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Image credit: NASA/JPL-Caltech 
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Image credit: NASA/JPL-Caltech 

"Delta-Vs for inner Solar System" by Wolfkeeper - Public 

Domain via Wikimedia Commons  



Electric Propulsion 
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Propulsion basics 
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Ion engine performance 

Mission capabilities 

! ΔV required with high thrust < ΔV (low thrust) 
•Hohmann transfer 

•Oberth effect 
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Electric Propulsion system 
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Electric Propulsion system 
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Neutralizer-free systems 

+Lifetime and robustness  
+Downscaling 



Electric Propulsion: new challenges 
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"Estcube-1 2012-12-27" by Erik Kulu, ESTCube-1 team 

Wikimedia Commons 

•Lifetime and robustness for longer missions  

•Downscaling the EP for small satellites 
Copyright 2014, SpaceWorks Enterprises, Inc. (SEI)  

"Hayabusa2 rendezvous" by JAXA  
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Neutralizer-free systems 

Plasma acceleration 

concepts: 

•Plasma expansion 

•jxB acceleration 

Acceleration of 

oppositely 

charged particles 

Dual beam acceleration 

concepts: 

•Spatial separation 

•Temporal separation 

J Jarrige, P-Q Elias, F Cannat, D Packan, 33rd International 

Electric Propulsion Conference, 2013 (IEPC-2013-420) Aanesland A, et al.: Journal of Physics: 

Conference Series, 162 012009 (2009) 



Dual beam with positive/negative ions 
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PEGASES I: 

Two beams of oppositely charged ions 

extracted from the same plasma source  

PEGASES II: 

One beam with alternated extraction of 

oppositely charged ions 
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Ion-ion plasma 

•ni- /ne ~ 5000 

•Zero plasma potential 

•Similar response to +/- biases 

Dual beam with positive/negative ions 



14 

©DR 

P
E

G
A

S
E

S
 

“P
la

s
m

a
 p

ro
p
u
ls

io
n
 w

it
h
 e

le
c
tr

o
n
e
g
a
ti
v
e
 g

a
s
e
s
” 

Dual beam with positive/negative ions 

First patent  2006 

Proof of principle 2015 

Running dual beam ion source (SF6) 
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Dual beam with positive/negative ions 
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Propellant restrictions 

 

+Heavy 

+Easy to ionize 

-Storage 

-Cost 

 

 

+Heavy 

+Easy to ionize 

+Storage 

+Cost 

-Corrosive 

 
Xe,100 bar 

I2, 0 bar 
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+Lifetime and robustness  
+Downscaling 
+Propellant storage 
-Propellant flexibility 

Dual beam with positive/negative ions 
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Plasma 

e- 
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Grids 

Gas 

RF 

Principle 

ion-electron acceleration in the  

RF sheath due to self-bias effect 

Dual beam with positive ions/electrons 
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Beam 

Composed of continuous flow of 

ions and pulsed electrons 



ωpi<ωRF< ωpe 

S1<S2 

Asymmetric RF discharge 

RF 

C1 C2 

Ie≡Ii 

blocking capacitor 
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Dual beam with positive ions/electrons 

C1<C2 

V1>>V2 

V1~VRF+VDC 

due to “diode” 



Plasma 

S2 S1 
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RF acceleration principle 

Dual beam with positive ions/electrons 
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Blocking capacitor: 

The space charge 
limited current is: 

•Emitted net charge is always zero 
•Extracted ion current can be up to x2 the one for DC 
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Dual beam with positive ions/electrons 
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10cm dual beam “Neptune” ion source, 

Ar+ 400 eV 

2cm dual beam ion thruster “µNeptune” 

Xe/Ar+ 200 eV 

Dual beam with positive ions/electrons 
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flow 
RFEA 

The flow directionality 
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Dual beam with positive ions/electrons 

Radial position, cm 
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Dual beam with positive ions/electrons 

Stability Control RF vs DC 

Find more information in Phys. Plasmas, 22, 063502 (2015)  
and J. Phys. D : Appl. Phys., 47, 495203 (2014)  
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+Lifetime and robustness  
+Significant downscaling 
+Propellant flexibility 

Dual beam with positive ions/electrons 
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Reasons:  
• Strong technology heritage 
• No cathode neutralizer 
• Beam current can be x2 the one for a DC system 
• System is simplified – only one RF power supply 
• Scaling flexibility 
• Zero emitted net charge  
• Highly directional flow 
• Suppressed background plasma 
• Can be used as a plasma accelerator 
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Dual beam with positive ions/electrons 
– disruptive technology for space 
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• Dual beam is promising technology for space propulsion 

 

• Dual beams can be formed  using temporal or spatial 
separation of the extraction, can be composed of +/- 
ions or ions and electrons 

 

• Coincident beams provide precise control of the beam 
and transport (space potential, induced potential, fluxes) 

 

• Potential use in technologies due to high anisotropy and 
surface potential control 
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Dual beam space propulsion: 
conclusions 
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