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To miniaturize ion thrusters, which can be employed as orbit and attitude controls for ultra-small satellites
(nano-satellites), it is a crucial issue to improve the efficiency of plasma production in a miniaturized ion source and to
minimize neutralizers, which are usually much smaller than ion sources. The objectives of this study are to improve the
total efficiency of the propulsion system by employing an originally-developed numerical model that can treat the plasma
generation and RF circuit simultaneously for the realization of high efficiency RF plasma sources, and field emission
electron sources that require no propellant and are expected to be able to reduce the power consumption drastically. The
RF plasma source is composed of a cylindrical quartz tube, 5 mm in radius and 10 mm in length, and a five-turn coil
surrounding the tube to induce the RF power to the plasma. To analyze the plasma characteristics, we use an equivalent
circuit model, which represents the plasma, quartz source tube, RF antenna coil, matching circuit element, and RF power
source, and a global model by which we can obtain self-consistent plasma density and temperature based on the RF power
and gas pressure. It should be noted that we take into account two modes of the RF discharges, an H-mode and an
E-mode, where in the H-mode inductive coupling is dominant, leading to high density plasma, while in the E-mode
capacitive coupling is dominant, resulting in low density plasma. At a low RF power of 10 W, more than 90% of
efficiency of plasma discharges have been obtained at a frequency band of 100 MHz for the frequency range examined
(1-500 MHz). Moreover, by using an silicon-based field emitter array (Si-FEA), we have obtained high enough electron
current (about 1 mA) at the applied voltage of 100 V to neutralized the ion beam extracted from the ion source, which
enable us reduce the power consumption by more than one order of magnitude compared with the plasma neutralizer.
However, the ion bombardment degrades the Si-FEA and limits its lifetime, which is left for future work.




