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ARiwS0E [ EAEL PR ORISR GHI T 2058 SBL 5 H Tk I 5,

B1E TR ClE, 7 7 A NBER Y NU—7 OFER D REBLCEBREILICHT, RERSMEEEH
FREBEE LizT VX rab— Ly NBEETOMEREIIERICHED bR TV IERZIRR, EHERT /A A
D—2>Th HLENEFBROFER D EENDVEMEIZONTIERRTND, I 512, BIF%E0 B 8IL6EE R S EE
T RUCKHE T D HIEE TR ORERL L OEEEETH V. Z OIS TR EHIE B L. #Ek
RIS T e o e AR O B FHR 2 AR L Lz ECEEARICA Y- HHERIR 2 REZT 57 7m
—FH LD LIRARTND, RBEMEETEHA DT A AERIZIZBEAE BT Cd 5 A3 e Bl (PLC) & LiNbOs
PAREFAZRONA 7Y » iR ZE AW D LR T 5,

%2 [ES] - WHARERE Tk, 7y o 7R~ v oY o 2 X8R R MZM) % B53 & ONEsc
BT 5 2 & CEHMEETM AR T DR F TR ERIICER L, ZhzIcH LEFTRARHS & LT 64QAM
B LW 3D v o7 by 7 RS OEIEERE & FEEERGEREZ T LTS, KETEHET, a2 ¥ 11—
TarOY Ty MMyENCHEE S ARG RIKEE T O FIEA KRR L, S OICWFIEERBIZ BT 5 Al
it B AMRE A2 L 5 2 & CRIBFIBEBRAZHE/METE D2 L 2HICHEHL TWD, 64QAM &
FAERICBWTIX, ERHD 7T ORFMEEIC LD ERMERK LY 4.7dB FEHELO/N S ORI E,
10Gbaud(BOGhp) I BWTEIMEEFF L TV 5, 3D 7L v 7 AZHHEBICBWL, B 5 AEE OIS
7= PIBRAHERC X 0 BERRE ATk LB MZM % 3725 2 ICHI L oo B 2k A 2.1dB IR D AR 2 12 2R
21.5Gbaud(43Gbps)IZH W\ CTEMEERFEL T 5,

% 3 ' [HRAEREE) CTid. AU CECH L 72 B S - WHIBLER G2 8B S W78 LW AR SR & LIl
REAREL, INEEA LA & LTS M AL g, PS-QPSKAFM, BLOT 27 %X U7
g ORIEHRG & FAFEREREZ R LTS, AETIEET, HEUZRHFHOa w7 & LT 2 W4 MZM A
BAZBWTAE LD AEWICHEE L 2 MEZERERAT 28 E2 R L, £OIAIC LY BEIFIR X0 FEHE
KDO/NENZ8 HEFE L IR G ~DE T 7 bt A RS 5 M E s 7 % (CF) N EH T
EDHTEERLTWVD, ZEBRAELERGFICB N, HEEOBRAERAEDTTOEAIZLY, 8 KD 16 AL
FMAERICBIT D8 2dB O BB LK & 4,816 MMERM O UM 2 EEN TR ER 2R,
20Gbaud(40,60,80Gbps)IZFB W TENVESFHFEL TV 5, PS-QPSK gV Cid, BB oAIC X v 5kt
RIS Lo BE MZM % 4 05 3 IZHIE L o>oJFEiE K% 3dB KT 2 2242, 28Gbaud(84Gbps)iZk\>
TEMEFEIEL TV D, T a7 /%y U 7TERERICBWTIL, CFS & 4 175 1Q ZFE R L OMRIR % E R 0%
FEICL Y 2 AN ZEESE 1 BB TERTE MR EIRE L, CFS ONFFMEIEEKRT - 7%+ U 7 A
IR A EIZOWTHEIET 5 & & bIT, BRI - B—AF8 & L TR Y] & 72 5 400Gbps 15 B AERIZ D)
LT3,

%4 RRREREREE) TiX, AIREETEIIR LY ZEBERE S CLRGREZWE T 5 Z & THENETE
AT D7 o —FICER L, 22 CRIBEE 22 5 MZM OSBRI (Sin JE& R 2GR 0 T3 L 0 figik
TOFEE L TREISEREH 2% - FIELTWD, KBTI, MZIM OIS 7 7% 2X2 & LT, —Fh
5 Sin JRETRINDEFFE/D LRERIC, P/ LD Cos nEFHE X HIZ Sin B L THIEEE%
AL, ZhEEEEEEYRRTHASED Z & TREHEOBIBMZ 1 B+ 2 RKERFHE2IZEL, T 0
A FERANCHAT L TV 5, I DI EEFEFHEEHI RS & | RIS E L% LOM) % 2 WAkt L 72/ 1Q &
FER(LIQM) % fERK L, fE3k MZM % AV 7= (B8 kF UARIEAE & FERIBAR O b L — R4 7 o L O 16QAM 4
PRI AF L —2 g LV DOELOWIMEIZHR L TWD,

%5 E (] CIIAME TR ONIZREEZRIEL TS,

%« WU B, T3 2000 52 & 5630 300 §E 4 1 BT O8I 500, b LIS 800 554 1 L T2,
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The purpose of this study is to develop novel optical modulators that supports advanced
multilevel modulation formats, which are essential for the evolution of fiber—optic
networks. The thesis consists of 5 chapters

Chapter 1 provides the historical and technical background to the development of optical
modulators.

Chapter 2 organizes and consolidates the design theory of modulators using serial and
parallel connections of Mach-Zehnder modulators (MZMs). Based on this theory, two novel
modulators, the 64QAM modulator and the 3D-simplex modulator, were designed and fabricated
by using a hybrid integration of silica planar lightwave circuits (PLCs) and an LiNbO, (LN)
phase—modulator array. The both modulators showed smaller modulation losses than those with
conventional approaches

Chapter 3 proposes the conjugate modulators. By utilizing both of the conjugate pair of
QPSK signals generated with a dual-parallel MZM, this new class of modulators offer smaller
intrinsic modulation losses than those with conventional ones for the modulation levels
of 8 and more. The conjugate configuration can also be used for generating two phase—locked
frequency subcarriers. Three novel conjugate modulators, the flexible—format modulator,
the PS—QPSK modulator, and the dual-carrier modulator, were designed and fabricated by using
PLC-LN hybrid integration. The first two proved the reduction of modulation losses, while
the last one demonstrated the two—subcarrier generation for a large—capacity (400-Gbps)
transmission.

Chapter 4 proposes the linear optical modulator (LOM), which has been desired for use
in the systems that rely on high—speed DACs to generate multilevel signals in the electronic
domain. While the standard MZM has a nonlinear (sinusoidal) electro-optic response, the
LOM achieves a linear response with a novel circuit design. Theoretical analysis and
experimental results proved that the LOM has a clear advantage over the conventional MZM
in terms of the tradeoff between the linearity and the intrinsic optical loss.

Chapter 5 summarizes this thesis and provides a future outlook.
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