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Abstract of Thesis

This dissertation addressed the design, fabrication and characterization of semiconductor lasers having circular
geometry. The electron beam (EB) writing system with special pattern generator (SPG), designed for writing
arbitrarily curved lines was used to define the circular geometries of the lasers.

Chapter 2 reported the design, fabrication and characterization of circular-grating-coupled surface
emitting lasers (CGCSELs) with focusing function. Circular distributed Bragg reflector (DBR) and circular
grating coupler (GC) were designed by using the coupled mode theory. Third order DBR was employed for its
easier fabrication. DBR was designed for Bragg wavelength of 980 nm close to the gain peak of InGaAs
quantum-well was. Distance of the grating surface from the QW active layer, groove depth and duty ratio of the
DBR grating were optimized to obtain a large coupling coefficient with minimized total radiation decay factor.
First-order chirped GC was designed for focusing the emitted light at a distance of 3.0 mm above the laser
surface. Circular gratings were fabricated by EB lithography employing smooth circular scanning of e-beam and
two step reactive ion etching (RIE). Single mode lasing was accomplished under pulse operation. Focusing of the
surface emitted light was confirmed from the emission patterns.

Chapter 3 discussed the theoretical analysis and design considerations of a novel and simple all-active
circular ring / Fabry-Perot (RFP) composite cavity laser. The lasing condition was derived by equating the
complex round trip gain between the facet mirrors of the RFP laser to unity. Considering the mode frequencies of
the ring and FP cavities, it was shown that the RFP laser can realize quasi single mode lasing with a side-mode
suppression ratio (SMSR) higher than that of an ordinary FP laser. It was also discussed that two-wavelength
lasing with nearly equal output powers can be accomplished in a RFP laser by controlling the currents injection to
the ring and FP sections independently. Design parameters of the RFP laser were estimated by effective index
method, finite element method (FEM), and beam propagation method (BPM) simulation.

Chapter 4 reported the fabrication and characterization of a simple all-active RFP composite cavity
semiconductor laser. The laser having a ring radius of 400 um and an FP cavity length of 950 um was fabricated
using a GaAsP tensile strained single-quantum-well (SQW) in a separate confinement heterostructure (SCH). The
RFP laser was fabricated by EB lithography and RIE processes. Lasing was accomplished under continuous wave
(CW) operation. Threshold current was 140 mA and an output power of 12 mW was obtained at an injection
current of 250 mA. Stable single-longitudinal-mode operation with an SMSR higher than 25 dB was achieved.
The shift of the lasing wavelength was explained by considering the temperature coefficient of the bandgap
energy of the QW.

Chapter 5 reported the fabrication and demonstration of two-wavelength lasing of a RFP laser fabricated
with two electrodes. Two separate p-electrodes were used to control the injection currents to the ring and straight
sections independently. The ring radius and the FP cavity length were 395 pm and 1090 um, respectively.
Currents were injected into the ring and straight waveguide sections by using two probes and two independent
current sources. Two-wavelength lasing of almost equal power with 3.3~7.5 mW total output power under CW
operation was accomplished by keeping the current injected into the FP section at a constant value and fine
controlling the current injected into the ring section. Discrete sets of wavelength separations in 1.0~4.3 nm in the
800 nm band were obtained.

For the first time, I fabricated the stitching error free CGCSELs by using the unique technique of EB
writing with circular scanning of e-beam. This unique fabrication technique would further accelerate the research

on this type of lasers. Single mode lasing of a novel RFP composite cavity laser was accomplished under CW

1




operation at room temperature. Simple fabrication process is one of the key advantages of this laser. I also
demonstrated the two-wavelength lasing with almost equal powers from a single RFP laser for the first time. This

laser could be promising candidate as a source for THz wave generation by photomixing process.
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