Development of High Efficiency Rectenna at mW input
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Abstract

Before the commercial SPS, we have to carry out a satellite experiment of the SSPS. The typical
experimental satellite launched by H-IIA class rocket will transit 100-400 kW microwave of 5.8
GHz from 10-20m square phased array antenna in low earth orbit to the ground and a rectenna will
receive less than ImW microwave power. However, characteristics of almost all past rectennas are
for over 100mW rectifying and the RF-DC conversion efficiency is less than 20 % at ImW
microwave input.

In this paper, we show the experimental results of development of mW-class rectenna. We have
survey all circuit parameters in order to increase the efficiency at ImW microwave input and finally
we have succeeded to develop new rectenna whose efficiency at ImW microwave input is
approximately 50%. The new rectenna is composed of a printed dipole, a LPF and a rectifying
circuit on coplanar line whose impedance is 200Q. We can apply the new rectenna for wearable

ubiquitous power source and the RF-ID.

Presented at the Seventh SPS Symposium, 16-17 September, 2004

— 105 —



mW EEZIR L 7 FF OERE!

IFEE, AR, AR, RISARS, KEFRE", HERIAT™, HIRE", =fR"
*) FUER A EAFBBIZERT, %) =25 EHm {5 B BT
E-mail: shino@rish.kyoto-u.ac.jp, FAX:0774-31-8463

BE T AKMFEET SPS OEBNI AR R EIFEBRHEOFTH—H L< 1 &7 OEigE
BO=DIZIE mW S LFOR A 7 O ANTHAHEIET S L 75 FOMBENRLETH
Do WRO LD TFAFROHIM SPS ZAIEA . 100mW LLEDY A 7 O A Trizh#
IETHEOTHO, v 7 O EEERTHEINDS mW T A HIIZIE 20%LL T O %h#:
LMMEBRTETWANS T, BNETIEL 7 FF8FERIEK/NS A—F OFHRI 2T, Z
NETERUMKLTH DZNSNT A—F L OFER. ImW T 27 08 ATT 50%LL
LFO@EENRL 7T ERB L, A ERERIE, Y7 I T7NL 7 TFOMESLE
FHAEBHADGHNERT L Ebhalfes/r 5,
1. B0 A1
FHAMFEENT SPS 2 QHEBUTI AR LR OFH M <1 7 Ol BB ERO -
O mW LT O~ 270 AN TRV BRIEST S L 7T ORBERNETH A, 0l Z S
Ik E N T WD IR R O BRI AN 5 A—4 E LT H-IAL #TH B BT e A580
ADHA X ELT, 16mX17.6m OEET >57F. YA 7Okt 340kw, JEiIEE 5.8GHz.
Z L THE 370km M Sl EAY 1 7 DR EEBEETTOHE, LT 7 OisiEiTRk
TO029Wm? &t B, L EDOL 27534 075 A B TERE T2 & LS Lo T+ 0% gl
0.435mW@15em*(0.75 A LW DED mW B THIROL 7 T FARELRL5DTH 5,
BEIZHFE N2 L 2 FFHOHEE VIRTA, 2<OL 757 FHd ImW ATIZH LT 10%EL

%0 e -
i g
gm ﬁ Cor‘wefsmn Eﬁ"m;_'
g 20 - - - Ovenll Efficiency |
0 S el e e
0 10 20 30 40 S0 60 0
ot s B Input Power (mW)
FK (1996)[1] 2.45GHz Texa A&M Univ.(1997)|2] 5.8GHz
0% L0 F @ I mW 1%L Faimw
B b —— -
i . vo | ocanes ‘mmww loomzes Ewr
ur ‘_,___ Y LLTT] O e — LTy
-j g ..0 L e £ . me
wf s ® "o
-J.i. ...... ‘ z io .. g © [ g
| = ° e o
i 3 G W o
i Ry =228% s
S ‘ i Ll 1 = : N
Ve 0., 01 0.1 i 1 10 100 1000
flay e Swetieny ATIRD (W) REAKRS [mW]
At A (1984)(3] 2.45GHz AL A& CRL(1990) [4] REIFEHTA(1993)|5] 2.45GHz
BB EE @ 10mW 2.45GHz 30%:@ 19mwW 1O9G38 @ TmW

1 dRICHES L 7 7 F OkfE

1 7 [M SPS L RY I A, N TEAREIZT 2004 45 9 A 16, 17 H B

o= [Gi—



Fogh®Riniaw, Zhisiddbeb eI 7Ol AIRHICES - RSO TR AVD
TYHRTH D, REEFERGELOLELEAEN, mW # L 7 T FOERFERITSNED T
W3, FNEEFMZIEFY AHRESO D0l & L THERESNTNS RF-ID(B L
3 IC & 20T SPS BEELIAA THID T A 7 i i ERIinH ENTHE D, EFITNS R IC F
TOHICLZFFMEASN TS, RF-IDIE 100 W LR TIfET 2SN TH O, Hirksh
WRONT A—=F EIEFITEV. TNESOREOMERREER2ICEED D, TNHOMEHE
72 10mW OB RO <. ImW LLFOFEOMGEITIFEEAESIN TN, Haxld ImW
XAV OEANTEANBOL 7 FFOMEETo 7. FFHZIEFS At~ HAEL
7 IINBERLEED—-DEL TS,

Prinasy fedal

“ ’ ; Juwrwatts OIS aovay!
ot i E = e i ) el
2-: ‘g_.;»-” ! f" 4 .‘ ¥ [\ — A bl il
- b oo ] . ‘h é]
2’; m;.an i 1.9 - ]s’-
mo: b ) :
= T SRR, - vn F\
" M?. _.a! ‘Jh ! ¥y
“f i“ : B
i':i: . Lf; ¥ ) ¥ ﬂ-mw_wd. " e ;E. u):e
.’\?J"?E [“l sarshed refieone L B
CRLEEEF (2003)[6] 5.8GHz CRLEEEF (2004)[7] 5.8GHz  FEILAKEFA (2004)[8][9)
30% @ 1maW S0% e .3W/im? 5.8GHz
I (RIEHAEN) 62.8% @ 10m W (RIZH BB
s ?2;” I ., _“
L = f
g “-; SRR L.‘.L.' -~
£ Foa ._“ T
Zbitou(France) (2004)[10] 2.45GHz Loh b TSSO
MEOEBNELS i -chip (RF-ID : B 3I) (2003)[11] 2.45GHz
(EORAT RS A%~ Fss2ss 2 i TmW - 100 LW
K2 fRiMFEENZ9EH L 7 7 oMhEe
2. 778

L7 7+ ORRBIZEL S, ETHEERIEROBIRE T 72, W%~ 1 7 OB TIGE %k
DB 70 2 FE, B L <R ORUE D= DIC @i ERO 7 I I HEEH WS, Ly
U N Tz 7 FIb) ek OISO THE S 12 HE s 20 TH L WO IR
Eiiolz. TOREENE | Thd. PET MM E & EbN s, m#kENES, F
w TEROFEEOBIZHRTTLED EWIRENH 72728, SRR 1 I REREH LT L
DT ERETAHAIEEL,

BWTT T HOERG 2T/, LY TFFOEIETA 7 0A ) v T 7 2 FF(MSA)
ZRALTWAA, AEaMR Lotk a & < Lz MSA ZHFE L7z & 2 A M4
M 10%EIERITELS., ToFFELTOMENAT R THo/z. FITHEET) > bF A1
R=IEBIRTZZEELE, T 2 b A R—)V AN SRR A E TR IR S & <,
HEBHIEWD, EFRTHHEOIIEERMRTHS MSA LOEEN#EL W, T THEIZY T

— 107 —



OZRUw THEEMSL) TR I T L—F A M)y TREECPSLZ A W-RIBHAREEZITO
LELE, ¥ BRAEP—F O ATEROAZINS SOQRTHRERINS I ENENN,
SEIZZOFIPEITTL, WEORSENS 200Q R CRIBAFEEITIZ L ELE,

#£1 LI TTRAFEHERDLE

e a ] nrietk [ RS aREE [t | mak B
KU1k SRR
/. \l S < n . Ay ’
A O X Al O (28t b 3 2 BRI T A
PET il RIS SREIERANAE A
=1 O 10| O O | x [aEsviEs? &
PTFE 5.8GHz o TH%
X X A X O [Pacishsl Sals,
H5 2 ﬂﬁﬁf&<ét' iﬁi@gﬁfw ERINE
b Y423
zaxs | X | x| O [ O] O prgpsEimmnx saws
- B3 ICREMRB LT > R A R=LT
FaR=N >FF L LPF &RT. i S E—F > 20
7(1;;3‘ USRS — 200Q TH 5. H4i2id VSWR OFE A%

&. E WM ENFNOMRIE - ERt %
7. LPF MH BB ELVBETRHRENE
L TWBhHE4 58GHz #HDT7 > FFH &L
TRIFRHEEERLTWA EREDN S,

1t
Low Pass Filter (LPF) '?i‘" ks

. B BB

CULProtme: B 51z CPSL &AW - BHEEDEELE %
-0.26dB@5.8GHz, 7~%. CPSL TH->TH MSL TH-> TH K
oabarT oty DEREIZED 013780, SEE ImW <1

JOFRANITESEZRD. R5POTXRTO
NTA—FEBETAIET ImW 15
OBANMTONRR LER >, K 6 A LPF+EBH#EIR O RF-DC BB HHEOEBME. &
7(@)AVERBRICRE L 7= LPF+HERE. (b)HZ D LPF+EHEMK DO EMNBR/REDOERETH S,
BETIIAN ImW T 49%DLEHHREER Lz, LML, BEBRRBTORERESHEGELLE
BRD/INS A—F DBREENH D, ERTIZ405%ICEEE -7z, LPF ZBRIFIEE ImW AHKEOHE
FITITIE S0%DEBREEBL TWD,

3 ¥11KR—)7 > FF+LPF

5. ¥ LHRUSHOBRE

SEERLEL 7 FFHEINBAE - B THORNSANTA 7 OEBEE ImW ORRZIZIX
50%® RF-DC MR EEBRTE, ZOXIRFEMENRL 7 T3 SPS ERHO/=HDHE
HERERICIIVATH B LRI, AP TEREEEHEL TS RF-ID IZHBHHADEHNT
HBED. SEMENMIEL T EFRINDZ, ESICERAMARHEL V7L TIRELIEZ
H& 1 HFENIAIVOBEANTHS 1004 W T 50% A LOTRNBEZFDHLOEHFEL THM

—108 —



(a) (b)

L1 !
o e s
.5 l .
| |
0 | \\“_ I // |
s - im"-.l—:l%_.,“.....,....4..7.«'..
gz 0 R R SR > -
3 s | / N’
) I
&g .3 - 1
40 1
1 CalPDA)
. i - ~CallPDASLPF) r»
——— Meas{PDA)
. l ......... Meas(PDA+LPF)
-58 . !
53 54 5§ &6 81 58 59 ] 61 62 B3 am oo s 4w 0N @
Froquency [GHz) i
4(a) 7> 73D VSWR (b)LPF A% O E a1t

(.7 i, Z,

Diock
G

K5 CPSL #RWEFEE (Cl:DCHy FAF v/, C2: EFHEAF v/ %, ELL:
AN HERREE, ZL . AW HESRET > E—% 2 X, EL2 : HAfn ek,
BEE 22 : HODHAERBRE T > E—4¥ > X, RL : &AFHEH)

Bhidzsizn,

BEH M

[1] EESR, BREE ZHis, 44, S BFadeRA~r /70X EBOTE
A RV— 3 CINBER, {E%5 B-11, vol.J81-B-11, no.6, pp.657-661, 1998

[2] J. O. McSpadden, L. Fun, and K. Chang, A High Conversion Efficiency 5.8 GHz Rectenna, IEEE
MTT-S Digest, pp.547-550,1997

[3] G E, KBREGEITAABBREAMT (L7751 [T D HEMBU%E, B S8 FEj
FEMARGD &(—RIAGB)MIABRRBEH, LHHEKF, 1984

[4] BRi2RS, FREIE D, BEER, FAKK, REBEERTH X T LAL IV TFFEFONE, &
#1548, A - P89-108, pp. 7-10, 1990.2

[5] /NHk#EE], B—, (FEEEREE, REEERPMUI AT LHAL 77 FEREIRORKEE%E, 1993
FEEFLBEFRSTRHREG@E), p2-37, 1993

— 109 —



1 49.0% - L ave¥
50 5
= 40 ;
# 5
£ z
® g
o 1 w
i 3
o 20 !
4 with 1000 Q @ 1mW
1Gl}l‘l§||l|l|||||\‘\ OT‘[T]‘|TTTT]T‘]'III'
01 2 3 4 5 6 7 8 9 10 °§§§§%§§%§§
FHREA (Q)
4 6 LPF+Iif ISR D RF-DC 28 o) 2t (GG i)
(a) (b)
C2 RAFv/I41 0 i
LPE DChy v/ C3 ERAF/152 B 50 o ;
8 1 ] |
A . ‘
E 20 | ‘ !
10 ; v :
o . ‘ ‘
0 2 4 3 8 10
ANRH (mW)
4 7 (a) WL 72 LPF+EEIA] (b) LPF+#¢ifi [0l () RF-DC Z4Mh s (4i)

[6] P2, SPS EILABM ~ 1 7 O ZE L 7 77, {5 SPS2003-05(2004-02), pp.29-35,
2004

[7] BETF3E2, KA 52, SPS EiFBMTHM E—LEHEBNASRSI Ly 54, EFHESEEES
B KeTHiIE, SBCI-10, pp.S19-20, 2004

[8] HEEDBEH, BEARFONG, WPAMER, (REfe, NENZE L 7 T HERERO SR, E7H
RE(EF RO RE TR, SBCL-9, pp.S17-18, 2004

[9] e, RALMERR, BEZRFINE, FPRMEOK, EHife, NEHZEL 77T 05 1 F— FEER
HEIE 12 & 5 BRI O S A O IR, {5778 SPS2004-01(2004-09), pp.1-6, 2004

[10] Zbitou, J., M. Latrach, and S. Toutain, Monolithic and Hybrid Integrated ZB Converter Design, Proc.
of SPS'04, in print, 2004

[11] FEFEHE, BB RF-ID Fv7 @ 1 F v 7, MWE2003 il 4, pp.22-22, 2003

— 110 —



