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Characterization of an electric propulsion device cathode in diode 
configuration with an external anode

Anode geometry influence on LaB6 cathode 
discharge characteristics

Potrivitu, G C et al, CNRS, ICARE, UPR 3021, 1C av. de la 
Recherche Scientifique, France

DOI: https://doi.org/10.1063/1.5115834

This study demonstrates that the anode geometry

strongly influences the cathode operating envelopes

and discharge mode distribution. A flat disk LaB6

emitter 5 A-class cathode was tested in diode

configuration with different external anodes in order

to examine the anode geometry influence on the

cathode discharge characteristics. The cathode was

operated from 2 A to 12 A while the Xenon mass flow

rate was varied from 0.4mg/s to 1mg/s.

Experimental setup and plasma parameters as a function of the cathode-to-anode distance for 
two anode geometries – Plate and Long cylindrical. 

https://doi.org/10.1063/1.5115834
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Mapping of far-field plume of the PPS100-ML Hall thruster using a Langmuir  probe

Measurement of plasma parameters in the 
far-field plume of a Hall effect thruster

Dannenmayer K et al, Institut de Combustion, 
Aérothermique, Réactivité et Environnement, CNRS, 
Orléans, France  
Charles University, Prague, Czech Republic

DOI: http://dx.doi.org/10.1088/0963-

0252/20/6/065012

In this work, the far-field plume of a 1.5 kW Hall

effect thruster is mapped with a Impedans

Langmuir probe. Time-averaged measurements

of the plasma potential, the electron

temperature and the electron number density

are performed for different operating conditions

of the thruster. The influence of the discharge

voltage, the cathode mass flow rate as well as

the magnetic field strength is investigated.

Example of influence of 
discharge voltage Ud as a 
function of angle ϴ from the 
thruster axis, for constant 
anode mass flow rate ሶ𝑚𝑎=4 
mg s-1 and cathode mass 
flow rate ሶ𝑚𝑐 =0.42 mg s-1. 
The far-field plume is 
mapped at 300 and 500 mm 
downstream the thruster exit 
plane.

Complete map of the far-field plume for Ud = 300 V, ሶ𝑚𝑎=4 mg s-1.

http://dx.doi.org/10.1088/0963-0252/20/6/065012
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Mapping of far-field plume of the PPS100-ML Hall thruster using a Langmuir 
probe

Example of influence of cathode mass flow rate for Ud = 300 V, ሶ𝑚𝑎 =4 mg s-1. Example of influence of coil current for Ud = 200 V, for constant anode mass flow 
rate ሶ𝑚𝑎= 2.5 mg s-1 and cathode mass flow rate ሶ𝑚𝑐 =0.42 mg s-1.
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Characterization of far-field plume of the PPS 1350-ML Hall thruster

Electron flow properties in the far-field plume 
of a Hall thruster

Dannenmayer K and Mazouffre S, ICARE, CNRS, 1C 
avenue de la Recherche Scientifique, Orléans, France

DOI: http://dx.doi.org/10.1088/0963-

0252/22/3/035004

In this work, the plasma properties were

investigated in the far-field plume of a 1.5 kW

class Hall thruster using Impedans single,

cylindrical Langmuir probe. The plasma potential,

the electron temperature and the electron

density were measured at 191 positions,

providing a detailed map of the plume pattern.

This map shows that the plasma plume of a Hall

thruster is an expanding jet that is symmetric

about the thruster axis.

Example of EEDFs 
measured at 
different positions in 
the far-field plume 
of the PPS®1350-ML 
operating at 350 V 
and 4.8 mg s−1.

Complete map of the plasma parameters in the far-field plume of the PPS®1350-ML operating at 
350 V and 4.8 mg s−1.

http://dx.doi.org/10.1088/0963-0252/22/3/035004
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Example of measured plasma parameters in the far-field plume of the PPS 1350-ML operating at 350 V and 4.8 mg; and the PPS 100-ML operating at 300 V and 4.0 mg s−1. 

Characterization of far-field plume of the PPS 1350-ML Hall thruster
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Time-resolved measurements in the far-field plume of a low-power permanent 
magnet Hall effect thruster

Time-resolved measurement of plasma
parameters in the far-field plume of a low-
power Hall effect thruster

Dannenmayer K et al, Institut de Combustion,
Aérothermique, Réactivité et Environnement, CNRS,
Orléans, France
Charles University, Prague, Czech Republic

DOI: http://dx.doi.org/10.1088/0963-

0252/21/5/055020

In this paper, time-resolved measurements of

the plasma potential, the electron temperature

and the electron density in the far-field plume of

a low-power Hall effect thruster are presented.
Time evolution of plasma parameters at x = 100 mm and y = 0 mm in the plasma plume of the 
Hall Thruster operating at Ud = 200 V, ሶ𝑚𝑎=1.0 mg s−1 (Xe). The discharge current Id time series is 
shown as a solid line.

http://dx.doi.org/10.1088/0963-0252/21/5/055020
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Time-resolved measurements in the far-field plume of a low-power 
permanent magnet Hall effect thruster

Evolution in time and space (radial direction) of 
Vp, Te and ne for the two different frequencies at 
100 mm downstream of the thruster exit plane. 

Comparison of the time evolution over one period of Vp, Te and ne for Xe and Kr for the two different 
frequencies at 100 mm downstream of the thruster exit plane on the thruster axis. Also shown the 
comparison for mean values over the radial direction.
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Time-varying EEDF measurements in the plume of the 1.5 kW-class PPS 
1350-ML Hall thruster

The time-varying electron energy distribution
function in the plume of a Hall thruster

Dannenmayer K et al, Institut de Combustion,

Aérothermique, Réactivité et Environnement, CNRS,

Orléans, France

Charles University, Prague, Czech Republic

DOI:http://dx.doi.org/10.1088/0963-

0252/23/6/065001

In this work, time-resolved Langmuir probe

measurements have been performed in the

plume of the 1.5 kW class PPS 1350-ML Hall

thruster. The applied voltage Ud was kept fixed at

(250 ± 3) V. The anode xenon gas mass flow rate

and the cathode mass flow rate were (3.0 ± 0.1)

mg s−1 and (0.40 ± 0.01) mg s−1, respectively.

Experimental setup and EEDF, EEPF measured on the thruster axis 250 mm downstream from the 
channel exit plane (t = 0 µs).

xenon 
ionizatio
n 
potential

http://dx.doi.org/10.1088/0963-0252/23/6/065001
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The evolution in time of the EEPF for four positions 
in the plume during one breathing oscillation period.

The EEPF and EEDF at successive moments during one 
breathing oscillation period for two positions, x = 250 mm 
and x = 400 mm.

Time evolution of ne and Te , showing 
comparison of 
(top) I-V and EEDF methods at x = 250 mm
(bottom) for various positions along the 
thruster axis (y = 0). 

Time-varying EEDF measurements in the plume of the 1.5 kW-class PPS 
1350-ML Hall thruster
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Plasma parameter characterization in the plasma plume near-field of the 
ISCT200 Hall thruster

Electron energy distribution function in a low-power 
Hall thruster discharge and nearfield plume 

Tichy M et al, Charles University, Prague, Czech Republic
National Research Tomsk Polytechnic University, Russia
Institut de Combustion, CNRS, France
Institute of Atmospheric Physics CAS, Czech Republic

DOI:https://doi.org/10.1063/1.5017578

In this work electron temperature, plasma density, as

well as the electron energy distribution function (EEDF),

have been obtained inside and outside the dielectric

channel of a 200W permanent magnet Hall thruster.

Measurements were carried out by Impedans Langmuir

probe mounted onto a compact fast moving translation

stage.

Experimental setup and EEPF measured as a function of the probe position with respect to the 
channel exit. Left panel: downstream positions. Right panel: positions inside the channel.

https://doi.org/10.1063/1.5017578
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Plasma parameter characterization in the plasma plume near-field of the 
ISCT200 Hall thruster

The EEPF in absolute scale 
(normalized to 1) inside the 
thruster channel.

Measured EEDF as a 
function of the distance 
from the thruster exit 
plane.

Example of plasma parameter variation as a function of the probe position.
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Plasma bridge neutralizer for electrostatic thrusters

Discharge characteristics and mode transition of a ring-cusp magnetically confined plasma bridge neutralizer
Linyuan Ren et al, State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an, China 
Surrey Space Centre, University of Surrey, Guilford, United Kingdom
Beijing Institute of Control Engineering, Beijing, China

DOI:https://doi.org/10.1063/5.0101904

In this work, discharge characteristics and mode transition phenomenon of the ring-cusp magnetically confined plasma bridge
neutralizer (RCM-PBN) were experimentally studied using argon as the working gas. Langmuir probe is used to measure the
variation of plasma parameters along the discharge axis in different oscillation modes.

Schematic of the test system setup.Schematic of the ring-cusp magnetically confined plasma bridge neutralizer.

https://doi.org/10.1063/5.0101904
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Plasma bridge neutralizer for electrostatic thrusters

Discharge characteristics and mode transition of a ring-cusp magnetically confined plasma bridge neutralizer

(a) Electron density, (b) electron temperature, and (c) plasma potential as a function of the distance for two discharge modes (high oscillation mode:
ሶ𝑚 = 1:2 SCCM, Ia = 0.5 A, Ua = 20 V; low oscillation mode: ሶ𝑚 = 1:2 SCCM, Ia = 0.7 A, Ua = 40 V)
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PEGASES Thruster
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PEGASES thruster trap using a capacitively coupled RF discharge

Plasma drift in a low-pressure magnetized radio
frequency discharge

Gerst D et al, CNRS-ICARE 1c, Av. de la Recherche Scientifique, 
45071 Orléans, France

Journal publication

DOI: http://dx.doi.org/10.1088/0963-

0252/22/1/015024

Thesis

DOI: https://tel.archives-ouvertes.fr/tel-00977801

In this work, a bright strip-like structure is observed 

in a low-pressure capacitively coupled radio 

frequency discharge (13.56 MHz) with a magnetic 

field perpendicular to the plasma flow. 

The acquisition of the data is done by the ALP System 

manufactured by Impedans, while LP was made in-

house.

Schematic drawing of the setup of the EPIC vacuum chamber with the PEGASES thruster.

http://dx.doi.org/10.1088/0963-0252/22/1/015024
https://tel.archives-ouvertes.fr/tel-00977801
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PEGASES thruster trap using a capacitively coupled RF discharge

Distribution of the plasma density (left) and electron temperature 
(right) along the y-axis at the tube outlet with magnetic field and 
strip formation and without magnetic field (argon, 150 W).

Plasma potential distribution along the discharge 
tube axis for four operating conditions and on-axis 
development of Te for four operating conditions.

Side view of the strip-like structure in a 
RF discharge created in argon, SF6, 
and oxygen (20 sccm, 500 G magnetic 
field and 250 W input power). 
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Electromagnetic Thruster
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Electrodeless plasmoid electromagnetic propulsion using an ICP source

Plume Performance of Electrodeless Plasmoid Electromagnetic Propulsion

Liu X et al, Lanzhou Jiaotong University, Lanzhou, China
Lanzhou Institute of Physics, China Academy of Space Technology, Lanzhou, China

DOI: https://doi.org/10.1109/TPS.2022.3175526

This study focuses on the performance of the inductively coupled discharge caused

by the RMF and the ejected plasma plume. Langmuir Probe measurements on the

plasma plume of the electrodeless plasmoid electromagnetic propulsion system

under different discharge conditions were reported.

Schematic of the experimental setup.

Time-integrated image of Xe discharge of the electrodeless plasmoid
electromagnetic propulsion in steady operation condition.

https://doi.org/10.1109/TPS.2022.3175526
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Electrodeless plasmoid electromagnetic propulsion using an ICP source

Thrust versus plasma radius 
for various electron densities.

Time-integrated images of (a) plasma plume and (b) plume length
and electron density at different RMF input powers PRMF. The gas
flow rate is 10 sccm. The exposure time of the camera is 1 s.

Time-integrated images of (a) plasma plume and (b) plume length and electron density at different Bbias. 
The RMF input power is 300 W.



Impedans Ltd | Langmuir Probe in Thruster Applications | Oct 2022

Electrodeless plasma thruster using Helicon plasma source

Electron thermodynamics along magnetic nozzle lines in 
a helicon plasma

Vinci et al, Institut de Combustion, Aérothermique, Réactivité 
et Environnement, CNRS, Orléans, France

DOI: https://doi.org/10.1007/s44205-022-00003-0

In this paper, the electron cooling rate is experimentally

investigated along the magnetic lines of a helicon plasma

device operating with different magnetic nozzle shapes.

The acquisition of the data is done by the ALP System

manufactured by Impedans, while LP was made in-house.

Helicon source schematics. The z = 0 position refers to 
the discharge tube outlet, y = 0 refers to the reactor axis.

In-house developed RF-compensated Langmuir Probe

https://link.springer.com/article/10.1007/s44205-022-00003-0
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Electrodeless plasma thruster using Helicon plasma source

Contour plots of normalized electron
temperature for the three tested shapes of the
MN. The normalization factor is 5.5 eV.
Dashed black lines represent the magnetic
SLs.

Contour plots of normalized plasma density for
the three tested shapes of the MN. The
normalization factor is 4 × 1017 m−3. Dashed
black lines represent the magnetic SLs.

Electron cooling rate evaluated along the magnetic
streamlines for three different magnetic nozzle shapes
(a)-(c). Scatter points represent the interpolated
experimental data. Solid lines are the least square linear
regressions used to compute γe. Colored areas render
the 95% confidence interval of the Student’s t-
distribution
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Electrodeless plasma thruster using Helicon plasma source

Radial distribution of plasma potential Vp and polytropic
index γe at z = 20 cm for three different magnetic nozzle
shapes (a)-(c). Upper graph: scatter points represent
experimental data; lines are computed polynomial fitting
curves. Bottom graphs: lines reproduce Vp from the upper
plot to enhance visualization (left/black axis); scatter points
represent the value of γe for each magnetic SL crossing z = 20
cm (right/red axis). The bottom graphs share the same scale
on the vertical axes for better comparison

On-axis evolution of the electron energy probability
function for the three tested shapes of the MN. Curves
are computed using the Druyvesteyn method. The
slope of the EEPF steepens at larger values of z
implying cooling of the electrons
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