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<Dimensional Data>
» Primary mirror : 2.5km X 3.5km
> Solar Panels : ¢ 1.25km
(Concentration ratio = 4)

» Microwave Power Transmitter :

¢ 1.8km (TBD)
» Total Weight : <10,000ton
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« BHOLWYWFEREUY by BRAEXTIT/E(900MHz-Band)

http://www.den-gyo. com/solutlon/solutlon10 b. htmI
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* Venture Companies of Wireless Charg Smart Phone
‘Cota’ by Ossia inc. (WiFi-Band) http://www.os
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forming

(a) Same 0 ent 3

=Nnnas

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

.

antennal ante antenna3 antenna4

- -

b f/'\_ ) 1 f/'\_s‘ | i/'\_ K\_ 1 ’/'.\__ -.[\"
Y }.f Y A : - Y }.f Y |/ A\ .-‘" 4
; . ."‘.I‘ ; k-’ ; .""._‘"‘ > ‘ s ;-’ : ."".‘I 3 k-’ ] L".I'; 5 .."-,I i 7?’.‘ 7 .l""_l.‘
®: antenna, X-a stance from antenna

(b) Different pha adio waves from different antennas

—

2D Phased Array

Qvith Circular Antennay

— Equivalent phase plane is
antennal antenna2 antenna3 antenna4 oblique

+ T + J' % =Beam direction is to oblique

@ antenna, X-axis: distance from antenna " 10




SPSizﬁvzv‘-A/ Y5 A—A (JAXA2004)

EETTFTERE 1.93km SEFUTFTER 2.45km
EETF—N :10dBAHIL 7Y LOTFhiDEHZRE : <100mW/cm?2
DC-RFZE#ZHE : 76% LT FinBHEE : <ImW/cm?
EEVAVOKRES  1.31GW IR &3 :96.2%
ﬂ}&’%ﬂl : 5.8GHz CW NON RF-DCZE#3ZFE({RFE) :85%
X EFREE - 36,000km HADCEH : >1GW
EETUTTRENR SELH7F L i 1mW/cm?2
150 : N . E—L/\2—> : :
10dBAO 7Y o | le—— %= 00%
£ 114.6 510 :
5 /  mW/icm? \ ' . R
2 g 1 14/ FO—T A8
_ I)74
11.5mW/cm? =
o C i N L e
B 09 SpacetennaORange (km) 0 "g
EFREIRO.77TADZED = :

17> 7+ EME = 16cm? (4cmH) = 9

Sl 1171 ) 5
1OdBjj rj - /EI:’.LL'f\ﬂ: J 73;\2)101 ) ReCtenna ange ((D(lIiIrSrI]-I?Kyoto Univ. 11
Phased Array. pments in Japan

Solar Cells

1992 (for Airplane Experime
2.45GHz, Total Power >1.2kW
96 array module, 3in1 sub-arra 2080§|_|SP-_||—_”;| P05\
HPA PAE >40% (GaAs) .O arrze;y (r)nzdu e with Solar Cell LN
By K iv. K iv. ’

y Kyoto Univ. and Kobe Univ. tem Eff. >15% (GaAs) 2010 5.8GHz, 2015 5.8GHz,
AXA and Kyoto Univ. Total Power >1.9kW Total Power >1.6kW
256 array module 304 array module

4in1 sub-array
HPA PAE >70% (GaN)
thickness <30cm HPA PAE >70% (GaN)

: : thickness <2.5cm
Kyoto Univ.
n fyoto Lniv by METI & JSS

2000 SPORTS2.45
2.45GHz,

Total Power >4kW 5.8GHz, 2009 for Airship Exp.

2001 SPORTS5.8

12 magnetron array

Total Power >2.7kW 2.45GHz,

Eff. >70% Total Power >440W
in Kyoto Univ. Efrpi%réeo/tron array 2 magnetron array 2015 2.45GHz
: ° . . Total Power >10kW
in Kyoto Univ. (light weight)

500m Field Exp.
by METI & JSS

1990 2000 2010 o sk, Kyoto Univ. 12
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Phased Array with Semi-conductors
In Japan

MILAX Airpla xperiment (199

AX

— <

icrowave
411GHz)

Transmitter (1.25kW)

= i i gty 2 .". b B
F "‘F;-_-u_-r ]| | e ———— 1992 (for Airplane Experiment)
e : sk = 2.45GHz, Total Power >1.2kW

96 array module, 3in1 sub-array

== = HPAPAE >40% (GaAs)
Kyoto Univ., Kobe Univ., CRL, Nissan motor co.,
Fuji heavy industry co., ISAS in Japan Developed by IHI Aerospace (former Nissan Motor Co.)14




Relative Power [dB]
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-24

-28

-32

-36
-40

Beam Pattern of the MILAX Phased Array

B 4 amplifiers and digital

| | | | | | |
0° i B

wn}
1

connected to
aductor

phase shifters ( sub-

l | | array)
-30 -20 -10 § 2 * Frequency Hz
Angle [de * Diamete
* BeamW . 6 degrees

Developed by IHI Aerospace (former Nissan Motor Co.)15

Solar Power Rat l I ated Transmitter '00)

Speeifications
s (in mm)

(0P A e Sun
Ar Simulator Sunlight
133 x 75W Halogen Lamps y

—SPRITZ

—OQutput > 166W
—Efficiency: about 5%

—Frequency 5.77 GHz .
—Output 25W hggRiave
—Active Phased Array Antenna N
—Phase Control 3bits /

—Rectenna S

*1,848 rectennas —— gw

and LED’s R —
Rectenna

Developed by Mistubishi Heavy Industries, Ltd. 16




SPRITZ (2001.3)

Rear : Solar Cells

Lights as Sun

. Front : Phased A
Receiving Antenna (t 10x18

Istubishi Heavy Industries, Ltd.

A

17

dB

-100

o SPRITZ

eeeeeeee t s (—20,0)Theory
esurement === = (-60,0)Theory

4

100

‘ -50 -

X-axis position [cm]
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Developed Thin

Phased Array Antenna (1122:)(:::; X
(FY2009-2014) 5.8GHg.

by Japanese SPS 1.8KWCW

Committee | s E S| Thin
{, __________ T B Phased
[1Power Transmitting Module #1
q e Radetor] | Array
| First Stage ' r%\
I HPA MDL — HPAMDL ANT
, i
Referende |
5 Signaly 1 | B ] -
| _| Rsc z RSC  |sach: t : IHF : :
g Master Uni | Slave Unit & D) o ) i_ IN| =
. Power | i
gg Supply  —1 L
< —Main I II
N Bowar s | Transmitting ANT
= Supply |22 1 Supply || BFNC [} BSC Section
2 —Control | Card - : (76 Sub'array ANT)
| i & Sub-array ANT
I Phase Control - (4 elements)
Signal II I
| e PAE >70%)
| 7 ;- amplifier Module)
1
1 Sk
I : BFN(Bez ming Network)
| S0 Gt (66mm x 66mm x 25mm(Thicknes
| : RF/IF Signal = : Control Signal
1 Power Line —— : Thermal Path
& Signal Control  pJv: Divdier
1 teering Control  HPA MDL: High P
am Forming Network Module
I Power Ti 2 Panel ”BFN for Control Signal  ANT: Antenna

Developed by Mistubishi E ©RISH, Kyoto Univ. 19
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2.5cm 2SS phased'a
GaN Amplifiers
5.8G 8kW

- WPT Ground Test

Power Density
~350W//m

at rectenna center
~10W//m

at rectenna edge
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« 192157 A1)
&8 ER A5 HIBS

>

« EmXHE (70%~)

- B A (500W~)

« Z2{ffi (#9%1,000/k

- BEnf-HE

T RrAVDE

- & (REMA-ITXEA)

o« L= —RILARERE

- ERTNEE (e.g. SPS)

[ZJ RbAV AR K]
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Phase and Amplitude Controlled Magnetron (2004)

—HPhase Reference Signall

------- L
Phase | Power Control
Comparator| 20
Vv ’ o
5 i Controlled a_30
Stabilized DC|: . and Stabilized O, e
Power Source]: - Microwave, @ _4q
— ' 2
--------------------- m
i \ 4 L %% 100 200 300
: CW b Time [Sec]
Magnetron U 1 : ) 550
i — = 500 =
Injection Locking b = s
""""""""""""""""""""""" 1 2350
Power Power 3 3
Resf?renf ¢ > Comparator| - 3 3000 200 300
igna e [Sec]
23

015 (2)
with Magnetrons

2.45GHz, 10
Height 13m

High Quality
(Frequency width
is narrow)

Developed by Mistubishi Heavy Industries, Supported by METI ©RISH, Kyoto Univ. 24
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Jet Propulsion Laboratory and

Queen’s Unive University of Michigan (2001) (5.9GHz)

52-66GHz)

s ’ ’ ” - - - ’
- g W g -

7 x13in.
0.85. eloment spating

UCLA (1995) (6GHz) UCLA (2000) (6GHz)
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