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MSL laboratory

EP Technologies Development at Mars Space Ltd

 Micro-thrust torsional balance

 VC2 and VC3 used for discharge
cathodes and neutralisers

 VC2 and VC3 suitable for small RF
ion thruster and ring cusp discharge
chambers testing

 RGA (0-200 amu) used to analyse
the vacuum content

 Plasma diagnostics (Langmuir
probe)

 Mechanical workshop for small in-
house job

MSL-VC1 MSL-VC3 MSL-VC2

Three vacuum chambers with independent E-GSE, F-GSE and pumping systems:

• MSL-VC1 has a 2200 L/s turbomolecular pump. Base pressure <5E-6mbar 
• MSL-VC2 has a 8600 L/s STP pump – oil free. Base pressure <1E-7 mbar
• MSL-VC3 has a 2200 L/s STP pump – oil free. Base pressure <5E-7 mbar
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Ring Cusp Discharge Chamber
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Modular Design
• Magnet ring position
• Magnet strength
• Hollow cathode position
• Discharge chamber volume

Requirements and Pre-sizing

Beam Current 1 – 4 A

Ion Production Cost ≤ 160 eV/ion

Discharge Current ≤ 25 A

Discharge Voltage ≤ 25 V

Beam Flatness Ratio 1:2.5

Beam Voltage 1100 V

Thrust 55 – 220 mN

Isp (ideal max) ~3000 (4100) s

Power/Thrust Ratio 23 W/mN

Target Current Density 6 mA/cm2

Max Ibeam 4 A

Grid Area 0.067 m2

Grid Radius 0.15 m

Chamber Length 0.23 m

RCDC Target Performances

Predicted Thruster Performances

Pre-sizing



Ring Cusp Discharge Chamber
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Discharge chamber 
operating with xenon

Operating Conditions
• Simulated beam extraction:

− Mass flow-rate reduced to maintain the 
same neutral density

− Discharge current control increased to 
compensate for beam current

• Up to 29 A & 32 V anode discharge
• Mass flow rate:

‐ Up to 30 SCCM cathode
‐ Up to 80 SCCM main

Ring cusp discharge chamber  & Vacuum chamber 

Xenon Pumping Speed 6500 L/s – 10% Estimated Back-Ingestion

Experimental Test Campaign

Total of 23 different configurations tested

Parametric Study
• Magnetic field topology

‐ Axial magnetic field profile
‐ Strength of magnet rings

• Cathode axial position
• Discharge volume

• Measurements show an operating condition at 3.9 A below 160 eV/ion
• It should be possible to achieve 4 A of Ion Beam current by increasing

the (simulated) discharge current to 25 A



Ring Cusp Discharge Chamber
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• Each configuration tested at a range of operating conditions (mass flow-rate and discharge current)
• Several configurations are characterized by a large range of ion beam currents, some close to 4 A
• Several configurations showed an ion production cost below 200 eV/ion, few close to 150 eV/ion

Experimental Results

Simulated Ion Beam Simulated Ion Cost



Ring Cusp Discharge Chamber
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• The collected current on screen masking area is negligible
• Flatness ratio 1/2.6 and 1/2.25

different mass flow rate different magnetic topologies

Langmuir Probe measurement



Ring Cusp Discharge Chamber
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New Study Started in September (CCN):
Impact of HC Design Parameters on Discharge Chamber Performance

Investigated Parameters

• Cathode orifice radius

• Cathode orifice aspect ratio

• Keeper orifice radius

• Keeper to cathode orifice plate distance

• Insert material

• LaB6

• BaO

Monitored Parameters

• Discharge chamber electrical 
performance

• Discharge noise characteristics

• Cathode plasma parameters

Cathode Plasma Diagnostics

• Langmuir probe

• RPA

• Emissive probe



Ring Cusp Discharge Chamber
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• Steady state, based on R. Wirz Model

• Initial conditions from 0D model

• 4 species interactions (hybrid)
• Neutral atoms (PIC – MCC)

• Primaries (PIC – MCC)

• Plasma ions (Fluid – Finite Volume)

• Plasma electrons (Fluid – Finite Volume)

2D-axisymmetrical Model

• Geometry

• Operating conditions
• Cathode mass flow-rate

• Main mass flow-rate

• Discharge current

• Discharge voltage

Model Inputs
Magnetic field solver

Structured cyl. Mesh



Ring Cusp Discharge Chamber
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Model Outputs
Neutrals Primary Electrons Plasma Density Plasma Potential Electron Temperature

• Convergence criterion: convergence of mass utilization efficiency between sub models (neutral and Ions)

• The 2D-axisymmetric model converges and is stable after a reasonable number of iterations

• Consistency between species interaction during iteration

• Analysis of the model results shows good agreement with experimental data



Ion Optics Code Development
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Code Characteristics
• Full 3D Geometry

• Unstructured 3D mesh

• Finite volume / finite element method for 
electrostatic field solver

• Ion particle tracking (ray-tracing)

• Neutral particle simulation

• CEX Ion generation and tracking

• Prediction of grid erosion evolution due to 
direct impingement and CEX ions

• Prediction of sputter deposition



Ion Optics Code Development
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Special Features
• Multiple electrode (2) configurations

• Grids are allowed to be of different material

• Apertures can be not perpendicular to grid plane

• Aperture misalignment allowed in any direction

Objectives
• Erosion resolution sufficient to adequately 

predict 3D erosion pattern for: 

• Aperture bore erosion (barrel erosion)

• Accel grid Pits & Grooves

• Screen grid erosion (bulk & chamfering)
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GIESEPP
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Develop, build and test the first European Plug and Play 
Gridded Ion Engine Standardised Electric Propulsion 
Platform (GIESEPP) to operate ArianeGroup and QinetiQ 
Space ion engines

Objectives

• Modify and adapt existing in-house 0D and 2D models to 
develop analytical and computational discharge chamber 
design tools capable of helping in the design of an optimised 
thruster (for a given set of performance requirements)

• Grid ion optics design (capable of operating in dual mode)

• Design of complete optimised thruster

• Comparison of test results with model predictions to 
validate the models

MSL Role



LaB6 Cathodes
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• Lab Test Cathode
Discharge Current: flexible, in the range 5 - 45 A
Operating Voltage: 15 - 30 V
Heater Power: <150 W

• Ring Cusp Discharge Chamber Cathode

• Neutraliser Cathode
Design sold to industry major prime

• Plasma Antenna
Electron source for plasma antennas (H2020 PATH)

Key Features

• No susceptibility to oxygen poisoning 

• Lower gas-fed impurity level requirement 

when compared to impregnated cathodes

• No outgassing procedure required after 

exposure to air

• Advanced heater element design

• does not suffer from embrittlement

• increase the cathode reliability

• Simple, modular and highly scalable design



Hollow Cathodes
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Modelling Activities (in-house)
• 0D Models for Insert, Orifice and Keeper Regions

• 1D Model to predict orifice erosion, validated 
against NSTAR and T5 data

• 3D thermo-mechanical models

Future Activities
• Improvement of existing cathode 0D and 1D models

• Development of 2D model to predict cathode lifetime
and performances 

• Further development and lifetime assessment of the University of
Southampton heaterless hollow cathode, focusing on:

− Ignition repeatability and reliability

− Lifetime demonstration in terms of operating hours and number of cycles

1D Orifice Erosion Model



Alternative Cathode Designs
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Development of a diamond-based cold cathode
(in collaboration with Evince Ltd)
Features

• Low cost

• Instantaneously on

• Reduced mass

• No material issues due to significantly reduced 
operating temperature

• No poisoning effect

• Higher suitability to series production

• More flexibility in terms of area from which the 
electron are emitted and/or ability to distribute 
ionisation and neutralisation sources to greatly 
improve efficiency

Objective of investigations

• Investigate need of keeper electrode to improve 
performance/lifetime of the emitters

• Investigate whether discharge flow injection 
location influences performance/lifetime of the 
emitters

• Characterise the emitters performance in diode 
mode (or analogous)

• Characterise the emitters performance when 
coupled with a mini-HET or a mini-GIE (for beam 
neutralisation), depending on the level of 
current densities achieved in diode mode



Alternative Cathode Designs
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• Emitter material: C12A7:e- electride

• No propellant needed

• Operating  temperatures: 700 – 900 degC

• Advanced heater element

• Target current densities 10-100 mA/cm2

• Planar geometry -> easily scalable 

• Power consumption: 20 – 50 W

Development of a Dry Neutraliser for Low Power Ion Engines

(in collaboration with ATD)



Micropropulsion: PPTCUP
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PPTCUP is a Pulsed Plasma Thruster for CUbeSat Propulsion
compliant with the cubesat standard Flight qualification
completed in agreement with ESA/NASA standards

Power Impulse Bit Isp

2.7W 40uNs @ 2.7W 600s

Mass Total Impulse Throttleability

280g 44 - 60Ns 0 – 100%

 RELIABLE. Successfully 
passed an extended 
campaign – TRL8

 VERSATILE. It can be used 
to provide thrust along the 
X or Y-axis of a Cubesat

 SAFE. It includes an 
external box to insulate the 
satellite from the unit and 
to shield the radiated noise

 2 FLIGHT UNITS delivered. 
Unfortunately both 
missions were cancelled

Cubesat structure

PPTCUP-QM MODULE
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Micropropulsion: NanoPPT
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The NanoPPT has been designed to provide attitude
and translation control on a 20 kg nano-satellite.
• Test campaign completed, including:

o Electrical characterization
o Performances measurements
o Preliminary EMI measurements

PTFE bar geometry Breech fed
Discharge energy 5 J

Impulse bit 90 μNs
Specific Impulse 650 s

Total Impulse 188.3 Ns
PTFE bar length 6.8 cm

Propellant (PTFE) mass 30 g
Thruster wet mass 240 g

Total wet mass 350 g
Input power 6.7 W
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Micropropulsion: MiniIon
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NSTP-2  Project to develop Mini Ion Engine for high delta-V 
Cubesat missions

• Thruster total mass of about 300g 

• Promising performance were obtained that were very 

close to the requirements (1mN, 3000s)

• Total efficiencies of up to 26% were obtained

Dg

(mm)

Vb

(V)

Ib

(mA)

 𝒎

(sccm)

PRF

(W)

T 

(mN)

Isp

(s)

ηm

(%)

ηe

(%)

ηT

(%)

1 1700 14.0 0.4 30 0.94 2432 48 44 20

1 1400 10.4 0.3 16 0.63 2186 47 48 22

0.75 1600 11 0.3 20 0.72 2471 50 47 23

0.75 1600 13 0.35 19 0.85 2504 51 52 26
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VHTR: Introduction and Performances
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VHTR Potential Applications : 

• De-tumbling after launching ejection

• EWSK for geostationary satellites

• Emergency manoeuvres

• Momentum management

• Transfer to graveyard orbit at the 

end of the missions

The VHTR project concerns the development of a Very High Temperature Resistojet with an innovative 
heater design and technology in order to maximize the overall thruster efficiency.
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Operating Media GXe, GKr

Inlet Mass Flowrate 0-200 mg/s

Outer Diameter 80 mm

Length 200 mm

Mass < 450 g

Input Power 0 – 200 W

VHTR Characteristics

Thrust 180 mN

Specific Impulse 90 s

Efficiency 40 %

Predicted Performances
@ 200 mg/s Xe, 200W



Thank you for your attention


