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Experimental Investigation negative Ions in SPT Thruster Channel.
AL Bugrova, A.V. Desiatskov, A.l. Morosov, V.K. Kharchevnikov,
MIREA, Russia.

The effect of anomalous dust
- content of inner surtaces of SPI’
ATON during its testings in
vacuum chambers was discovered
[1,2], when the collector is metal
surface. This effect s also
observed, when the residual gas
in chamber contains much
hydrocarbons (or simply
hydrogen). The explanation of
this phenomenon was given
under assumption about existence
of negative ions in vacuum
chamber. These ions, under
influence of electric field hit SPT
channel |3]. The integral
parameters of a thruster drops.
The purpose of our experiments

was the straight defecting of

negative ions at the outlet of SPT'
and inside it.
I.1. The
experiment.
SPT ATON, the characteristic
dimensions of which are shown
on fig 1, was installed in vacuum
chamber, and plasma jet was
directed along the axis of a
chamber, it was slightly divergent
{4] and did not contract with the
walls of a chamber. In this case
the parameters of a thruster were
high and stable. In order to cause
the drop of parameters, the
quartz target, having size S, was
placed at an angle 30, respect to
thruster axis, at 25 cm from the
outlet. The
negative ions was performed by
the aid of two - mesh probe. In

statement  of

diagnostics  of

order to determine the energy
spectrum of the particles, which
penetrate SPT channel, the probe
was placed at a distance Z = 30
mm from thruster outlet, and at a
distance r = 30 mm from its axis.
The collecting hole of the probe
was oriented at an angle 20° with
respect to thruster axis towards
the direction of plasma flow, that
1s, the probe collected the
particles, which move towards
thruster outlet. The experiment
was carried out either in the
presence of a target, or in the
absence of it. Besides the
investigation of a flow of
particles, penetrating a thruster,
an energy spectrum of charged
particles, which passed through
the channel, was measured. The
muliti - grid probe was mounted
flush with the rear wall of butter
volume, its axis was parallel to
the axis of a thruster. Mass flow
rate of Xe through the anode was
ma = (1,5 - 2,5) mg/s, Ug was (200
-300) V.

Energy spectra of negatively
charged particles at the outlet of
a thruster and in butter volume.

‘These spectra at the outlet
are represented on fig 2a, fig 2b
shows then in buffer volume,
when the target is absent. One
may see, that there is one group
of negatively charged particles at
the outlet, whith mean energy ~ 6
eV. According to previous results
I5] we identify this group as
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electrons, which neutralize ion
flux, leaving a thruster. The
energy spectrum in buffer volume
(fig 2b) has two maximums,
which  correspond to slow
electrons and fast electrons with
energy E = 38 ¢V. We identify
them with near -  wall
conductivity electrons [6]. 7 f flow
from a thruster is received by a
target, then the sccond group of
particles with mean energy ~ (22 -
27) eV appears before the outlet.
Since these particles appear only
in the presence of a target, let us
set, that this group of negatively
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charged particles are negative
1ons.

‘The spectrum of negative
particles in buffer volume in the
presence of a target is changed.
Now it consists of three groups of
particles (see fig 3). One may see,
that the group of negative
particles, which energy
corresponds to discharge voltage,
appears on the rear wall of a
channel. Since this group appears
only in presence of a target, we
identify them as negative ions (see
tablel).

i Tabled
Sort of particles | Us=300V | Us=250V | Uy=200V
Slow electrons, eV 5 4 4
Fast electrons, ¢V 36 32 27
Negative ions, eV 287 243 196

1.2 Concentration of value U, is taken from obtained

negative particles.
The obtained curves of delay
allow us to calculate a density of

charged particles by two
methods:

a) the current on a collector
of a probe.

It is known, that the current
on a collector in a saturation
mode isequal J, = en 'V, where
is the coetfictent of a
transparency of walls, the rest
designations are common. The

energy spectrum.

b) with aid of distribution
function of the particles of a
given kind. From the delay curve
and distribution function, the
density may be calculated as

n o= fj ,(v)dVx

The results of calculations of
a density of charged particles,
obtained by various methods are
represented in Table2.
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Table. 2

Concentration of negative particles in buffer volume and thruster jet
(Ug = 300 V; m, = 2 mg/fs):

{ - slow electrons, 2 - fast electrons, 3 - negative ions;

a - calculation n from VAD of electrostatic probe;

b - calculation n from positive ions spectrum;

¢ - calculation n in accordance with p.p.3.7 (a);

d - calculation n in accordance with p.p.3.7 (b).

BUFFER ~ ' JET
1 2 3 1 P 3

CLEAN |a| 3x1016 | ~ - |ext0t?| - - |
MODEL. ‘

b| 2x1016 — — 1.2x1017| - -
tnl=m2

c| 3x1016 | 7x1015 - .3xot?| - -

d| 2x1016 | 5x101° - |.4x1017| -~ o

a| 3x1016 - -~ 1.5x1037| - -
DIRTY |b| 3x10%6 -~ - 1.2x1037| - -
~ MODEL, '

c| 3x101€ | 8x1015 | 5x1073 |1.2x1017| = Fx1014
nl=m™3 :

dl 2x101@ | s5x1015 | 4x10%3 |1.0x1017 Tx40*




These results mclude:
measurements of density from ion
saturation current of plane
electrostatic probe, from the
distribution function of negative
and positive particles (from the
delay curve of two - grid probe,
electron current and ion current),
from the current on a collector of
multi - grid probe [see p.1]. One
may see from the lable, that,
within the limits of errors, the
results of calculations of densities
of slow electrons and positive
ions coincide. The calculation
shows, that, when discharge
voltage varies from 200 V to
300V (m = const), the density of
the fast and slow electrons varics
weakly, this fact is in accordance
with the results, obtained in [3].

The check of obtained valucs
of negative ion density was made
from the measured rate of film
sputtering on the surfaces of
dielectric channel and butfer.
Obviously, the thickness of
deposited film his h = ’) -

Fag

where m = my niV, St

mo - is the mass of silicon ion
ni , Vi - density and velocity of
negative ions

S - sputtered area

t - time of sputtering

When Ua=300 V. m =2 mg/s,
the rate of sputtering was

Ch oami f
v=""=""" 50,0510 m/ hour
t 0

This value corresponded to
measured thickness of a film after
4 - hOUl‘ testing (V::xp ~? (',057
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mcm/hour), and to the results,
obtained previously.

1.3. Analysis experimental
data. The obtained experimental
data correspond to a theory,
created  previously [5]. The
function distribution of electron
have got three group particles.
When there is no target at the
outlet, we have one group - slow
clectrons in exit channel. At the
same time, the second group of
electrons appears in buffer
volume, its mean energy

. e[ wrav

A= A

[[wyav

s equal to 20 - 30 eV and
corresponds to voltage drop from
the zone of ionization to the
buffer. The distribution of a
potential along the channel, from
the cathode to the buffer is
shown on fig 4. One may see, that
the voltage drop between the
zone of 1onmization and the buffer
1s (20 - 30) V. This means, that
the fast group of electrons in
buffer volume must have energy
of this order. These are the
electrons,  which, by some
reasons, do not hit the anode and
flv mto buffer volume. As one
may see from Table 2, we have
the coincidence of energy and
density results within the limits of
accuracy. lhe energy of fast
electrons in the end of a buffer is
197-220eV.

Thus we may identify this
group of particles as fast
electrons. Hence, when there is no
target at the outlet, we have one
group of electrons, with energy (4
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- 8) eV, it depends on operating
mode, and we have two groups of
electrons in butter zone: slow (4 -
8 eV) and fast, with energy of
order of voltage drop between
the zone of ionization and buffer
zone. The intermediate group in
buffer volume is absent. The
possible reason of this fact is the
presence of decelerating potential
in buffer zone. When there is a
target at the outlet, we have two
groups of particles. If we assume,
that the second group are
negative ions, let us analyvze the
available references. T'his analysis
shows, that negative ions with
energy | - 20 eV may appear
during ion bombardment of
surfaces, ion energy is ~ 200 ¢V,
Appearing near a target and
walls of a chamber, these particles
will have an encrgy ~ 10 - 30 ¢V
at the outlet, since the voltage
drop between a chamber and a
flow 10 20 eV, and ~ 10 V
between a target and a probe.
The dynamics of these potential
depends weakly on the operation
mode (see Table 2). but it may be
traced in the position of the
maximum of distribution function
of this group (see lig 3). So, we
have all reasons to consider our
assumptions rightful.

The voltage drop between
the cathode and buffer zone,
independence on operating mode,
1s shown on fig 4. Obviously, the
negative ions, which hit the
channel and reach the bulfer,
must have an energy, which
corresponds to this voltage drop.
For the operating mode m = 2
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mg/s, Ug = 300 V, the voltage
drop from the anode to the outlet
is 270 V, and, from the buffer to
the anode ~ 10 V. Measured
cnergy of negative lon at the etch
of a buffer will be » 280 eV (see
Table 2 and figd). So, we have all
bases to identify the third group
of particles in a buffer volume as
negative ions, which passed
through a channel of a thruster.
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