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InGaAs/InP Photodetector on SOI Circuitry
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Abstract CMOS technology can be used for the fabrication of passive optical functionality, but efficient light
emission and high performance light detection still require Groups III~V semiconductors. Various kinds of
bonding techniques for the integration of Groups III~V semiconductors onto SOI waveguide circuits are
introduced, and they can be divided into inorganic material and organic material bonding in terms of bonding
materials used. Emphatically, the integrated coupling methods of InGaAs/InP photodetector on SOI circuitry and
the characteristics of different coupling methods are analyzed and compared. A design of an evanescently
coupled InGaAs/InP photodetector on SOI circuitry is proposed and its optical properties are simulated using
finite— difference time— domain (FDTD) method and using organic material as bonding agent, the absorption
efficiency of 95% is obtained. The simulation results show that the photodetector on SOI circuitry with small size
exhibits low excess loss and high responsivity, which can meet the requirement of optical interconnect on chips.
Key words detectors; InGaAs/InP photodetector; SOI (silicon-on-insulator) waveguide; bonding techniques;
evanescent coupling
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Fig.1 Proposed process flow for heterogeneous integration of Group III~V semiconductors and SOI waveguide circuitry
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Fig.2 Schematic process flow for O, plasma-—assisted and SiO. covalent wafer bonding
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Fig.3 Overview of the DVS-BCB die-to-wafer bonding process
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Table 1 Basic bonding characteristic of direct bonding and adhesive bonding

Bonding characteristic Direct bonding Adhesive bonding

Bonding strength(lower than 400 °C ) High High
Process complexity Medium High

Tolerance to surface defects, roughness and contamination Low High~medium
Bonding-induced strain Low Low

Integration proximity High High~medium
Intrinsic outgassing problem High Low

Uniformity High High~medium
Stability High High
Scalability High High
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Fig.5 Schematic view of an SOI waveguide-integrated PIN detector
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Fig.6 Absorption as a function of detector length for different bonding layer thicknesses
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Fig.7 Three—dimensional view of detector direct—coupled with SOI waveguide circuitry
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Fig.8 (a) Top and (b) cross—sectional views of MUTC-PD on SOI
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Fig.9 Coupling scheme to couple light from an SOI waveguide to photodetector with a InP input waveguide
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Fig.10 Schematic view of coupling light from SOI waveguide to III-V active device using butt coupling scheme
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Fig.11 (a) Coupler cross—section and (b) coupler side views of the InGaAs/InP photodetector on SOI circuitry
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Fig.12 (a) Simulated optical intensity profile as light propagates through the whole device; (b)~(d) depict the simulated

field intensity profiles in the Si waveguide , InP waveguide coupled from Si waveguide and PD mesa, respectively
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