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Abstract

Solar Power Satellite/Station (SPS) is expected as future space utility for a long time. In order to realize
the SPS, various advanced technologies are required ; rocket technologies, space structure, power
management in plasma circumstance, and wireless power transmission (WPT) via microwave. Recently,
the wireless power transmission technologies are applied for commercial products. The WPT technologies
via microwave are applied as energy harvesting from broadcasting radio waves and wireless charging of
an electric vehicle. It is connected to the SPS technologies, however, it is not enough for the SPS. Phased
array beam forming technology is most important for the SPS. The SPS can not be realized without the
phased array technologies. The phased array technologies are advanced with radar technologies and SAR
technologies, however, it is not enough for the phased array for the WPT. We need a thin and light weight
phased array with high efficiency.

In FY1992, the first WPT field experiment with the phased array was carried out in Japan. It was called
MILAX fuel-free WPT experiment. 96 HPA-phase shifter modules were used. The efficiency of the GaAs
HPA was approximately 40% at 2.411GHz and the output microwave power was approximately 13W.
Totally over 1.2kW microwave power was transmitted from 288 antennas which was composed of 3inl
sub-arrays. In FY2000, JAXA SPS research committee conducted to develop a sandwich-type SPS
demonstrator which was composed of solar cells in front and phased array in back. The efficiency of the
system was approximately 15% at 5.8GHz and the total output microwave power was approximately 25W.
In Fy2010, new phased array research equipment with GaN semiconductor technology was installed in
Kyoto University. The efficiency of the HPA is over 70W with 7W, 5.8GHz. Thickness of the phased
array is below 30cm and total microwave power is over 1.9kW. From FY2009, METI’s SPS project
started with JAXA and it conducts development of thin and high efficiency phased array for ground
experiment. The developing phased array will be below 3cm thickness and 70% efficiency of the GaN
HPA. The ground experiment will be carried out in FY2014.

Japan is only one country which has developed the phased array for the WPT. We have to advance the

phased array technologies along technological roadmap toward the SPS.
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1992 (for Airplane Experiment)

2.411GHz, Total Power >1.2kW
96 array module, 3inl sub-array
HPA PAE >40% (GaAs)

By Kyoto Univ. and Kobe Univ.

2000 SPTITZ (for SPS)

5.8GHz, Total Power >25W

100 array module with Solar Cell,
System Eff. >15% (GaAs)

by JAXA and Kyoto Univ.

2010 5.8GHz,

Total Power >1.9kwW
256 array module

HPA PAE >70% (GaN)
thickness <30cm

in Kyoto Univ.

2013 5.8GHz,

Total Power >1.6kW
304 array module

4inl sub-array

HPA PAE >70% (GaN)
thickness <3cm

By METI&USEF

2000 SPORTS2.45
2.45GHz, Total Power >4kW
12 magnetron array

Eff. >70% in Kyoto Univ.

2001 SPORTSS5.8

5.8GHz, Total Power >2.7kW
9 magnetron array

2009 for Airship Exp.
2.45GHz, Total Power >440W
2 magnetron array in Kyoto Uni

V.

METLAB SPSLAB Eff. >65% in Kyoto Univ. A-METLAB
in Kyoto Univ. in Kyoto Univ. in Kyoto Univ.
1990 2000 2010
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