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Fig. 1. Schematic diagram of the miniature ECR neutralizer.
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Fig. 2. Distribution of potential boundary condition.
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Table 1.  Geometric parameters of magnetic circuits.

H,/mm W, /mm Hy/mm W,/mm

4541 5.4 2 5.4 1.65
25542 5.6 2.7 5.8 1.8
25443 5.8 3 5.6 1.8
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Fig. 3. Flow chart of calculation.
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Fig. 4. Distributions of magnetic flux density: (a) Structure 1; (b) structure 2; (c) structure 3.
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3.1

Simulation and experiment results of dif-

HEp/V  L/mA I,/mA TR
4hith1 44 1.0 1.11 1%
52 15 1.0 1.14 14%
45th3 24 1.0 1.08 8%
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Fig. 5. Electron density distribution for different magnetic circuits at 15 ps: (a) Structure 1; (b) structure 2; (c) structure 3.
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Fig. 6. Potential distribution for different magnetic circuits at 15 ps: (a) Structure 1; (b) structure 2; (c) structure 3.
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Fig. 9. The potential distribution of the central axis (at r =

5 mm) of the orifice plate with different structures.
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Abstract

The electron cyclotron resonance (ECR) neutralizer is an important part of the micro ECR ion thruster.
The electrons extracted from the neutralizer are used to neutralize the ions extracted from the ECR ion source,
thereby avoiding the surface charges accumulating on the spacecraft, and the behaviour of electron extraction
affects the overall performance of the thruster. In order to investigate the electron extraction through the
orifices of the micro ECR neutralizer, a two-dimensional particle-in-cell with Monte Carlo collision (PIC/MCC)
model is established in this work. The effects of different magnetic circuits on the electron extraction of the
neutralizer and the influence of different cavity lengths on the wall current loss are studied through numerical
simulation. The effects of different magnetic circuit structures on the electron extraction and wall current loss of
the neutralizer are studied. The calculation results show that the position of the ECR layer and the magnetic
flux lines near the extraction orifices are very important for the electron extraction performance of the
neutralizer. When the ECR layer is located upstream of the antenna, electrons are easily lost in migration and
diffusion motion, and the energy required for the electrons to cross the potential well before the extraction hole
is higher. If more magnetic flux lines pass parallelly through the extraction orifices, the neutralizer requires a
small voltage to extract the same electron current. When the ECR layer is cut by the antenna or is located
downstream of antenna, more electrons may migrate along the magnetic flux lines to the vicinity of the
extraction orifices, thereby reducing the voltage of collector plate. The effects of different cavity lengths on the
extraction of electrons under the same magnetic circuit structure are studied. It is found that increasing the
length of the cavity allows more parallel-axis magnetic flux lines to pass through the extraction holes to avoid
electron loss on the surface of the extraction plate, and thus increasing the extraction electron current. The

research results conduce to designing a reasonable neutralizer magnetic circuit and cavity size.

Keywords: electron cyclotron resonance neutralizer, particle-in-cell with Monte Carlo collision simulation,

magnetic circuit
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