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Abstract

With the global energy crisis coming, human being is
speeding his pace to develop and utilize the solar power. This
will become true when the space solar power satellite (SSPS)
was presented. Recent teens years, the microwave power
transmission technique as the important role in the SSPS has
expanded its applications in other fields, so it is become very
significative and tremendous application potentials.

The rectenna technique has been systematically and
deeply investigated in both theory and experiment. This work
was supported by National Natural Science Foundation of
China.

The major contributions of the work presented in this
thesis are listed as follows:

(1) The microwave energy supply system for in-pipe
inspect micromachine was set up by using microwave
transmission theory. This system concludes microwave energy
exciting device and the power receiving device (rectenna).
The exciting device keeps the microwave transmission with
single TE'11 mode, and it solves the problem resulting from
polarization rotation and power transmission stability. The
measured transmission attenuation of 1.3 dB/m was in good
agreement with the calculated results of 1.1 dB/m, so the
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exciting device can be used to supply power to in-pipe
micromachine. Due to the small size of the pipe and
polarization rotation because of the micromachine rotation,
we designed two type receiving antennas, one is quasi-Yagi
antenna, the other is circularly polarized microstrip antenna.
To produce higher output voltages than would be produced by
a single diode, A voltage doubler was realized using the two
series diodes in the HP - HSMS8202.

The experiment results prove that this energy supply
system can keep the motor of micromachine in-pipe work
normally.

(2) An Agilent 8722ES Network Analyzer with option
085 was configured to directly measure the diode large signal
characteristics. Meanwhile, we also designed a set of accurate
TRL calibration kits. Using the measurement system we can
directly get the large signal S parameter and the input
impedance of the diode, then Ansoft Harmonic software was
used to determine the diode equivalent circuit parameters by
the optimize command that curve fits the diode circuit model
to the measured S parameter data. A corresponding matching
circuit was designed by using the diode measured data. The
experiment results of the rectifying circuit microwave-DC
conversion efficiency proved our measurement system is
accurate. This measurement method is quite general and can
be used for characterizing surface-mount devices under large
signal operation conditions.

Rectenna element and rectenna array in free space were
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studied in detail. Aperture-coupled circularly polarized
microstrip rectenna was given. For this type rectenna, the
receiving antenna and rectifying circuit were placed in two
different planes; there is a groundplane between them it
serves as a very effective shield between the radiating
aperture and the rectifying circuit.

(3) A measurement system in microwave anechoic
chamber was established to test microwave-DC conversion
efficiency of the rectennas. The final measurement results of
the four elements rectenna array were quite good. A
maximum conversion efficiency of 74.5% was achieved. This
result has reached international advanced level.

Key words wireless power transmission, in-pipe
micromachine, rectenna, circularly polarized microstrip
antenna, finite-difference time-domain method

34—



BB EE e 1
1.1 1«%@5}5@ ......................................................... 1
12 PREBFSCHGE HURITE Y eeesssersesssrmesssnmsesssnnsessenns y
1.3 TREBEHAR  ceoorerrrrmssransmnnneiniii. 3
1.4 AT N AR LT GTER ceereeeeerrrrrereennnnnnnnnnn 14
E-F EEHARESEMTEERHOMERLE o 17
2.1 g[?a: ............................................................... 17
2.2 WHEATIRIENE b PML BARICI R R oovese 17
2.3 SRH PML 1R A4 FDTD 4347 188 3¢ 5 v (s
ToLR eveerererseetentsssanestiiiiintttsesistatesss st te s s e 25
2.4 /J\é’é% ............................................................... 32
H=E BRAREPREHABESEBMEIER e 33
3.1 Ejlg ............................................................... 33
3.2 Agilent KB H1{L 8722ES 5 Option 085 KIj%
DB T wveveerrrrersnrnsernisioiiiiiiiiiitintieinciaes 41
3.3 TRL ﬁyﬁ&*& TRL ;B‘NEH:B{J&T,— ..................... 46
3.4 j( %‘—%: &%& S fgﬁ&ﬁ)\mﬁmmuﬁ .................. 54
3.5 :*&‘g’j( %‘% RF-DC %}ﬁ&;ﬁ$%@ﬂ§ .................. 58
3.6 ,J\g:,g ............................................................... 61
SME  HEENTABIEA B RGO e 63
4.1 F'jlfﬁ: ............................................................... 63

1 ———



2005 £ iK%
e B

4.2 FHEENGEYLE ARG ooeeeereeneneee 64
4.3 EEHN YL AR R W BB e 64
4.4 EEHI LS AU R RE R B T
..................................................................... 69
4.5 /J\% ............................................................... 85
FRE AMTATBRRGEETRETREIT oo 86
5.1 B[ E eeeerereerererentntiiiitiiiiiiiiiiiiiiiis e 86
5.2 WKL ARG B RALHO B RRIO BT e 87
FEREEER 3 P S ST E 4 SR 102
5.4 JNEE ceeeereiiiiiiii s 113
HEREE  LETRIE ceecererrerererereniiiiii e 114
[ LT T T P PP PP PP PP PP PPPPIT PP P PP PPPRES 116
S RLHR covecerererrers sttt 123
BUAGT coceereereernne e 141



BoE & B

1.1 RESRIE

® EX APl AL T ST H (69889501) i 73 H . & 1k H 1
2000 4F 01 F ~2003 4F 08 A ,2:%%. 10 J.

O EHXHAABERETH /N EMBERREHE AR
(6017107) ;&2 1k H#H . 2002 4F 01 H~2004 4£ 12 A ,2%%. 20 7.

1.2 REARHWEHFEX

A2 A B 15 25 T A REUR il KRR HRER 58
SBRERIIZ BN T e R LA RETR IR AL Z B —Fh
2% BRI h TIX — 2 PRI AE 21 4 b i R g o e a0
sy JEEEIR L R AEH» AT SCBCHI A i R 24 7E 2050 S E.
R divh B RISl 45 HAt AL A RE IR G K 7E A A BURE R BT R
AR A REIRfEHL AR 1973 4FRUA R E & 4z, 20 fHh4S 90 4-4C
I, RE BRI AT B 45 AR Mk 21 22 pEE R E LT &
J&  FIE R BE TR ARG RIEIE H 4R, B L4 2 ) foR RS2
BOR— MR L, UL Ao . #UL 2 H AT, £ EIH
24 A PR AL TR FR 4 & Al TR R L3 2006 4 Bl i AN fi
WIS, e E gl IR A A B2 & M. X eI L, TR
T R AR T AT A A IR . o B e 8 X [ A fE
Ak 5 UL R 2T 5 7 45 vl 1 R ok R R A2 J% A s 5 0 4%
IR ARTEEN S . 2% KRS T 8 8, L&

14—



2005 fF _Eg AR
MEFaex |

T AN (7] 1 DX ) 5 2. R BH B 1) FH e 8 0 S B, 2 R [ 28 2 1 I
RGN B D . KIHBERI B AT A B RE VR AN 2. — 228
BEE ASHE; —REe. TE BEtfs R, BEE#ER K
KBHGEAE# B K, K%Y 40 min BUGH7ERBER b AR BARE , (8 2 LAt 23k
N AERER A FE. T HORPHAE A L 4axf T4, 2 2 & i 23K
REVREHL FRTREIR A BE AR e . L AE 20 e 50 R EE 5 H
ZOEi R T I oK A A K BH BE ) B #9 K FH B T) 2 (SPS-Solar Power
Satellite) ™%, Bk K K 25 o 4 K PH B8 S % 5 Bl L RE Pl 2 1%
P RE TR R 8 B 1% 2 i b P 4 S BB N AR AL KPR BE L2
- R R R KA BE B R (WPT-Wireless Power
Transmission).
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