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We describe the operation of some new axially-symmetric plasma devices based on plasma-optical principles and
the plasma lens configuration. Plasma devices of this kind using permanent magnets can be applied in a number of
different applications for ion treatment and materials synthesis.

PACS: 52.50.Dg, 52.77.Dq, 52.77.Bn
1. INTRODUCTION

Plasma-optical devices are a subset of a large class of
plasma devices (plasma accelerators, magnetrons,
magnetically-insulated diodes, thrusters) that use a plasma
medium in crossed electric and magnetic fields with
closed electron drift. Such devices are attractive for the
production, formation and manipulation of high current
beams of heavy ions. This is related to the fact that such
beams cannot exist without electron compensation of their

positive ion space charge. The electrostatic plasma lens is
a well-developed plasma-optical device for focusing and
manipulating high current, large-area, heavy ion beams,
where the concern of beam space charge neutralization is
critical [1,2]. Following an extensive program of
investigation of the plasma lens at the IP NASU (Kiev),
some collaborative work between the Kiev group and
LBNL (Berkeley) was initiated, and the results of this
joint work have been published [3,4]. In these
investigations we demonstrated the value of application of
the plasma lens for carrying out high dose ion
implantation processing [S]. A vacuum arc ion source was
used to form a wide-aperture (diameter 10 cm), moderate-
energy (1050 keV), heavy metal ion beam (Bi, Pb, Ta,
Cu, Zn, Co), which was focused by an electrostatic
plasma lens that had been designed, made and tested at
the TP NASU. We showed that the ion beam current
density focused onto the implantation target could be
increased by a factor of 30-40. We explored the variation
of the ion current density profile at the target as a function
of plasma lens parameters, and preliminary tests of high-
dose ion implantation (dose up to 5 x 10 " cm™) of C and
Co into a silicon substrate were carried out. The lens used
in these experiments employed a magnetic field that was
formed by conventional current-driven electromagnetic
coils. We noted an increase in the focused ion beam
current density for specific low magnetic field strengths.
We found a very narrow range of low magnetic fields for
which the optical properties of the plasma lens improve
significantly. Under these conditions, the plasma noise
within the lens volume is drastically reduced, and high
beam compression can be obtained. This opens up the
attractive possibility of a new generation of compact, low-
cost lenses that are based on the use of permanent
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magnets rather than conventional current-driven field
coils. Such improved lenses, having low noise and
minimal spherical aberrations, could be suitable for use in
the injection beam lines of high current heavy ion particle
accelerators, where there exists a severe concern of beam
space-charge blow-up. Experimental investigations of the
focusing properties of a plasma lens based on permanent
magnets for establishing the required magnetic field
configuration were carried out collaboratively both at the
IP NASU and at LBNL [6]. The plasma lens used at

LBNL is shown on Fig. 1.

Fig. 1. Electrostatic plasma lens based on permanent
magnets. Input aperture 10 cm, length 15 cm, number of
cylindrical electrodes 11. The magnetic field strength
formed by the Fe-Nd-B permanent magnets at the center
of the lens is 300 G

One particularly interesting result to come out of this
background work was the observation that the plasma
lens configuration, involving crossed electric and
magnetic fields, provides an inherently attractive method

for establishing a stable plasma discharge at low pressure.
Use of the plasma lens configuration in this way was
further low cost, low

investigated, leading to a

maintenance, plasma device using permanent magnets
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and possessing considerable flexibility with respect to
spatial configuration (planar, cylindrical, elliptical).

Here we describe the operation of some novel axial-
symmetric plasma devices based on the plasma lens
configuration, and summarize the results of some
preliminary experiments in which their application for ion
treatment was investigated.

2. ION TREATMENT PLASMA DEVICES

We made and tested one particular version of
cylindrical plasma device based on plasma optic
principles and the plasma lens configuration, designed for
the ion treatment of substrates with complicated
cylindrical shape. A simplified schematic of this device is
shown in Fig. 2.

7

\\

B
N
5|

e fm—

G s

./l& \\\

/"“
///,

=z

SN
3=

v \
l
N

R

Fig. 2. Schematic of ion-cleaning plasma device.
1 - sample holder; 2 - flange; 3 - chamber; 4 - pole of the
magnet system; 5 - magnets; 6 - anode; 7 - anode holder

The operation of this device was investigated
experimentally. Device parameters optimized included the
magnetic field strength and configuration, width and
length of plasma channel, working gas pressure and
manner of feed gas, value of anode potential and
dependencies of volt-amperes characteristics for different
pressures. We found that under optimal conditions this
device can form an ion-plasma flow focused on a
cylindrical substrate of diameter 10—40 mm with total ion
current up to 10-30mA and energy in the range 300-2000
eV. The device operates reliability and reproducibly in the
range of working gas (argon) pressure (6—12) x 10 Torr.
Under these conditions the maximum cleaning (etching)
rate is in range 0.5-3.4 nm/s depending on the substrate
material. Determination of the etching
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Fig. 3. Etching depth profile

rate was done for a range of materials including titanium,
molybdenum, tungsten, copper, ceramics 22XC, and
polycor. As an example, we determined the surface
etching profile for a round titanium tubular substrate of

40 mm diameter. The following experimental conditions
were used: gas pressure 9 x 10 Torr, discharge voltage
900 V, the ion treatment duration 60 minutes. The results
of these measurements are shown in Fig. 3.

It can be seen that the width of the erosion trace at the
sample surface spans about 5-6 mm. The most intense
etching occurs over a ring-shaped region of 2 mm width
at the center of the erosion trace. The etching rate at the
center is ~1.0 nm/s. For other materials the following
were measured: Mo ~1.3 nm/s; W ~1.7 nm/s; Cu ~3.0
nm/s; ceramic 22XC ~0.4 nm/s; polycor (polycrystalline
aluminum oxide) ~0.15 nm/s. The working gas pressure
also influences the etching rate, as clearly illustrated for
the case of Cu: for an Ar pressure of 9 x 10 Torr the etch
rate is ~3.0 nm/s; for a pressure of 8 x 10" Torr, 0.6 nm/s;
and for 7 x 10 Torr, 0.5 nm/s. The etch rate also depends
on the energy of the ions. Since, as the ion energy is
varied, not only does the sputtering coefficient change but
also the current density as well, thus the dependence of
etch rate on energy is close to linear. The working
parameters of this ion cleaning device allow this tool to be
combined with a cylindrical magnetron sputtering system
so as to form a single hybrid processing mode.

3. MULTIFUNCTIONAL VACUUM SETUP

To further test and develop our new plasma-optical
and magnetron sputtering devices, a new multifunctional
setup (Fig. 4), was made. The  inverted  cylindrical
magnetron allows sputtering of the internal surfaces of
cathodes onto all sides of three-dimensional substrates
placed inside the tubular target. This enables coating
deposition onto long-length articles, such as wires, fibers,
rods, biomedical stents and implants.
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Fig 4. Multifunctional vacuum setup.
1 - vacuum chamber; 2 — rotational drive for magnetron
magnetic system; 3 - magnetron, 4 - processed sample;
5 - optical monitor; 6 - ion cleaning plasma devices; 7 -
heater; 8 - drive for vertical displacement of the sample
The cylindrical dc magnetron sputtering system
includes a tubular water-cooled cathode with internal
diameter 230 mm and height 200 mm, a rotating magnetic
system using SmCo permanent magnets, power up to
8 kW, discharge voltage up to 700 V, and a rotating
magnetic field system for increasing target material
utilization. The anode system of the inverted cylindrical
magnetron includes 9 rod electrodes made of non-
magnetic material (molybdenum or stainless steel
X18H10T), each 6 mm diameter and 140 mm long and
placed like the magnetic system on a rotating table. This
allows rigid fixing of the anodes with respect to the
magnets, and provides minimum shielding of the flow of
sputtered cathode material. Target material usage

efficiency of up to 70% has been achieved.
The use of the ion cleaning device together with the
magnetron sputtering system was complicated by the

difference in optimal argon gas pressure needed for steady
operation of each device (2 x 107 Torr and 9 x 10 Torr
for magnetron and ion-cleaning device, respectively). In
the process of experimental investigations we found some
conditions for which pressure compatibility occurs for
both devices at a gas pressure of about 2 x 10~ Torr.

4. CONCLUSION

The plasma-optical devices that we have described
can be used separately, for example for ion treatment of
substrates, and in combination with each other for pre-
cleaning surfaces and deposition of functional metal and
nonmetal coatings on round substrates in a single
processing cycle, for example on anilox rolls which are
used in the printing and textile industry. The d.c. ion-
plasma devices also allow reactive deposition of binary
chemical compounds (e.g., nitrides, oxides, carbides) with
nanostructure of interest for basic and applied
investigations in the field of nanotechnologies.
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IIVTASMEHHBIE [TPUBOPHI VIS MAHUITYIMPOBAHUA NOHHBIMU ITYYKAMHU "
IVIASMEHHOI'O OCAXKJIEHUSA

A. I'onuapoe, A.Jlemuuwiun, A. /looposonsvckuii, E. Kocmun, O. Ilanuenxo, C. Ilasnos, H. Ilpouenxo,
b. Cmeuenxo, E. Tepnosou u A. bpayn

OnuchIBatOTCS HEKOTOPBIE HOBBIE IUIA3MEHHBIE IPHUOOpPHI, OCHOBaHHBIE Ha IPHHIMNAX IUIA3MOONTHKU H
KOHOQUTypaluy IUIa3MEHHOW JIMH3BL. [IpHOOpHI Takoro THIA, B KOTOPHIX HCIIOIB3YIOTCS MOCTOSHHBIE MarHWTHI,
MOT'YT NPUMEHSTHCS U1 HOHHOH 00pabOTKH M TOJIyYESHHUS] HOBBIX MAaTEPUAIIOB.

IVIA3MOBI ITPUJIA U V151 BAKOPUCTAHHSA 3 IOHHUMHA ITYYKAMMU TA IINTASMOBOI'O
OCAIKEHHS

O. I'onuapos, A. /lemuuwmun, A. /looposonscokuii, E. Kocmun, O. Ilanuenko, C. Ilasnos, 1. IIpoyenxo,
b. Cmeuyenrxo, E. Tepnoeoii i A. bpayn
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OnucyroThcsi AesKi ~ HOBI TUIa3MOBI TPWJIaJW, OCHOBaHI Ha BHMKOPHUCTAHHI TNPHHIMIIB IUIA3MOONTHKHA Ta
KkoH(irypanii mra3MoBoi JiH3M. [lpunagum Takoro Tumy, IO BHUKOPHCTOBYIOTH IIOCTIHHI MarHiTH, MOXYTb
3aCTOCOBYBATHCH JJIs i0HHOT OOpOOKH Ta OTPUMAaHHS HOBUX MarepiaiB.
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