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The Xenon Ion Propulsion System (XIPS c©) 25-cm thruster produced by L-3 Commu-
nications Electron Technologies, Inc. offers a number of potential benefits for planetary
missions, including high efficiency and high Isp over a large power throttling range and
availability from an active product line. The thruster is qualified for use on commercial
communications satellites, which have requirements differing from those for typical plan-
etary missions. In particular, deep space missions require longer service life over a broad
range of throttling conditions. A XIPS c© discharge cathode assembly is currently undergo-
ing a long duration test to extend operating experience at the maximum power point and
at throttled conditions unique to planetary mission applications. A total of 4100 hours have
been accumulated in the first test segment at conditions corresponding to the full power
operating point with no evidence of cathode degradation. In addition, cathode electron
emitter temperature measurements yield peak temperatures that are less than or equal
to those of the discharge cathode in the NSTAR thrusters used on Deep Space 1 and the
Dawn mission. Life models using the measured temperatures as inputs indicate that the
XIPS c© cathode has sufficient emitter life for deep space missions.

I. Introduction

Electric propulsion offers a number of potential benefits for planetary missions, including reduced propellant
mass, higher ∆V capability and, in some cases, shorter trip times. NASA’s first use of ion thrusters for
primary propulsion on a planetary mission was the Deep Space 1 (DS1) technology demonstration mission.
The DS1 spacecraft was launched in October 1998, flew by the asteroid Braille in 1999 and encountered
the comet Borrelly in September 2001. The single engine used on DS1 was based on the NASA Glenn
Research Center’s 30 cm ion thruster technology. The thruster, power processing unit (PPU), digital control
interface unit (DCIU) and xenon feed system were developed and provided for the demonstration flight
under the NASA Solar Electric Propulsion (SEP) Technology Applications Readiness (NSTAR) program.
The flight thruster and PPU were built by Hughes (now L-3 Communications, Electron Technologies, Inc.),
the DCIU by Spectrum Astro and the xenon flow control (XFC) assembly by Moog, Inc. DS1 was a highly
successful mission, demonstrating over 16,200 hours of engine operation in space and producing a ∆V of
over 4 km/s.

NASA’s second application of ion propulsion is on the Dawn spacecraft, which will rendezvous with the
two largest main belt asteroids, Vesta and Ceres. This mission exploits the NSTAR technology developed
for DS1 in a system with three thrusters, two PPUs, two DCIUs and a three-engine xenon flow system.
The mission requires running one engine at a time, with two engines to process the total xenon load. The
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third engine and second PPU and DCIU are spares to meet the requirement for single-fault tolerance. The
components were successfully built and integrated over the last five years and the spacecraft is expected to
be launched in September 2007, but a number of delays and cost overruns were encountered. These were
attributable in part to the 7 year gap between the fabrication of the DS1 flight and flight spare engines and
the Dawn engines. The Dawn experience highlights the risks in relying on a thruster technology that was not
designed for ease of manufacturing and does not have sufficiently frequent flight opportunities to maintain
the manufacturing expertise.

At the time the NSTAR thruster was developed for planetary applications, there were no commercial ion
thruster options in the required power range. In December 1999, however, Boeing launched the first of the
702 communications spacecraft with four Xenon Ion Propulsion System (XIPS c©) 25-cm thrusters. There
are currently 52 XIPS 25-cm thrusters operating on 13 geosynchronous communications satellites with no
failures. A total of over 58000 hours have been accumulated in space. The XIPS 25-cm thrusters are designed
to operate in two modes; a 4.5 kW “high power” mode with an Isp of 3500 s for orbit raising and a “low
power” mode at 2.3 kW and an Isp of 3400 s for station-keeping, attitude control and momentum dumping.
The high power and Isp capability of the XIPS thruster make it attractive for use on deep space missions.
XIPS thrusters and PPUs are also available from an active product line which supports the commercial
communications satellite customers, offering the potential for reduced cost and schedule risk. Recent mission
and systems analyses comparing XIPS and NSTAR-based systems showed significant performance and cost
benefits with XIPS for three candidate Discovery class missions–a Near Earth Asteroid Sample Return, a
Comet Rendezvous, and a Main Belt Asteroid Rendezvous.1

There are three primary differences between the requirements for the use of XIPS thrusters in geosynchronous
orbit and for deep space missions. First, the commercial communications satellite applications require only
the low and high power modes, whereas planetary missions typically require continuous throttling over a
broad range to accommodate changes in the available solar array power. Second, the lifetime requirements
for planetary missions are more demanding. The commercial satellites applications require up to 1000 hours
of operation in the high power mode and up to 10950 hours at low power, with a rated throughput of 130 kg
of xenon. In contrast, planetary missions may require up to twice this life. Finally, there are minor differences
in environmental qualification requirements that are not expected to require any design changes and can be
resolved with a delta-qualification program. These differences are currently being addressed so that XIPS
thrusters can be considered for NASA’s deep space missions. Throttling tests with the commercially-available
XIPS thruster and PPU performed at L-3 ETI and the Jet Propulsion Laboratory (JPL) demonstrated that
the thruster is capable of operating from 275 W to over 4.5 kW with only minor modifications to the PPU.
The thrust, Isp and efficiency of the XIPS thruster met or exceeded those of the NSTAR thruster over the
NSTAR throttling range of 500 W to 2.3 kW.2

A combination of analysis and testing is being employed to assess the xenon throughput capability (a measure
of lifetime) of the XIPS thruster. The primary life-limiting components are the grids and the discharge
cathode. The grid life is being assessed with state-of-the-art models of the ion optics, charge exchange
processes and resulting ion sputtering that causes grid erosion.3 These models have been benchmarked with
data from the NSTAR program4 and the XIPS qualification life test, and preliminary results indicate that a
throughput of 200 kg with margin can be obtained with low risk.3 Efforts to assess cathode lifetime include
an ongoing wear test of a XIPS discharge cathode over a range of throttle levels and measurements of the
electron emitter temperature in the cathode. The cathode temperature measurements are being used as
inputs to models of the cathode emitter lifetime. The results of the first 4100 hours of the cathode wear test,
the insert thermal characterization and the modeling results are reported in this paper.

II. The XIPS 25-cm Thruster

An exploded view and a photograph of the XIPS thruster are shown in Fig. (1). The 25-cm thruster consists
of a cylindrical ring-cusp discharge chamber, a discharge cathode assembly, a three-grid ion accelerator
system, a neutralizer cathode assembly and a plasma screen which surrounds the high voltage anode.2,5

This engine was designed to perform the initial orbit-raising maneuver and all on-orbit propulsion functions
for geosynchronous communications satellites. The first maneuver involves 500-1000 hours of operation at
the high power point to boost the perigee of the elliptical orbit into which the spacecraft is launched up to
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the final circular geosynchronous orbit. On-orbit maneuvers require on average about 1 hour of operation
per day on each thruster at low power over a 15 year mission life.

The thruster performance and operating parameters for each of the two modes are listed in Table (1). The
thruster was qualified for the life required to meet the commercial applications in a wear test and with
analyses of critical components.6,7 The wear test included 2680 hours at the high power point in cycles
consisting of 23 hours on and 1 hour off, and 13400 hours at low power with 13100 cycles consisting of 50
minutes on, 30 minutes off.2

Figure 1. Exploded view and photograph of the XIPS 25 cm ion thruster.2

Table 1. Performance and operating parameters for the
XIPS 25-cm thruster.

Low High
Parameter Power Power

Total Input Power (W) 2067 4215
Thrust (mN) 79 165
Specific Impulse (s) 3400 3500
Electrical Efficiency 0.87 0.87
Mass Utilization Efficiency 0.82 0.84
Beam Voltage (V) 1215 1215
Beam Current (A) 1.43 3.01
Discharge Current (A) 7.6 18.0

In tests of the engine and PPU at L-3 and JPL,
continuous throttling between 275 W and 4.5 kW
was demonstrated.2 This extended throttle range
required discharge cathode currents of 3 to 18 A.
Typical planetary missions are likely to require up to
3000 hours at the maximum power level, which ex-
ceeds the time accumulated at the high power point
in the L-3 qualification life test. In addition, deep
space missions will require extended operation at
lower throttle levels for which there is very little
wear test experience. These operating points are
the main focus of the cathode wear test currently
underway at JPL. The processes which can lead to
the failure of hollow cathode emitters are strongly
dependent on the emitter temperature. Unique ca-
pabilities at JPL are being exploited to characterize

the cathode thermal behavior in order to assess the potential for cathode emitter failure. The results of these
two investigations are presented in the next two sections.

III. Status of The On-Going Cathode Wear Test

The objective of the XIPS discharge cathode wear test is to identify any unknown failure modes and char-
acterize the drivers of known failure processes in extended operation at the maximum power point and at
a number of throttled conditions. A total of 4100 hours out of a planned 5000 at the full power point have
been completed. This test segment will be followed by two additional 5000 hour segments at an intermediate
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current level and the minimum power point. The intermediate power condition will be chosen on the basis
of trajectory analyses for candidate applications that are currently being conducted.

III.A. Test Article

A complete discharge cathode assembly that was fabricated using all of the flight component manufacturing
and inspection processes was provided by L-3 ETI for this wear test. The brazed and welded assembly
consists of the impregnated tungsten insert, the cathode tube and orifice plate, keeper electrode, cathode-to-
keeper insulator, and the rear housing with the electrical terminals and gas connector, as shown in Fig. (2).

Heater Coils

Cathode Tip

Keeper

Insert
Cathode Tube

Figure 2. Schematic and photograph of the XIPS discharge cathode assembly.8

III.B. Wear Test Facility

The cathode wear test is being conducted in a 1 m diameter by 2 m long vacuum facility which is pumped by
two 25 cm diameter cryopumps. Pressure is monitored with an ion gauge calibrated with nitrogen gas. The
base pressure is typically 1.3 × 10−4 Pa (1 × 10−6 Torr) and the xenon pressure during cathode operation
ranges from 2.7 − 4.0 × 10−3 Pa (2 − 3 × 10−5 Torr), assuming a gas correction factor for xenon compared
to nitrogen of 2.8.

Figure 3. Photograph of the discharge chamber configuration
used for cathode performance testing.

We have found that cathode performance, mea-
sured in terms of discharge and keeper voltage and
ion production efficiency, is very sensitive to the
anode configuration.9,10 Typical cathode diode
tests with a keeper electrode only or triode tests
with a flat plate anode do not produce results
that are representative of performance in ion en-
gine discharge chambers. The discharge chamber
shown in Fig. (3) and schematically in Fig. (4)
was designed specifically to simulate the environ-
ment of a ring cusp ion engine. It incorporates
a water-cooled copper anode with cylindrical and
conical sections, three rings of SmCo magnets and
a water-cooled solenoid around the cathode. Mag-
netic field strengths of 1500 to 1900 G in the cusps,
120-125 G at the cathode orifice and 45 G closed
contours between cusps provide good plasma con-
finement and stable operation. A flat molybde-
num plate occupies the downstream end of the dis-
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charge chamber instead of the ion extraction grids found in an actual engine. The gap between the plate
and the anode is set to provide a certain neutral loss rate.
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Figure 4. Schematic of the discharge chamber, flow and elec-
trical systems used in performance measurements.

The xenon flow system and electrical configuration
are shown schematically in Fig. (4). Ultra-high pu-
rity xenon is used as the cathode expellant. The
flow rate is measured with a thermal mass flow
meter and controlled with a closed-loop controller
and solenoid valve. The valve is mounted in the
vacuum chamber so that all external feed lines are
above atmosphere pressure to eliminate the possi-
bility of air leaks into the flow system. Main flow
is introduced into the discharge chamber through
a manifold located in the center of the cylindrical
section and controlled with a separate flow con-
troller. The meters were calibrated by measuring
the rate of pressure rise in a known volume, yield-
ing flow rate measurements with an uncertainty of
less than 2%.

Heater, keeper and discharge power are provided by commercial power supplies, with the common returns
grounded to the vacuum tank. The cathode is also grounded to the chamber through the mounting structure.
Currents and voltages are measured to within 1% by the data system using calibrated shunts and voltage
dividers.

The molybdenum plate at the downstream end of the discharge chamber can be biased with respect to the
cathode ground. If the bias voltage is sufficiently negative to repel all electrons, typically less than -14 V,
the ion current to the plate can be measured. However, it is generally operated at a less negative voltage
than this to minimize sputtering. For the wear test, the cathode flow rate was set at the nominal value and
the main flow rate, the current in the solenoid surrounding the cathode and the bias voltage on the plate at
the downstream end of the discharge chamber were varied to produce a discharge voltage of 25 V. Changes
in the main flow rate alter the neutral density in the discharge chamber while changes in the magnetic field
strength and plate bias affect the primary electron loss, both of which impact the discharge voltage. For the
first 1484 hrs the discharge was run in constant current mode, but we found that the discharge voltage was
dropping, presumably because the emitter surface state was improving. This is not unusual in cathode wear
tests under constant discharge current conditions,11–13 but we were concerned that the discharge voltage
might drop to a level unrepresentative of discharge chamber operation. The setup was therefore modified
to allow operation simulating beam current control in an ion engine. In a thruster, the discharge current is
typically varied to maintain a constant beam current. In the wear test setup there is no beam extraction, but
the configuration was altered to allow the ion current to a probe mounted at the center of the molybdenum
plate to be measured as a means of monitoring ion production in the discharge chamber. The probe is a
12.5 mm diameter carbon disk which is biased -20V with respect to the cathode.

III.C. Cathode Performance Over the First 4100 Hours

The cathode was first subjected to a burn-in test, then a number of discharge operating parameters were
changed to most accurately reproduce the conditions in a XIPS thruster. The discharge current and voltage
are plotted in Fig. (5). The cathode was initially operated at the maximum current level of 21 A. Under
these conditions, a main flow rate of 1.6 sccm, a solenoid current of 10 A and a plate bias voltage of 10 V
were required to obtain a discharge voltage of 25 V, the nominal value for XIPS thrusters. After 238 hours
the discharge current was throttled down to 18 A, which corresponds to the high power point used for orbit
raising. The main flow rate and plate bias were modified again to achieve a discharge voltage of 25 V. In
this case the main flow had to be reduced to 0.4 sccm, the solenoid current increased to 13 A and the plate
bias set to 7 V. At 313 hours the magnet current was increased to 15 A to raise the keeper voltage to 6.5
A, a value typically observed in the thrusters at the full power point, as shown in Fig. (6). The discharge
voltage was approximately constant over the next 330 hours.
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After 570 hours of total operation, the magnet current was increased to produce a field strength of 120-125
G at the cathode, which better simulates the thruster environment. The main flow rate at this point was
dropped to zero and the plate bias was changed to 7.5 V to give an initial discharge voltage of 25 V. Over
the next 730 hours the discharge voltage dropped by about 0.9 V, as shown in Fig. (5). As noted above, this
behavior is not uncommon in cathode wear tests that employ constant discharge current and probably reflects
improvements in the cathode emitter surface state. Over this time period the keeper voltage increased from
6.5 to 7 V.
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Figure 5. Discharge voltage and current as a function of test time.
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Figure 6. Keeper electrode voltage and current as a function of test time.

After 1312 hours of operation the decision was made to reconfigure the setup in order to simulate beam
current control in a thruster and inspect the cathode and test fixture. The cathode was purged with
research grade argon at a flow rate of greater than 20 sccm during chamber venting and while the setup was
exposed to atmosphere. Inspection of the cathode assembly revealed no signs of damage other than a slight
texturing of the keeper due to ion bombardment, as shown in Fig. (7). The molybdenum plate was modified
to accommodate the probe and the plate-to-anode gap was increased from 0.4 to 1 cm. This increased the
neutral loss by a factor of 2.5, allowing the use of a non-zero main flow rate.

After the modification, regeneration of the cryopumps and re-conditioning of the cathode, the discharge was
operated in constant current mode for 260 hours. As shown in Fig. (5), the discharge voltage was initially
set at 25 V using a main flow rate of 1.0 sccm and a plate bias voltage of -5.0 V, but dropped continuously
as before. After 1484 hours, the main flow was dropped to 0.8 sccm and the plate bias voltage was increased
to -4.0 V, resulting in a discharge voltage of 25 V. For the next 300 hours the cathode was operated in
closed-loop control mode, in which the discharge current was varied to maintain a constant plate current of
1.45 A, as shown in Fig. (8). The discharge voltage and current were relatively stable over this time.
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Figure 7. Photograph of the discharge cathode and keeper
assembly after 1320 hours of operation.

At 1797 hours elapsed time, a pressure spike re-
sulted in an automatic shutdown. After regener-
ating the cryopumps, the cathode was restarted
and operated in closed-loop control mode with the
discharge current varying to maintain a constant
probe current of 21.8 mA. The probe current was
ultimately selected as the control parameter be-
cause it is less sensitive to changes in electron tem-
perature. The plate was biased at -4.0 V to achieve
the initial discharge voltage and prevent exces-
sive sputtering. The probe generates less sput-
tered material because it is made of more erosion-
resistant carbon and has a smaller area than the
plate, so it can be biased -20 V to repel electrons.
As Fig. (8) shows, the control algorithm has main-
tained the correct probe current for the last 2300
hours. The slightly larger amplitude variations in
probe current from 3000 to about 3150 hours were

due to a larger deadband in the control algorithm. Assuming that the probe current is an accurate reflection
of the ion production rate in the discharge chamber, the ion production rate has been constant during this
portion of the test. Figure (5) reveals that the discharge power has had to increase to maintain the ion
production rate, however. Although the discharge voltage has not varied significantly, the discharge current
has increased from 18 A to 19.7 A, which represents a 7% increase in ion production cost. The plate current
has dropped approximately 100 mA over the last 1100 hours. This could indicate a loss in the volume ion
production rate (although this is not apparent in the probe current, which has been constant), or a change
in the electron temperature or sheath potential at the plate surface. The keeper voltage, plotted in Fig. (6)
has been constant at about 7.5 V since the test fixture was modified at 1320 hours.
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Figure 8. Variation in current collected by the plate and the probe.

The chamber pressure as a function of elapsed time is plotted in Fig. (9). The cathode flow rate has been
constant at 2.8 sccm, so the variations in chamber pressure are due to changes in the main flow rate, pumping
efficiency and ambient temperature. The high initial pressure is attributable to the high main flow rate at the
21 A discharge current condition. Subsequent drops in pressure are due to decreases in the main flow rate.
After the first pump regeneration, the main flow was increased from zero to 1 sccm, resulting in a pressure
increase. The second regeneration evidently resulted in improved pumping efficiency. The long trend upward
in pressure after this point appears to be due to higher ambient temperatures during the summer months.
A power outage at 3020 hours resulted in a facility shutdown and the third pump regeneration.
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Figure 9. Vacuum chamber pressure over the course of the test.

IV. XIPS Cathode Thermal Characterization

IV.A. Temperature Measurement Apparatus

The cathode temperature measurements were obtained in a vacuum facility with pumping, flow, electrical
and data systems similar to those used for the wear test. In these experiments the temperature calibration
procedure described below prohibited the use of a keeper electrode and discharge chamber. A laboratory
model cathode with the same insert, cathode tube and orifice plate geometry as the XIPS discharge cathode
was operated with a water-cooled cylindrical anode and no keeper electrode. A water-cooled solenoid was
used to produce a magnetic field of 80 G at the cathode orifice.9 This magnetic field strength is lower
than that produced by the permanent magnets in the XIPS thruster, but allows stable operation with the
cylindrical anode. Previous experiments have shown that the insert temperature is not sensitive to the
applied field strength.

The temperature distribution along the axis of the cathode insert was measured using an optical pyrometer
system described in detail elsewhere.14,15 Light emitted by the hot surface of the insert is collected with a
high temperature fiber optic probe and transmitted to a two color pyrometer outside the vacuum chamber.
The probe is scanned along the axis of the cathode from the upstream end using a stepper motor-driven
actuator. The scan speed is sufficiently high to avoid probe heating and minimize contamination by barium
deposition. The pyrometer employs sensitive photodiodes to measure the signal intensity in narrow spectral
bands surrounding 1200 and 1500 nm, wavelengths chosen to avoid plasma line radiation. The ratio of these
signals is proportional to the temperature and independent of source-to-probe geometry.

The pyrometer response was calibrated in situ using the cathode heater. A small cylindrical oven consisting of
tantalum radiation shields can be slipped over the cathode using a motion feedthrough in the vacuum chamber
door. This oven provides a nearly isothermal region at downstream end of the cathode, so the pyrometer
signal there can be related to the temperatures measured with the thermocouples on the orifice plate. The
uncertainty in the temperature measurements based on statistical errors, thermocouple measurement errors
and uncertainty in the effective emittance of the hollow cathode cavity is approximately ± 15◦C.

IV.B. Cathode Temperature Distributions

The insert temperature distributions measured with the fiber optic probe for discharge currents ranging from
6 to 18 A are plotted in Fig. (10a). The photodiode signals from the two-color optical pyrometer have been
corrected for variations in effective emittance of the hollow cathode cavity using an algorithm described in
detail previously.15 The temperature rises by 100-150 ◦C from the upstream end of the insert and peaks at
about 2.5 mm upstream of the orifice plate at the highest currents and 5 mm upstream at the lowest current.
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Figure 10. Cathode temperature measurements. (a) XIPS discharge cathode insert temperature profiles measured
with the fiber optic probe. (b) Orifice plate temperatures measured with thermocouples and peak insert temperatures
for the XIPS and NSTAR discharge cathodes. Uncertainties are approximately ± 15◦C in the fiber optic probe data
and ± 1% in the thermocouple measurements.

The insert temperature increases monotonically with discharge current, with peak values that range from
1050 to 1210◦C.

The peak insert temperatures (solid symbols) are compared to similar measurements from an NSTAR dis-
charge cathode10 in Fig. (10b). Corresponding measurements of the orifice plate temperature obtained with
thermocouples are plotted as open symbols. The temperature of the XIPS cathode orifice plate is 185-290◦C
lower than the peak insert temperature. In comparison, there is less difference between the insert and orifice
plate temperatures in the NSTAR cathode and they are higher than those in the XIPS cathode at a given
current level.

IV.C. Insert Life Assessment

The temperature measurements were used to assess insert lifetime for planetary mission applications. In
dispenser hollow cathodes a low emitter operating temperature is achieved by maintaining a layer of adsorbed
oxygen and barium atoms that lowers the surface work function. Ba and BaO are supplied by the barium
calcium aluminate impregnant incorporated in the pores of the tungsten. Gaseous Ba and BaO are released
in interfacial reactions between the tungsten matrix and the impregnant, producing a temperature-dependent
vapor pressure of these species inside the pores. The Ba and BaO then migrate to the surface by Knudsen
flow and surface diffusion on the pore walls, replenishing Ba and O adsorbates lost by evaporation. Insert
life is ultimately limited by the supply of Ba in the impregnant. When the Ba supply rate drops below the
rate at which adsorbed atoms are lost from the surface by desorption, the equilibrium surface coverage drops
and the work function rises.16 The cathode eventually becomes impossible to ignite or cannot be heated to
the temperatures needed to sustain the required electron current density.

The barium loss rate from the interior depends on the vapor pressure of barium deep in the pores, which
varies exponentially with insert temperature, and the flow restriction associated with the porous structure.
As the reaction front recedes into the interior, the vapor flow path length increases and the flow rate drops.
Calculations for Knudsen flow and experiments show that the depletion depth (the location of the reaction
front) increases with the square root of time,17 following a relationship of the form

d = At1/2 (1)

where d is the depletion depth in micrometers, A is a temperature-dependent rate constant, and t is the
operating time in hours. Extensive experiments in which the depletion depth in impregnated cathodes was
measured as a function of time at temperatures ranging from 950◦C to 1100◦C brightness temperature
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yielded a semi-empirical relationship for the rate coefficient A:17

lnA2 = 28.433− 37.371(1000/Tb) (2)

where Tb is the brightness temperature in K.

These relationships were used to calculate the time required to deplete the available barium from the insert
at the peak temperature. Barium is lost from both the inner and outer surfaces of the insert cylinder, so
we conservatively assume that the insert reaches end of life when the depletion depth is half the thickness.
The calculated depletion times are plotted as a function of discharge current in Fig. (11). These times were
then used to calculate the xenon throughput values at those operating conditions, which are also plotted in
this figure. The error bars are based on the uncertainty in the temperature measurements. The minimum
operating time occurs at the highest power point and is 21000 hours at the nominal measured temperature
or 16000 hours, assuming the temperature is at the maximum value in the range of uncertainty. This
lifetime corresponds to a throughput of 373 kg at the nominal temperature and a throughput of 290 kg at
the maximum temperature. These minimum values represent about five times greater life than is typically
required at the high power point for planetary missions, and, as the curve shows, the lifetime capability
increases dramatically at throttled conditions.
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Figure 11. Calculated time for barium depletion and cor-
responding xenon throughput.

In a number of long duration tests of hollow cathodes,
deposition of tungsten crystals at the downstream end
of the emitter has been observed.18 These deposits
appear to form a dense tungsten layer on the sur-
face in the emitting zone which inhibits barium trans-
port from the interior. Despite the restricted flow of
barium from the interior directly under the emission
zone, the cathodes appear to function normally. This
suggests that the barium on oxygen surface complex
that reduces the work function in the emission zone
is maintained by barium from the gas phase. This
barium must be supplied by flow from the porous
tungsten substrate upstream of the region where the
dense tungsten surface deposits form. The predicted
insert lifetimes shown in Fig. (11) are therefore likely
to be extremely conservative, because the lower tem-
perature upstream of the emission zone results in very
slow barium depletion rates. However, even the conservative results shown above indicate that the XIPS
discharge cathode has adequate lifetime with margin for the planetary missions of interest.

V. Conclusions

The XIPS c© 25-cm thruster offers a number of potential benefits for planetary missions, including high
efficiency and high Isp over a large power throttling range and availability from a commercial product line.
The objective of the activities reported here is to ensure that the XIPS c© cathode is qualified for the range
of conditions required in deep space missions. The cathode wear test is designed to fill in gaps between the
qualification life test and unique requirements for planetary missions. Cathode component tests are often
run under conditions that don’t adequately simulate thruster conditions. In this case, the discharge chamber
environment was reproduced to the extent possible without beam extraction, and after observing discharge
voltage behavior that is qualitatively different from that typically observed in thruster wear tests, the setup
was modified to simulate thruster beam current control. This resulted in a nearly constant discharge voltage
and increasing current, which is the behavior generally found in thruster operation. So far there is no
evidence of a degradation in cathode health. In fact, the observed increase in discharge current may be
due to gradually improving emitter surface conditions, which lead to a reduced sheath voltage and internal
electron heating. Lower temperature of electrons convected into the discharge chamber causes the ionization
rate to drop; the closed-loop system then compensates by increasing the discharge current. The current
rise represents a modest 7% increase in ion production cost, which produces a minor reduction in engine
efficiency. In 4100 hours out of planned 5000 at full power, there appears to be no evidence of degradation

10
The 30th International Electric Propulsion Conference, Florence, Italy

September 17-20, 2007



that would threaten the reliability of the cathode over the time periods required at high power for planetary
missions. Subsequent testing will be at lower power levels to identify any unexpected wear processes or
failure modes at conditions where we currently have little experience.

The temperature measurements provide confidence that emitter has sufficient life for anticipated planetary
mission applications. The peak insert temperatures measured in the XIPS c© cathode are comparable to
those measured in an NSTAR discharge cathode at low current levels, but the XIPS c© cathode temperature
is lower by up to 50◦C at higher currents. Conservative estimates of the insert life using models of barium
depletion are much greater than that typically required for planetary missions. The combination of extended
wear testing and use of physics-based failure models so far demonstrates that the XIPS c© discharge cathode
should meet all requirements for use in NASA’s deep space missions.
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