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Satellites and electric propulsion

Konzeptbild DeepSpace1:

NASA/JPL-Caltech, 2018
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Secondary plasma and charge exchange ions

[1] Trottenberg, et al., An in-flight plasma diagnostic package

for spacecraft with electric propulsion, 2021
[2] Yalin, et al., 42nd AIAA/ASME/SAE/ASEE Joint Prop. Conf., 2006

▪ Ion beam sources can be used

as plasma thrusters

▪ Secondary plasma is created by 

charge exchange collisions 

(CEX) [1]

▪ Ions with low thermal velocities 

which can fall back onto the 

satellite

▪ These can damage or disrupt the

engine and the satellite

[2] Outside of an acceleration grid of an NSTAR thruster after 

30000h of operation
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1. Charge exchange collisions

Charge exchange collisions and mean free path

2. Mean free path

▪ Average distance over which a particle

can travel before having a collision

[1] 

▪ Assessment for the frequency of this 

process

▪ Is a process in which an ion collides

with a neutral gas atom

▪ The ion acquires an electron from the

neutral gas atom

▪ This results in a slow ion and a fast 

neutral gas atom

Illustration of a charge exchange collision [2]

[1] Liebermann, Lichtenberg, Principles of plasma discharges and 

materials processing, 1994

[2]  A.Prediger, Masterarbeit, 2023
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Horizontal Ion Beam Experiment
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The ion beam source SCIA RF37i

Fotografiert von 

T. Trottenberg
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Ion beam source

▪ Inductive Coupled Plasma (ICP)

▪ Free electrons cause impact ionization of the 

neutral gas atomsIllustration of an IC ion beam source

Equation from: Holste, et al., Ion thrusters for electric propulsion: Scientific issues developing a niche technology into a game changer, 2020
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cross section of the force probe [1]

[1] M.Klette, M. Maas, T. Trottenberg, H. Kersten, J. Vac. Sci. Technol. A 38, 033013 (2020)

The force probe
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Evaluation of the force probe measurement

𝐹 = 𝑘 ⋅ Δ𝑥

Calibration is carried out 

using test weights:

Theoretical value from 

Euler-Bernoulli beam 

theory:
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(2)

(3)

Determination of the Deflection

(1)

Evaluation of the force probe measurement
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Faraday cup
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Evaluation of the Faraday cup measurement

FC measurement at the point (0,-20) FC measurement at the point (-900,100)
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Measurement results
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Measurement results
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Comparison of probe measurements
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Comparison of probe measurements
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Calculation of the mean free path
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▪ Secondary ions can cause damage to the sources and also to satellites

▪ The measurement of the mean free path for charge exchange collisions can 
be achieved through the use of a Faraday cup and a force probe 

▪ Many error sources have been identified and fixed 

▪ Now, similar measurements with different parameters would be interesting 
like:

▪ Gas type 
▪ Different ion beam sources 
▪ comparisons with different measurement methods, e.g. retarding 

potential analyzer and calorimetric probes 

Summary and Outlook
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Thank you for your attention
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