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fin Si/LiNbO3

Research and development on compact, low-power, fin Si/LiNbO3 high-speed optical
modulator
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A hybrid optical modulator using a Si slot waveguide was studied, which can
be produced from well-established semiconductor manufacture. LiNbO3 or BaTiO3 was bonded to
patterned Si structures, including a doped Si slot waveguide, which also works as electrodes. Static

modulator performance, including optical confinement rate, electric-field distribution, and EO
modulation rate, was analyzed. Despite performance differences depending on electrode structures,
the performance surpassed the one with LiNbO3 without slot waveguides. A high electric field at the
doped slot electrodes reduced the modulator size while keeping the static performance. Output
limitations at high frequency modulation were overcome with the help of a stronger EO material
BaTiO03. Apﬁro riate control of the insulating-film thickness at the inner surface of the slot gap
prevented high field-induced dielectric breakdown while maintaining dynamic modulation performance.
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1. BFEBR AR M RO 5

(1) HAEFHEE Ry b7 —2 Tld, REEOBYRIBUE ROV T /VZ A LR TG AEE 72 E OFFE T i
FEENBHELTEY, HMEZOZEITNA., JEZDOEE Y L —METHISL TWD, K12, 77
A=D1 RS T-VD(E L v L —R034k 10 Gbps & X DHEIK ClE, P8Rk —F —F 7O B
B CIEHFE TRV TR EHEIGEE T, WRTFY— L / CRZFEERET, 22T, kL —
P—F A OO (CW ) BRI RO gL, il B CBE ST
% 15 A& AR TR LT,

(2) FEifEREZR 40~100 Gbps DY FHER L, BRI FRRE WD IEFEER LINDO, JZE TR A
LTW503, AAMEIEAE S T2< L RN TH 25 Thvy, — 757, 40 Gbps LLUF TIEHERDE S
WIS AR R ERDME A T D,

(3) UL, R RN ZE TR X PIN A 3E ~ i/ A 7 A28 50 T IR AL 8 & 2 b S
HAaBNRSEDT20  SRINFDOF v VT AR TR T v — v 724U 5,

(4) FAER LiINbO; WA FHEHZ, 40~100 Gbps TF¥—E L7 -7V —EIENAIRETHHI3, /N -
BHEAREETHY, + 072 e EREESL-OOERIEIL 5 cm EXAITH -7, BRENAE
FRIEIEEITICEMET DE TR THY | A —F RS LT K IRIRPIER b L THY  AE i
WHTlIRn 0Tz, ARFFETIE, 40 Gbps LA EOTEFEEMR/ PG IRE AT O/ NS THa a2 L, 5
PERF AT 7,
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(1) PNEULDT=D ORI L2 2 7256 SREFEAR LINbO, TRIEL BRI AR RA RO 5K
GaAs, InP MEAFRETH D, LAL, BROLFREIL 1/10 FREL/NEL, Si 7R EDFESMED &<
720N, £ZC, SOI Bt o> St NN L TRy MEE AT AL . D LICHEN T LINbO, 2 #5
TRHAT DN A AT LT,

(2) St Amy MEJEE (BT 3.45) DIEH AT D&, Amy MEJEEEAD LINbO, U HTEE 2.21) ~t
WRFET Do ZORFHE IR T LINDO; DEXNEFHR TF v —E 7 7V —Z50%179,

(3) HEARBHINN LT St Amy MEJR I DX v 7 a7/« P A R TEDHOT, fE2kD LINbO; 27
FHHARTTEU LORERERE AL CTE, MEMBE IR TED, R LT AT EMmE
HImar IR E LR AEISND,

(4) AWFFEIT, oI LS EE T D08 RGN RO RE VTR B LINDO, LA LANE S 72
PR ST ORFTA LA LT NS TRER ORI 781 T o7,

3. WFge J7ik

(1) 4L SI/LINDO, il & A TR D Ay NEJE BITF v 7 HH L, R—E 7 CEMEREL -7,
Xy 7 I BEOEBRPFYIT «7U—0 LINbO, ~FIIISH, FEEFHEITH,

(2) COMSOL & Lumerical (22 2HT AN CREAIFFIEIL RAF Chho7ohd, BRURRIEITOE B OR
—E T R R T DN — s 7 TR A R RFVINEE AR L AR AR 2 H 45
LI=b DD FFET A5 Tldien oz, JEARROKE O fin S EOGIR O T A% S~ B &z 72
3. JE SRR IR RS o T, DT | BRI AR K EZ M KL BaTiO,; O FH &%
ALz, 61T, Ay h-F vy 7 H O @B UL OMEREED RSS2 | B IEREL Ty 7'
T MR IR A G E L B SN L DB R IRAE A MR L7z,



4. BRIERCR
(1) [ HIZ Si/LINDO, ZE e DRFENFFEZAT U SR ARIE TERIIH-Tob DD, BTk R
157 CURO~®@) , BHRYREMEIZBAL TlE, EFLOBRH NG Si/BaTiOs Zdias & it L7,
(2) BaTiO, M4 A1 s Hobl LIZHR S, ZOEME Si HERICHES T HZENEGR WREL/RD, 2%
A7 Si/BaTiO,; Ziias 2 FE L7,
(3) Si/BaTiO, ZBFHERDOBAENZEL L Tk, FIRE=y 7R CAEFEEE 50 Gbps, BIEHFEH 0.45
Vem, JeHRE~10 dB/cm, vy /Y =& =TGR 25 Gbps, AR TR 0.2 Vem, JaHEKk
5.8 dB/cm 2L 13 &%, Si/BaTiO; ZEi#s CHEL A IE CIHRE LR TR, s, for#E ko
[ g R A X R T o 72,
(4) A RN L 7= Si/BaTiO; Z5FH28TlE Si/LINbO, ZFia b RMEEZ LR L TU5, Si Ay ML
WHILT /X v T HA L, Ay NEJE NG BaTiO; ~DIRiE TRV RZT T, Ary NE I
TEFRR—E 7 TRETTHE NI R 22> TS, YYIEEZR O fin T, F121F fin J&
] 280 nm, fin HAFE 356 THAEK 16.3 dB/cm b7z, i LG~ B L, JeEKk~1
dB/cm Z R LTz, ZOMHE TARY b F vy 7 Mk 70 nm {0 THEEFRE 7R 0.16 Vem (X 1), 4
FHIHE 53.6 GHz (M 2) 2137, IHIT, Ay h-F o7 & B LOMEFHEILY v 7 Wik O
RN A TR L L | BIRRr A IR EF L7,
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