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AGm LI, TStudy of High Temperature and High Efficiency Operation of Membrane Photonic Integrated
Circuits on Si Substrate (Si Zetl FEEDCEREEE O &R SR EEICE T H0M78) ) 13, K36 En b
RSN TND,

% 1 % lntroduction(FFif) | TIX, JEiB(E OER 2R & bz, LSI (KHBERRIE) o1 ¥
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AR AR 2D & FEBLT D 7o O RIEMPEHESHANIC DWW TIEEL L T b, £ LT, Fx D
A H—axyva AT A AOHPCEBEREEZFIH L7eT S 238 L O ONERERIK A 235
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ThoH LTV D,

%5 2 % [Thermal characteristics analysis for membrane semiconductor laser (G =5 L — 4 iR FE Frit
FEMT) ) Tl EEESEER L —FOBREIZ OV T, BEmmICER L T D, 3 IRBVENTE T L &2 AE
oL, EEEEER L —FORFNT A—FERE L, BN ED L IZBbT 500 EH LI L
TV, FHIHERES DTDICHA ENTWEBCB (R Yy rmn77y) ORERE0LTDHI LI
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%5 3 % [Investigation of wafer bonding technology for membrane platform on Si (Si K&tk _F#E~ 7 » k—7
G+ —LDIZOD Y = EEEINOLRR) | TIiE. Si R B FERER L TS 2 72 OG>
WTENTWD, 100 nm F2E D BCB MM U726, M%7 7 A~ 28 L72#Za, a-Si (7'
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% 4 & [Membrane laser for low thermal resistance and high temperature operation ({KEMEHLEIREIED 72
DO L —F) ] TiX, 2 BB L3 BTG, TR AR E2ITo o HM AR U O gk L
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T 5720 CMPULSREWAT B H I 2 AT 5 Z LI L - T, REIEHALES s S8, FEElcr—
PEERL TS, 777U R =BT, JEROBRIIO 50%LL LRI ZER L, SfhiE
L —HIZBWN T, IEBRITH AR HIRWEEHT 510K/W 2 EBL L7z L iR~ TWn 5,

% 5 & [Membrane photonic integrated circuits fabricated by surface activated bonding (FmiEMH: LS %25
M U7 RERR) | Tid, ML —, K, OS2 868 L OUERRIE O FFEIZ SV TR
NTND, BIEE TICHESL LR T m v X 2R L, PRI ~mv ot ghR & 2 528 L,
120°CORIRCOEEL RBLL 2 Lif T 5, F7o. FERk~DOHIFFE LT, em A— ¥ —Daika %
BT 572 ODEER InP U 7EHROFHZIRE L T\ D, 73510 AL LTI, oA RS
ERTOERL—F LNV ZNEERT DA T 52 LT KR ER BT 52 &
T&E D EBITND,

% 6 & [Conclusion(f&ff)] TlX, T E TOEm ARG L T\ 5,
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In this thesis, high temperature and high efficiency operation of membrane photonic integrated circuit (MPIC)
was investigated for on-chip optical interconnection on LSIs (large-sale integrated circuits).

Chapter 1 describes the history of optical communication and outlines of interconnection on LSIs. The
application of optical interconnection is useful for improving the performance of LSI compared with electrical
interconnection was stated. Next, the device configuration for optical interconnection is described, and the
heterogeneous bonding technology for realizing such devices is discussed. Subsequently, among various optical
devices, the superiority of membrane structure based optical devices in terms of efficiency and power
consumption was described, however, the worse efficiency in high temperature operation should be solved. To
this end, objectives of this thesis which includes high temperature and high efficiency operation of MPIC was
indicated.

Chapter 2 provides a theoretical discussion of the thermal characteristics of membrane semiconductor lasers.
A three-dimensional thermal analysis model was constructed, and the device structure dependence of thermal
resistance was clarified. In particular, by reducing the thickness of BCB (benzocyclobutene), which used in
conventional structure, the thermal resistance can be reduced by 52%. In addition, the temperature rise of the
LSI is added directly to that of the laser was theoretically confirmed. Finally, how thermal resistance affects laser
characteristics was calculated.

Chapter 3 describes bonding technology for MPIC on Si substrate. Three bonding methods were compared:
100 nm ultra-thin BCB bonding, O, plasma activated bonding, and surface activated bonding using a-Si
(amorphous Si) nanofilm. The results showed that surface activated bonding using a-Si nanofilm is superior
from all viewpoints such as bonding strength, bonding area, process time and photoluminescence.

Chapter 4 discussed the fabrication and characterization of low thermal resistance membrane laser using the
technology designed and processed in chapter 2 and 3. By introducing the CMP (chemical mechanical polishing)
technology to reduce the unevenness that occurs in the membrane laser fabrication process, the BCB-free
membrane laser was successfully fabricated using surface activated bonding. A reduction of 50% thermal
resistance was experimentally confirmed using the Fabry-Perot laser and the lowest thermal resistance of 510
K/W was achieved in DFB (distributed feedback) laser compared with conventional structure.

Chapter 5 described the characteristics of MPIC including laser, waveguide and photodetector. Using the
fabrication process established in the previous chapter, higher light output efficiency and speed than
conventional devices were achieved, and high temperature operation up to 120°C was recorded. In addition, for
achieving cm-order transmission, low-loss InP rib waveguide was proposed. For higher speed and lower power
consumption operation, a (DR) distributed reflection laser and GalnAs bulk photodiode should be introduced in
the future.

Chapter 6 summarized results of this thesis.
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