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On advantages and applications of sensors using electrooptic crystals
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Abstract Sensors that adopt electrooptic crystals, which are called EO sensors, have been utilized for detecting electric
fields and signals with various frequency bands since a long time ago. Several EO sensors have already been commercialized
by several manufacturers. However, we cannot definitely say that killer applications of EO sensors have already been found.
To break this situation, we reconsidered both advantages and disadvantages of EO sensors. It is emphasized that EO sensors
possess three advantages; large bandwidth, low invasiveness, and isolation. On the other hand, a remarkable disadvantage of
EO sensors is poor sensitivity. We introduce novel application examples in which isolation nature of EO sensors is utilized.
Recent year, systems that use electric of magnetic fields of MHz-frequency bands are actively studied. For example, these are
intrabody communication and wireless power transfer. Electromagnetic fields used in such systems are not radiation but
quasistatic. Owing to this fact, there exits severe problem that measurement apparatuses can easily change characteristics of the
systems under test. Although it is difficult to correctly evaluate characteristics of such systems only with purely-electrical
apparatuses, precise evaluation becomes possible by utilizing isolation nature of EO sensors.
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1.IIC®HIC

BRNEFERBRICEREZEMT 2 L, Stick 3 26
DEIrENEAT 5. BRI T (Electro-Optic; EO)#E fb
DZDOESRWEE, mEALEMAEL LTS AALF
MEnhTnsd., £/ EO#EME a2l oL, ER
EHRHT 228 TEL0T, EO RMITERE W
ELTL LS o fsEsnTE/. UIBARTIX, EO
EEEEMBALEER YD L%, EO B
EMERZEETD.

EO & U H ofERIEH <, 1970 R0 L AFE N IE F
D11, 1980 FRICITmEERGEEF MM T 5 FiEL L
THADOT — &2z 2] MEXKN R4 & E
LKA MR AR TS EO X, TOREKD
A=Al LkoTPHbENTE .

FOEIBREVWERIZHEEDLT, BO B2 D
SEoNTZHBETHELDAL TS OO, REZIWCEH Y
— L ELTHRBEIZHWORTWD EIEFE A RVONRE
FETHA). £ EO BV EITILDE L TEBER
JFHHER ) DARRIEERTE LT, THDEORILRK
ERTFEET D) b 5[3].

TOXIBRRWMEZBEL, K@ TIX EO B Yo
FlREBERT 2 L0, EF07V—7IT8BIT D EO
U oH LWISHE ZEI L, EO &y LI
Jl@EwmOBEME Lz,
2.EO0 UV DM L 48

B 1ICEO BSOS EZRT. 176, EOt®
CHOISRIE 2EBEICSEIND IR DRND.

1 2%, EO B VOoEEEELZENLIEIGHTH 5.
EHMEIL EO B Y OEEREEO 1 27208, ik
EOR ORI o@mEMICIS. BEOMFERBOG
B, EWR DR HEKICE TES. BEM
121X, EO B BE B OV A4 XL, &Il i on
77 T T OMIEICBIKAET DAY, K2 THz B O i
WX EO R LIF LITHWS L S[4]-[6]. £ 7= EO
ot OEEEEEN LS TR, JtE o & E M
LEEREEARS. o k) RIATE, LiIELIE
BT APBOHAILZARNANENDE R, ZHITERW
WCIERAENE 2B CEHWERER S ZE&RE T %,
AN AL THBICFIIAND ZERTE D0
5TH5H. EO B HIZHBWTIL, EO R « s &
Rk -BHEFONEEZ, ZnEFIXH -RF-LO -
IF CEIRT 22 0N TE5[7]. EO B ¥ iX, BMILH
WA a L R—=D g VAT LALMRRTE S,

K 1IZREZE, BO®BYYDOHH 1 DOEERMEE
M TH DL EN DD, EO B o~y R
(BO ) L MERZV V7T 50137 74 )7D
T, BV Ay FEMER»LERMICHBET D Z &
MTEDL. WHESRIZE > TIE, MWEZHHD DN

"""""""""""""""""""""" . WUTIG A

" EOtLH DR
ZEEML=IEH

FARSEE

iR [Hz]

X 1. BEO & v ¥ o .

BOPMETHDIEAENDD. FEMBATHEITYL, K
EOEWHEEZITI 12010, HENSEEZNERNS
kT2 ENLEENDIEAENLIELES S, HFHE
MEERERNPLMET 201X, MEBEKMNRE T
FEHEETH Y, EO & F ORI RDBEELS.

UIBETIX, EO & OEIE &g L7 HiRico
WTCHEmT 5.

3. EO BV 2 AW EENREIER

IITIEFIELT, BUEMEFOBEREAENET S
BaEEZTCHD. 3 DOBEERICL DERFH O
AEK 2T, X2, MERNLFEICLDE
KN TH L. HHEWEFICEI»PNEZET T
CHERIE, Ry — 7 v YOEBER Yy — 7 TR
ENd. Ty TREINT-ER XA — T LI
FoTBERGEEL LTHERIIBI NN, F¥—7
MR D AEEBRDOBFXCHE B O AR EDOER
BN DD, kxR ET> THHEEDREWRE
NHRECTCHD EIND[8]. =-72L, K20F THib K
ERFEVWOIZ@DOFZTHY, HMEFFENICIER D #E
LT3,

BRI — T NVICEDBEREEYRT DDICHD &
ENBHON, K2R LIZERHHEE TH BH[9]-[10].
TrTrTREINZBEBREOESIX, EO £#MFET T
HEBFICEBRIN, T 7 AANTHERICETOND.
K7 7 A NFMEEROT, bl &L REEREDIK
Fransz ixn<, FEHELBEE LHKEICERB I
LHeEZEZLND., EFRELUKREEIR 2)OFRIICED.

Bl 2(c)iE, @BIT & 2 #H & ERR o5& 5L A& MR E
TR 5702, EO ZRFFOT 72 blE
LEHERTHD. K200 Lo, —UoL&EE M
LDFIEMAEHRE TEZ201L B0 BT OREATH
v, MEBEBINLFECHTHT FAAVrTF—UEEDbNn
L. TUTTNENEZD YNy KON A HE
Td Y, DUT(Device Under Test)iT % @ & 5t % & V> 22 [H]
SREETEH R T Z2DICHMNTWS., ELT T F T



%l&

7/7#
*& Iﬂll X ;’ﬂ“ E %g
R&#r—JIL
(a)
N 7T
MME_>:X> KIFAIN 2 iR
- NS EEs
EOZHAFT S
(b)
BiK
>>> = KIFAN KB
% . S Es
EOLHET e
(c)
X 2. #iE st GO BIEFHAL (a) MESKN R TIE

WXL DBWHA. OYEO® VY ET T T E2MEARAED
BB RFR. () T 7 FE2FAHLR W EO B HIC
X B ERFH.

}

[

BMEZBFES I ENTERVOT, K209 TiX(c)DHl
m%ﬁ%%@ﬁﬁﬁ<,%®@§@Eo%%Eﬁ®ﬁ
H (& BT, Ry XV AEE)D B THRED.
Aﬁéai&m%é%%# , MERHW~0EA b
MEINLTWVAH[I]. BERTTIE, K 2R LT
EO BV OEEDKRINVMEL LR VDT, ME
RAEEE O EZE My REER T, EO ¥ VP OFERT
TV = arvbkaBAEEND D.

PLEOBHEMNS, —#%IC EO & > ¥ i, THHlE B
ﬁm@%ﬁ#méwJ LEMiEhTnd. K22 A5
L, EO B TlRERTF—T AR ELRL TR NOD
T, HOIZEELBNSENER DD, £ 200k
VS FZLVEBEREENRVOT, Ty T T EA
T 5% E AT /N & 22 E D AT RE
72770, FEARTHD EO M7 74 N TERER
ROLFEBREZALTVWDHOT, EHRLEREEICWMA L Z
CIEARFBETHD. EO B 0EOENMEERTIC
w,m)ﬁ%%774ﬂﬁHME%wﬁ’ﬁzé%@
DEBHRRFTZITV, MEBEKWRMERIIRNT DT
FNV%MV%%ﬁKmﬁﬁgwhétéw
4. EOE Y oFHLWLH

ZZ 10 FEEZKVIKD &, Near-Field Communication
(NFO)[12]R° 7 A4 ¥ L A3 E[13]-[14], &= L TAK@EE
[15]72 L, ERLENT- b 05RO E T,
MHz # L F OB RCHMR 2 FIH LA EE L

}

ETFHEIND.

HE—L fﬁ-u;«—s\ SMF

% HE—L —» S—5] SMF

EOZH:MKZF QWP RBHAR
| | [ i vy pray=y! PMF
O O see—& L2220

[N -

2EAE

X 3. MHz #5532 L7 EO B OiE.
INHEDOYAT ATIEHERL TR AL F— 2 EEH IR
DO, BEZTTERLS, BROEBASHA X
NTW2b., ZOXH Ry AT AEFAMT 5I121%, #HH
WMADBZELEERSZ XA X — 2 ERICHET 50
DEFELWR, (BTHHAT DL II)ZNILMEE TIX
W, RETEH, 20X AT LAOFMIZ EO &
VHMREHTHDLI LR, BERAER A CHIATS.
4.1. MHz H{E 5 & #IZ@E L7 EO &%
MHz # L T O EREAFHA R IC T~ 2365 L7z EO &
YHOBEEK 3R T. L RER E D A&
N7 EBREED, MEERFEZ 7 A4 X(PMF)IZ X - T EO
trVIcE LIRS, BT TEMICK St
— X, /4 EERQWP)IZ L » THEICE#BR S L
%, BO ZFAETICARNT . MG lETE VO
BREREMEEZBEO DI, BREBITZA S 2V
DL TVWDHOT, THZzBIEZRETELFA L TW
% ZnTe % BO ZBRFFHME L LTHRIH L7z, EO &R
FFTRAEEMEZ T - —2L10F, PBS T2 5Dl
FEAERICICER - HESnztk, B—FE— K7 74N
(SMR)JIZ L »TCEH 7+ Ly =" EcEM»h, &
RIEE ’Wméné

EO ZRETFITIIT 2 2oEB BB INALTEY, £
h%ﬂ&:%t/kéﬁmy Mz an<Tnsd. 5%
ERETABICIE, BFERBE % DUT OF =% [IC
BEmMmIEs. —Hekey ML, WMEDOHMIZIE LT
DUT 7 7 v K(GND)IZHfih &+ 58466 H it
7ue—7 4 I THRTL2SBELHDL. K ORE
MIL[16]-[171ICFE Y, LI T 2 >0 BARkfl % H v C,
EO v Y ot 2iE 0 LEMBEEZRNAT 5.
4.2. ERBRHE ~Di:H
m&%@%ﬁ@ﬁ«@ﬁ%%kbf,k%@%%%
FNDFFMIC OV THHAT S, AFEE & ,%%
FeH7c MHz 2 OB R O 5% %kbfk%%ﬂ
BEHOBKBETT 22000 T50THD. )\
EEEOY AT AR %K 4)ICRT. BEMWEICITE
T+ T-REY 16, T+& T-OMICEEETE %
HAEIED. ZEWMRICITER R+& R-DBDER SN,
R+& R-OICELCTEEEEZZET 5. K 4@ 5
BEIns o, AMEEBETHRLERDIDITFEICEN
A NVERTH D, LA o Tht KO mE FERE MBI F I
Ta—T 4V RETHLIIEICEBETILERD D.



&7
I ki

ACERAR
I T—R(K) |

(c)
By AT HEZDOFMEE. (a) AR A
(b) EO B &R M L7z NE@E(E T
(c) EratgsZF A L7 AMKEET

B 4. Ak
Kw1E > 25 A,
¥ RV O FEAM.
¥ L D FA .

K 4b)iL, EO BV E2FHA L CZERFEF2EMT 5
ooty N7y 7 ThHDH. M3 IZARLE EO B
DE&EBEVEB Y REZNEN R+& R-ICEfi &+,
EWRMEICECLEREKEZHET S, 20L& 52 EO
UV EBEBMBICEMI T L L TH,R+E R-ITX 4(a)
ERBRICZ v —F 4 U 7RBEEICHEFRF S D D T, EO
UV E o CRGBEREZ ERICEMT 22 & AR
ThHD.

—F, RA4C@IFXEBEBFHWBB 2 XA R a2 =T
AR NTATFITAPYERBAL TCZEETZHE
THrLAEOEY VT v THBD. R+E R-E, TNE
NWE T O (5 B (Sig)i & 77 7 > R (GND) %

TR IS, EEE IR IT AC EIR THRE) X
N30T, Bl GND 1 &7 — ANEKED
LSIFEWA VY E—F U XATRAT L. ZO/KR R-
NT —AZEKZIN, R-T7ue—T 47 TR D
s, ZEEFZERICHEM CERIALD.

ANEEET v 2 VT EMEIKE RS ZENTE D

@T,I4_ﬁE¢5£ﬁE%%TW%I5_T¢
5)0 &9z, BrEHlIGE#ER LS AT, AC
%ﬁﬁ@ﬁﬁuioféﬁﬁﬁ@bﬁﬂ/ b%k?

5. ZoXolL, BFFHSBEERT O LICE ST
ANEBETF ¥ X VAKRNET 20T, EFFHIEST

PR OZFREEE LT 20 ERETHS.

EFNIEZH LT 5y R MAr Y —i, ¥ 5(a)

BF
B}—CND | stz

(c)
X 5. ANREIE > AT b & 0REl R O 5 il 5] 3 £

. (a) FEARM R ANEEE S RAT A
FIH L7z NMEBAE F v R0 0 FEAf.
FIR L7 NMEEAE T ¥ R0 0 FFAf.

(mEot/%%
(c) BFEIHER %

- RS BT .
3 L EOt ISR BEREN y
H
e
lu

L1, BYRARATTIREAREER
0 05 1 15 2
B [us]

B2 EEWIE & ZAERIE O L.

6. AAKEAEIC

LRI—=THHDT, EO B H2EMICEFHL TH A
KEEF ¥ JADBRELL LRV ERNDND. TR,
EO B VOO EERZF R THD.
AEBEICB T 2EZEEFEORKEZX 6 IZ7R-T.
EREM(EB)EHBT 5L, EOR VY CTZE LK
BB TR TH LM, EBFatllgCIyr 2 a—7)
THRLNEER(FEICIEmAERSBREAL, EE
7ﬁ>%ﬂﬁb'Cb‘E> LR n. mEERKS ORI
R EESRT A LI T R-BT — xén
HZENFEREMHES LS. AMEBEOFMHY — T
%, R-F7e—7 4 IRkl b0T, EO&®VH
WEoTHEHLELD T, ELWTF v X ARl N AT 5.



4.3. BERABRE~DIS A

FHEDT A Y L AIEEOWILHIE T — HITFE, B
ROZEHESH 27T DLBERE X TWD . KEID,
WAzl %5 EO B o FEHIC W T
W3 5.

EO fidb I B R e B B [19]1%2 A L T\ /2D T, EO0
FERICHRZ 0T CHOROBEITRE(LITREE 2. £
T T EO RS TRER 2 MR T 5 710, EO R I 2 (E =Pl S2AZ 5 R
N—TT T FERY T, R EEEEREINICE
BLThoRT 2 HERHRE IR TWVDH[20]. K X 7. ZHBERAZEWMEICLDINV—TT T FEHGD
T, V-7 T U T EBELRR3IO T e —T % Tos 5 53 A P E R .

UL, B30 1 B S5 A & E LS 5 J7 3R 12 o i ——
WCHBT 5. =ZERE (10.7MHz—455kHz)

e mMER 2K 7TIZRT. BERELERT DL —

FTUFFE xy BNICEESA TS, BRRS B ,

B D& RS By, By, B &I T B 2 & 48 AT AE A =l ok
REZGEWACGEMTEE HE L, BWASRELZES -l
EB%EO® ¥+ TFu—b /45 . EOk ¥+ HY ﬁ

TR EZBRHTET, EBUNERAF NI AR
R, MEOBWHEAZEmMRK THIELI-LESRE %
EOk ¥ TE=FTH5Z ik, BEFHMBERE
WA)DO EEENE L BO v OO W A r L K8 ZEBUR S AE R O M.
TR B E N ATREIZ 22 D .

HKIELZ =R ZEmROEREX 8IZRT. =
WMZEL—TT7 U7 TR ST 10.7MHz O RS
T ML T v 7 TR S 7=, 455kHz @ IF {3
S T v HICERS S b 3R O IF(E
BT LT /L A

Varw = {2+ (7,02 + (1,172 (1
it LT, RN MLOKE EBICHHI L IF
BE Vi ZB52ENRTES. ZHIBAZERRD
BEEZX9IZART.

I/ R LI-FEBRTIE, z#h HICE®E LA SZE
MK EN—TT T FOHBEEEZX RN L, EO B
TV VT ERE L, BB T Vg 2RO T
FEREX 10T . MAZEmRITER THRE T 10

P
©

Wh7ew, KBGO GND 137 10— 1 v ZHRIEIC g s 'w\ _ ":iﬁi .
HY, BO trHTTR—ErTLTHT =T (Y ;5. 0 & i o ;éﬂﬁf;::atir)lg)
VR SN B, L LAvexa—F ki G .

BERET 5 L KEB O GND 287 — A Sh, #AKO & 3. .

GND REEMNZE/LT 5. 10 DERER DL, 70— E -10 N e

T4 TIRETITEAMEEBEMS L —8L, B E —13 \“‘o
HAiEERICHETETVWSZERbns. —F, + # 20 N

Ym A S = T A RIS L T2 B (earth) 121X R BE(E 5 & 25 "y
BRAL, SFEMEEIAMEBEOTRAMNLKE 2D, K _ag N
TIEHFEMRRER ST EZTDR VR, Frrmrxa—7k 40 60 80 100 200 300

2 s —IPUTFh L SH R S ER AT TOEE
£ T3S E WA BT 5 &, WK O GND VT T IO =M AR RERAE TR A [om]

NT —AEINDHI ETEBANANBEEL, V=TT 10. Vv—TF T T il EORIR A0,



TITNODORBEERBDBEALEZ DO EEHEESNSD. 2
DX M EETHEEO SR TEBET 2O T
WEETH b, BO BV 2FATIE, BSITHR
THIENTES., MHz WEMAZHALEZY 2T
LAHIELLFMT 5121, EO &> F 0zt z2iE»
L73HEREDTH 5.
5.9

EOk UV 0ERERZHME L, EO YV DOF
A2 RE L. EO & V%, dmlidk - &2 i o figge -
AR EEME - Mafgktk, © 4 RicB VT, BRSBTS
TLHTRARUT—=VEFALTWVWDLI EEZOND. —F,
B O CILTE uﬂwﬁ_ﬂﬁ%bm — 2 EO &~
TIIPONME RN T & fev. EO B BRSNS
cuiﬂﬁ&km%mb<ﬁm¢é_&#ﬁﬁf%5
AR TIEFIC, EO BV ol aiEsn LIS H
Bl &R Lic., IBFEHAEREREIRI/ILL TWDH MHz

DERLHEREFIHLIEZY 2T 2%, BICHERD
%@%%H%#<,%%%M“$WT@ELwﬁﬁﬁ
ELWHEREZEZ W ENE W, MO &V EO
TrYiE, MHZz B OB R R 2 =T7 74—V %
FRALEY AT LOFMICmO THEHTHH, 4% A
Vy—RUEY —LELTERT LARENEE TSI
DTWD., S%OREMIZHFL -V,

X #R

[1] FEMEK, “BEIEFEDHREMVTZEGRRE W
DORES &A% OFE,” {8 %6 (B), vol.J97-B, no.3,
pp.235-242, March 2014.

(2] RZEEKR, AEEKRHE, “@XCPHREZFA L
7o AR AR B B A o By, {5 6 (B), vol.J97-B,
no.3, pp.243-252, March 2014.

3] HREL, it ziE M9 5 Ep RN FE
L — % —HF%E, vol.33, no.6, pp.365-372, June 2005.

[4] Z. Jiang and X.-C. Zhang, “Terahertz imaging via

electrooptic effect,” IEEE Trans. Microw. Theory
Tech., vol.47, no.12, pp.2644-2650, Dec. 1999.

[5] Y. Cai, L. Brener, J. Lopata, J. Wynn, L. Pfeiffer, J. B.
Stark, Q. Wu, X.C. Zhang, and J. F. Federici,
“Coherent terahertz radiation detection: Direct
comparison  between  free-space  electro-optic
sampling and antenna detection,” Appl. Phys. Lett.,
vol.73, no.4, pp.444-446, 1998

[6] S.-G. Park, M. R. Melloch, and A. M. Weiner,
“Comparison of terahertz waveforms measured by
electro-optic and photoconductive sampling,” Appl.
Phys. Lett., vol.73, no.22, pp.3184-3186, 1998.

[7] A. Sasaki and T. Nagatsuma, “Millimeter-wave
imaging using an electrooptic detector as a harmonic
mixer,” IEEE J. Select. Topics Quantum Electron.,
vol.6, no.5, pp.735-740, Sept./Oct. 2000.

[8] RiRFE —, “SER VI XD ERNED N
L HERBFI,” RE U — )L K, no.12, pp.33-47, Nov.
2010.

[9] SRR, “EREBLER Y oEMHL &
RREE,” L—% —F%, vol.33, no.6, pp.384-388,
June 2005.

[0 mEE, EMHER, TERHAAK, ﬁEEE,EE
HE, BAE, “~A4 7 0 FHHiRIcB 0T E~RE
mNERE Y EF W (B), vol.J97-B, no.3,
pp.253-262, March 2014.

]n )

Uuan%,,ﬂﬁ%% KRy FVAFZFITE D
BEMPOBRAE,” HEXFERFE, vol.7, no.2,
pp.114-123, July 1983.

[12]R. Want, “Near field communication,” IEEE
Pervasive Computing, vol.10, no.3, pp.4-7,Jul.-Sep.
2011.

[13]K. Takeno, “Wireless power transmission technology
for mobile devices,” IEICE Electron. Express, vol.10,
no.21, Nov. 2013.

[14]I. Awai, “Basic characteristics of “Magnetic
resonance” wireless power transfer system excited by
a 0 ohm power source,” IEICE Electron. Express,
vol.10, no.21, Nov. 2013.

[15]T. Zimmerman, “Personal area networks: Near-field
intrabody communication,” IBM Syst. J., vol.35,
nos.3/4, pp.609-617, 1996.

[16]A. Sasaki and M. Shinagawa, “Principle and
application of a sensitive handy electrooptic probe
for sub-100-MHz frequency range signal
measurements,” IEEE Trans. Instrum. Meas., vol.57,
no.5, pp-1005-1013, May 2008.

[17]A. Sasaki, A. Furuya, and M. Shinagawa, “Study of
semiconductor electro-optic modulators for sensing
extremely-low-frequency electrical signals,” Sensors
and Actuators A, vol.151, no.1, pp.1-8, 2009.

[18]A. Sasaki, R. Okuizumi, T. Mizota, H. Morimura, and
O. Kagami, “An isotropic receiver for area
discrimination with magnetoquasistatic fields,” Proc.
Asia-Pacific Microw. Conf. 2014, no.TH3G-31,
pp-968-970, Sendai, Japan, Nov. 2014.

[19]S. Wakana, E. Yamazaki, S. Mitani, H. Park, M.
Iwanami, S. Hoshino, M. Kishi, and M. Tsuchiya,
“Performance evaluation of fiber-edge magnetooptic
probe,” J. Lightw, Technol. vol.21, no.12,
pp-3292-3299, Dec. 2003.

[20]E. Suzuki, S. Arakawa, H. Ota, K. I. Arai, and R.
Sato, “Optical magnetic field probe with a loop
antenna element doubly loaded with LiNbOj; crystals,”
IEICE Trans. Electron., vol.E87-C, no.l11,
pp-1989-1996, Nov. 2004.



	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ



