
© RISH, Kyoto Univ. 1

2

(SPS
•

36,000km

• 100 kW
1

•

20 30

SPS Solar Power Satellite/Station

<Dimensional Data>
Primary mirror 2.5km 3.5km
Solar Panels 1.25km

(Concentration ratio = 4)
Microwave Power Transmitter

1.8km (TBD)
Total Weight < 10,000ton

or/and
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SPS

JAXA2004

JAXA ( )

NASA2002

NASA/DOE1980

NASA1997

USEF2002

ESA
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• Venture Companies of Wireless Charger of Smart Phone
‘Cota’ by Ossia inc. (WiFi-Band)  http://www.ossiainc.com/ 

‘Wattup’ by Energous corp. (2.45GHz and 5.8GHz Band) http://www.energous.com/

• by (900MHz-Band)
http://www.den-gyo.com/solution/solution10_b.html

UHF Band 
Transmitter

(920 MHz Band)

Rectifying
Circuit

Trans-
M

itter

Sensor &
Micro Computer

A few m

Wireless Power

Data
Transmission
315 MHz Band

Wireless Sensor

RFID

PMA
( ?)

KDDI 30

FCC-15
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Wireless Power Transfer Consortium 
for Practical Application (WiPoT)

http://www.wipot.jp/
/ 
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Phased Array 
Developments in Japan

(a) Same phases of radio waves from different antennas

→ Equivalent phase plane is front
=Beam direction is to front

→ Equivalent phase plane is 
oblique

=Beam direction is to oblique

(b) Different phases of radio waves from different antennas

antenna1    antenna2    antenna3    antenna4

antenna1    antenna2    antenna3    antenna4

antenna, X-axis: distance from antenna

antenna, X-axis: distance from antenna

2D Phased Array 
with Circular Antennas

Phase Array for Beamforming
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SPS (JAXA2004)
1.93km
10dB

DC-RF : 76%
: 1.31GW

: 5.8GHz CW N0N
: 36,000km

2.45km
: <100mW/cm2

: <1mW/cm2

96.2%
RF-DC ( ) 85%

DC : >1GW

10dB

11.5mW/cm2

114.6
mW/cm2

0.77λ
1 16cm2 (4cm )

90%

1mW/cm2

1

10dB 1 1.83W, 
1 0.18W

© RISH, Kyoto Univ. 12

Phased Array Developments in Japan

1990 2000 2010

1992 (for Airplane Experiment)
2.45GHz, Total Power >1.2kW
96 array module, 3in1 sub-array
HPA PAE >40% (GaAs)
By Kyoto Univ. and Kobe Univ.

Rear : Solar Cells

Front : Phased Array
10x10Receiving Antenna (Rectenna)

Lights as Sun

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 >1.9kW
256 array module
HPA PAE >70% (GaN)
thickness <30cm
in Kyoto Univ.

2015 5.8GHz, 
Total Power >1.6kW
304 array module
4in1 sub-array
HPA PAE >70% (GaN)
thickness <2.5cm
by METI & JSS

Semi-Conductors

Magnetrons

2000 SPORTS2.45
2.45GHz, 
Total Power >4kW
12 magnetron array 
Eff. >70% 
in Kyoto Univ.

2001 SPORTS5.8
5.8GHz, 
Total Power >2.7kW
9 magnetron array 
Eff. >65% 
in Kyoto Univ.

2009 for Airship Exp.
2.45GHz, 
Total Power >440W
2 magnetron array
(light weight) 
by Kyoto Univ.

2015 2.45GHz
Total Power >10kW
500m Field Exp. 
by METI & JSS
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Phased Array with Semi-conductors 
in Japan

14
Kyoto Univ.,  Kobe Univ., CRL, Nissan motor co., 
Fuji heavy industry co., ISAS in Japan

Fuel-free Airplane MILAX

Transmitter (1.25kW)

Microwave
(2.411GHz)

MILAX Airplane Experiment (1992.8)

1992 (for Airplane Experiment)
2.45GHz, Total Power >1.2kW
96 array module, 3in1 sub-array
HPA PAE >40% (GaAs)

Developed by IHI Aerospace (former Nissan Motor Co.)
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Beam Pattern of the MILAX Phased Array
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• 288 antennas connected to 
96 GaAs semiconductor 
amplifiers and 4-bit digital 
phase shifters (3in1 sub-
array)

• Frequency 2.411 GHz
• Diameter : 1.3 m
• Beam Width : 6 degrees

Developed by IHI Aerospace (former Nissan Motor Co.)
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–SPRITZ
•Solar cells

–Output > 166W
–Efficiency: about 5%

•Microwave Transmitter
–Frequency 5.77 GHz

–Output  25W
–Active Phased Array Antenna
–Phase Control 3bits

SPRITZ(Solar Power Radio Integrated Transmitter ’00)

Specifications
Sizes (in mm)

2,000D x 2,300W x 2,850H

2,850

Sun

SPS

Rectenna

Sunlight

Microwave

–Solar Simulator
•133 x 75W Halogen Lamps

–Rectenna
•1,848 rectennas 

and  LED’s

Developed by Mistubishi Heavy Industries, Ltd.
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Rear : Solar Cells

Front : Phased Array
10x10Receiving Antenna (Rectenna)

Lights as Sun

SPRITZ (2001.3)

Developed by Mistubishi Heavy Industries, Ltd.
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Beam Pattern of SPRITZ
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φ

BFN(Beam Forming Network)

HPA MDL (PAE >70%)                 
(High Power amplifier Module)

60cm x 60cm,  450W , 1.9kg

Sub-array Image 

Power Transmitting Module Image

Transmitting ANT

(76 Sub-array ANT)
Sub-array ANT        
______(4 elements)

Developed Thin 
Phased Array Antenna 
(FY2009-2014)
by Japanese SPS 
Committee

(66mm x 66mm x 25mm(Thickness)) 

(120cm x 
120cm) ,
5.8GHz, 
1.8kWCW

Thin 
Phased 
Array

Developed by Mistubishi Electric Corp., Supported by METI 19

Power Density

~350W/ /
at rectenna center

~10W/ /
at rectenna edge

Microwave 
Beam

MPT Experiment in 2015 (1) 
Small-High Efficiency Phased Array with GaN MMIC

55m

2.5cm thickness phased array
GaN MMIC Amplifiers

5.8GHz, 1.8kWJS
ES
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Phased Array with Magnetrons 
in Japan

© RISH, Kyoto Univ. 22

…
•
• →
• 1921 1927

• (70% )
• (500W )
• ( ¥1,000/kW)
• (20g/W)

• ( )
•
• (e.g. SPS)
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Phase and Amplitude Controlled Magnetron (2004)

PACM for phased array system

Stabilized DC
Power Source

Phase 
Comparator

Phase Reference Signal

CW
Magnetron

Injection Locking

Power 
Comparator

Power
Reference 

Signal
Feedback to Coil Current (B)

PLL Feedback to Anode Current (E)

Controlled 
and Stabilized 
Microwave

Anode Current

Coil Current

RISH of Kyoto Univ.

Power Control

© RISH, Kyoto Univ.

Microwave 
Beam

MPT Experiment on Feb. 2015 (2)
High Power-Low Cost Phased Array with Magnetrons

500m

Magnetron phased array
2.45GHz, 10kW
Height 13m

Developed by Mistubishi Heavy Industries, Supported by METI 24
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Equal length lines

θ

(Van Atta Array)
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( )
( )

SPS
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( )

Queen’s University (62-66GHz) Jet Propulsion Laboratory and 
University of Michigan (2001) (5.9GHz) 

UCLA (1995) (6GHz) UCLA (2000) (6GHz) 
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2 (1987)

,” SPS , 
SPS2002-07 (2002-11) pp.9-14, 2002
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• +Δω, +2Δω 2

BPF

BPF 2

ωtt-φt+(Δωt-Δφ)
ωtt-φt+2(Δωt-Δφ)

ωtt-φt+(Δωt-Δφ) 2ωtt-2φt+2(Δωt-Δφ)

ωtt-φt+2(Δωt-Δφ)
ωtt-φt

2ωtt

ωtt+φt
OSC

ωtt+φt
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(4.9GHz)

,” SPS , 
SPS2002-07 (2002-11) pp.9-14, 2002
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1/3 (1996)

( IHI Aerospace),” SPS , 
SPS2002-07 (2002-11) pp.9-14, 2002
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,” SPS , 

SPS2002-07 (2002-11) pp.9-14, 2002
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