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Large-scale optoelectronic integrated circuits (OEIC) using GaN-based materials will promote to
create various high added value applications by interdisciplinary fusion, such as display, medical
engineering and computer science. Key technologies for the OEIC are to develop generic technologies
composed of Si/Si0,/GaN heterogeneous wafer fabrication using wafer bonding, thermal budget
management and monolithic integration process design of GaN-based emitting devices and Si-integrated
circuits. This doctoral thesis presents a study on heterogeneous device integration using Si/SiO,/GaN
wafer, and related techniques for integration of GaN-based emitting device and polymer based waveguide.

Firstly, the integration techniques of GaN-based micro light-emitting-diode (GaN-uLED) based on
implementation into OEIC were investigated. Drastic increasing on series resistance of GaN-uLED after
passivation process was examined, and it was found that the origin is thermal stability of p-contact metal
on GaN-pLED. For understanding a scaling low of GaN-uLED, various size uLEDs were fabricated onto
GaN-LED substrate. From results of size dependence on optical properties of pLED, an influence of the
plasma damage induced through device fabrication process was suggested. For an investigation of a
influence on passivation method for the GaN surface, plasma enhanced chemical vapor deposition
(PECVD) and low pressure CVD (LPCVD) were compared. As a result, LPCVD showed relative good
availability in terms of consistency with the integration process. For enhancing reliability of wiring
process on GaN-uLED, a basic condition of ion implantation technique for a conduction type control of
p-GaN was examined, and a prototype of planer-type LED structure was demonstrated.

Next, a fabrication method of Si/Si0,/GaN-LED structure using surface activated bonding (SAB)
method and a thermal tolerance of the structure was investigated. Basic bonding condition of SAB method
was examined, and Si/SiO,/GaN-LED wafer was realized. A model on a relationship between the
crystalline quality of Si layer and surface roughness of bonded substrates before bonding was proposed,
and fabrication method of high crystalline quality Si/Si0,/GaN-LED wafer clarified. The thermal
tolerance of Si layer on Si/810,/GaN/Sapphire structure was examined, and it was found that the thermal
tolerance of Si layer under Si integrated circuit fabrication process can be compensated by thinning of Si
layer thickness until less than 340 nm. The monolithic integration process of GaN-uLED and
Si-nMOSFET was designed based on thermal budget of 900 °C for 30 min determined by thermal
tolerance of GaN-LED layer. As a result, GaN-uLEDs and Si-nMOSFETs were monolithically integrated
onto Si/Si0,/GaN-LED wafer, and the GaN-pLED driver circuit showing more than 10 MHz operation
bandwidth was demonstrated.

Finally, the integration technique of cyclo-olefin polymer (COP) based waveguide for the short
wavelength region was investigated. From results of electromagnetic analysis on device structure
composed of the COP waveguide and GaN-uLED by using finite-difference time-domain method, an
optical coupling efficiency of over 1% in simple structure was obtained. A fabrication method of COP
film was established, and the fabricated COP film showed good transparency in entire visible light region
and good surface roughness as root mean square of 0.3 nm. The monolithic integration process of COP
waveguide and GaN-pLED was designed and demonstrated, as a result, emission light of uLED was
observed from the end face of COP waveguide.




