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Microwave Energy Transmission System for Micromachine

- HEAR B KEFILs
Takayuki SHIBATA  Yutaka AOKI ~Manabu OTSUKA

Micromachine is a small mechatronic system with the size up to severalcentimeters, which can
carry out complicated tasks in small or narrow area. Micromachine technologies are expected to be
utilized in various fields ; telecommunication, precise machinery, micro surgery, artificial organs,
lowinvasive diagnostics, etc.

The majority of independent locomotion micromachines pack batteries as their energy source.
However, because the energy that can be stored in a battery is proportional to its volume, the
operating time becomes shorter as the micromachine becomes smaller. To solve this problem the
energy must be supplied from outside by wireless transmission. We propose a microwave energy
transmission system for micromachines in metal piping. Because microwave is rectified and convert-
ed in the form of electric energy in this system, we developed a receiving antenna for micromachines
in piping and a microwave rectifying circuit to generate high voltage. These were loaded on a

micromachine, tested to drive a locomotive mechanism, and the efficiency of the proposed system was

confirmed.
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Teble 1 Major specifications

Pipe Diameter 15 mm
Microwave Frequency 14 GHz ~ 145 GHz
Transmission Loss <1dB/m

Type of Receiving Antenna | Monopole , Linear Polarization

Prototype Diode x 2

Rectifying Devi
ectifying Device ( Breakdown Voltage : 27 V)
Transmitting Power 1w
Receiving Power 50 mW

Locomotion Velocity 1 mm/sec

W N X
N \D‘

Fig.13 Prototype of microrobot

5. A0 RTIRNE—mES AT L
DL R ETIZVA 7 0= ANF~EE Y
2FAERMELR, Fig. 1212 2 7 DR %, Fig.
13IcZET7 7+ EEREIBERY fHiTzvf 70
2L ERT, oA 7oy i 50mW w4
7o ZEL, lmm/sec THREIT A2 EHTE L,
Table 1 ICEBELHILEZ LD B,

6. & ¥ U
RAXTREREENNDVA,A 7oL i LT
A 70 TIANF-RERATIVATLARREL
2. SOVRATLDFERIZLERUYRTHY, XKD
24 7 nEHEMICIZEr -2, BENTYA 7ol
ZETITTF L, BEED MDA B %5 b s
PHRLE, RETYFFOMRII—0.4dB, BifE
BoOREITII% T, HEMHEEIZ B SV ko7,
FLT, INLDOEMEZHALT, ¢ 15mmEFNH
nwf 7ol it LT, 7 0TI NT—%
ZRTEVRTFLERMEL, MIHT A 70zt
¥—ickasefzavl  DOEENCHKIIL .
AHEERMELLEREEBE S/ A - F % 2@ERAWTE
B, ¥200mW =4 270z B8R TN 2D
», 24 7uel DR TV 7 nik e REH
FTARE» L, HEENIT0mW &7z, 35t
WENEHST 03RRI R 2 AREERL, <
A7 aiks o L CBR S 2 RIBERICT 5 LE»DH

— 31 —



WX

3, Stkiz~4 7 a= r DEREIHLADE S (CPU,
trvE) YMBTEITELNT, #ETE~( 70
I ITETE (CW) 2 Hv, =4 7 vy DBRE]
W2, 70  VASTERT 2D EE L,
F72, BEDREBEILEENDELRED 12D, <4
7awL OB b WREENFENT LI L
Whilro2nT, JREEHEANICHEET 2 FRY
RERAREZ B,

S
ARWFRRFER, R TSP e SR AT R
FEHRHIE K[ 7 u> L v EMOBRRHR]
D—ERE LT, NEDO » 6T #R 2172 () =4 7
ool ey —DREREFLLTERBLLZLNT
»5.

B £ X B

1) W.C.Brown: “The history of power transmis-
sion by radio waves”, IEEE Trans. Microwave
Theory & Tech., vol. MTT-32, no. 9 (1984}, p.
1230.

2) “Satellite power system concept development
and evaluation program plan”, DOE/NASA
Report, DOE/ET-0034 (1978).

3) F. A. Koomanoff : “Satellite power system
concept development and evaluation program”,
The assessment process, Proc. DOE/NASA SPS
Program Review, DOE Report CONF-800491
(1980) p. 15.

4) BEER, A, BEEE " 7 oEER
HEHBEPNUZERT V7 700K, 1993 {8
#HEF K2, B-36.

5) HafEd, WIrge, HALER, REFR, I \HFF
&, NiE—% . ‘A 0KREALV I 705
A", 1993 FEFEFKE, B-35.

6) I, BHAEE, HFHEEK KEAX BHE
B, OHEL “PA /7 oEZER_BERE S
FL2Z77F7, 1996 fE¥MAKRE, SB-1-2,

7) meMs, ®EER, WISF—, PHER . “#o
4 7 vV 7 7T OERIRET, 1994 F¥EE
X4, B-141.

8) K. Sasaki, T. Shibata, S. Akita, and T. Hattori

“Technique of Wireless Energy Service for
Micro-robots Using Microwave”, Proc. of 4th

Intern. Sympo. Micromachine & Human Science

(1993), p. 113.

9) RHET, HARE, FFEER, REE: “~A
Z70RICLABREAT ALY —ERAL R T LD
" EHEEHR, MW 94-86 (1994-11).

10) Y. Aoki, T. Shibata, T. Taguti, K. Sasaki, T.
Kurahashi, and T. Hattori :
schottkey barrier diode with high breakdown

“High frequency

voltage for application to micromachines in nar-
row metal tubes”, Space Energy and Transporta-
tion, vol. 1, no. 3 and 4(1995).

11) =4 7 oEi&s 227, BHAEATE (1994),
p. 132,

12) T.lIdogaki, H. Kanayama, N. Ohya, H. Suzuki,
and T. Hattori : “Characteristics of Piezoelectric
Locomotive Mechanism for an In-Pipe Micro
Inspection Machine”, Proc. of 6th Intern. Sympo.
on Micro Machine and Human Science (1995), p. 193.

13) S. Kawakita, N. Ohya, H. Kanayama, T. Idoga-
ki, and T. Hattori : “In-Pipe Micro Locomotion
Mechanism with Low Energy Consumption”, 1996

National Convention of IEE-Japan, vol. 3, p. 146.

E #H

e BT (L o)

= Bi%e 1 5
4 <4 ZavyyORICHEE

/e
HERK B (bvx win)
_ -9 wmlm
5 VT NA XAOFERFE IR
i #,

KIFE R (BBO» £424)

e 13
v A rzuvy ORI RERE, T
FiE,

9

— 32 —



