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The role of the electrically conductive vacuum chamber wall in the completion of the 

discharge circuit of a Hall effect thruster (HET) is experimentally investigated. The Aerojet 

Rocketdyne T-140 laboratory-model HET operating at a discharge voltage of 300 V, 

discharge current of 5.16 A, and anode flow rate of 5.80 mg/s serves as a representative HET 

test bed. The nominal facility operating pressure during thruster firings is 4.9 × 10-6 Torr 

corrected for xenon. Two 0.91 m x 0.91 m square aluminum plates are placed adjacent to, 

but electrically isolated from, the walls of the stainless steel vacuum chamber at two 

locations with respect to the center of the thruster exit plane: 4.3 m axially downstream 

along thruster centerline and 2.3 m radially outward centered on the exit plane. The plates 

are configured in three distinct electrical configurations with corresponding measurements: 

a) electrically grounded plates with measurements of currents to ground, b) electrically 

isolated plates with measurements of floating voltages, and c) isolated but electrically 

connected plates with measurements of the current conducted between them. The 

measurements are all taken simultaneously with the discharge current oscillations of the 

thruster at a sampling frequency of 100 MHz. Measurements of the current conducted to 

ground in the electrically grounded configuration reveal that the axial and radial plates 

collect ion currents that are 13.6% and 10.7% of the discharge current, respectively; the 

collected current is coupled to the discharge current oscillations but is smaller in magnitude 

and phase-delayed. In the electrically connected plate configuration, 5.5% of the average 

discharge current is observed to flow from the axial plate to the radial plate driven by a 

floating voltage difference of 7.6 V; this current is uncorrelated in time with the discharge 

current oscillations. These results indicate that the vacuum chamber conducts current and is 

a recombination site for a significant number of plume ions during HET operation. 

Nomenclature 

I = current, A 
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Pb = vacuum chamber base pressure, Torr 

Pc = corrected vacuum chamber background pressure, Torr 

Pi = indicated vacuum chamber background pressure, Torr 

V = voltage, V 

Vc-g = cathode-to-ground voltage, V 

Vd = discharge voltage, V 

Vp = plasma potential with respect to ground, V 

Vpa = axial plate voltage with respect to ground, V 

Vpr = radial plate voltage with respect to ground, V 

ΔV = acceleration voltage, V 

ΔVcath = cathode coupling voltage, V 

I. Introduction 

UE to the high specific impulse, thrust efficiency, and thrust density provided by Hall effect thrusters (HETs), 

a number of commercial and government Earth-orbiting satellite missions have identified them as an appealing 

choice for use as the primary on-board propulsion system. In addition to the mass savings offered by these 

performance attributes, developments in in-space power and the growing Western flight heritage portfolio of HETs 

have also increasingly made them prime candidates for more ambitious deep-space missions, including the recently 

proposed Asteroid Retrieval Mission (ARM).1  

 The growth in interest and popularity of these devices has caused a corresponding proliferation of facilities 

conducting HET research and testing. Despite the similarities among the devices tested and measurements recorded 

at each of these facilities, the wide range of facility geometries, sizes, materials, and base pressures makes it difficult 

for researchers to compare data sets without the inclusion of facility-dependent corrections.2 It is therefore necessary 

to develop an understanding of how to quantify facility effects on HET operation and data collection so that facility-

dependent testing artifacts can be corrected for and a facility-independent understanding of the actual device 

performance can be achieved. 

 Although several investigations into facility effects exist in the literature, most focus on the role of facility 

backpressure on data collection and device operation. Previous studies have shown that increases in facility pressure 

result in artificial increases in device thrust and efficiency due to neutral ingestion or entrainment.3-9 Work has also 

been conducted linking background pressure to parasitic facility effects caused by resonant charge exchange (CEX) 

collisions. Specifically, it has been shown that higher facility pressures lead to increased CEX collisions, which, in 

turn, introduce additional plume components and artificially increase the ion current density measured by Faraday 

probes in the extremities of the HET plume.8, 10-12 Azziz et al suggest that the relationship between current density 

and background pressure is  linear for all angular positions in the HET plume.13 This body of experimental evidence 

on pressure effects is ultimately focused on the development of a process by which to calibrate any vacuum facility 

in terms of pressure.12 

 Despite the fact that HET test facilities are almost ubiquitously metallic, limited effort has thus far been 

expended to examine the effects of chamber conductance on the discharge circuit of the HET. Prior efforts have 

analyzed the propagation of standing wave noise in metallic chambers for electromagnetic interference (EMI) 

testing; however, such work has not been extended to include the role of the chamber in the actual HET system 

circuit.2, 3  

 This paper experimentally investigates the role of a conductive facility on the discharge circuit of a HET.  A 

representative facility test bed with controllable wall bias is created by placing two large square aluminum plates 

adjacent to, but electrically isolated from, the walls of the vacuum test facility both axially downstream and radially 

outward from the exit plane of the Aerojet Rocketdyne T-140 HET. In order to assess the impact of the chamber’s 

electrical configuration on the plasma discharge, measurements of the current conducted through the plates as well 

as the voltage to which the plates are biased are taken as the plates are electrically isolated, connected, and 

grounded.  
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II. Experimental Setup 

A. Vacuum Facility 

All experiments were performed in Vacuum Test Facility 2 (VTF-2) at the Georgia Institute of Technology 

High-Power Electric Propulsion Laboratory 

(HPEPL). A schematic of this facility is shown 

in Fig. 1. VTF-2 is a stainless-steel chamber 

measuring 9.2 m in length and 4.9 m in 

diameter. VTF-2 is evacuated to rough vacuum 

using one 495 CFM rotary-vane pump and one 

3800 CFM blower. High-vacuum is achieved 

using ten liquid nitrogen-cooled CVI TMI re-

entrant cryopumps. The cryopump shrouds are 

fed using the Stirling Cryogenics SPC-8 RL 

special closed-loop nitrogen liquefaction system 

detailed by Kieckhafer and Walker.14 The 

facility has a combined nominal pumping speed 

350,000 l/s on xenon and can achieve a base 

pressure of 1.9 × 10-9 Torr with a nominal 

operating pressure for this work of 4.9 × 10-6 

Torr corrected for xenon. Pressure in VTF-2 is 

monitored using an Agilent BA 571 hot filament 

ionization gauge controlled by an Agilent XGS-

600 Gauge Controller. The corrected pressure 

(  is found by relating the indicated pressure 

(  and the vacuum chamber base pressure (  

to a gas-specific constant using the following 

equation:15 

  (1) 

B. T-140 HET 

All experiments detailed in this work were performed using the Aerojet Rocketdyne T-140 HET originally 

developed by Space Power, Inc. in collaboration with the Keldysh Research Center and Matra Marconi Space 16. 

The T-140 HET is a laboratory-model HET that has a discharge channel made of M26 grade boron nitride with an 

outer diameter of 143 mm. The performance of the T-140 has been extensively mapped by prior investigations.16  

An Electric Propulsion Laboratory HCPEE 500 series cathode was located at the 12 o’clock position of the 

thruster. The orifice of the cathode was located approximately 2.54 cm downstream from the thruster exit plane and 

18.1 cm radially outward from the thruster centerline. The magnetic field strength at the orifice was approximately 

30 G at this location. The cathode flow rate was set to a constant 0.59 mg/s, and the declination was fixed at 55 

degrees with respect to the thruster centerline.  

The magnetic circuit configuration of the T-140 HET (two concentric coils centered on the thruster centerline) 

restricts the position of the magnetic field separatrix to the thruster centerline and precludes the T-140 HET from 

exhibiting the off-centerline separatrix surfaces shown in HETs with magnetic coils centered off-axis.17, 18 This 

magnetic field topology eliminates any concerns from this work about the changing nature of the near-field plume 

properties and cathode coupling as a function of cathode position relative to the absent off-centerline separatrix 

surface.17  

The T-140 HET discharge was controlled using a 10 kW Regatron TopCon Quadro TC.P.20.1000.480.SHMI 

power supply. All other thruster components were powered using TDK-Lambda GEN60-25 power supplies. A 

TDK-Lambda GEN150-10 and GEN40-38 were used for the cathode keeper and heater, respectively. All electrical 

connections entered VTF-2 through separate feedthroughs to eliminate potential EMI concerns. The thruster 

 
 

Figure 1. Schematic of VTF-2 (not to scale). 
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discharge supply was connected to a discharge filter consisting of a 95 µF capacitor and 1.3 Ω resistor in order to 

prevent oscillations over 1.4 kHz in the discharge current from reaching the discharge supply. The discharge current 

oscillations of the T-140 HET were recorded using a FW Bell IHA-25 open-loop Hall sensor connected to a 

Tektronix TDS3034B oscilloscope. The uncertainty and bandwidth of the Hall sensor are ± 2.5% and 500 kHz; for 

the oscilloscope, they are ± 2% and 300 MHz. The cathode-to-ground voltage and the anode-to-cathode voltage 

were measured using Fluke 83 V multimeters, which have an uncertainty of ± 0.1%. 

High purity (99.9995%) xenon propellant was supplied to the thruster and cathode using stainless-steel lines 

metered with MKS 1179A mass flow controllers. The controllers were calibrated before each test by measuring gas 

pressure and temperature as a function of time in a known control volume. The mass flow controllers have an 

uncertainty of ± 0.03 mg/s (5.1%) for the cathode flow and ± 0.12 mg/s (2%) for the anode flow.19, 20 

C. Configuration of Plates 

In order to simulate a metallic facility with 

controllable wall bias, two 0.91 m x 0.91 m x 

0.16 cm thick square aluminum plates were 

mounted adjacent to, but electrically isolated 

from, the walls of the vacuum test facility. The 

axial plate was located 4.3 m downstream from 

the exit plane of the thruster. The radial plate was 

located 2.3 m radially outward from the thruster 

centerline and centered on the exit plane of the T-

140 HET. Figure 1 shows the physical location of 

the plates with respect to the T-140 HET.  

Figure 2 shows each of the four plate 

electrical configurations used in this test. In all 

four cases, the electrical connection to the plates 

was made using a RG-58 coaxial cable with a 

grounded shield that passed through a BNC 

feedthrough into the chamber. This transmission 

line is similar in style to those previously used to 

study discharge oscillations in HETs.21, 22  

In configuration A (IV-swept), each of the 

plates was effectively used as a large planar 

Langmuir probe.23, 24 The bias voltage was 

controlled using a Xantrex XPD 60-9 power 

supply and the plate current was measured using 

a Fluke 83V multimeter. In configuration B 

(grounded), each plate was directly connected to 

chamber ground with the current conducted between each plate and ground measured with a FW Bell IHA-100 

open-loop Hall sensor (± 2.5% uncertainty and 500 kHz bandwidth) connected to a Tektronix TDS3034B 

oscilloscope; the plate currents and discharge current were measured simultaneously at a sampling frequency of 100 

MHz to eliminate any potential phasing effects that could result from asynchronous sampling. In configuration C 

(floating), the plates were electrically isolated, and the floating voltage was measured directly using a RG-58 coaxial 

cable connected via BNC to the Tektronix oscilloscope; these voltage measurements were also taken simultaneously 

with measurements of the T-140 HET discharge current oscillations at a sampling frequency of 100 MHz. In 

configurations A, B, and C the plate not actively being biased was floating. In configuration D (connected), the 

plates were connected to each other instead of to ground, and the current conducted between the two plates was 

measured with a FW Bell IHA-100 open-loop Hall sensor connected to a Tektronix TDS3034B oscilloscope; the 

current conducted between the two plates and the discharge current were measured simultaneously at a sampling 

frequency of 100 MHz. 

III. Results 

All data were collected with the T-140 HET operating at a discharge voltage of 300 V, discharge power of 1.5 

kW, an anode xenon flow rate of 5.80 mg/s, and a cathode xenon flow rate of 0.59 mg/s. The thruster voltage, inner 

and outer magnet currents, anode mass flow rate, and cathode mass flow rate were held constant for all test 

 
Figure 2. Plate circuit configurations: a) IV-swept, b) 

grounded, c) floating, and d) connected. 
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configurations. The thruster was run through a 3-hour conditioning cycle prior to data collection in order to allow 

the thruster to approach thermal equilibrium. 

A. Configuration A: IV-Swept Plates 

Figures 3a and 3b show the current collected by the axial and radial plates, respectively, along with the 

corresponding T-140 HET cathode-to-ground voltage as a function of imposed plate bias voltage in the swept-plate 

configuration shown in Fig. 2a. Despite the large size of the plates, both IV sweeps show the three distinct regions 

(i.e., ion saturation, transition, and electron saturation) typical of Langmuir probe characteristics with the features 

appearing more pronounced for the axial plate.23, 24 In addition to Langmuir probe behavior, the IV sweeps in Fig. 3a 

and 3b reveal a noticeable coupling between the plate bias voltage and the cathode-to-ground voltage of the T-140 

HET. For both the axial and radial plates, once the bias voltage becomes sufficient to begin repelling ions and the IV 

characteristic exits the ion saturation region, the cathode-to-ground voltage increases monotonically with bias 

voltage. The observed magnitude of this effect is stronger for the axial plate than for the radial plate.  

  

a) b) 

Figure 3. T-140 HET cathode-to-ground voltage and plate current of the: a) axial and b) radial plates 

measured during IV sweeps. 

B. Configuration B: Grounded Plates 

Figures 4a and 4b show the discharge current oscillations and plate current measured by the axial and radial 

plates, respectively, in the grounded-plate configuration shown in Fig. 2b. In this configuration, the axial plate 

collected, on average, a current of -0.70 A while the radial plate collected -0.55 A of current, which represents 

13.6% and 10.7% of the discharge current, respectively. The sign of the current indicates that a net ion current was 

conducted from the plates to ground, thus causing electrons to flow from ground to the plate so as to recombine with 

the incident ions. The average discharge current is 5.16 A in both Fig. 4a and 4b.  

Care must be taken when interpreting Fig. 4, as the bandwidth limitations of the employed Hall probe limits the 

frequency resolution of the data to 50 kHz and below. Thus, the intermittent high-frequency oscillations shown in 

Fig. 4b are likely sampling errors and should not be interpreted as significant or indicative of a variation in T-140 

HET performance. A frequency analysis of the plate current was unable to isolate any signals in the 15-22 kHz band 

characteristic of the breathing mode of the thruster or in the other frequency bands up to the 50 kHz limit of the 

probe indicative of rotating spoke or gradient-induced oscillations.21, 22, 25-27 It is expected that this result was, in part, 

due to resolution limitations with the data acquisition equipment, specifically the high-frequency aliasing induced by 

the aforementioned bandwidth limitations of the Hall probe and resolution limitations induced by the bit limitations 

of the oscilloscope. 

In order to remove the high-frequency aliasing, the plate current was passed through a moving average filter. The 

filtered plate current collected by the axial and radial plates is shown in Fig. 4c and 4d, respectively, along with the 

synchronous T-140 HET discharge current. Overall, the traces of the filtered collected axial plate current and the T-

140 HET discharge current have the same waveform, but the axial plate current collects less current and has a phase-
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delayed waveform relative to the discharge current. This coupling between discharge current and filtered plate 

current is also present for the radial plate, but with decreased current collection as compared to the axial plate.  

  

a) c) 

  

b) d) 

 

Figure 4. T-140 HET discharge current oscillations and plate current collected for the grounded-plate 

configuration: a) unfiltered axial plate current, b) unfiltered radial plate current, c) moving-average filtered 

axial plate current, and d) moving-average filtered radial plate current. 

C. Configuration C: Floating Plates 

Figures 5a and 5b show the thruster discharge current oscillations and plate floating potential for the axial and 

radial plates, respectively, collected using the floating-plate configuration shown in Fig. 2c. Despite having nearly 

identical discharge current oscillations traces, Fig. 5a and 5b reveal that the floating potential axially downstream of 

and radially outward from the thruster are very different. The axial plate profile has an average floating potential of 

2.4 V, while the radial plate has a lower average potential of -5.2 V; these results are consistent with those from the 

IV sweeps shown in Fig. 3a and 3b. Unlike with the current collected in the grounded configuration, the floating 

voltage traces do not show a coupling to the discharge current oscillations, but, instead oscillate around a nearly 

constant mean. 
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a) b) 

Figure 5. T-140 HET discharge current oscillations and plate floating voltages measured for the floating 

configuration of the: a) axial and b) radial plates. 

D. Configuration D: Connected Plates 

Figure 6 shows the thruster discharge oscillations and plate-to-plate current conducted for the connected plate 

configuration shown in Fig. 2d. The average conducted plate-to-plate current was 0.29 A, which represents 5.5% of 

the average measured discharge current. The high-frequency bursts seen in the grounded-plate configuration are also 

apparent in Fig. 6a but should again be disregarded as sampling errors due to the limited bandwidth of the Hall 

probes.  

As with the grounded-plate configuration, a moving average filter was applied to the plate-to-plate current to 

remove the high-frequency noise. The filtered plate-to-plate current is shown along with the synchronous discharge 

current in Fig. 6b. Unlike the grounded plates, the connected plate current does not show a strong correlation with 

the discharge current.  

 

  
a) b) 

Figure 6. T-140 HET discharge current oscillations and a) unfiltered and b) moving average filtered plate-to-

plate current for the connected plate configuration. 
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IV. Discussion 

A. The Grounded-Plate Configuration 

Before considering the physical processes governing the IV characteristics from the swept-plate configuration, 

the nature of the HET plume impinging upon the grounded plates must first be discussed. The grounded-plate 

configuration shows that both the axial and radial plates collect current from the HET plume, with the axial plate 

collecting more current than the radial plate. This result is expected, since the HET plume is a conductive plasma 

and has line-of-sight impingement on the axial plate, whereas the positioning of the radial plate keeps it out of the 

line-of-sight of the collimated HET ion beam. Furthermore, the highest current density in the HET plume coincides 

with the HET centerline axis, and is thus directed towards the axial plate.28 The non-zero current collected by both 

plates indicates that the ions in the HET plume have not completely recombined with the plume electrons by the 

time the ions reach the chamber walls; thus, the grounded wall acts as an alternate recombination pathway for those 

plume ions that reach the wall prior to undergoing recombination collisions with cathode electrons. This result is not 

unexpected as the ion-electron recombination collision rates in a HET plume are sufficiently small in the near-field 

to be neglected in plume models.29, 30 Since the ion recombination is therefore completed at the conducting vacuum 

facility wall, the potential of these surfaces will impact the plasma potential with respect to ground. This dependence 

is an artificial effect introduced by the presence of the vacuum facility and is expected to be absent on orbit. 

Furthermore, the completion of the recombination process at the wall as well as the collection of a significant 

electron current by the radial plate, significantly alters the path of the electrons in the vacuum test facility. Instead of 

being forced to travel to the HET plume for collisional recombination, the electrons, instead, can travel to the facility 

wall to be conducted directly to ground. Thus, any process dependent upon the path of the electrons through the 

plasma (including plasma reactance and resistance) may be significantly different between facility operation and 

operation on orbit.17, 31 This change may need to be accounted for during ground testing. Finally, the completion of 

the recombination process at the facility walls could also result in the production of secondary ions due to the impact 

of the ions with the wall. However, the effect and creation of these secondaries was not measured or quantified for 

this work.  

B. IV-Swept Plates 

The IV sweeps from the swept-plate configuration shown in Fig. 3 reveal that the electrical potential of the 

facility, simulated by plate bias voltage, directly 

impacts the cathode-to-ground voltage of the HET. 

As shown in Fig. 3a, negative voltages and low 

positive voltages (i.e., less than 2 V on the axial plate 

and less than 10 V on the radial plate) do not affect 

the cathode-to-ground voltage. After this limit, 

however, the cathode-to-ground voltage increases as 

the plate bias increases. Figure 3a indicates that the 

axial plate cathode-to-ground voltage has two non-

zero linear sections: the first section at lower bias 

voltages has a moderate slope while the second 

section at higher bias voltages has a greater slope. 

This trend is best seen in Fig. 7, which plots the 

derivative of the cathode-to-ground voltage (Vc-g) 

with respect to the applied axial plate bias voltage 

(Vpa) as a function of the bias voltage. This plot 

shows that the two linear sections in Fig. 3a 

correspond to slopes of approximately 0.55 and 0.98, 

respectively. This indicates that as the axial plate 

bias voltage increases, there is a point at which the 

plate bias voltage and cathode-to-ground voltage rise 

at nearly a one-to-one ratio.  

 The observed relationship between cathode-

to-ground voltage and the axial plate bias voltage is 

explained by sheath physics on the biased wall. 

Overall, the axial plate acts as a planar Langmuir probe and produces an IV characteristic with the expected three 

distinct regions (i.e., ion saturation, transition, and electron saturation).23, 24 However, in the analysis of Langmuir 

 

Figure 7. Measured T-140 HET cathode-to-ground voltage 

and its derivative with respect to axial plate bias voltage as a 

function of bias voltage. 
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probes, it is often assumed that the probe geometry is sufficiently small that the probe bias does not affect the bulk 

plasma.23 The size of the axial plate relative to the plasma sheath renders this assumption invalid for the present 

work as the Debye length near the axial plate is approximately 70 µm. In previous experimental and computational 

work with large biased electrodes in contact with a plasma, it has been shown that increases in bias voltage causes a 

corresponding increase in plasma potential.32-34 This relationship is identical to the form of the cathode-to-ground 

voltage curves shown in Fig. 3 and provides the physical explanation for the observed HET behavior.32  

At negative voltages and low positive voltages (i.e., less than 2 V), the axial plate acts as a planar Langmuir 

probe that has reached ion saturation. No change in cathode-to-ground voltage is observed in this regime because the 

plasma potential must remain sufficiently positive with respect to ground to keep the thermal electrons trapped 

within the bulk discharge to maintain quasi-neutrality. Further decreases in bias voltage will simply decrease 

electron flow to the surface, but will not affect ion flow. Consequently, the plasma potential is prevented from 

continuously dropping with decreasing bias voltage as the biasing does not also perturb the plasma density or 

electron temperature.33, 34  

At axial plate bias voltages above approximately +2V, the sheath begins to expand and collect additional 

electrons. As the bias is increased further, the electron flow to the surface also increases, thus leaving only the 

highest energy electrons confined in the bulk plasma. The corresponding drain of negative charge from the plasma  

pushes the plasma potential higher in order to maintain a quasineutral bulk plasma.34  

Once the bias voltage on the axial plate is high enough (i.e., around 30 V), the plate reaches the electron 

saturation limit. Further increases in the bias voltage do not increase the current collected by the plate because there 

are no additional electrons to collect from the plasma; all remaining electrons in the beam that have otherwise not 

undergone electron-ion recombination before reaching the axial plate are now being collected by it. Therefore, the 

plasma potential must respond to increases in bias voltage with a nearly one-to-one voltage increase since the 

plasma cannot provide additional electrons yet must provide the same charge flux to maintain quasi-neutrality.33, 34  

The response of the cathode-to-ground voltage is tied to that of the plasma potential by the coupling voltage of 

the cathode. The coupling voltage ( ) is a loss term that is defined as the difference between the plasma 

potential and the cathode-to-ground voltage and indicates the resistance to electron transport between the cathode 

and HET anode.4, 31, 35 The cathode in turn emits a flow of electrons equal to the discharge current. Since the ion 

beam current is constant across all plate biases, the electron current out of the cathode must also be a constant. Thus, 

an increase in plasma potential at high plate bias causes a corresponding increase in cathode-to-ground voltage in 

order to maintain a fixed coupling voltage and to provide a constant electron current from the cathode. 

 Since the steady increase in cathode-to-ground voltage with axial plate bias voltage is observed once nearly all 

of the plume electrons are collected, it is postulated that if the entire chamber were biased in the same manner as the 

axial plate, that the cathode-to-ground voltage would respond with a one-to-one voltage increase even at low 

positive bias voltages because all of the plasma electrons would already be impinging on the chamber walls. A 

corresponding increase in the plasma potential would then result since the chamber walls would not be able to 

collect additional electrons. Furthermore, previous studies have found that, so long as the surface area exposed to the 

plasma remains nearly constant, the effect of plate bias of plate bias on plasma potential is independent of the shape 

of the electrode.32 Thus, this same phenomena is expected to occur in all chambers with dimensions shorter than 

several ion-electron recombination mean free paths since not all ions will have recombined via collisional 

interactions in the plume prior to reaching the facility wall.  

Biasing of the radial plate does not affect cathode-to-ground voltages until larger radial plate bias voltages are 

reached. Unlike the axial plate, the radial plate does not have plume plasma impinging directly upon it. Instead, the 

radial plate primarily interfaces with a less dense plasma composed of CEX ions and non-magnetized cathode 

electrons and thus does not have the direct line-of-sight conductive connection through the energetic plume ions. As 

a result, the applied voltage must be higher in order to draw a sufficient flux of electrons to cause an increase in 

cathode-to-ground voltage. However, once a sufficient flux of electrons are attracted to the plate, the same coupling 

to the cathode-to-ground voltage as with the axial plate is observed. 

The net effect of the changing cathode-to-ground voltage and plate bias voltages on HET performance can be 

estimated using the acceleration voltage ( , which is the potential across which the beam ions are accelerated. 

The acceleration voltage is a function of discharge voltage (VD), cathode-to-ground voltage (Vc-g), and plasma 

potential (Vp) and is defined using Eq. 2:4  

  (2) 
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Note that in Eq. 2, the signs of the voltages relative to ground must be included. The discharge voltage for this work 

is a constant for all plate bias voltages. Furthermore, as previously described, the difference between the cathode-to-

ground voltage and plasma potential must also remain constant in order to maintain the required electron current to 

the plume. Thus, the acceleration voltage must also remain nearly constant with plate bias voltage.  

 This trend is shown qualitatively in Fig. 8a and 8b. Instead of changing the voltage difference between the anode 

and the bulk plasma, the increase in plate bias serves only to shift the potentials of the entire HET circuit upwards 

with respect to ground. Since the acceleration voltage determines the kinetic energy and generated thrust of the 

exhausted beam ions, the invariance in acceleration voltage with respect to plate bias also implies an invariance in 

thruster performance with respect to chamber bias. However, without plasma potential measurements and thrust 

data, the effect on HET performance cannot be fully quantified. 

 

a) b) 

Figure 8. T-140 HET potential distribution for the a) grounded and b) positively-biased plates.  

C. Floating-Plate and Connected-Plate Configurations   

Both the floating-plate and connected-plate configurations provide additional insight into the electrical role of the 

chamber in the HET discharge circuit at lower bias voltages. The floating-plate configuration shows that the axial 

and radial plates floated to 2.4 V and -5.2 V, respectively. The observed potential difference is expected due to the 

spatial configuration of the plates and of the HET plume. As shown in Fig. 1, the axial plate is located downstream 

of the centerline of the T-140 HET. This placement subjects the axial plate to direct impingement from the densest 

region of HET plume ions, thus necessitating that the plate floating voltage increase in order to maintain an equal 

flux of ions and electrons to the surface of the plate.24 The radial plate is not directly impinged upon by the energetic 

plume ions as it is located in the angular wings of the HET plume. This plume location is characterized by a low 

current density (relative to the plume centerline) plasma composed primarily of slow CEX ions and electrons.8, 10-12, 

28  In this region, the electron mobility is unlikely to be constrained by magnetization due to the negligible magnetic 

field present and there should be little to no radially-directed ion beam.36 Thus, by virtue of their smaller mass, the 

electrons are the more mobile species in the near-plate region and, therefore, the primary species impinging upon the 

radial plate.24 This is confirmed by Fig. 3b, which shows that for the radial plate, the ion saturation region and 

floating potential coincide; thus, in order to maintain equality of ion and electron flux to the surface, the radial plate 

must float at a potential that maximizes the collected ion current, a condition necessitated when the near-field 

electron impingement is much greater than that of the ions. Consequently the floating voltage of the radial plate is 

driven lower in order to maintain the zero net current boundary condition necessitated by the floating surface.24  

The connected-plate configuration expands upon the results of the floating plate configuration to indicate that the 

walls of the vacuum test facility also conduct current even if the walls are floating. The current flow through the 

walls of this simulated floating chamber acts to spatially redistribute the charge collected from the HET plume 

instead of simply providing a charge sink to the ground as was the case for the grounded-plate configuration. 

Although the combined plate surface area is only 2% of the total test facility wall area, 5.5% of the HET discharge 
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current was observed to be conducted between the two floating plates. This result indicates that a significant amount 

of the HET current passes through the conducting chamber walls.  

Applying a moving average filter to the current and voltage data from the grounded- and floating-plate 

configurations, respectively, removes the high-frequency noise from these signals and serves to better reveal the role 

played by the chamber walls of either a grounded or floating chamber. In the grounded-plate configuration, the 

oscillations observed in the discharge current also appear, although out of phase, in the waveform of the current 

conducted from each plate to ground. This result indicates that the discharge current is itself the forcing function to 

which the current conducted to ground from the plate must respond. In other words, the greater the discharge 

current, the greater the flux of ions that are recombined on the plate by sinking their charge to ground.  

The observed attenuation of the plate-to-ground current relative to the discharge current oscillations in the 

grounded-plate arises from the divergence of the beam, which prevents the axial plate from collecting the full beam 

current. This attenuation is larger for the radial plate due to its spatial location outside of the line-of-sight of the HET 

plume.  

The observed time lag in the plate current arises due to the finite ion transit times as the discharge oscillations 

propagate downstream. Using the data from the swept-plate configuration, it can be found that the mean beam ion 

exit velocity from the T-140 HET is approximately 21,700 m/s. Thus, the beam ion transit time from the HET exit 

plane to the axial plate is approximately 200 µs. A similar analysis for the CEX ions incident upon the radial plate 

yields a thermal velocity of approximately 400 m/s, with a corresponding transit time to the radial plate of 5.7 ms.36 

The sampling time in Fig. 5c and 5d is only 100 µs and is thus too short to capture both the ion exit from the HET 

and its subsequent arrival at either the axial or radial plate. Thus, the oscillations in plate current in Fig. 4c and 4d 

are most likely due to previous discharge current oscillation cycles. This delay explains the observed differences in 

waveform between the captured discharge current and plate current oscillations and suggests that longer sampling 

times are required in order to capture the full lag of the plate current waveform.    

For the voltage data of the floating-plate configuration and the plate-to-plate current from the connected-plate 

configuration, the same correlation with the discharge current is absent. This indicates that the discharge current is 

not the primary forcing function driving the plate-to-plate current. Rather, the nearly constant floating voltage 

differential that arises in the chamber due to the spatial structure of the plasma plume drives a nearly constant 

current between the two plates. This result again indicates that the chamber in the floating case spatially redistributes 

charge instead of providing a pathway for charge to ground.  

Despite the observed change in collected plate current, the change from grounded to floating plates did not alter 

the performance or operation of the T-140 HET. Specifically, the cathode-to-ground voltage and discharge current 

remained constant regardless if the plates were grounded or floating. This result is not unexpected as the Debye 

length in the lower density, less energetic far-field plasma is on the order of 70 µm, orders of magnitude less than 

the spacing between the HET and the plates.24 Thus, the bulk plasma interacting with the HET is shielded from the 

plates in both the grounded- and floating-plate configurations, and the HET operates independently of whether the 

downstream recombination of beam ions occurs due to electrons from ground or spatial charge recombination 

through the chamber itself.  

V. Conclusion 

This work explored the connection between the HET electrical circuit and the conducting walls of a vacuum test 

facility. Current-voltage sweeps of grounded, aluminum plates indicate a potential coupling between the electrical 

properties of the test facility and the HET circuit caused by the ability of high wall biases to increase the bulk 

plasma potential. However, the increase in plasma potential did not cause a change in acceleration voltage. The 

constancy of acceleration voltage with respect to plate bias, in turn, suggests that HET performance is independent 

of facility bias, but that the HET circuit is not. This dependence is artificially introduced by the presence of the 

facility and is expected to be absent on-orbit. 

Current measurements using grounded, aluminum plates indicate that the chamber walls serve as an active 

recombination pathway and that the current conducted through the grounded chamber is driven primarily by the 

discharge current of the HET. The collection of a significant electron current by the radial plate furthermore 

suggests that the presence of the vacuum facility walls significantly alters the path of the electrons, and therefore any 

processes dependent upon the path of the electrons (e.g., plasma reactance and resistance) may be different between 

facility operation and operation in space and thus may need to be accounted for during ground testing.  

Floating the pates revealed that the directed ion beam causes a net positive floating voltage within the line-of-

sight of the HET plume while CEX ions and mobile electrons caused a negative floating voltage outside of this 

region. The connected plate configuration shows that current flows between the axial and radial wall regions. This 
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indicates that floating conductive chamber walls allow for charge transport and serve to spatially redistribute the 

collected charge. As this redistribution is driven by a nearly constant spatial potential difference in the chamber, it is 

largely unaffected by discharge current oscillations. Further, switching from the grounded plate to floating plate 

configuration showed no change in the discharge current or cathode-to-ground voltage, thus indicating that the 

plates were sufficiently far away to be shielded from the bulk plasma by sheath formation and that the HET operated 

independent of the wall configuration at low wall biases.  
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