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Abstract

The metal ion source based on the magnetic trap with crossed fields
(radial clectrical and axial magnetic) is considercd. This source forms plasma
flow with magnetized heavy (metal) ions flowing along the longitudinal
magnetic field. The self-supporting hcavy ion discharge is existed in the source.
The working substance is a cathode material which can be any conducting
material. The operating principles and the features of the source are discussed.
The plasma flows consisted of various metal ions (Cu, Ni, Ti) were
experimentally obtained. The main paramcters and the dependencies of the
titanium ion source are presented in detail. The typical parameters of this
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plasma flow-are following: longitudinal velocity of 2-3'10 cm/s; ion transversal

energy of 20-80 ev, average plasma density of 10]21:111‘3; clectron temperature of
40-60 ev: total ion current of plasma flow reach up to 3,6 A in pulse mode
(discharge duration of 4-10 msec) of the source. The application of the source
for plasma separation process is discussed.
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I. INTRODUCTION

Metal ion sources are wide used for modification of
constructional materials. In recent years the interest in the field of

plasma sources of metal ions is increased in connection with the active

researches of plasma separation process by ion cyclotron resonance
heating [1,2,3]. Powerful and universal ion sources having following

specific parameters: plasma density of 10'%-10"” em™, ion transversal

energy of 10-30 ev, longitudinal velocity of plasma flow of (6-10)10°
cm/s [3)are required for development of this separation method.

In the most cases metal plasma are created by ionization of
metal atoms obtained by various methods. The sputtering of a metal
surface is universal method to obtain metal atoms. The average
energy of sputtered atoms of the majority clements (scveral ev) is
optimum energy for ICR separation method.

Self-sputtering of a cathode is used in the universal metal ion
source considered below. This source differs from conventional metal
ion sources due to its operating principles. Experimental results

~ presented below show the perspectives of this source.
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11. DESCRIPTION OF UNIVERSAL METAL ION SOURCE

The schematic view of the universal metal ion source is shown
in.fig.1. It’s design is based on the magnetic trap with crossed fields
(radial electrical and axial magnetic). The radial electrical field is
introduced into the plasma by the end electrodes. The mirror
magnetic field is formed by the solenoidal coils. The main
constructive dimensions of the source for considered below
experiments were following: anode diameter of 280 mm, cathode
diameter of 10 mm. diameter of the outlet channel of 50 mm. The
high voltage pulse system for the electrical field was used. The range
of the magnetic ficld is 0.2-0.8 T, the mirror ratio is 1.1. The working

vacuum is (].—5)-1[)'{5 torr.
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FIG. 1. Universal mectal ion source. (I - electromagnet coils;
7 - vacuum chamber; 3a - cathode, 3b - anode, 4 - end clectrodes;
5 - isolator; 6 - high voltage system; 7 - outlet channel; 8 - plasma
flow).

The source plasma is produced by the self-supporting heavy ion
discharge [4,5]. The heavy (metal) ions are formed due to the
ionization of atoms sputtered from a cathode surface by metal

accelerated ions (self-sputtering). The working substance is a cathode

material. It permits to obtain the discharge with ions of various
4

elements including refractory materials. The additional gas
( hydrogen, nitrogen and etc.) is injected into the source to initiate the

discharge [5].
I11. PLASMA FLOW FORMATION

The main processes inside
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EIG. 2. Main processes inside the source (E - radial electrical field,
B- axial magnetic field, a - sputtered atom, i - ion).

The radial electrical field is reduced due to the compulsory
distribution of clectric potentials by the end clectrodes near the
cathode area. The interelectrode region can be conditionally divided
in three regions. The cathode region I is the region of low energy
unmagnetized metal ions which directly fall to a cathode. The region
1 is the region of magnetized metal ions. The Larmor radius of these
ions is less than radial size of the cathode area. Accclerated metal ions
from the anode region I directly fall to a cathode and sputter its
surface and support the discharge. The magnetized metal ions formed
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in the cathode area are lost due to the departure on the cathode by
means of its charge-exchange on a ncutral plasma component. The
transversal energy (W) transforms to the longitudinal energy (WH)

due to the ion-ion collisions during the life time of magnetized metal

ions inside the source plasma:

T % n
W, =W, -—-~8:107 =

tii HD'GP"W&* A

Wy
PR TG z% is time of the ion-ion collisions,
n -

2-3 S ‘ ;

i is life time of magnetized metal ions,

By S0, 2V 2

n, is density of neutral plasma component, o, is charge-

0
exchange cross-section, A is mass number.

The plasma cloud formed on the extreme region of cathode
leaves the source along axial magnetic ficld.

L ~ V1, is forming cathode dimension, V, is longitudinal

velocity of a plasma flow.

3/
£l

n
W

S is area of the outlet channel of the source.
The ambipolar potential ¢ = Te In(n/ ng) +const reduces

is ion current of plasma

I=q-n-V,-S~q-S-

{low:

an ion potential pit in the source and improves an ion maintenance
from the trap W, > (R-1)-W, —e- o [6].

IV. EXPERIMENTAL RESULTS

The plasma flows consisted of various metal ions (Cu, Ni, Ti)
were experimentally obtained. The main parameters and the
dependencies of the titanium ion source are presented in detail. The
majority of measurements ere made at typical parameters of the
source: average discharge current of 50 A, anode-cathode voltage of
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5 kv, discharge duration of 4 msec, magnetic field of 0.8 T. The
measurement of main parameters of plasma flow: longitudinal
velocity of plasma (V,), ion transversal energy (W), radial

distribution of heavy ion density (n), total ion current, electron
temperature (T) were made inside the outlet channel behind the

magnetic mirror.

The specially designed analyzers were used for the specific
plasma conditions (magnetized metal ions, high plasma density)
[7,8,9]. The typical transversal encrgy spectrum of metal ions shown
in fig.3 and had been obtained by the analyzer consisted of a set of
the enclosed cylindrical clectrodes shielded by diaphragm with an
aperture.
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FIG. 3. Metal ion transversal energy spectrum for 10 mm from
magnetic mirror (R - measurement radius inside the outlet channel)



The dependence of Larmor ion radius on its transversal energy
for constant magnetic field is used in the analyzer [7,8,9]. The
longitudinal energy spectrum is obtained by the analyzer-
spectrometer in which the independence of the ion rotation frequency
on magnetic field is used [7,8,9]. The longitudinal energy spectrum for
various times of the discharge is shown in fig.4.
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FIG. 4. Mectal ion longitudinal energy spectrum ( B=0.8 T,
T3>T2>T3 are discharge time)

Longitudinal cnergy of mectal ions is reduced during the
discharge. Plasma temperature of 40-60 ev was measured by the
single electric probe [7,9]. The radial distribution density of metal ions
is measured by the analyzer of transversal energy and shown in fig.5.
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FIG. 5. Radial distribution of metal ion density inside outlet channel
(1, 2 are | em and 7 em behind magnetic mirror).

I.~ 0.6 A is total titanium ion current of plasma flow leaving

through the outlet channel at B=0.8 T.

The experimental dependencies of ion current on the
parameters of the source (discharge current and magnetic field) are
shown in fig.6, 7 and in agreement with the source model described
above.

The increase of the discharge current increases the plasma
density and the ion transversal energy due to the decrease of anode-
cathode voltage.5 Therefore the increase of the discharge current
results in the nonlinear increase of the ion current of a plasma flow.

The increase of magnetic ficld at constant discharge current
results in the increase of the anode-cathode voltage and the decrease
of plasma density, because the transversal energy of magnetized metal
ions is increased and total ion current is reduced. '
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FIG. 7. Dependence of metal ion current of plasma flow on magnetic
field (discharge current of 100 A).
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The estimate of the total ion current of plasma flow for the size

of outlet channel (8~20 em”®) and the typical plasma parameters inside
the source (W~ 1 ev, n~510"cm?) is 3.4 A that is close to
experimental results.

V. CONCLUSION

The universal metal ion source generates a plasma flow with
magnetized metal ions. The self-sputtering of cathode material used in
this source is the universal method to obtain the plasma with ions of |
various matcrials. Measurcments of the main parameters of the
plasma flow with magnetized titanium ions (plasma density of

10"%cm™, jon transversal energy of 20-60 cv, longitudinal velocity of

the plasma flow of (2-3)-10°cm/sec) were produced behind the magnet
mirror of the source. The experimental dependencies of the ion
current on the source parameters (magnetic field, discharge current)
are in agreement with the theoretical estimates. The parameters of
presented source are close to required parameters for plasma
separation process. It is possible to increase the ion current by the
change of the main sizes of the source (outlet channel, cathode,
anode) and the mirror ratio and the decrease of the transversal energy
of magnetized metal ions and the increase of the ambipolar potential.
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