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Development of Therapeutic Devices using Microwave Energy

Kazuyuki SAITO
Center for Frontier Medical Engineering, Chiba University 1-33 Yayoi-cho, Inage-ku, Chiba 263-8522, Japan

E-mail: kazuyuki_saito@faculty.chiba-u.jp

Abstract In recent years, quality of life (QOL) of patients is becoming increasingly important. Therefore, it is an established
fact that medical applications of microwave are important because these applications are effective for the reduction of mental
and physical burden of the patients. They can be classified as follows. (1) Thermal treatments, which use microwave
energy as a heating source. (2) Information gathering and diagnoses inside the human body, which use microwave, such as
computerized tomography (CT), magnetic resonance imaging (MRI). (3) Transmission of medical information of patients.
In (2), especially, relevant techniques of MRI have been studied actively. In (3), this technique is considered to be an
extension of communication technologies and are described by many papers and books. In relation to (1), development and
performance evaluations of microwave therapeutic devices for the hyperthermia and the surgical devices are described in this
report.

Keyword Therapeutic device, Microwave energy, Hyperthermia, Surgical device
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Antenna Self Calibration Measurement Using Bi-directional Optical Fiber Link System

Tsatoru KUROKAWA, TTYoshikazu TOBA, TTjun ICHIJYO, TTMasatoshi ONIZUKA, TMasanobu HIROSE

tNational Metrology Institute of Japan, National Institute of Advanced Industrial Science and Technology, 1-1-1
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E-mail: T { satoru-kurokawa, masa-hirose}@aist.go.jp, T1 yoshikazu.toba@seikoh-giken.co.jp

Abstract We have already proposed a microwave measurement system using a bi-directional type optical fiber link
transceiver. Our proposed system with a vector network analyzer can measure the reflection signal and transmitting
signal of the microwave device after applying s-parameter calibration of the vector network analyzer. However, our
previous proposed bi-directional type optical fiber link transceivers can measure s-parameters up to 1 GHz. For this
reason, we newly develop a bi-directional type optical fiber link transceiver that can measure s-parameter up to 3.5 GHz.
In this paper, we show the frequency response of our newly proposed bi-directional type optical fiber link transceiver.
Dynamic range of our proposed system is more than 70 dB in the frequency range from 20 MHz to 3.5 GHz. Further, we
demonstrate the antenna measurement using our optical fiber link transceiver for a single antenna measurement of
log-periodic dipole array antenna.

Keyword Photonic applied electromagnetic measurement, radio over fiber, vector network analyzer, antenna measurement,
Broadband antenna, Antenna gain, Antenna factor
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Relationship between Directional Patterns and the Electrode Structure of the

Log-periodic Dipole Antenna Arrays for Sensitive Optical Electric Field Sensors
— Effect of Apertures of Electrodes Operating as a Micro-Gap —
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Abstract An evaluation of the sensitivity characteristics of our improved optical electric field sensor that incorporates our
log-periodic dipole antenna array (LPDA-type OEFS) via a detailed simulation model indicated an excellent but less than
perfect outcome. However, in-depth observations of directional patterns and frequency responses with horizontally polarized
microwaves indicated that the micro-gaps of the electrodes of the LPDA-type OEFS have a high sensitivity in the lateral
direction. This behavior is closely related to the problems regarding electromagnetic compatibility.

Keywords Optical Electric Field Sensor, Log-Periodic, Antenna, Microwave, Micro-Gap
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X 1 MZ-LPDA RGBSR & o Y i
Figure 1 Structural drawing of the MZ-LPDA-Type OEFS

]2 MZ-LPDA BB ¥, DRGA KUK A H—
NT T F DRSS IRE
Figure 2 Minimum detectable electric field strengths of the
MZ-LPDA type OEFS, a DRGA and dipole antennas.

RERATEEE OO B A BREE 30 om IZHABE L 72 SRBRIEFFA
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EWFEETHD. T X HIT, 1.7~41GHzZ IZBW\WTiE, =
DREMEHARMEITH LT, 6dB DRBEZF > TW5DH. Lk,
30 em LV HEHITESTTHET DI ENFETHY,
ZIX, 15 em ETEST B EFTE, 1.6~66 GHz T, Z D
REEHAMEICHT LT, 6dBORHBE LTS, Lizi-
T, MZ-LPDAARDEERE V1L, EMC R RO7-DOE R
YHELTHWSZ AR TH B2, [7], [8].
ZOXIICHMTR ) A REFEWETE, TrTTOKRE
S 100 mm BRJE L/ NVCH D Z EnD, ZIRTTHE T
v ¥a VIE#EEOR o~y K& LT MZ-LPDA BDEE R
U BFATETH D[], [4. o, FERUEOEOZ
FHOT v TFHELTHERATLZET, EET T &gl
R RO, BRHIEREE MZ-LPDA BEE R v Yo
ENZENOEREAENET 5 2 LN TE D [9], [10], [11], [12].
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0GR S AT BRI L IR & D R R & K< —HK
LT 5[2], [13], [14]. i, FERRE &K OKHREIZI
T, FERNC X 2 AR O 2T ET VIc K W R SR
TARIAPEIC SW TG L7z, Z ofE R, WERKICRT
HfgmtEiEmEEN LS —H L. K1 bbnd iy, =
FUSEE R 231 2 37 i@t 7 v 03 & o & o JEx)
Wiz T+ KL CWD 5 THD. LrL, KERED
Bt MRNTIC X DRI EER K 0 1 T 5 0°07 14 A
IR E 720, —F, ERNZ X EmMIERE 2o T
WD T, AR ISRV CTHITIC X HfamME L ERIIC X D
FREPE LN —F LD o7, THITFEEED MZ-LPDA e E
St o TIXEBRE N IER L e DR ERE AR L TWn
LR E oo TWDDICKT L, fBIFET L CIXEMHD
FERFREEZET AL TE T, 0° M & HEEICHFRE 22> T
LZMBEBEZLND. FIT, REWREBEEHALI-ZLIZX
% AR IS O IEFFRIE DS R TE O FERFPEIC E D X 5 (2 BIR
THME, EmMEGEEEMTEZEICE VLT D
[15].
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DAREARI DR BTIX, —30°%> 5 20°F TOFR AT
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&, FRUTRE R & EHIEE RS —E L T, —, A@)Iz
777 1.8 GHz DEEARIE TIx, MEHTHESE & B EN L —
BELTWD., 72, RbHEOKER 180°HHTH, 44dB 2
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X 3 K FAmE COfEmME () 1.8 GHz. (b) 6.0 GHz.
Figure 3 Directional patterns at (a) 1.8 GHz or (b) 6.0 GHz
with horizontally polarized microwaves.
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X 4 TEEAFE COFEMME () 1.8 GHz. (b) 6.0 GHz.
Figure 4 Directional patterns at (a) 1.8 GHz or (b) 6.0 GHz
with vertically polarized microwaves.
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Figure 5 Measured frequency responses of the improved
LPDA-type OEFS in case the irradiation angle is 0°, 90°
90° and 270°.
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Figure 6 Measured frequency responses of the conventional
log-periodic antenna in case the irradiation angle is 0°, 90°

and 270°.
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Figure 7 Calculated amplitude of the voltage that is impressed
on electrode of elements from the 19th to the 30th. And,
those elements that are irradiated from angle of 0°
operate in a half-wavelength resonance mode.
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Figure 8 Directional patterns with horizontally polarized
microwaves (a) at 2.48, 2.91 and 3.44 GHz and (b) at
2.32,2.68, 3.17 and 3.75 GHz.

# 1 FEC XD EHNORKME E 70O FERE
Table 1 Maximum value in all azimuths and average value in the
lateral direction of the measurement data.

. Average
Maximum Average
. value between
Frequency value in all value between
. 242° and
[GHz] azimuths. 90° and 118°. 270°
dB dB '
[dBV] [dBV] [dBV]
2.32 —62.4 —81.4 —86.7
2.48 —63.6 —90.1 —81.7
2.68 —64.3 —81.0 —90.5
291 —66.4 —90.7 —81.7
3.17 —69.5 —84.9 —93.0
3.44 —70.1 —93.3 —86.0
3.75 —72.6 —85.6 —97.8
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Figure 9 Relation between irradiation angles that are shown
on a top view of the improved LPDA-type OEFS and
the electrode's pattern.
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Advanced Antenna-Coupled-Electrode Electro-Optic Modulators
Operating in Millimeter-Wave Frequency Band
Using Low-Dielectric Constant Substrate of Fluorine-Based Resin
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Abstract We have proposed and developed new antenna-coupled-electrode (ACE) electro-optic modulators (EOM), which
enable us to convert microwave/millimeter-wave wireless signals to optical signals directly without external power supply.
The basic operations of the proto-type ACE EO modulators have been demonstrated successfully in the frequency range of
10-60 GHz. Their applications to future 5G wireless communication systems and millimeter-wave radar systems are now
undergoing. In this report, the improvement of the conversion efficiency of ACE EOM by use of new fluorine-based resign
with low dielectric constant and low loss from Sumitomo Electric Industries is presented. 60 GHz wireless signals of 10 mW
were directly converted to optical signals with ~100 mrad modulation index, which is enough for over 1 Gh/s data transfer in
wireless links. The analysis of the ACE using fluorine-based resign, the design and fabrication of the ACE EOM, and
experimental demonstrations are presented.

Keyword Array Antenna, Optical Modulator, Millimeter-Wave, Fluorine-Based Resin, Radio-over-Fiber
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mEREBEIIVEORREZAZI>E LTS, H
BREKEEES (ITU) o 2015 4F IR E(E 2%
(WRC-15)ic B\ T, ittt (5G) BEIEE T AT LD
R Rf G2 8 B & L C, 24~86 GHz @ 11 @ A%k
EREDOLNE]. Zhb0iFEEA LIV EHFICH
5. £k, HEL—F—ZRFLOLTIEAOE Y
VIEMICLIVERZH S ooH L. A%IE, 2
VEoFARSHIZMET b0 Bbhn .

Fx O TN —T1%, DRTHS, BXCEER
BOEBRERmMICFRT T FEER - EFELELET v
TTEBAEEFBROM I ELED TV DH[2]. ZDOFT A
A, A7 eEHERLPIVEHOERE S A, s+
WEREZHAND R EELEFICERT LN
TED. 2FY, L=V —HE2ARTHET CHEERK
MREEEZHELTEERICEBLTHNTS. 2h
F TIZ, 10~60 GHz TEMET 27 A4 2Dk E - &
EZATVY, BIEEIEERICKD L TV A[2]-[5]. =D
TNA 2% 5 A (5G) HHRBE AT LRIV
V= —~GAT A a7 PO TWD.

AfTIE, Ty rFEMEERBJICKFEEE
(&=2.28) T{&#E L (tan5=0.0008) 72 7 v & R # 5 &
WEHWSD Z & T, KigkhtEgwm EAKAD 2 & %
ETD. Ty ERRMEEREANCCHERELET LA T
T BT CEALEARE) I, 10mW @ 60
GHz WEREEZRHE L& 25, ¥ 100 mrad @t
NAERBEENE LI, 3dB EF# ML 2.5 GHz T
oo, Zhix, 1Gbls LEDTF—% %%(5 - HERT
L0 ERER CTH D, FEFIC 500 MHz #iK
L QPSK I V5 e - HiIC b T L 7.

UTFTIE, BFEELE7 v RRBIEEREHA VT
T B O - R AT OMER - FEAKEBRAS R
WZOWTE~R 5.

2. TUOTTEBALERSE

Fax NIBRLTHWDLT T T EMEERBOEKR
W% Fig. 1 12T, 2fdb 2 W ITEEMEOFEmT >~
T & EAEE R AR BRI RSB E L TR A
SET T T EME, BT — FXRERKIZH-T
TUARZERTZEREH TV D,

HETRMD = OEXEF M LINDOs 1%, FEEN
MR EW (&=(43,43,28)) O T, BHERME LN IV
WHIC R D L, HERATORELIE DR R4 N ER T
LD, BT, Ty T MO EDNRFERET
T2 EREmBEFIEORS MBI ND. T
T, BEERMEVEREN—RERE LT, 0L
[ (JE &~50um) LiNbOs it fh & 2 fr U 72 4% ik 2
WTW 5. (Fig. 1(b)) Y B, LiNbOs #kdh D H
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HIWZER L CWD. £, FYm7 77 & EHFHEMB
DOFEDOLEBEE, FHoESIFEENE FTEIESE
FOMICER (EMICITEROL TR &S O EmIZHEFEAN
v 7 78 (Si0O2, E&E 0.2um) A L THER) LTw
L. A7 a R - BBEE LT, R~ 27812
U v ZFH#EE (Inverted Micro-Strip) & Bl DL & 72
W, LINDOs #Eidh & HERICH W AMHARICH T, £H
BRBERENRY TN METE 5.
INFEFTOHFRERIZBNTIE, "R—RLR5EFER
EWE LT, EX 250 ym BEOCEMAID 5 WVILE
A (LWEEEHE a=4) % A 72[4], [5]. LINDO3 &
M BRI W RIS ST, 2o R BT
HZLEBERLEN, EREREEAELELLEZA, £
WMAEE— ROEBEEEIIRETCE TV RN QN

R ENT. FZT, AT, BERERN I HIT/N
S, BEBRRLNIWVWEKE TR T v FREEEK

[6] #HWABZ Ll L., RFETCHWEZ v FEME
CRAAFEOFERMEA LB LEZbOEE LITRT.

(@)

(b)

Fig. 1. Basic structure of the proposed antenna-coupled-
electrode EO modulator.
(a) Whole view. (b) Cross sectional view.

F1 EXKBLRT v FRRBE & B BOEOF R,

FER o B tans
7 v &R MR 2.28 0.0008
VA A o 4.0 0.0007
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3. B & &Et

IEE k% 60GHz H & LT, 77 FEBWMOM
fre@itziroz. IV FEFICENTE, P77
FTEMKT 2EBM S OBIRIE T TR, FOIFE
WO ZEF A LiINDOs &I 1T D BN EYE T &
Wbt b. Fhve x, Fig. 1 (b) &3 kD Wr



S Z FREICEE L 3RITERRMT 21T - 7=
EMTIZ1E ANSYS £ > HFSS ver. 12 % W72, KT I
BWTIX, ¥F, 7T rEBET VTS EEREM
W CTRITZTY, K&EES - BRE2EDEK, 7T
FFEEREMEBESIE A v E—F U REAESKM
RO, LT TRHENLENOFEMIZOWVWTIERS.

3.1. AR FT7UTF

ToTTIRERFEO~A 78 AN v TNy FT
T e L, BEE 4 um (FtEA v B — & 2 2 ~50Q)
DA 7aAxA N vy TREEZESHOHE (40 um) %
T Tl - BT DM E Le. ERKICTI VK
BHEEANNLIZEEORFFFEEE Ry FEBKE CTO
BRSMAEFAMT 22T, TEOFEEKICE T
EBMEEEL-ODO&EEKRD -,

7o RRBEEROE X% 250 um, E# LiNbOs
fEem DE S % 50 um, EME A 58GHz & L7z &
DNy FEMANSY — 2 KR E Fig. 2 (a), (b)
WZaRd . EMoNH — 2 (Fig. 2(a)) %, EME @I
BITLHIVEERD 2545 E; (58 GHz) # 7 — T

L72. 58GHzZ IZB W T RF AL IE/HENE STV D
TERbD. N—=ZRFEWN 250 uym EO LY T A

Thd7u N AT BT DHE, Ny FEMBD 1T
2N 1.25 f512, WA 1.56 f5lc o 70, Tk, MK
EEROEDFELENETLEEZDTHS. LER-> T,
TrTFRGOMEBEZEREON ERBFHETE DS,
58 GHz BT 57 v 7T TS /% — % Fig. 2 (c)
WZoRT. O R KRMEIL 5.1dBi T, 250 um JE O 4 %
H T AERDOEEAITHTHK 1dB ML 7-.

Ehie, 7yEMBEEKOESE 100 um I LS
% (LINDO3 % D E S XFER) OFHT#ER%E Fig.3 TR
F.OEE 250 um DB AT AT, X0 v HIERM
ZaRLTWD. 100 um B 7 » FBIE MK TIX, ERE
— FEOEENZIFERERIRETCETWE EEZLR
5. NRyTFEROY A XFEIHICRKREL Y, —OMN
WimmTHD. T T THRSEIEEK 6.2dBi TH Y,
7 v FWIEFEM 250 pm 1T T 1.1dB ¥ L 7.

3.2. EERHKIRERE

W, Ny FT T FERBROFEEHNT, RE
IR O R LIRS R RO 2. HIRE AL,
M URROEVRKEEZER Lt~ A 70X Y v
TEATREOBRBE L LT, ~A 27X Y v P EATRES
ML, ME—RFEHFE—RFD220F— RBRFLE
T5H., HWE—RFIX, 2 KOA N v P EEKREHFIZE
WEFT D20, KERCHERTHB[7]. Thdz,
WE— F% 60GHz HICRB W TEIRMICHIESE S -
OOFEMFERD .

(@) g'! (c)

G ~5.1dBi

Fig. 2. Designed patch antenna using 250 um-thick
fluorine-based resin substrate and 50 pum-thick LiNbOs
film. (a) Patch metal pattern with E. distributions at 58
GHz. (b) Frequency response of return loss at the input.
(c) Radiation pattern at 58 GHz.

@) SR A )

40
p.m_» -«

i
i
Input (50™) '

(b)

G ~6.2dBi

Fig. 3. Designed patch antenna using 100 pm-thick
fluorine-based resin substrate and 50 um-thick LiNbOs
film. (a) Patch metal pattern with E: distributions at 58
GHz. (b) Frequency response of return loss at the input.
(c) Radiation pattern at 58 GHz.
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FHE— RIZHT D UFTE DI 2 E (o
AIEK 20um) X, MEBEOEBRTOE S (5 1250 pm)
WCHRTHo/NEWD T, & — FICR LTk
g ThLERREDL., — T, BE— R L TIEW
WITIZIERKETH D, £, KImToOTZ I U UHED
HELHDHT0I, BT — T 2MBEOLNT O
E&Enken K&EWv (>1500um). W€ — KO EBR
DN ERRDTDICEDFERIILN R OENAET
L. ZThooREERAT 52T, ME—FEHT
— ROKBERAEEEERE BT, A€ — FEBRR
BIRES 5 2 N TE BH[7].

2RO ER~A 70 A Y v FHEE (IE 40 um)
ETRFARAMEICHERE LT, TAZENICFEER T

MHOIVEEEEANT LI EOLIRFEELRD 2.

Ry FT7rTr Rk, 7y ZRBIBEROE X
28 250 pm B LY 100 um TR EFNDOHH IO T 58
GHz CTHIETZ LI ICEDZMEL Fig. 4 BL O
Fig. 5 &R 7.

Ry FT T T OBIEREEIERY, 7 v FERE
EWRoOESE2E2TH, HEEWEN 58 GHz L7 5
BMEORESITIZEAELEDLRNY., X, v( 71
ANY y TRBEOHFE— FOBRAIT, 2 KO
v TEAROEE, FFICHEBEFEOE Y LiNbOs #Edh 4y
WHEGTT 220 ThHE. HE—FZ2HOTHROR N
JAET, B -G EEMA M TE L. KA REIC
DWTIE, 7 v EBEEMKE 100 pm @ 5 23 8LV LR
Kz RL7Z., 202 b Y, 100 um FEEE TIX
HEWRE—FOEELVHRTETNIEEZLNS.

b

33. ZFVvTr T ERE

BT, 2 00BNy TFT T EEEKLIRE
MEM/BESET, TrrFEmE LE-EfES eG4
OEREERD =, 7o TrF L HEEBRITOTR
bR E SN 58GHz TH Y, I 40um D~ A 7 1
2 RY vy RENEREINL TS, ZOMRKEEY
B (Bl x0F, SEREERICRTT D 14 EDDWVIT
34 W) LLTWMFELHEHM L., £LT, LML
REHERECOEFEOI VR FEHEESFEZRI L ED
GRFAEXRMOBRAYMERD .
ooz, ERIC 250 pm EOHEH T 2 & FA N
EHAORKELTRT. BEEOK VT v FREE LK
EFRWDHZEICEY, TUTTHBEINRVE KT S
ERDbMND.

Fig. 7 1%, XEEKO a7 0P .OEs (BT A B
oA vy FEEDOT y Y B lum) 28T 5 ER
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WL o THERBEMENRIRED. 7o ERBEE2HVD
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Fig. 4. Designed modulation electrode using 250 um-thick
fluorine-based resin substrate and 50 um-thick LiNbOs
film. (a) Electrode pattern with E; distributions at 58 GHz.
(b) Frequency response of return loss at the both input.

(a)

(b)

57 58 59 &0
Frecuency [GFHz]

a1

Fig. 5. Designed modulation electrode using 100 um-thick
fluorine-based resin substrate and 50 pum-thick LiNbOs
film. (a) Electrode pattern with E; distributions at 58 GHz.
(b) Frequency response of return loss at the both input.

EMEEZK L5 FICHMR T A ENbND. 7y
FRME 250 pm = & 100 pum JE T UL ZE 5 B R T 08 1F
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LS.

BB, B LET T EBOE TER 2T



# 2. REFLIET7yRBIBEEKRT 7 FEMBOFET.
Base substrate Fluorine Fluorine
u 250 um-thick 100 um-thick
Operational
frequency fm 58 GHz
EO crystal z-cut LiNbOs 50 pm-thick
Optical buffer layer SiO2 0.2 pm-thick

Adhesive layer
Patch antenna

UV adhesive 1.2 um-thick

Patch metal Al 1lpum-thick
Patch length La 682um 977um
Patch width Wa 682um 977um

Feeding position to

273um 257um

patch antenna 4x
Resonant electrode

Electrode metal Al 1pm-thick
Electrode length L, 1250pum 1260um
Electrode width W 30pm 30pum
Electrode spacing S 30pm 30pum
Feeding position 4y 120pum 120pum
Feed line

Feed line width w 40um 40um
Feed line length Lm 1173pum 1257um

4. B - DIERER
4.1. T4 ZADHE

BE L7 o BRAEEMN 250 pm E DT N4 R &R
fEL 72, BRI k- TR, ARMICS E SCHk[4],[5] @
TNRARELFAETHD.

LiNbOs ## & 1, z-cut non-doped Congruent i % o /&
X250 ym DL DO EH W, £, BRmEmIC, EYE
HiZe 7 =— 7 a b 23k (2 B&M, 240°C 90 47)
EFAHOWTHREREAZER LEZ. VT OREIC SiO2
YEANRy 7 7B (JEE02pm) Z RFAR Y XY T
TR L%, 77 T&EmE EBARELYV 7 A7
RO ER L., 20%, Bwmx ETRESET, 7
v FRMBIE M (& & 250 pm) LIS UV (kB
EREZ Ay a— b (BEEAOEESK 2um) LTHD

G 7o %I, LiNDOs fb db & Y FWFEE 12 K - T 50 um
L. ZFRLEFTAAL 202K LAHEOEE% Fig.

IR T. 8T T TEREEMB LY =
TT LA DOHERTHD.

4.2, EXEERER

Fig. 9 OEBRAEZH W TRIELEZT XA 2D HEAH)
VEREBR 21T > 7=. JIFEIC T E 1550 nm 4 (C-band)
DFEFRIE DFB L — ¥ — (H1~20 mwW) ZH v T, B
MWEEL L AFEARICEY TM E—=FRERBLHIITTA
ARIZAFH L. ZORIET, T34 20 EE 26 60
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(a)

(c)

(b) 682um

546um

Fig. 6. The designed antenna-coupled-electrodes using
250 pum-thick (b) and 100 um-thick (c) fluorine-based
resin substrates. For comparison, the antenna-coupled-
electrode using 250 um-thick SiO2 glass substrate is also
shown in (a). The distributions of the electric field
component of E; at 58 GHz are also shown in color.

Fig. 7. Electric field distribution along the optical
waveguide core.

GHz #O I VE CWEEZBHE L, B XD AT |

NEHRAXT NTF AT FITAYTHA L. Gz
E#HAL7 bvo—fFlE Fig 10 IZx-d. 2Dk &

DIVWEFOENZT 10 MW THD. =070 10
mW @ 60GHz #EM(EZMHE TR ONXLERIES %
"BHENRTER., L, EHLEY vy ERBER
WoHFERAMEZMEICRLTND.
TOTNARAFHEREGE L TEHMHEERGBTH
D, WEWIELE LRI A R RO S MEER



B ERDDZENTE S, Fig. 10 O F Tik, MHEZE
FHHE B A0~ 2 (PU/P)Y2=T70mrad L7 5. kKD SiO:2
EWRER WL OICHAT, [FHUEHOERE SRS
REiZ, M 715 O AHZEREE NS S 7z [5].
FONA AD AW EEEE Fig. 11 ST, B IR EKHE
WITRFMEEIFTE—H L., £, ZOFAAL 2IT
VT T ETUVARICERTWB =0T, ERES L
BEHEEBICITT VA LMo TRE DM Z R
9 [3]-[5]. fEMmEORER L E Fig. 12 1277 . 8K T
Tu—RY A RV =TT LA ofFnaEEEN %R
TWBZERDLNE. TLAT VT FHICBITZESA
E, £7 T T EMBICBT B REEFTITE WV TT
STWLEDIZ, ZFHENREEERBIBELND.
COTNAADRKERFEDOLOTHD.

-
[

-
[

Fig. 8. Photographs of the fabricated device.
The whole view (upper) and the side view (lower).

Fabricated device

Fig. 9. Experimental set-up for the fabricated device.
Wavelength [nm]
Fig. 10. Measured spectrum of the output light.

The irradiation power of 60 GHz signal is 10 mW.
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Freguency [GHz]

Fig. 11. Measured frequency dependence of the device.

Fig. 12. Measured directivity of the device.

4.3. T2 2E-EHRER

7y FMEE R — A RIS N T T S ER A
AL, /NMEH 10 mW D 60GHZ H15 B & M& L7272
JT, DR ORERESHELNT. EWHAENS

BMETHL, 1Gbls BREOTFT — 2 2> -2 5 DNE
B RN TRELSEEZEZOND. 22T, ERICT —

ZfE - WHERET - .
ERLET AL AT 7 A4 N EHf - MELT,
R KESEBEY 22—V EERLEZ. HEY 2 —

NELTORFEABRKITIIABEREETH- 7. 2T,
K7 7 AN HEROABEINIENTHY, il
LIz X VHEKIT 10dB KT 2 AL L.
DEY a—/V{Z ~1Gbls ® QPSK E = CTEML 7 60

-
—

GHz WX Ve 5 (EEEBH 10mw) ZHEE LT, )%
BEICEHRLEZ., &b, PHBHENEZNEEEES~

Ikm X7 7 A NP TCRHEEIVEEE, AT A F
Ny R ENXT7 4 V2 THRELTNLL BEr X774
NIIE S (EDFA) TR L7-. & %12, EDFA IR IT
LA ASEMES N EREL, BT XA A —F
ZAWTI VU EGEFICHERL 8]

ME L7 QPSKIEEDava &L —v a2 A7 7
Z L% Fig. 13 129 . 55K LA #iT 500 MHz



THY, 1Gb/s OFT — X B« ZFEICHHE T 5. 1Gb/s
HEBRESET7 VT TEBEELERBEY 2 — L THER
WCEBLEER, IVEICHELEBLEEZTH, AER
Q%K%%ﬂﬁ@f%fbé’&ﬁ“# . Ih& b,

yEMIEEREH T T T EBREERESE AW
T,%Bﬁ@ﬂﬁ%%*t%%ﬁﬁhﬁ%fﬁélk

EEBOICHERB I N TE.

(a)

(b)

Fig. 13. Measured constellation diagrams of the

irradiated 60 GHz signal (a) and reconverted 60 GHz from
the optical signal generated by the array-antenna-electrode
EO modulator with the fluorine-based resin substrate.
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