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Advantage of Japanese Technology for SPS

1) MPT Experiments in Space

- 3
j l\” 2025 -
[ I\ \ Satellite MPT
+ + L Experiment?
1993 ISY-METS Rocket Exp. or MPT on Moon?

(World 2" Space MW Exp.) 2000 3 Rocket Exp. |

1983 MINIX Rocket Exp. 2.45GHz from Phased Array, 2.45GHz,

(World 1* Space MW Exp.) Space to Space Exp. Space to Ground Exp.
2.45GHz from Magnetron, by Kyoto Univ. by Kobe Univ.

Space to Space Exp. and Kobe Univ. And ISAS

by Kyoto Univ.

and Kobe Univ. Lights as Sun

2) Phased Array and
Semiconductor Tech.

Receiving Antenna (Rectenna) Front: r(?xals(;}d i
‘ 2000 SPTITZ (for SPS)
(1v?/92|ZM1Lf|):(h d Array) 5.8GHz 2010 5.8GHz, i/(l)\}vsps'gGHzﬁ kw80
orld 1%t Phased Arra ' ¢ ower >1.

: Z, ower >1. 100 array module 256 array module ) y >70% (GaN)

e o APRETOL G (SIS o TR
> aAs ’ i >/07 (Ga

by Kyoto Uni ° d Kobe Uni System Eff. >15% (GaAs) thickness <30cm thickness <2.5cm g 68%-

y RYOro iV and Robe T, - JAXA and Kyoto Univ at Kyoto Univ. : sandwich Module

y Y . by METI & JSS by METI & JSS
* . .
3) SPS Svstem Desiens * 1992 by NEDO 2004 Formation Flight SPS by JAXA
| g * 1992 Mid-SPS by ISAS * 2006 Tether SPS by JSS/METI
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Satellite Experiment DELIGHT by JAXA (2023)

JAXA has been researching and developing the panel deployment and connection mechanisms
and the light planar antenna for a 30-m-class large planar antenna toward the realization of large
space structures required for SPS. JAXA plans the Deployable Lightweight planar antenna
technology demonstration (DELIGHT) using HTV-X1 as an on-orbit platform in 2023.

\‘w
From ISS \

1. Expansion of lightweight panel
2. Measurement of motion of expansion and
characteristics of structure of panel

Future Image of Large
3. Receiving of radio wave on panel Weather Radar

4. Measurement of PV I-V characteristics

Image of DELIGHT

Atmospheric entry

Ground //.-—’,' -
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Wide Beam Type WPT — Low Power Rectennas -

Antenna
(a) Wide Beam Type including Energy Harvesting
for Multi-Users, Low Power, in Fraunhofer Region o
-
> Electric - Electric Y o
Power Power - Electric ‘
Power m
Only Carrier for WPT . m

(=
A
U

“““”“m““‘“““““ Time and

= = Device §
Space & . ) [é)
\ .
. \
Transmitted N
Power (Broad) )
. Frequency
Transmitter —_—
Very Narrow

Octave Bandwidth RF
Harvesting Tee-Shirt

by J. A. Estrada et al.,
Colorado Univ., WPW2019

Antenna + Circuit

Chip!
capeciuat

Broadband and High Impedance
Rectenna by C Song et al. Univ. Of
Liverpool, IEEE TIE, 2017

PR LTI YR I e § bl ¢

e 2ea ot A

RUEPH B e

100p1W Rectenna by K. Kawai et
al., Kyoto Univ., AWPT2021

Hybrid

SIW solar cavity-backed slot antenna
by S. Lemey et al., Ghent Univ, EUMW2015

________
Highue Qv
Harmonios Eeat

Peak RF-DC Efficiency
>90% @ 2.4GHz
>85% @ 5.7GHz

_ PT GtAT . Low Power Rectenna is Rectenna with Tunnel Diode by V.
77 -5 2 . Manev et al., Eindhoven Univ. of
P t 4md Important. Tech., WPW2019
(+ Diffraction)
RF-DC cormmersion
o o efficiency
[Rectenna — Rectifying Antenna —] "
100% ”‘"\‘.'\"\": ”””””
—— - .| Output —— DC s
-=> An- Filter To Load -
Radio Wave tenna LPF with —_> ERciency Curve
Capa-
—_— | — | citance |
-=> ,

-— v
Vi Vi
o0V | 02403V

Input Power
or Connected Load
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Various Commercial WPT Products in Japan (2021)




Narrow Beam Type WPT — Beam Forming with Higher Frequency-

(b) Narrow Beam Type
for Single User, High Power, in Fresnel Region

04 s

s ))\‘\-»‘“ .

- Electric Power
lo User

Receiver
—Pow er}

Beam Forming

EM Simulation in 2.4GHz by T. Sasaki
et al., Kyoto Univ., IEEE WPW2019

“Cota” system by Ossia corp.
Retrodirective in Multi Path

Transmittec
Power

z‘: Field Experiment

Device —
\ | .3

Frequency
AT
— Transmitter Ve Narow g AlGaN
. N\ Jeu
_T f'::'u:_'.‘-l GaN
n= 1-e *  Theoretically 100%
2 GtA Pr *  Target detecting and beam Rectenna at 95GHz with New Field Exoeriment with 91 2KW-TxMW
T 4_ dz P forming is important. Developed GaN Diode, 'te 1 kaﬁ:/”;]gré .W'> ki X'BX g
T t e Higher F is bett by H. Kazemi, Raytheon, TMTT, 2022 0 L.6KVV-RXDLIn > 1km In A-band,
Igher Frequency IS better. by C. Rodenbeck, NRL, J. of Microwaves, 2022

[Beam Forming by Phased Array Antenna] [Target Detecting by Retrodirective]
— try = fiy

 EREEREENRN.

antennal antenna2 antenna3 antenna4

By TPy 3

K/ \/ 4
*  antenna, X-axis: distance from antenna

|
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e Air Force Research Laboratoryh¥Northrop Grummanft&&+I1ZSPS

FAE—LEEDRARICIERILZFIRE (2019.10) -> SSPIDR (Space
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Space Solar Power Incremental Demonstrations
and Research (SSPIDR) by AFRL

e 2015-2018 CALTEC Research supported by Northrop \
Grumman ($17.5 million / 3 years) 2

- «——— NRL Group

e 2020.5.17 The Photovoltaic Radiofrequency Antenna
Module Flight Experiment (PRAM-FX) was carried out in

LEO on X-37B

* SSPIDR (> $S100 million) include 3 demonstrations :
(1) Arachne, (2) SPINDLE, and (3) SPIRRAL.

— “Arache”, which will be the world’s first space-to-
ground power beaming demonstration of a solar-to-
RF modular panel”, is scheduled to fly in 2023. AFRL
received the first flight hardware component of the
Arachne spacecraft from Northrop Grumman
December, 2020.




Motorola Air Charging unveiled, almost ready for market (2021/9/8)

Supported by GuRu (US startup)

https://www.gizmochina.com/2021/09/08/motorola-air-charging-unveiled-almost-ready-for-market/
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5.8GHz Beam WPT Experiment

Chongging Univ..IZ&ASPS#H Y1 FEK at 60m @ Chongging (2020)
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two big stages and three small steps

floating platform

experimental satellite

H: 50-300m H: 20km H: 36000km
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i [E & ERKDWPTEER(2020)

1.26m x 1.26m |

Tx Antenna, 5.8GHz ¥ 'V M h W'

64 sub-array, 37.6 dBi e [ ’H | Vg
3m x 3m
Rectenna

The transmission power was
448W, the test distance was
60m, and the conversion
efficiency of MW-DC is 6.4%.
(MW-DC eff. by focused beam
was 11.3% at 30m in anechoic
chamber)

64 x 10W Transmitter
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A [ECASTIZ L HWPTEEER(2021)

The experimental scene Radiation Efficiency : 75-82%

Transmitting array
/ Transmitting
Rectenna array power 910W

Output DC Power : 73.3W

Total Conversion WV w9 W
Efficiency: 49.3% PAE of Amplifier : 51%

Y. Dong, et al., “Experimental Results and Analysis of Microwave Power Transmission Demonstration
System for SSPS”, IEEE WISEE2021




Millimeter wave WPT by Xiaomi (2021/1)

https://www.youtube.com/watch?v=jxRcOGFnCUo
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Future Sustainable Humanosphere with WPT

(on the Earth and on the Moon)
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