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The opportunity of use self-maintained plasma-beam discharge in an extended pulsing plasma diode of |ow pressure
for making powerful sources of the soft X-rays is investigated. Conditions of formation of the self-maintained plasma-
beam discharge are determined. The mode of making of dense high-temperature plasma on the basis of stannum ionsin
the discharge is shown. The stannum ions are used as a working element of a radiation sources at pulsing power of
eectron beam P~10...100 MW. Results of the examination on formation of the dense (n,~10" cn’), small sizes
(I<1 cm) plasma with the electron temperature 7,~100 eV in conditions of working material evaporation from the anode

are given. Thetotal contribution of energy to the discharge has made W< 20 J.

PACS: 537.52
INTRODUCTION

Now progress in the area of nano-technology is bound
up with devdlopment of a photolithography which is
based on use of radiation with wave length A~ 10
nanometers. In this case the specific optica systems and
intensive point sources of radiation are used. As a
radiati n? element for radiation sources the dense plasma
(n,~10"...10%cn?) with the electron temperature
T,~50...100eV is used frequently. High electron
temperature is necessary for obtaining of multiply ionized
ions which at the subsequent recombination form the
radiation in anecessary range.

One of problems, which arises at the creation of soft X-
radiation sources for a photolithography in nano-
dimensiona areq, is the big impulse energy contribution
(W~ 10%...10°J) in devices which are used for this purpose
now (pinch [1-3] and plasma acceerators [4]). The attempt
to increase of the radiated power in these devices results to
very large therma loadings on congtructional dements and
to quick degtruction of these d ements.

For decrease of energy, which is brought to a discharge
cdl, in this work the opportunity of formation low-sized
high-temperature plasma under the action of sdf-maintained
plasma-beam discharge (SMPBD) isinvedtigated [5].

The presence in plasma, which transfers a current
through a discharge gap, the double eectric layer of a
space charge with large voltage drop is the feature of such
discharge. In a double layer thereis a counter acceleration
of powerful eectron and ion beams. Between double
layer and anode the discharge current is transferred by the
electron beam. Thus there is an intensive heating of
plasma due to coll ective beam-plasmainteracting.

Under conditions (Fig. 1) when the dense plasma HDHP
isformed in the near anode area of the discharge, and double
layer DL is locdized on the externa boundary of this
plasma, it is passible to carry out the effective heating of the
dense plasma. Thus, the dense plasma can be created by the
same electron beam due to vapor ionization of the anode. In
this case one part of the beam energy goes on the
evgporation of the anode material, and other part - on a
heating of plasma up to necessary temperature.
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Fig. 1. The scheme of discharge area («) and qualitative
longitudinal distribution of potential ¢ (2) in the
discharge (b): C - cathode; A - anode; | - isolator;
LDCP - love temperature plasma; DL - double layer;
HDHP - dense high-temperature plasma; Vy- potential of
the discharge; Vp, - double layer potential;
EB - electron beam; IB - ion beam

Because of a smal amount of channds for
consumption of energy in a discharge cell, the use of
SMPBD can reduce the energy contribution to system
essentialy. It opens up the prospects for creation of
effective dot source of the soft X-rays.

Important moment at the creation of a source of
radiation on the basis SMPBD is search of ways of hold-
in the double layer in the near anode area.

THE SHAME OF THE EXPERIMENTAL
DEVICE
Experiments on formation of small size high
temperature plasmain conditions of SMPBD were carried
out in the extended pulse plasma diode of low pressure.
The shame of the diode is shown on Fig. 2.
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Fig. 2. The shame of the experimental device

The plasma diode consgs of the cathode C and the
anode A, which are located in the center of the vacuum
chamber to provide the large distance to its walls (~20 cm).
The cathode was a tubular copper eectrode (length is
30 mm, external diameter is 10 mm and internal diameter is
9mm). Inside of the cathode in the ceramic isolator the
conical copper trigger dectrode IE by length 30 mm and
diameter & the basis 5 mmis located. Therod copper anode
A has diameter 4 mm The lateral surface of the anode is
protected by glass tubular isolator. Working surfaces of all
electrodes have been covered by a stannum layer with
thickness of 0,5 mm The distance between end-walls of
cathode and anode could be changed from 3 upto 10 cm

For decrease of the inductance of a discharge circuit
the switching device was not used. The cathode and the
anode directly connected to the battery of pulse
condensers C, with capacity of 0,5.20nF which was
charged from the power supply +Vy up to a voltage
1..15kV. The anode was as a high-voltage electrode, and
the cathode have the ground potential. The discharge was
ignited with the help of a trigger electrode due to electric
breakdown on a surface of dielectric ingde the tubular
cathode. The voltage to trigger electrode yielded through
the switchboard S from the battery of condensers C; with
capacity 0,25..1,5 nF. The condensers were charged from
the power supply +V, up to a voltage 1...5kV. With the
help of inductance L; the duration and the current of a
trigger pulse changed.

For definition of locdization of a double layer two
movable single probes P1 and P2 which regisered the
plasma potentia were used. Besides that, with the help of
probes the speed of expansion of the initid plasma was
defined. Signas from the probes were stored by means of
capacitor dividers of a voltage with the effective capacity
~1 pF.

THE EXPERIMENTAL RESULTS

The investigations were carried out at the residua gas
pressure p~107 torr when the basic working environment
for the maintenance of the discharge is the stannum
vapours. On Fig. 3 the oscillograms of a discharge current
and a discharge voltage, and probe potentials (C, = 1 nf,
+Vg=6kV, G=15nF, +V,=4kV, L=7nH) ae
shown.
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The experiments have shown that the formation of
small-size high-temperature plasma in the system occurs
in three stages.
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Fig. 3. Oscillograms of discharge current 1) - 5 kA/div,
discharge voltage; 2) - 2 kv/div., and also probe
potentials located on distance of 2 cm; 3) - 2 kV/div
and 1 cm; 4) - 2 kV/div fromthe cathode.

a) - sweep 5 nsec/div; b) - sveep 1 mesec/div

At the first stage (0< T, < 10ns, Fig. 38 the dense
cathode plasma is formed due to surface breakdown and
extended to the anode direction. At that the mode of the
vacuum diode with the plasma emitter of electrons takes
place. The electron beam, which is formed in an interva
between the front of cathode plasma and the anode,
bombards of the anode surface and causes occurrence of
stannum vapours in the anode area. The beam intensity
and intensity of evaporation of the anode material grow
with the approach of cathode plasma front to the anode.
The first s¢age Duration is defined by speed of extension
of cathode plasma v;, which was ~10° cnv's according to
probe measurements.

The second stage of the discharge evolution comes
after shorting of the discharge gap by cathode plasma
(10< T, < 23 s). At that in the discharge gap filled by
plasma a double layer forms. At first (10 <ty < 12 )
one double layer CDL formed near the cathode area. Total
voltage drop of the discharge concentrated on this layer
(McpL » Vg). Then (12<ty<14ms) one more double
layer ADL is formed near the anode area. Voltage
between the layers is progressively redistributed. During



time 14<t;3<23ns in the discharge there are two
consistent double layers with voltage drop VepL » 1,5 kV
and Vap » 4,5 kV.

At the second stage the eectron beam which isignited
in alayer near the anode, prolongs to evaporate and ionize
the anode material intensively. It results to formation of
dense plasma. The layer in the cathode area heats up other
plasma of the discharge gap.

After creation of the dense hot plasma on the basis of
stannum vapors in the discharge gap the third stage there
comes. At this stage the inductive discharge occurs
(23<T3<25nms), and the discharge voltage is
redistributed on inductance of a discharge circuit.
However, during the period (23,4 <t3;< 23,8 ) in the
discharge there is a layer in the anode area again. The
electron beam with a current 6 kA heats up the anode
plasmato aleve when it is capable to provide the current
density to the anode ja » 70 kA/cn?. The characteristic
sizes of dense plasma in anode area are commensurable
with the sizes of the anode working surface.

CONCLUSIONS

As a result of experiments the opportunity to use
SMPBD for formation of the small-sizes high-temperature
dense plasma on the basis of stannum ions in anode area
of the extended plasma diode is shown. For effective
evaporation of the anode material, vapour ionization and
collective hitting of plasma the opportunity of generation
of the electron beam in the double layer of a space charge
near to a anode working surface is present. For

confinement of a double layer in the anode area the
several conditions is necessary to carry out. First, the
power supply should provide current |, greater, than a
thermal current of plasma in the field of a minimum of
conductivity:

in (T
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where S(t) - external border of dense anode plasma.
Second, the minimum of density of the basic plasma
ng‘“‘(rr ,t) of the discharge gap should be near external
border of the dense plasma S (t).

For decrease of sizes of dense plasmaiit is necessary to

reduce of the anode working surface.
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®OPMHUPOBAHUE MAJIOPASMEPHBIX IIJIASMEHHBIX OBPA30BAHHUI BBICOKOM IIJIOTHOCTH
B CAMOCTOSTEJBbHOM ITJIASMEHHO-ITYYKOBOM PA3PSIJIE

, A.®D. Llenyiixo, /I.B. 3unosves, B.T. /lasypux, U.K. Tapacos

N3ydeHa BO3MOXHOCTb HCIIOJB30BAaHHUS CaMOCTOSITEIBHOTO IIIa3MEHHO-IIYYKOBOTO pas3psia B IPOTSHKEHHOM
HMITYJIbCHOM IIIa3MEHHOM JIMOJIC HU3KOTO JABJICHUS JUIS CO3JaHMS MOIIHBIX MCTOYHHMKOB MSTKOTO PEHTTEHOBCKOTO
namydernsi.  OmpezeneHsl  YCIOBHS M IOKa3aH cnocod (opMHpOBaHHS B TakoM  paspsiie  IUIOTHOH
BBICOKOTEMIIEPATypHOH IUIA3Mbl HAa OCHOBE HOHOB OJIOBA KakKk pabouyero 3jeMeHTa HCTOYHHWKA H3JIIYYCHHS IpHU
HUMITYJbCHOW MOIIMHOCTH 3JIeKTpoHHOro my4ka P~10%100 MBm. IlpuBeneHbl pe3ynbTaThl HCCIEIOBAHUS 110
¢dopmupoBanmio Mamopasmepubix  (I<1cm) TUIOTHBIX (np~1016 cM>) IIa3MEHHBIX CIYCTKOB C TEMIIEPAaTypOMl
anexTpoHoB 7,~100 5B B yciioBusx ucnapeHus paboyero BemecTBa ¢ aHo1a pu Heprosriaae B paspsa W<20 [orc.

®OPMYBAHHS MAJIOPO3MIPHMX IIJIA3MOBHUX YTBOPEHB BUCOKOI IIIIJIBHOCTI
B CAMOCTIMHOMY ILIA3BMOBO-ITYYKOBOMY PO3PSII

, O.®. lenyiixo, /I.B. 3inoé'es, B.T. /lasypuxk, 1.K. Tapacos

Jlocnmi/pKeHO  MOJKNIMBICTD  BHKOPHCTaHHS — CaMOCTIMHOTO  IIIa3MOBO-ITYYKOBOTO pO3pSAy B  IPOTSDKHOMY
IMITyTbCHOMY IUIa3MOBOMY Ji0Jli HHM3BKOI'O THUCKY JUIS CTBOPEHHS IOTYXXHHX JDKEpPENl M'SKOrO PEHTIEHIBCHKOTO
BUIIPOMiHIOBaHHS. Bu3HaueHO yMOBM Ta TMOKa3aHWi croci6 (GopMyBaHHS B TakOMy pO3psAdl  TycTol
BHCOKOTEMITEPATYpHOI IUIa3MH Ha OCHOBI 10HIB 0JIOBA B SIKOCTI po0OOYOro €JIeMEeHTa JpKepeia BHITPOMIHIOBAaHHS MPHU
IMIyJIbCHIN MOTYXXHOCTI eneKkTpoHHoro mydka P~10%2100 MBm. HaBeneno pe3yibpTaTd AOCTIIDKEHb 3 (DOPMYBaHHS
masoposmipaux (I<1 cm) mimermx (Ny~10" cx®) mnasmosux srycrkis 3 Temmeparyporo enextponis 7,~100 eB B
YMOBax BHUIapy poO090i peuoBHHHM 3 aHOJA IPH BKJIaAl eHeprii B pospsia W<20 /.
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