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Electric charge accumulation can cause failure during vacuum manufacturing processes. For the charge neutralization in vacuum
environment, cyclical change of its pressure to produce intermittent passive discharges according to the Paschen’s law is often
used; however, it is still insufficient to increse production efficiency. The goal of this study is to increase the charge
neutralization rate in vacuum environments (10-10" Pa) using an electron cyclotron resonance (ECR) plasma source developed
by JAXA (Japan Aerospace Exploration Agency) to neutralize the charge of spacecrafts emitting ions from their thrusters. We
investigated the charge neutralization of a 50 mm X 50 mm plate with capacitance of 1.7 uF at initial voltage of 200 V, where
the plate is placed 30 cm away from the ECR neutralizer. The time required to reach 37% of the initial voltage was 0.1 s for
positive charge and 27 s for negative charge. In addition, improvement of the electron extraction electrode for the ECR
neutralizer led to five times higher neutralization current compared to the previous ECR neutralizer at 10 W power and 0.1 mg/s
xenon flow rate.
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Fig.2 Scheamtic of ECR plasma source.
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Fig.3 Experimental setup for measurement of neutralization time.
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Table I Experimental conditions for measurement of neutralization

time.
Gas Xenon / Argon
Xenon Mass Flow Rate 0.02 mg/s
Argon Mass Flow Rate 0.08 mg/s
Microwave Power 8W
Back Pressure without gas input 3% 10° Pa
Back Pressure at Xe 0.02 mg/s 4% 10" Pa
Back Pressure at Ar 0.08 mg/s 8 % 10° Pa
Charge Voltage + 200V
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Fig.4 Experimental setup for measurement of neutralization current.
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Table 2 Experimental conditions for measurement of neutralization

current.
Gas Xenon
Mass Flow Rate 0.05 mg/s
Microwave Power 8W
Back Pressure without gas input 3% 10° Pa
Back Pressure at 0.05 mg/s 7 X 10° Pa
Charge Voltage + 200V
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Table 3 Time constant of charge neutralization.

Gas Charge Anode voltage, V Anode current, mA T, S T, §
Xenon Positive 45 135 0.1 0.1
Xenon Positive 0 0 2 2
Xenon Negative 45 135 27 32
Xenon Negative 0 0 111 320
Argon Negative 100 31 122 432
Argon Negative 0 0 120 408
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