Circular Microstrip Patch Antennas for 5.8 GHz Band Rectenna
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Abstract

The Space Solar Power Satellite (SSPS) operating at the frequency of 5.8GHz was proposed as a study model
to confirm the feasibility of microwave energy transmission from the outer atmosphere. SSPS is composed of the
transmitting antenna in space and the reflector antenna (rectenna) on the earth. The issues of rectenna are level of
suppression of higher harmonic wave and power efficiency. The re-radiation of higher harmonic wave has a bad
influence on other wireless systems and radio astronomy. For 2.45GHz band rectenna of Solar Power Satellite
(SPS), we proposed some types of microstrip patch antenna (CMSA) with slits. This antenna can suppress
re-radiation at higher harmonic frequencies.

In this paper, we develop the CMSA with slits and a wire mesh reflector for rectenna of SSPS. Rectenna is
composed of receiving antennas and reflectors.

We employ the finite-difference time-domain (FDTD) technique to design and analyze the antennas. We
confirm experimentally the effectiveness of the numerical results. The slits located along surface current streams
related to the dominant TM,,p mode are able to suppress higher harmonics without disturbing a resonance of the
dominant mode.

Furthermore, fundamental characteristics of wire mesh reflector antenna are estimated. This reflector can be
employed in both 2.45GHz and 5.8GHz systems. The characteristics of the reflector are investigated as a function
of wire spacing. Electric ficld intensity at the focal point becomes strong when a reflector with wires spaced at a

distance of less than half-wave length is used.
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BE, REEEKE 5.8GHz LUK R B EMAESRIERR AT L §SPS) AREt STV 2[1). SSPS 134
BEHEZEMNLLTB Y ERRNBEEIRENNR, BEV— LS, FEROWE L NBLITRFLHE
R EEHNIAKEDFME TH D ZOLFTEN S, SSPS IZEH VAT LEUTHM R EE/25 100 kW BEDEH
F4R3 HAEH DM EN SSPS T, BOSBENFET 505 FBRNEETHS.

G TIL, SSPS DLITFFOMBHEICDONTRETT 5. EE SIXINETTIIF K 2.45GHz Io i Lis L o5
FTHBEEIAVOARNTNVF 7 5F LT, CMSA) OB S #17 o TETWVA[2),(3]. 5T, BBK OF st %
&3 L, E%h3 72 RF-DC M EEIT 22y A CMSA FRR LT 24],[5]. & TIL, IZUHIZ 5.8GHz T
e Ry BA CMSA IZD W T HEIfEIRZE D (FDTD)EZRWET L7 F /85 A~ YDREHR 2R T .

R, IVHAX LITFFRIATIIVIIDERFHIIONWTHMET 2 REHENSOXRFE— A,
EMC EMI £ 0728, #1 E TI3+ 3 ITEW L)L ELRIFIUER SRV, E5IZ, SSPS iIZH AN Z =8, #t E D
LOFFIIIFIG 2 LT, SEMREFDIDORMNBHNE LS INETIT, EIANIIAVICEORKRT
3, ZVHAX VLIFFR IV Ay aR MR R IN TV H6). FHE TIL, 2 KT FDTD EZAWVT, B
6m, & 10m O 2.45GHz 5.8GHz 3t 71V V7L UFT LBE N IC DWW TEBNZR N 21T

2. 5.8GHz # CMSA DB EHB KRR ERE
2.1 7 FFINSA—IDRE
JEB % 5.8GHz ICBWTH7 3B S ERI T SCPW #3E CMSA 23%EHT 3. CPW AT CMSA OHEEZE 112
RY. TR g, BIROWBERs, BEEOEKE H, CPW OREMNES 7y N4 ET 2. 28, SEAW
TR EHBRD/NGA— I FEER,=2.6, HIK/E #=0.8mm TH3.
B 1R CMSA IZBWT, BEARRE h HE B EMERICHE LT N ENES, /NoFORIRE— K
1 T™M 0 B— RN RIBEBRBIIRA TE A 5N 27).

fmn= CXomn (l)

27m\/2
T 72U e AR RIVBAERE U, (x) £ BE, TOHBEK J ) E0ITTBn BB DR THS. CMSA DT
TR EER VR HRE o 1IRR &25(8].
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a, =a{l+% m(%)u.me]}: (V)]

KRB LN S, HIREAIEME 5.8GHz &F 20ITIT/VvFHE o £ 9.85mm LT NUIIN IO S, =
L IITE SN BRIEAEYIL, MERRREOREEES ATV,

FIT, NF¥EE a B CPW DREMBEA 7ty NE 4 ZRE L, HIRBER % 5.8GHz II—HEE S Ny
FHRF g=9.05mm, CPW D EF 7t v R % d=5.9mm &3 BIET, Ak 5.8GHz IZB 1T 28 S #EIR L[9).
AN ORIFERZE 2 IR Y. EAFKIN(5.8GH)ICB1FBVF— > ORI3-28dB THY, +H7BEEZRBL
TW3, Fe, 2 S BEEEK TH3 11.6GHz TI3-3.59dB, 3 & D8 Ak THS 17.4GHz TI3-3.04dB, LA
F. 23.2GHz Tid-1.44dB, 29GHz Tl3-2.66dB TH3.

2.2 BIABHNE Ay DR

RiZ, B IE Ry DR EHEICDWTEHIAT 2. /Ay FREOREEHIL CMSA O TMpe EB— RIXERT
ZAHBERAN S, KA TEASNS.

1(p.4)=- ’2;;" EoJty(kpmp)c0s(m) 3)
Ip.8)= L Eod nnpsin(md) @)

T=PEL, Eo i MER DIRIE, ki 13 2m/a THD.

EXEHEETRET S TMo T— FOEH2H 2R Q)B I@)H» SBBRINITROHZHIR# THD. £IT,
HERATIZ LD TM, 0 T— ROEFH OB 2K D 5. m=n=1, y 1 L DR (0,9)=(00,90°) EHa R ELT, ¢7% 0 IT7/25F
T-ApB EpEHREH TS EHFRIIRKATEASNS.

$a=0-084 )
P =P A -
V(o g )eos ag+J (1,4 )sin g

REL, 4=90°, 0SpySa, 0S$590°, A¢>0 THB. Fir, TMyo E— FOEFSFILx B KUy BHITH UTH
K THBOT, RE)BLUG)D 5B 1 RBOBHBITDONTOHRDNII K. 4¢=1°, pya=0.1, 0.3, 0.7 DEE
1ZDWT, R(5)B L6 ERWTEE Lz T™M;) T— ROBHBRB LU LRICIERDIZBHBRITH o7 Ay B
1 2R 3(a)B LNOITENEIRT.

INFRLDS y Bl EDA)y MO ETOER %0, AUy HEE w, ESIZAVY M % TEHT 2 AU NDIE
I WEDEE U, Ay DB EZERGICER S 5248250 A0y R v L ORITRH TH SN 58]

Wy

()

y=y;t 2,/_#/&7 ®)
7L, BEEE. ROBISFEITBNT,
X; = p;cosg;. y,; = p;sing; ®
&%= J (o4 )eosd, -1 (08 Jsing, (10)
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<20 3 ERRET— ROEITREE SEWTE/DTHS K 4 IZBREH 2T o7 CMSAS DA WBEIZDNT,
ERERUETEREURLTRY. ERIIEBRERE, BRIIFBITEREZRLTVS. RN 5, EREE M7
FRERII—BLTB Y REHER OBF I HBATHE RO YA ShTHS.

3. IWVHAX VITFRTAY Ay 2R ST St
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. FlME(nAIE- Es(nAl!l
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