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Abstract

This thesis reports on the fabrication of long wavelength vertical surface emitting
laser (LW-VCSEL) with the atomic rearrangement wafer fusion technique. We have
setup a wafer fusion system and established the wafer fusion process. The resistance
across fused heterojunction under different fusion temperature were compared. The
proper fusion temperature for low: resistance.and well-fused fusion interface observed
by scanning electron microscope was obtained. The: peak emission wavelength and
intensity of the InGaAlAs multi-quantum, well,(MQW) were analyzed to determine
the degradation of the crystal quality during the:wafer fusion process. The reflectance
spectra and maximum reflectivity of GaAs/AlAs distributed Bragg reflectors (DBR)
after the fusion process were also analyzed. The optical characteristics of the MQW
and DBR did not alter after the wafer fusion process. After examined the electrical
and optical characteristics after the fusion process, a VCSEL structure consisting of
the InGaAlAs MQW, a fused bottom GaAs/AlAs DBR and a coated SiO,/TiO, top
dielectric mirror has been fabricated. This single fused VCSELSs operated at room
temperature by optical pumping with the threshold input power density of 4.5 kW/cm?
and the stimulated emission wavelength at 1623.5nm. We also demonstrated optically
pumped VCSEL structure consisting of the InGaAlAs MQW fused with the bottom
and top GaAs/AlAs DBR. The double fused VCSELSs operated at room temperature
with the threshold pumping power density of 5 kW/cm? and the stimulated emission

wavelength at 1527nm.
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