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K iL, [~A 7 m~ o P ERAEEREL L —F OmBRELICBET 24178 LEL, 6 EbAEK
ShTWn5.

W R T, ROREEDER v b U — 2 FERA~OBR, LU S e oV EREk
L FOBURE IS, WRBBEENT ORI & A R L, ADIZEO B B AT D,

%2 % (BRSO~ A 7 a~ o o BB LR L —F O E RO RIREREEIE ) <, m
FEI L — B, - S IRE v A Z o~ U U OB A ERE L, mEtL — Vo EAIEEER &
W EEEREKTL (T —~<1b) ZRRITOBEZIERZ L. BEREL R T2 oI
T D0, —Ab LT 725 Re 7 v 28 A L, MIRMEREIC W Cigim L7z, W RIBEREE
INELBDRPLHELNAEEALR (7T —~ A ERAEE) X, v~/ 7a~viroffle=7 ¥y
v TEEBIORENESRICOMMEGFT DI EEZHALIL, KERIHT Xy v 7E I DIFE
THZEEREH L. T L CHERMEOBRBRITZ UV —A7 FLL U PESRICED bbb ahb
ZEEHLEMNTLE.

Tz, FEEO#EEZ AT, BRIBEREKST - ZHEEHRBE L —FT LA OFGFEITRo 7
FEFBROKYIKY BIFZOREED 2 FICHHITIOT, BFITLICHARHLROESA2EZ2DZ LT
HIRBEZHIE L, S50, BEBKGTFLRMEICGEVAIELROBEICTSZ LT, ZHE(L L IREE
KL N FIRCER TE DL Z L aR L7z, £E 140-154 yum DR B R Z2ERT 5 2 L T, WEIRER
BA@EO 110 LTICHEI LA s, ELY R2omm I CHEFRITHETX 5 & AEbL 72, 0
BE, BEOEEL 100K ERETHE, 10TF ¥ RVERTEL L AL -2,

%3 E WEEEEKSE - WEAEZEENL—VBIOZEET LA ORWEL T T, F2 &=
TEEt LB OEE KT - WREAAmEE L —F ORYWEL Bl 21T > 7. §E/IBRENC LY
33.6nm OE K BEIIkEh Lz, HiZ, 25K X126, 160 ym O RHREOFEFZHEL, 52
BT LT, WEIREREOBEREENERICBN T3 - L2IHT 5L L B2, 120 um OFE
FIZBW T RIREREZ BT O 110 12> 72 F £, £ 10 nm (2 > CEFIRERSI 2175 2 LI
L7, BRI & ERMOMIGER S BIFCho7-. WEA AN, WRIBEEREOBIEERFEEOR
PEIZDNT, BERE & ERIEOR TIHEFIC L —BR Aoz,

BEREGFZEET LAIZoWThH, FRFHE% 70,80,86,94 um & L7z 4 EOHBE L L —FT L
ANZBWT, #khkRE 25 2.5 nm B CRE LN D, REIRERKZ@T O 1/5 LTFICHH T 5
T HEFEIEL.

S5, FRLREOKFSEOERID, mHE L —FOBMEICIIRE REEE RITT L 2ERL
o, INEUET LD, MEFLREEZEAT 52 L CHREALIEE 40 nm BEICE TIERTE S
AREME A EIC LV RT & L BT, 37.7 nm 1T F T L —FRIBE B #iPH 2 95K T X 5wl hetk 2 E5C
~LTz.

04 TERRIRERREZAGT O8NS BT KNELZEM LR EAMEmE L L —9 ) T, iR
FELRE A B RAL LAV R I EEEZIT O M 2188 Lo, SRR O R E < B 5 & HE RS
A NI ORI N R e — X 2 ERE L, BRIICINET S Z &L CREREELZIT 7. ¥
FEE TR R A E1Z-02 nm/mW Th o 72, INEWERE 2 s Lo BiEs 2 BUEL, IR AIER®R %2
10 520 F0-2.7 nm/mW (2T 5 Z & ITRE L=,

TE L 7SI IERRIREREEZA L TWADT, HEEICKT A HEEY 7 bokt2llE+ 5




LT, T~ AEEOLDICHmO TEETH S AR BORMMATE 5 Z L zW LN L.
HERER & BRREHE & O S, AR EOAIZ X 0 22558 FRICI 1T D 5 & 1.5%LL FIZE
TEBTE VDI EZH LN L.

BSHE I~ 7 a~vy UmdER L — & Bragg KA 1 — 7 A NEREOVEER] TlX, MEMS

VCSEL O i ifba Hi9 & LT, Bragg FUN#EA 1m0 —F 4 Mg & MEMS VCSEL O - i SR FE i &
EREELL.
FEMTIZ LV, FSR &IIZ o7 o THE RO JERE AN I 40-60% Th D, HIEHEDO A m—F 4 MNEJE
— K% MEMS VCSEL 2GR CE 5 Z & 2B L1z, F£7o, An—7 4 MNEREEOEMEFR COHE
MBI L 0B D I ORES R 2 MR L7=. 50 um OV SOA TH- T 10 dB UL EDOHE
FIERE LI, DOBERIEIL SOA DEIICHAI L TRERMENIEONDL ZEEH LN L. &
Z1E, & 1,000 pm @ SOA TiE, 24 dB O#EAIFFATF H 4L, MEMS VCSEL 76563 5 =R /LF
—NILKDLTNTHo THRERIENEOLND Z & 2l L.

F 72 Bragg KA 0 —F A NEREEOBOMRE L LT, EEAENRFEE LT MEMS VCSEL #*
CHICHERL, MO —20MEEEENICEILIED, T TF o7« E—LAAFZF Y T EREL.
24 nm D RZENIZEY, 30°LL EORE 2R E—MRERAARGOND ERMBb -7, £72, B ashs
E—LADENRY A1E SOA DERIZLE >TSS TE2Z LE2FIALT, EX 1,000 um @ SOA D
A, 300 LLEOfE BT O D & RFED o 7.

¥oE lftml TiX, AMFETHOLNIERZRIEL TWD.

P bEEES 512, Aim L MEMS VCSEL O &isfelb = B e LT, mBtLr—Yiz~vA1r7a~y
VISR AR LT EIC K0, MK T LR A EEEOM N, W EIREREHIEIC X DA
g & A E11E, MEMS VCSEL O & H b/l HICI VAT O TH 5D, ZoiksHE
HHEMWHESLTDHEL BT, TOAMELZFEIFL TS, WINd ZiLE TRRE TH - 7= EICE Y
AMTEHOTHY, MEMS VCSEL ®FERLIZHT, THERLNNCIEERFETDHLEZANKE .

i« FRSCEBIL, FI3C 2000 = & 930 300 354 1 ET ORI T 52 b L<ITEL 800 5% 1 FRH L T E&E W,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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Thesis Summary (approx.300 English Words )

This thesis titled “Study on functional,” 1is organized into six chapters.

The first chapter summarizes the increasing demands and potential challenges for the high—capacity short
reach optical networks, which will be adopted to the large—scale data centers and high performance computers
in the future. The requirements for the MEMS VCSEL are described.

In the second chapter, the operation principle and design for the wavelength athermalization and
wavelength tuning was described. The general design rule was developed as a simple analytical formula.
In addition, the theoretical limit was discussed, clarifying that there is the optimum design for the
initial air gap thickness. An athermal and tunable VCSEL employing thermally and electrostatically actuated
micromachined mirror (A&T MEMS VCSEL) was proposed and its modeling was carried out following the design
rule. In addition, athermal multiple wavelength VCSEL array (athermal MW-VCSEL array) was proposed and
designed.

The third chapter gives the fabrication process and measurement results of the A&T MEMS VCSEL. The athermal
wavelength range of around 10 nm with more than 10 times smaller temperature coefficients was obtained,
which is the first demonstration of the electrostatic A&T VCSEL. The analytical model developed in the
Chapter 2 well explains the experiment. Four-channel athermal MW-VCSEL array was also fabricated and
evaluated. All the devices exhibited more than 4 times smaller temperature coefficients with maintaining
a channel spacing of around 2.5 nm, which is also the first demonstration.

In the fourth chapter, a concept of increasing the thermal actuation for wavelength tuning is proposed
and demonstrated. A thermal wavelength tuning efficiency of as large as —2.7 nm/mW was obtained. Besides,
the optical quality of the oxide anti-reflection (AR) layer was evaluated, confirming the sufficient
quality of the AR layer.

In the fifth chapter, the monolithic integration structure of MEMS VCSEL and slow—1ight functional devices
based on the Bragg reflector waveguide was proposed. The modeling predicted a single-mode output more
than 10 mW for the MEMS VCSEL integrated with an SOA. The structure is suitable for overcoming the weak
output of VCSELs. Also, number of resolution points more than 300 was predicted for the on—chip beam scanner
device.

The final chapter summarizes this study.
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