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Secondary plasma and charge exchange ions

* |on beam sources can be used
as plasma thrusters

» Secondary plasma is created by
charge exchange collisions
(CEX) [1]

* |ons with low thermal velocities
which can fall back onto the s bilehe Ll
satellite

*“;‘Qriginal Downstream

* These can damage or disrupt the = , * Grid Surface .
engine and the satellite T,

'-w—v—v——-v-—-v-v—-—{
— . . A - 300 microns
[1] Trottenberg, et al., An in-flight plasma diagnostic package
for spacecraft with electric propulsion, 2021 [2] OutS|de of an acceleratlon grid of an NSTAR thruster after

[2] Yalin, et al., 42nd AIAA/ASME/SAE/ASEE Joint Prop. Conf., 2006 30000h of operat|on
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Charge exchange collisions and mean free path

1. Charge exchange collisions 2. Mean free path

» |s a process in which an ion collides = Average distance over which a particle
with a neutral gas atom can travel before having a collision

= The ion acquires an electron from the
neutral gas atom [ 1 [1]

= This results in a slow ion and a fast R

neutral gas atom
» Assessment for the frequency of this

process
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- o [1] Liebermann, Lichtenberg, Principles of plasma discharges and

materials processing, 1994

. . . 2] A.Prediger, Masterarbeit, 2023
lllustration of a charge exchange collision [2] 12 ?
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Horizontal lon Beam Experiment
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(a) gridded ion source (b) hot cathode (c) Translation stage with movable probes
(d) Beam dump (e) Stepper motor (f) Force probe (g) Faraday cup
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The ion beam source SCIA RF37i

Fotografiert von
T. Trottenberg
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lon beam source

s » |nductive Coupled Plasma (ICP)
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* Free electrons cause impact ionization of the
lllustration of an IC ion beam source neutral gas atoms

Equation from: Holste, et al., lon thrusters for electric propulsion: Scientific issues developing a niche technology into a game changer, 2020
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The force probe

tungsten cantilever
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mount with
ceramic insulation

mirror

probe surface with =1 eddy current break
black velvet

cross section of the force probe [1]

[1] M.Klette, M. Maas, T. Trottenberg, H. Kersten, J. Vac. Sci. Technol. A 38, 033013 (2020)
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Evaluation of the force probe measurement

7 X100 Calibration of Force Probe via Linear Regression
+
® Mittelwerte
+  Einzelmessungen
Lin.Reg. mit 322.69 N/m
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Weight [mg]

Investigation of charge exchange collisions in an ion beam

F=k-Ax

Calibration is carried out
using test weights:

keati = (322,69 4 24,78) N/m
Theoretical value from

Euler-Bernoulli beam
theory:

ktheo ~ 319,69 N/m
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Evaluation of the force probe measurement

o Determination of the Deflection
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Faraday cup

D \

Ceramic bracket Copper collector  Outer casing
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Evaluation of the Faraday cup measurement
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Measurement results

20

15

10

Radial Position of the probe table in cm
o

10 20 30 40 50 60 70 80 90 100 110
Axial Position of the probe table in cm

Investigation of charge exchange collisions in an ion beam

1300

1250

200

150

Force in uN

100

50

12.03.24

13



Institute of Experimental and Applied Physics

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

Aex(®) = o (5@) e ()
@ =20 rm = O
N0 = Ao Do = o eomn:

Aexcexp = (610 & 357) mm

kgl
)‘cx theo — —
Ocx

Acx,theﬂ ~ 509,59 Inim
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Summary and Outlook

= 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
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Thank you for your attention
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