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Abstract
Low levels of background oxygen and nitrogen can
significantly reduce the erosion rate of metal electrodes
in gridded ion thrusters. The major erosion in an SPT100 is the insulating wall of the accelerating channel
which is made of borosil (a mixture of boron nitride
and silica). Measurements of the insulator erosion
rates with various levels of background nitrogen and
oxygen were made. The results showed no significant
change in erosion rate due to background nitrogen and
oxygen from 2.5x10"7 up to at least 5.0x10 6 Torr.
The erosion zone for the insulator extends from the
exhaust plane about 10 mm into the discharge chamber,
Beyond this distance, some of the eroded material is
deposited and appears as a dark coating on the
insulator. The deposition rate was measured at several
locations along the inner and outer insulators and the
results are included in this paper,

Ion beams have been used for industrial sputter
deposition by sputtering an oxide or nitride target with
the beam. Typically, the oxide or nitride becomes
deficient in oxygen or nitrogen, unless the background
pressure is adequate to restore the lost gaseous
component.
When the background pressure is
sufficient to replace the lost gaseous component, the
sputter rate can decrease substantially 3 .
The SPT-100 is a closed drift, stationary plasma
thruster with an exhaust diameter of 100 mm. There
was concern that low levels of background oxygen and
nitrogen would reduce the erosion rate in the SPT-100,
similar to the reduction observed in metal electrodes of
gridded thrusters and the reduction of sputter rate
observed in deposition targets. The erosion rates for
the SPT-100 insulator were measured for various levels
of these background gases and the results are discussed
below.
The magnetic field for the SPT-100 is produced by
magnet windings which are connected in series with the
anode supply. An additional magnet power supply can
be used to increase the magnet current above the anode
current. The data for this paper were taken using
anode supply parameters of 300 V and 4.5 A, with an
additional 1 A magnet current. These conditions
corresponded to a nominal xenon flow of 54 seem and
a vacuum chamber pressure of 7.0x10 -5 (corrected for
xenon) before adding additional nitrogen and oxygen
backgrounds. These are typical operating conditions
for the thruster.

Introduction
The lifetime of a gridded ion thruster is primarily
determined by the sputter erosion of metallic thruster
components, primarily the grids. A small background
pressure of reactive gas can reduce the erosion rate of
the grids by a factor of several. 1' 2 The variations in
erosion rate with a nitrogen background indicate that a
partial pressure of 1x10 7 Torr or less is necessary to
insure space simulation of the erosion rate.
Copyright 0 1993 American institute of Aeronautics

The vacuum facility used for the testing was 1.37 m
in diameter and 3.05 m in length. The thruster was
mounted in the center of one of the cylindrical end
plates with the beam pointing along the cylinder axis.
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Effects of background gas on erosion
The erosion rate was measured using thin (.2 mm to
.7 mm) borosil insulator samples placed on the inner
and outer thruster insulators near the exhaust plane as
shown in figure 1. The samples were roughly square
and ranged in size from about 3.5 mm to 4.0 mm.
Three samples were placed on the outer insulator and
two were placed on the inner insulator for each of the
test runs. A balance with an accuracy of ± .01 mg was
used to measure a mass change which was typically
1.50 to 3.00 mg for 3 to 6 hours of thruster operation.
The erosion rate was determined by dividing the
change in mass per unit area by the measured insulator
density (1.88g/cm 3) and run time.
czzzzzzzzza

figures 3 and 4. For most of the background gas range
investigated, no change in erosion rate was noticed.
The exception was the 1 x 10-5 Torr oxygen background
where an increase in erosion rate of about 37 % on the
outer insulator and 27 % on the inner insulator was
observed.
Although an increase in erosion with
background oxygen is not what would be expected
from sputtering physics, the same results were obtained
from two nonconsecutive test runs.
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Figure 1. Cross-sectional view of thruster insulators
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showing the location of insulator samples used for
measuring the erosion rate.
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Figure 2. Variation of insulator erosion rate with
thruster operating time.

The erosion rate decreases as the total thruster
operating time accumulates. A plot of the erosion rate
at the average location for the center of an insulator
sample was obtained using erosion data from a previous
lifetime test and is shown in figure 2. 4 The erosion
measurements using the small insulator samples were
performed on a thruster with between 50 and 125 hours
of total operating time. In order to equate the erosion
rates for the various tests which were preformed during
this time, all of the rates were normalized to the rate at
100 hours of operation using the rate change shown in
figure 2.
The tests were repeated several times by adding
various levels of background nitrogen and oxygen to
the vacuum facility. A residual gas analyzer was used
to verify that the relative partial pressures remained
constant during the tests. Several thicknesses were
used to determine the effect of sample thickness on
erosion rate and the data were plotted as shown in

From these results, it can be concluded that there
should be no significant effect on erosion in the SPT100 being tested for a background gas due to air
leakage below 1x 10-5 Torr. Assuming the background
gas pressure during operation is the same as the base
pressure before operation, this means that erosion of
the thruster tested should be similar to the erosion in
space if the base pressure before operation is 1lx 10-5
Torr.
The effect of background gas should scale with the
erosion rate, so that a lower erosion rate would be
sensitive to a lower level of background gas
contamination. The erosion rate drops approximately
a factor of ten from near the beginning of life (similar
to the thruster tested) to the end of life. Again
assuming the background gas pressure during operation
is the same as the base pressure before operation, the
2
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erosion of an SPT-100 near the end of life should be
similar to the erosion in space if the base pressure
before operation is sl X 10 6 Torr.
50

chamber, upstream of the erosion zone. Five samples
were equally spaced on the inner and outer insulators
(a total of ten samples) as shown in figure 5. The
samples used for this testing were 3 mm wide, 4 mm
long, and .4 mm thick. A 16 hour thruster run, with
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no additional background gas, yielded mass increases
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between .10 and .20 mg.
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the deposited material is difficult to determine, the
previously determined density for borosil was used to
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deposition rates have been combined with the erosion
data described earlier and are shown in figure 6.
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Figure 3. Erosion rates of insulator samples placed on

Figure 5.

Cross-sectional view of thruster insulators
showing the location of insulator samples used for
measuring the deposition rate.

the outer insulator.
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If the erosion occurred only in the observed region,
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7-10 mm at the end of the acceleration channel, the
expected cosine distribution for the deposition of

A
A

<
S30

A
a o

? a"

sputtered

o

material

would

result

in the thickest
deposition being near the erosion region and a drop by

6

more than a factor of two in thickness on the inner and
20

Partial pressure, Torr
o Air, 2.5x10-?
o N2 . 5.0xl0-O
5
1 N2 , 1.0x10A 02 5.0x 1-6

o2
10

a 02
0

outer walls near the anode. The shape of these curves
is not consistent with that expected variation. It must
therefore be assumed that the actual erosion zone
reaches further into the discharge chamber so that the
erosion of deposited material (and subsequent
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distribution of the deposit.
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Glass samples, 25 mm square, were also mounted
-outside of the thruster to measure the deposition of
backsputtered material from the vacuum facility as

Figure 4. Erosion rates of insulator samples placed on
the inner insulator.

shown in figure 7. The rates were .02 and .005 A/s
for samples placed perpendicular and parallel to the

Deposition of eroded insulator material

thruster axis. This means that only 2 to .5 % of the
material deposited in the discharge chamber was due to

These data were obtained using borosil insulator
samples which were placed in the thruster discharge

backsputtered material from the vacuum chamber.
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components of borosil (B, N, 0, and Si) were present,
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preferential loss of N and 0. Measurements made with
ordinary ohmmeter show that the deposited material
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is also an insulator. The quality of insulator for this
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application is best determined at operating temperature,
however, and these measurements were made at room
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temperature.
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Concluding remarks
Measurements of the erosion rate with various levels
of background gas showed that erosion of the SPT-100
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metal electrodes of gridded thrusters. The partial
pressure for air to insure a good space simulation of
the erosion rate in a lifetime test is ilx0-6 Torr.
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A deposition of the eroded insulator takes place
upstream from the observed erosion zone.
The

Figure 6. Erosion and deposition rates with respect to
axial location for a thruster with a total operating time
of 115 hours.
Dashed lines indicate additional

material deposited has all of the components of borosil,
but it is dark colored which suggests that the BN and
SiO 2 molecules are fragmented.

uncertainty in the probable shape of the curves.
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