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A% GalnAsP/InP Membrane Integrated Lasers for On-chip Optical Interconnection (5 7 EYGELHR IZ T 7=
GalnAsP/InP FEEERE L —)) LEEL., FHXT7TENLHER I TV D,

%5 1 % lintroduction (FFif))] TIIAMFEOEFIZOWTHMAL, 20 HEB L ORRIXOMHRZ B TNDE, £,
MM ORBEOIEL 2B L T, RONZENHEOHR CHREN EAKETHLZ L 2B TWD, FcF v 7 E
BRI BES 2 BTN IC DWW TE L Lem 2B 2 5 IR & @l R EIRIC B W TEBRR AL THH Z L 2R LT D,
F o 7" ESRERRIT AT T 100 fi/bit LA T ORMEIH B E D EMEA ATEE 22 L — PR LETH V| REARCROIKIHEE
77 - EEEEMERE D I 21T > T D,

A SCTITER D A REE(DFB) L — 2 METE A E NI & L TREL, ZhE ToERL —VFollE&a s LT, £
FEHE, BEIOMR LS WEER - MEESHREEL 20, 7 v 7 BB CERL L —5 2 W 7oA A%
EETHZ EEHBNET D LTV D,

% 2 & [Theoretical analysis of membrane devices for on-chip optical interconnection (4> F v 7 EEIHRIZ )1 72 SR 1
HERARAT) ) Tlix, KV 7 HEEORREDN KIF TR, L —F OFmERHEO RS D IZ oW TGRR TN 5, @k
Vo oL LTRATEK 0.1dB, BRI 1 dBlem OREENEFR TENITES 2ecm OV U 7 IZBWTCRIRO YEH 11X
83UW &5 Z EEHLNIL TS, RIZ, #E DFB L —IZB1) 5 L& WMEER & 2202 B Rt 2> 5 I & 2
IZLTW5, EIrEEREA1RE 2000 cm? OFEEIZBW T, LEVMEER 0.17 mA N IHRERE 60 um TEHE LD, SA T
ATERNCK T DARFIRE E AL L OE & TH HETBFEIL, A 7 AEG L mA IZB W TENMEEE 10 Gbit/s £721% 20
Ghit/s 2435 7= iciT P72 < & b 5 GHZ/MAY £ 7213 10 GHZImAW UL EAMEETH 5 LR~ T 5, TEEEEREOM/IME
(2 & D Ay RIS 23 FE81 © & AUiE, 10 Gbit/s (128 T 38 flbit D= R /AX—a A MRAEETHHZ L EZHALMNITLT
W5,

%5 3 % [Design and fabrication of membrane butt-jointed built-in structure (7% Butt-jointed built-in #53& D% 5 & /ERY)] <
I, I L — Y 2R T 2 7 DI TR AR S B T A SR ARAT & RS SRR E IR oW TR R B, 9, K BIB M
DFFHT 24T, SEBYE I IR IR O IR RAZE 20 nm (2% 2 fE G IS NNE 0.09dB(2%). SATR U JEif g 13-42dB LI &
RHZERRLTND, RICHESESHREEE AWK BIB #E DR T 72 AZONWTHBRRTWS, MR
AICRIT DTy F o Z7IRS & @ LTI MR A oM R ATV, =y F 0 VRS 165 nm, A F 507 D& E(T
EHIZHLDIA EN T EFEME 2 KB LTz LR Tn 5,

% 4 % TLasing characteristics of membrane DFB lasers (%% DFB L — ¥ O%&iEHR:) ] Tk, BIB iz L - T BE
A B L7 DFB L — Y ORHEZ IR~ TV 5, HRERER 50 um O DFB L — 28\ C, DFB L—# & LTk
BN L EVWEEDR 0.21 mA 2 F8 T2 LI, ZoWMEMFEENEN O, FHEED 2 WEEZHER L T\ D, KIZ,
ORI 21T\, /34 7 ATENE 0.98 mA 12351 T 3dB #51 12.8 GHz Z 81 L, MBI ORI O R g A
LRI L EER L, RREHBIER 12 GHZIMAR 25T\ 5, & 512, 10 Ghitls D RIESLEFT LTV, A 7 AEK
1mMA IZBW T RX —=a 2 b 230 fibit OfF SRk A ER LI LR~T W5,

% 5 % [Integration of membrane DFB laser and p-i-n photodiode (7% DFB L —¥° & p-i-n Yo Hen04ERE) T, W
DFB L —¥, ZEREWEE. p-i-n oA E T/ Vo y JHEB LY V7 EEZRIEL . SERSCEBROTEE FEH
LTWb, IMEREFINSIY v 7 42ko 3dB #ik & LT 11.3 GHz 28F S 41, 10 Gbit/s D1 Smsic +oy ek L
TND I ERPLNITLTVD, KIZ, 10 Ghit/s IZB1T 2 RIEFBIELITV, L—PF AT XEHR 25 A IZBWTE Y

AV FE 107 HEZEB LT LTV D,

% 6 T [Future prospects of membrane optical link (GEIEYE Y > 7 ICBT 2 [ REB )] Tlk, RO R SREZE 2Rk~ T
W5, U 7 RITBWT em BREOERZ1T 5 7o O ORI #AEE & LT undoped-InP 2 =7 & L7z rib i &
MEEIRELTVD, o, HBEL - OEEMELEBT 57012, DFB L —Y O NZE KN 5347 7 v 7 K5
o A U 72 A6 BORRL(DR) L — O RIZ B EREMEIC OV TR TV D, SN B 12053 32%, L X WEED
0.21 MA RFSENT-HTITBVTRIESZEMEITV., /A 7 A 1.06 mA T 20 Gbit/s O &l ZEFREMEIZREI L, =%
NF—a X kL LTt GO ERNTND, KEIS, BIEHEEDEIEICHT Bzt ~Tn 5,

% 7 % [Conclusion ()] Tid, AL THOLNIEREREL TS,

U EAZET DI, ARSI TF v 7 LB ST 7o 3 L —F o @tkie b LRk A B & L, ¥ DFB 35 XU DR
L—HFIZ LB L S WEERBIER X OMKIEERE I EnE B4 BT 2 &3, MBS ERY 7 Z25E L TRIE
BEINBEEBLEEEBLZLOTHY, TEEROWNCTE EERT 2 L ZARKE VW, Ko TRRIIHEL(T5)
DOFEME LTHAMMEDOH D H D ERDHND,

5% FSCEEE I, FA3C 2000 F° & JE3C 300 3% 1 #3™o8HT 22, & L<IFTEL 800 354 1 HifRM L T 723wy,

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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In chapter 1, the role of on-chip optical interconnection in a LSI was mentioned. Ultra-low power
consumption semiconductor laser is a key device to realize on-chip optical interconnection. Our group proposed
membrane DFB laser for a directly modulated light source of on-chip optical interconnection. After brief
introduction of our research history, the problems still remaining were clarified and the objectives of this thesis
were given.

In chapter 2, the theoretical analysis of performances of membrane optical devices and their integration
properties were described. The need for high efficient link structure and laser performance with respect to the
threshold current and modulation efficiency were mentioned.

In chapter 3, the calculation and experimental results of a membrane BJB structure for the integration of
membrane optical devices were described. The experimental investigation for the membrane BJB structure was
conducted through the selective regrowth process. The efficient coupling structure of membrane BJB structure
was realized for numerical and experimental approaches.

In chapter 4, the development of fabrication process and characterization of membrane DFB laser integrated
with BJB passive waveguide were described. The device with the cavity length of 50 pum showed a record
low-threshold current of 0.23 mA under RT-CW condition. The highest modulation efficiency of f, was 12
GHz/mA2, The energy cost of 230 fl/bit was successfully realized for 10 Gbit/s direct modulation.

In chapter 5, the experimental results of integrated membrane optical link consisting of a DFB laser, a
passive waveguide and a p-i-n PD were described. The integrated p-i-n PD successfully detected the transmitted
light output from the DFB laser. 10 Gbit/s data-transmission through the optical link was achieved with the BER
of 6x107 at a DFB laser bias current of 2.5 mA and a p-i-n PD bias voltage of -3 V.

In chapter 6, brief future prospects of membrane optical link were discussed. As a low-propagation loss
waveguide for the membrane optical link, InP membrane rib waveguide was proposed. For the higher efficiency
operation of a membrane laser, our group fabricated membrane distributed-reflector (DR) lasers. For the direct
modulation results of membrane DR laser, a 93 fl/bit 20 Gbit/s operation was obtained at the bias current of 1.06
mA.

In chapter 7, the results of this thesis were summarized.
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