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Cathodes are often implemented as a component of electrostatic electric propulsion devices
to enable plasma production and to minimize spacecraft charging. However, cathodes can
be a limiting factor on the lifetime and operation of thrusters due to eventual degradation of
the emitting surface. This study evaluated the operational characteristics and plasma plume
properties of a planar scandate cathode to assess the feasibility of the cathode supporting
operation of a Hall effect thruster. The cathode was operated in a pure xenon environment
within a sealed vacuum tube. Two operational modes were studied: cup connected and cup
disconnected. In each mode, the cathode was operated at a series of heater voltages and anode
currents to investigate operational behavior. Analysis of the cup disconnected data produced
plasma plume properties including the electron current, electron current density, electron
density, plasma density, and electron temperature. The cathode produced a maximum electron
current of 3 A, a maximum electron current density of 616 𝑨

𝒄𝒎2 at the cup orifice, an average
electron density and plasma density on the order of 1013 𝒄𝒎−3, and an electron temperature
ranging from 0.53 eV to 0.87 eV. These plasma properties are comparable to the plasma plume
properties generated by hollow cathodes that have successfully operated with a Hall effect
thruster. The planar scandate cathode has been shown to produce 3 A of electron current which
suggests that it may operate any Hall thruster that requires a discharge current of up to 3 A.
Since the planar scandate cathode produces plasma properties that are comparable to existing
cathodes and sufficient electron current to operate a Hall thruster, it is reasonable to conclude
that the cathode should be considered as a candidate for Hall thruster operation.

I. Introduction

Cathodes are electron emission devices that are typically implemented alongside electrostatic electric propulsion
(EP) plasma devices. These devices include ion thrusters and Hall effect thrusters which require the presence of

electrons for ionization of the propellant gas and neutralization of the plasma plume. Ionization of the propellant allows
for the production of a plasma discharge while neutralization of the plume mitigates spacecraft charging [1].

The primary cathode geometry used in electric propulsion is the hollow cathode. Hollow cathodes are comprised of
five main components: heater, cathode tube, cathode insert, orifice, and keeper. A schematic of a typical hollow cathode
is shown in Fig. 1. The propellant gas is first introduced into the cathode insert region surrounded by the cathode tube.
This is known as the emitter region and is responsible for the excitation of the working gas, emission of electrons,
and generation of a dense plasma. Once a dense plasma is formed in the emitter region, the plasma proceeds to the
orifice which is a region of high current density [1, 2]. The orifice increases the pressure in the cathode insert region to
maintain the dense internal plasma. The plasma heats the insert region to the temperature required for reliable cathode
electron emission [3]. The emission temperature is dependent on the material composition of the emitting surface and
its work function. Following the orifice, the keeper applies an electric field to the internal plasma forming a plasma
discharge, or plasma plume, as seen in Fig. 1. This region of the cathode sustains a diffuse plasma which connects to
the thruster discharge plasma as well as neutralizes the thruster beam [1, 2].
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Fig. 1 Hollow Cathode Geometry

An alternative cathode geometry that could be implemented in electrostatic EP systems is a planar cathode as
shown in Fig. 2. The planar cathode assembly includes an electrical feedthrough, propellant feedthrough, orifice cup,
heater, planar cathode, and keeper. The propellant gas is introduced into the center of the cathode assembly, which is
surrounded by the rear assembly and the orifice cup, through the propellant feedthrough. The orifice cup is present to
create a high pressure region in which breakdown can easily occur. In hollow cathodes, the high pressure region exists
because the propellant is flown through a hollow emitter structure that has an orifice at the exit. Planar cathodes require
the introduction of an orifice cup to produce a similar high pressure region allowing for breakdown. The planar cathode
insert is mounted on a resistive heater which is responsible for heating the cathode to emission temperature, outgassing
any contaminants adsorbed to the cathode surface, and regenerating the cathode emitting surface. A dense plasma is
generated inside of the orifice cup as shown in Fig. 2. Similar to the hollow cathode, the keeper applies an electric field
to the internal plasma leading to the generation of a plasma plume through the orifice. This plasma connects to the
thruster plasma as well as neutralizes the thruster beam.

The most widely implemented cathode material is barium (Ba). Barium cathode inserts are manufactured by
impregnating tungsten with barium. As the cathode temperature increases, barium is released and moves through the
tungsten to the surface where it creates a barium monolayer. The monolayer is a low work function emitting surface
with a work function of around 2.7 eV [4]. The low work function surface emits the electrons required for plasma
production. Over time, the barium depletes which decreases the rate at which barium is introduced into the monolayer.
This leads to an increase in the work function of the emitting surface and eventually affects cathode lifetime due to
insufficient production of the electrons required to ignite or sustain a plasma [3, 5, 6]. Prior to degradation, barium
cathodes typically produce a current density of 1 to 10 A/cm2 [1]. Barium cathodes can also become poisoned over time
due to the development of an oxide layer either from being exposed to the atmosphere or by operating with an oxygen
contaminated propellant. Poisoning will occur if the propellant has an oxygen partial pressure that exceeds 10−6 Torr
[7]. Previous studies have attempted to mitigate cathode poisoning by using LaB6 (lanthanum hexaboride) for the insert
material instead of barium [8–10].

An alternative cathode material is scandium oxide (Sc2O3), also known as scandate. Scandate cathode inserts are
manufactured by impregnating tungsten with scandium oxide. As the cathode heats, the scandium is transported to
the surface of the insert where it creates a semi-conducting layer along with barium and oxygen. This layer operates
similarly to the barium cathode by creating a low work function emitting surface, with a work function of around 1.5
eV, that produces the electrons sufficient to support plasma generation [11]. However, unlike the barium cathode, the
scandium does not deplete which increases the lifetime of the cathode and subsequently the thruster. Additionally, this
type of cathode insert produces current densities greater than 10 A/cm2. Scandate cathodes can also be reactivated if
they are no longer producing electrons at the rate required for operation. Insufficient emission can be a bi-product of
electrical arcing to the cathode surface. Arcing can cause the low work function scandium surface to be knocked off,
thereby decreasing the electron emission capability. The reactivation process involves heating the cathode for a period
of two hours to two days to bring a new layer of scandium oxide up to the surface of the cathode. The regenerative
nature of scandate cathodes makes them more robust than barium cathodes [12–14].
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Fig. 2 Planar cathode diagram compared with cathode tube assembly. Schematic recreated from a diagram
provided by e beam, inc.

There have been a range of studies evaluating the material properties of scandate cathodes and their subsequent
electron emission capabilities [15–20]. These studies include emission characterization as well as demonstration
of scandate cathode inserts in a hollow cathode geometry. Additionally, an investigation into the implementation
of scandate cathode inserts in a planar cathode geometry was conducted by Ohlinger [21]. While this investigation
demonstrated the benefits of scaling cathode technology for low power electric propulsion applications, there was no
conclusive evidence presented to suggest that the cathode would be suitable for implementation in an electrostatic
electric propulsion configuration.

The objective of this investigation was to evaluate the operational characteristics of a planar scandate cathode and
associated plasma plume properties to determine the feasibility of the cathode supporting operation of a Hall effect
thruster. The remainder of this paper is organized as follows: Section II will describe the methodology, experimental
setup, testing procedure, and data analysis technique used to evaluate the cathode. Section III will present the cathode
evaluation results as well as further analysis to demonstrate the cathode’s viability for implementation in a Hall thruster
configuration. The paper will be concluded in Section IV.

II. Methodology
The planar scandate cathode evaluated in this study was the e beam, inc. planar scandate cathode shown in Fig.

3. The cathode assembly contained all of the components shown previously in Fig. 2. Following manufacturing, the
cathode assembly and anode were enclosed in a glass tube and put under vacuum. Once under vacuum, a small quantity
of xenon was introduced into the tube. The tube is a pure xenon self-contained testing configuration with a background
pressure greater than 10−3 Torr. The background xenon gas serves as the propellant gas for the cathode plasma discharge.
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Fig. 3 e beam, inc. planar scandate cathode tube

A. Cathode Operation
Prior to cathode ignition, the scandate insert was heated to electron emission temperature by applying 7.5 V to

the resistive heater. During cathode ignition, the anode was biased to 70 V with a current limit of 3 A and the keeper
was biased to 300 V with a current limit of 1 A. This initiated breakdown inside of the orifice cup and resulted in
the formation of a plasma plume through the cup orifice. Following cathode ignition, the keeper was turned off and
consistent plasma production was driven by the barrel anode. The anode is the rightmost cylinder downstream of the
orifice cup and the keeper as shown in Fig. 2. Once the cathode was emitting electrons and producing a plasma, the
heater was not necessarily required to maintain cathode temperature. If there is sufficient ion bombardment on the
cathode surface, the heater can be turned off and the cathode will continue emitting electrons.

The cathode can operate in two different modes: cup connected and cup disconnected. In cup connected mode, the
cup was shorted to the planar cathode. In cup disconnected mode, the cup floated independent of the planar cathode.
When the orifice cup is shorted to the planar cathode, current flows from the anode to both the cup and the cathode.
Since both the cup and the cathode are receiving current, the cathode operates at a lower temperature because it is
not accepting all of the anode current. The lower operational temperature of the cathode increases the lifetime of the
cathode [22]. When the orifice cup is floating independent of the cathode, current only flows from the anode to the
cathode. This causes the cathode to operate at a higher temperature which can eventually put a limit on lifetime.

The two main parameters that affect cathode performance are heater voltage and anode current. In this study, the
anode was operated in current controlled mode and the heater was operated over a range of voltages. The cathode was
evaluated in both cup connected and cup disconnected configurations. In each configuration, the cathode was operated
over a series of heater voltages: 0 V, 2 V, 4 V, and 6 V. At each heater voltage, the anode current was swept from 1
A to 3 A in increments of 0.2 A every minute. Measurements were taken at each current level to examine cathode
behavior. In cup connected mode the anode power supply voltage, anode current, cathode current, and cup current
were measured. In cup disconnected mode the anode power supply voltage, anode current, cathode current, and cup
voltage were measured. The same data set was collected at t + 0 hours and t + 24 hours to determine if there was any
appreciable difference in operation based on the duration of operation.

B. Measurement Circuit
The measurement circuit used to evaluate the cathode is shown in Fig. 4. The circuit includes the anode power

supply and a voltage divider to measure the anode power supply voltage. The circuit also includes a series of resistors to
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measure the anode current, cup current or voltage, and cathode current. The anode power supply voltage was measured
using the voltage divider measurement resistor labeled Anode PS Voltage. The anode power supply voltage was
measured by documenting the differential voltage across the measurement resistor. This differential voltage was read by
an NI USB-6210 Data Acquisition System (DAQ) and loaded into a LabView VI that converted the differential voltage
across the resistor to the anode power supply voltage. The anode current was measured by documenting the differential
voltage across a resistor that was passed through an amc1300 precision isolation amplifier and was read by the DAQ into
the LabView VI. The differential voltage was used along with the resistance value of 0.06 Ω to calculate the current
flowing to the anode from the power supply. The current flowing to the anode, from the anode power supply, is the
discharge current of the system. The discharge current passed from the anode through the plasma and into the cathode
or the cathode and the cup depending on the operational mode. The cathode current was determined by measuring the
differential voltage across the cathode resistor and dividing it by the 0.1 Ω resistor. The cup current was determined by
measuring the differential voltage across the cup resistor and dividing it by the 0.1 Ω resistor in the cup connected mode.
For the cup connected operational mode, all measurements were loaded into LabView. In cup disconnected mode, the
cup was allowed to float independent of the cathode by opening the switch shown in Fig. 4. The only difference in
the measurement circuit for the cup disconnected mode was that the cup resistor was disconnected from the DAQ in
case the measured voltage exceeded the ±10 𝑉 voltage range limitation of the DAQ. Instead of using the DAQ, the
positive terminal of a FLUKE 179 True RMS Multimeter was connected to the cup resistor and the negative terminal
was connected to ground. The floating voltage was recorded at the end of each minute testing segment. The final thing
to note about the measurement circuit is that the negative terminal of the anode power supply was grounded.

Fig. 4 Measurement circuit configuration

All measurements, except for the cup voltage, were recorded using the DAQ and LabView VI. For each heater
voltage, data was collected for one minute at each anode current. The sampling rate of the VI was 1 kHz. Following data
collection, the anode current, anode power supply voltage, cathode current, and cup current data were each averaged
individually over the one minute segment at each anode current level. The standard deviation of each averaged section for
each measurement quantity was used as the error in the measurement. The error in the cup voltage was the measurement
error of the FLUKE 179 True RMS Multimeter. The anode power supply voltage was also adjusted by subtracting
the voltage drop caused by the anode current measurement resistor to achieve the anode voltage. The data for each
heater voltage, anode current, and cup configuration was used to produce I-V curves to assess cathode behavior. Further
analysis, as laid out in the following sections, was conducted for the cup disconnected configuration.
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C. Electron Current Analysis: Cup Disconnected
The anode current measured in this experiment was the electron current produced by the cathode [1]. In addition

to the measured electron current, the cup has an orifice radius of 0.03937 cm (0.0155 inches). Based on the electron
current and the orifice radius, the electron current density at the cup orifice can be calculated using Eq. 1.

𝐽𝑒 =
𝐼𝑒

𝐴
(1)

Here, 𝐽𝑒 is the electron current density, 𝐼𝑒 is the electron current, and 𝐴 is the area of the cup orifice. In addition to the
electron current density, the electron density and plasma density can be determined. Inside of the cathode tube assembly,
it was assumed that the electrons were stationary at the cathode and were accelerated across a differential voltage towards
the anode. The cathode was grounded and the anode was biased to some potential. Applying conservation of energy,
the electrons began with all potential energy at the cathode and only had kinetic energy at the anode. Based on this
assumption, the electron velocity could be calculated using Eq. 2.

𝑣 =

√︂
2𝑒𝑉
𝑚

(2)

In this expression, 𝑣 is the velocity of an electron, 𝑒 is the fundamental charge, 𝑉 is the anode voltage, and 𝑚 is the mass
of an electron. The velocity of an electron depends on the current state of the anode voltage and thus does not remain
constant over the duration of testing. The electron velocity was dependent on the operational conditions including the
heater voltage and the anode current. Using the electron velocity, the electron density of the plasma can be calculated
using Eq. 3.

𝐼𝑒 = 𝑛𝑒𝑒𝑣𝐴 (3)

Here, 𝑛𝑒 is the electron density and A is the area of the cup orifice [1]. Assuming that the plasma is quasi-neutral, where
the electron density (𝑛𝑒) is approximately equal to the ion density (𝑛𝑖), the density of the plasma (𝑛) can be calculated
using Eq. 4.

𝑛 = 𝑛𝑒 + 𝑛𝑖 = 2 ∗ 𝑛𝑒 (4)

D. Cup Floating Analysis: Cup Disconnected
In cup disconnected mode, the cup was floating independent of the cathode and the floating voltage of the cup was

measured. The cup was an unbiased electrode present in the plasma and therefore its electric potential is equal to the
plasma floating potential [23]. Based on this relationship, the electron temperature could be estimated using Eq. 5.

𝑒𝑉 𝑓

𝑘𝑇𝑒
=

1
2
𝑙𝑛

(
𝜋

2
𝑚𝑒

𝑚𝑖

)
(5)

Here, 𝑉 𝑓 is the floating potential, 𝑘 is the Boltzmann constant, 𝑇𝑒 is the electron temperature in K, 𝑚𝑒 is the mass of an
electron, and 𝑚𝑖 is the mass of the working gas (xenon, in this case) [24–26].

III. Results and Discussion

A. General Cathode Operation
As previously described, the cathode was operated in cup connected and cup disconnected modes. In each of these

modes a set of measurements were taken for a range of anode currents and heater voltages. The data that were collected
are presented in the following sections.

1. Cup Connected
The cathode was first evaluated in cup connected mode. The anode current and anode voltage at t + 0 hours and t +

24 hours is plotted in Fig. 5. Additional curves are shown for April 2023 and August 2023 for heater voltages of 6 V, 4
V, and 2 V (collected by e beam, inc.). The first notable characteristic of cathode operation is that the anode voltage
increases by up to 2 V as the heater voltage decreases from 6 V to 0 V. As the heater voltage decreases, the cathode is no
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longer emitting as readily because it is no longer being sufficiently heated by the heater. The anode voltage increases by
up to 2 V to offset the heating deficit by increasing the temperature of the plasma and thereby keeping the cathode
at a high enough temperature to efficiently emit electrons. Additionally, across the four data sets presented in Fig. 5,
there is minimal variation, less than 2 V, in anode voltage due to duration of operation or when the measurements were
taken. The anode voltage varies by a maximum of 2 V for any given heater voltage. This signifies relatively stable
operation over time. Examination of the anode voltage at t + 0 and t + 24 hours reveals a decrease in anode voltage due
to increased electron emission from the cathode surface after sustaining a plasma for a longer quantity of time.

Fig. 5 Anode current with respect to anode voltage with the cup connected to the cathode. The data sets for t +
0 and t + 24 hours were taken in September 2023. The other two data sets were provided by e beam, inc. from
previous testing.

The cathode current and anode voltage at t + 0 hours and t + 24 hours for the cup connected mode is shown in Fig. 6.
The same variation in anode voltage is observed here due to the cathode emitting surface heating and emitting more
readily after 24 hours of plasma operation and cathode heating. However, in cup connected mode, the cathode current
remains mostly consistent, within 0.25 A, regardless of the duration of operation for any given heater voltage and anode
voltage. The cathode receives a fraction of the anode current and the other portion is diverted to the cup.
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Fig. 6 Cathode current with respect to anode voltage with the cup connected to the cathode.

The cup current and anode voltage at t + 0 hours and t + 24 hours for the cup connected mode is shown in Fig. 7.
The cup current accounts for the reminder of the anode current that does not flow to the cathode. The cup current
increases, by up to 0.2 A, with decreasing heater voltage because the cathode is emitting fewer electrons due to lower
insert temperatures. Therefore, the cup current increases to compensate for the decrease in cathode current. The cup
current for any given heater voltage and anode voltage decreased, by at most 1 V, from t + 0 hours to t + 24 hours.

Fig. 7 Cup current with respect to anode voltage with the cup connected to the cathode.

2. Cup Disconnected
The cathode was also evaluated in cup disconnected mode. The anode current and anode voltage measured in this

study at t + 0 and t + 24 hours is plotted in Fig. 8. As with the cup connected mode, the anode voltage increased by up
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to 1.5 V as the heater voltage decreased, from 6 V to 0 V, to compensate for less cathode heating provided by the heater.
In cup disconnected mode the anode voltage did not decrease from t + 0 hours to t + 24 hours. One possible reason for
this is that in cup disconnected mode, the cup is a source of secondary electron emission which aids in cathode heating.
This extra source of cathode heating minimizes the settling of anode voltage from t + 0 hours to t + 24 hours.

Fig. 8 Anode current with respect to anode voltage with the cup disconnected from the cathode.

The cathode current and anode voltage are plotted in Fig. 9. The cathode current plot, Fig. 9, and the previous
anode current plot, Fig. 8, should be identical to each other because the anode current is driving the cathode plasma
discharge. However, the cathode current measured by the circuit is on the order of 0.1 A higher than the anode current
being fed into the system. One possible explanation for this phenomena is secondary emission due to the floating cup.
The cup is undergoing ion bombardment which causes secondary emission. The secondary emission is in the vicinity of
the cathode and could be causing more ions to bombard the surface of the cathode than were initiated by the anode.
This could cause the cathode current to be higher than the current being introduced by the anode.
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Fig. 9 Cathode current with respect to anode voltage with the cup disconnected from the cathode.

In cup disconnected mode, the ion and electron flux to the cup is equal, resulting in no net current to the cup.
However, the cup voltage was measured and is plotted with respect to anode voltage at t + 0 hours and t + 24 hours in Fig.
10. The cup voltage is the floating potential of the plasma as detailed in Section II. Since the cup voltage is the floating
potential of the plasma, the floating potential increases up to 2 V with an increase in anode voltage because there is more
power driving the plasma. The floating potential of the plasma also increases with decreasing heater voltage because the
cathode is no longer readily emitting electrons due to the external heat applied by the resistive heater. Based on this
effect, the anode supplies more voltage to the plasma and the floating potential of the plasma increases. This maintains
the operational temperature of the cathode as the heater voltage decreases.

Fig. 10 Cup voltage with respect to anode voltage with the cup disconnected from the cathode.
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B. Further Analysis for Hall Thruster Applicability
Further analysis of the cup disconnected mode was done to determine the viability of this cathode to be implemented

in Hall thruster operation. In cup disconnected mode, all of the current is passed from the anode to the cathode. This is
the discharge current or the electron current present in the system. The electron current (anode current in the figures)
was swept from 1 A to 3 A. The electron current density at the cup orifice was calculated for an electron current of 1 A,
2 A, and 3 A and the results are shown in Table 1. The electron current densities exceeded that of a barium cathode
by an order of magnitude and support the claim that scandate cathodes have an electron current density of at least 10
𝐴/𝑐𝑚2 [1, 12].

Table 1 Electron current and electron current density at the cup orifice

Electron Current (A) Electron Current Density (𝐴/𝑐𝑚2)
1 205
2 411
3 616

Given the electron current, the electron density was determined utilizing Eq. 2 and 3. A plot of electron density
with respect to anode current (electron current) is shown in Fig. 11. The electron density linearly increased with the
electron current of the plasma. The electron density also decreases by up to 6% of the maximum with decreasing heater
voltage because the cathode is emitting fewer electrons at lower heater voltages. This is due to the fact that the surface is
not maintaining an optimal emission temperature. Based on this analysis, this cathode maintains an average electron
density of 1.08 ∗ 1013 𝑐𝑚−3. Assuming that the plasma was quasi-neutral, the average plasma density may be estimated
as 2.16 ∗ 1013 𝑐𝑚−3.

Fig. 11 Electron density with respect to anode (electron) current with the cup disconnected from the cathode.

The electron temperature was calculated using Eq. 5 for all heater voltages and anode currents. The resulting electron
temperature plotted with respect to anode current (electron current) is shown in Fig. 12. The electron temperature
increased by up to 0.25 eV with decreasing heater voltage because the plasma had to become more energetic in order
to keep the cathode insert hot enough to sustain electron emission. The cathode generated a plasma with electron
temperatures ranging from 0.53 eV to 0.87 eV.
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Fig. 12 Electron temperature with respect to anode (electron) current with the cup disconnected from the
cathode.

C. Viability for Hall Thruster Implementation
Based on the above analysis, the cathode successfully produced and maintained a xenon plasma with properties as

shown in Table 2. The cathode produced a maximum electron current of 3 A and a maximum electron current density of
616 𝐴

𝑐𝑚2 . In addition, it produced an average electron density on the order of 1013 𝑐𝑚−3, an average plasma density on
the order of 1013 𝑐𝑚−3, and an electron temperature ranging from 0.53 eV to 0.87 eV. The plasma properties measured
in this study can be compared with those presented in existing experimental studies of hollow cathodes which enable
Hall thruster operation. These hollow cathodes were evaluated in flowing xenon environments with a simple ring or
planar anode downstream of the cathode. The list of cathodes, their relevant plasma properties, and applicable Hall
thrusters is also presented in Table 2. The plasma properties include electron current (𝐼𝑒), electron density (𝑛𝑒), plasma
density (𝑛), and electron temperature (𝑇𝑒).

Table 2 Comparison of the plasma properties of the planar scandate cathode and existing cathodes that
successfully operate Hall thrusters [27].

Cathode 𝐼𝑒 (A) 𝑛𝑒 (𝑐𝑚−3) 𝑛 (𝑐𝑚−3) 𝑇𝑒 (eV) Hall Thruster
Planar Scandate Cathode 3 1013 1013 0.53 - 0.87 —
BHC-2500 0.25 1011 1011 0.7 BHT-1500 [28]
SHC-M1 0.4 - 1.2 109 - 1010 109 - 1010 1 - 2.5 SPT-20M [29]
BHC-1500 0.95 - 1 1012 1012 1 - 15 BHT-200 [30]
1.5 cm LaB6 Cathode 15 - 25 1012 - 1015 1012 - 1015 — SPT Thrusters [31]
High Current LaB6 10 - 100 1011 - 1015 1011 - 1015 1 - 2 10 to 50 kW Thrusters [32]
HCA 50 - 100 — — 1 - 6 NASA-300MS [33]

The electron current of the scandate cathode exceeds the electron current produced by the BHC-2500, SHC-M1, and
the BHC-1500. The other three hollow cathodes are high power cathodes so it is expected that their electron current
ranges would exceed that of the planar scandate cathode. The electron density and plasma density produced by the
planar scandate cathode is on the order of 1013 𝑐𝑚−3 which falls in the middle of the electron and plasma densities
ranging from 109 𝑐𝑚−3 to 1015 𝑐𝑚−3 as presented in Table 2. Finally, the electron temperature produced by the scandate
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cathode is comparable to the electron temperatures produced by the cathodes that successfully operate Hall thrusters.
Since the measured plasma properties for the planar scandate cathode are similar in magnitude to the others presented
here, it is reasonable to assume that the planar scandate cathode is a candidate for operation of a Hall thruster.

In addition to the plasma property criteria, the cathode must be able to supply the electron current required to operate
a Hall thruster. The planar scandate cathode has demonstrated up to 3 A of electron current therefore it is likely to
operate Hall thrusters that require up to 3 A of discharge current. A list of thrusters that are potential candidates for
operation with the planar scandate cathode is shown in Table 3.

Table 3 Possible thrusters [34–38]

Thruster Power (W) Voltage (V) Current (A)
SPT-70 95 43.2 2.2
BHT-100 100 200 0.2
BHT-200 200 250 0.8
SPT-50 220 180 1.2
SPT-50M 220 300 1
R-200 250 275 0.9
ST40 450 300 1.5
BHT-600 600 300 2
JPL MaSMi 1000 500 2

The Hall thrusters listed in Table 3 range in power levels from 95 W to 1 kW. Based on the discharge current required,
the planar scandate cathode is likely to be capable of operating Hall thrusters across a wide range of power levels. Based
on this analysis, it is reasonable to conclude that the planar scandate cathode is a candidate to operate a Hall thruster.

IV. Conclusion
In this study the e beam, inc. planar scandate cathode was evaluated to determine the feasibility of the cathode to

produce electron current and plasma properties relevant to Hall effect thruster operation. The cathode was evaluated in
cup connected mode as well as cup disconnected mode over a range of heater temperatures and anode currents to observe
the cathode’s operational characteristics. Further analysis was conducted on the cup disconnected mode data and the
electron current, electron current density, electron density, plasma density, and electron temperature of the plasma
produced by the cathode was determined. The cathode produced a maximum electron current of 3 A, a maximum
electron current density of 616 𝐴

𝑐𝑚2 , an average electron density and plasma density on the order of 1013 𝑐𝑚−3, and
an electron temperature ranging from 0.53 eV to 0.87 eV. These plasma properties were compared with the plasma
properties of existing cathodes that successfully operate Hall thrusters and were found to be comparable. It was shown
that the planar scandate cathode can reliably produce 3 A of electron current (discharge current), suggesting it may be
viable for operation with a range of Hall thrusters. Based on the measured plasma properties and the demonstrated
discharge current, it is reasonable to conclude that the e beam, inc. planar scandate cathode is a candidate to support
Hall thruster operation.
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