrying with helium and argon
under a residual pressure varied in the range of
0.5...10 Torr. Discharge current and discharge voltage
were measured by Rogowski coil and voltage divider,
respectively. Movable copper calorimeter with diameter
of 5 mm was installed at the distance of 11 cm from the
MPC output, i.e. close to the compression zone.
Discharge current and voltage measurements were used
for estimation of discharge efficiency.

2. EXPERIMENTAL RESULTS

Dependencies of plasma stream energy density in
near axis region on the discharge current are presented
in Fig. 2 and 3 for two MPC modes of operations.

As it is seen from Fig. 2, maximum energy density
achieved 45...47 J/em® in MPC mode of operation with
argon with pressure of 0.5 Torr and discharge current of
400 kA. In MPC mode of operation with helium with
pressure 5 Torr, total mass flow rate is kept the same,
by means of initial gas pressure increase in 10 times.
Maximum value of energy density in this case achieved
40 J/cm? at discharge current of 370 kA. Generally, the
dependencies of plasma stream energy density for both
experimental conditions are close one to another.
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Fig. 2. Energy density in the plasma stream vs.
discharge current

When mass flow rate and initial gas pressure were
increased in two times, i.e up to 1 Torr for argon and
10 Torr for helium correspondingly, the dependencies
of plasma stream energy density on discharge current
became essentially different. As it is seen from Fig. 3,
maximal value of energy density reaches 40 J/cm® in
MPC mode of operation with helium at the discharge
current of 400 kA. In argon plasma stream energy
density decreased up to 20 J/cm” at the same discharge
current of 400 kA. Plasma stream energy density in the
case of helium increased in two times faster with
increasing discharge current in comparison with argon
plasma. So, with growing residual gas pressure and
mass flow rate the dependencies of energy density
became different.
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Fig. 3. Energy density in the plasma stream vs.
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Fig. 4. Radial distributions of energy density in the
plasma stream
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Fig. 4 sows the radial distributions of plasma stream
energy density in MPC mode of operation with low
values of mass flow rate and residual gas pressure. As
follows from performed studies, the energy density
distributions are not depended on residual gas pressure
(initial density) at present value of mass flow rate.
Average radius of compression zone, estimated as half-
width of energy density radial distribution is about
2...2.5cm.
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Fig. 5. Radial distributions of energy density for
increased gas pressure
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Fig. 6. Discharge efficiency as function of residual gas
pressure

Energy density radial distributions for higher value
of mass flow rate and residual gas density (helium —
10 Torr, argon — 1 Torr) are presented in Fig. 5.
Maximum difference in radial distributions are
observed in paraxial area with » <2.5...3 cm. Average
radius of compression zone in this case is also about
2...2.5 cm. So, it does not depend on mass flow rate
and initial density for present experimental conditions.

The discharge efficiency has been calculated as:
Inf piriedr
PN {E)de
where p (r) - energy density in plasma stream, r -
radius, / (2) and U (z) discharge current and discharge
voltage respectively. Fig. 6 presents dependencies of
discharge efficiency as a function of initial density
(residual pressure).

Thus, in present experimental conditions, discharge
efficiency weakly depends on residual pressure, for
pressure range of 2...10 Torr. It reaches value of
0.45...0.5 for argon and achieves 0.9 for helium.

n=
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For smaller pressures, discharge efficiency in argon
increases up to 0.7 with argon pressure decrease up to
0.5 Torr, but in this case strong electrode erosion is
initiated.

CONCLUSIONS

The energy characteristics of plasma streams
generated by MPC are investigated. Plasma streams
with energy density in near axis region up to 50 J/cm®
and total energy content of 5.2 kJ are generated. Energy
density in plasma stream is found to be not depended
on residual pressure (initial density) at small mass flow
rates. When mass flow rate increases twice the energy
density became strongly depended on initial gas
density. It is shown that average radius of compression
zone is not influenced by mass flow rate and initial
density for present experimental conditions. Discharge
efficiency determined essentially by sort of working
gas and in pressure range of 2...10 Torr it reached
values of 0.9 for helium and 0.45...0.5 for argon

respectively.
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SHEPITETHUYECKHUE XAPAKTEPUCTUKH IIJIASMEHHBIX ITIOTOKOB, TEHEPUPYEMBbBIX MIIK

B.M. Acmawunckui, C.H. Ananun, B.B. Yeoomapes, T.H. Yepeonuuenxo, /I.B. Enucees, H.E. I'apkywia,
H.B. Kynuk, M.C. Jlaovieuna, A.K. Mapuenxo, 1.U. Mopzans, FO.B. Ilempos, /I.I. Conaxos, B.B. Cmanvyos

IIpencraBneHsl pe3ysnbTaThl SKCIEPUMEHTAIBHBIX UCCIEIOBAHUI YHEPIETUYECKUX XAPAKTEPUCTUK IJIa3MEHHBIX
MMOTOKOB, TEHEPHUPYEMBIX MarHuToruiasMeHHsIM KommpeccopoM (MIIK). Iloka3ano, 4To mONHas 3HEPrus B
IUTa3MEHHOM TIOTOKE CYIIECTBEHHO 3aBHCHT OT Pa3psSAHOTO TOKa, MacCOBOTO pacxoja W copTa pabodero rasa.
Taroke uccIeOBaHO pajHManbHOE paclpe/ielieHHe IUIOTHOCTH 3HEPrMU B IJIa3MEHHOM IMOTOKE U KO3 (HIUEHT
nepeay SHEPTUU OT YCKOPUTEIBHOTO KaHalla B IJIa3MEHHBIN TIOTOK B Pa3HbIX pexumax padotsr MIIK.

EHEPITETUYHI XAPAKTEPUCTUKH IIVIASMOBHX IIOTOKIB, SIKI TEHEPY€ MIIK

B.M. Acmawuncokuit, C.1. Ananin, B.B. Yedomapvos, T.M. Uepeonuuenxo, /I.B. €nicees, 1.€. I'apkywia,
M.B. Kynuk, M.C. Jlaouzina, A.K. Mapuenko, A.1. Mopzans, FO.B. [lempos, /I.I. Conakos, B.B. Cmansuos

[IpencraBneHo pe3yibTaTH eKCIEPUMEHTAIbHUX MAOCHIIKEHb EHEepPreTHYHUX XapaKTEePUCTHK IUIa3MOBHX
MIOTOKIB, IO reHepye MarHitoriazmosuid kommpecop (MIIK). TTokazaHo, 1o mOBHA €Hepris B MIa3MOBOMY ITOTOII
3HAYHUM YMHOM 3aJIeKUTh BiJ] PO3PSAIHOTO CTPYMYy, MAacoBOi BHUTpAaTH Ta COpTy pobdodoro rady. Takox Oyio
JOCII/DKEHO pajiaibHUi PO3MOJII T'YCTHHU €Heprii B IJIa3MOBOMY moTomli 1 Koe(illieHT mnepenadi eHeprii Bifj
PO3psIHOTO KaHay B IJIa3MOBHH IOTIK B Pi3HUX pexxumax podoru MIIK.

124 ISSN 1562-6016. BAHT. 2013. Ne1(83)



