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, REMEICLIEREOFREERTEE DI, EBICEWEL A —TF 4 MEFRERT A AZXD, mHEk
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LTW5. 72, IREZLOBER M ORI B8 2 OIRIHIC X DGR O RIZ XV, K& 2@ S35 b D arRE
PERLTND.

Fom:m TR —THETMERLORLE] T, SHIET A AERICE 5 T2 5 m ML O TREMEIC SV TRt
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This thesis consists of 7 chapters. In the first chapter, we mention demands of making vertical-cavity
surface—emitting lasers (VCSELs) to have higher performances and integrating new functionalities to
VCSELs. The second chapter deals with a novel integration scheme of a VCSEL and slow-light devices. The
modeling shows that the lateral optical coupling from a VCSEL to a slow—1light waveguide takes place and
a slow—light mode is directly exited from a VCSEL. The coupling efficiency from a VCSEL to a slow—1light
waveguide can be over 50%, which shows the feasibility of compact slow-light devices with a VCSEL. In
addition, we show the first demonstration of lateral integration of a VCSEL and a slow—light waveguide

In the third chapter, we present a lateral integration of a VCSEL and a slow—-light semiconductor optical
amplifier (SOA). We show the possibility of over 7mW output power for 50um long slow-light SOA in the
modeling. Furthermore, a maximum output power greater than 6mW and an external differential quantum
efficiency of 43% were obtained in the experiment. In the fourth chapter, we present a lateral integration
of a VCSEL and a slow—1light electro—absorption modulator. The modeling results show that over 5dB extinction
ratio and less than 2dB insertion loss can be expected for 50 um long slow-light modulator. And also,
we present the experimental results on a compact slow—light modulator laterally integrated with a VCSEL

An extinction ratio of over 15dB for a voltage swing of 2.0V was obtained without noticeable change of
threshold. In the fifth chapter, we present an on—chip electro—thermal beam deflector whose chip size
is smaller than 300 um, followed by the characterization. Continuous electro—thermal beam steering of
over 9° with a diffraction—limited divergence angle of 2.2°is obtained. In the sixth chapter, we mention
the future perspective. In the seventh chapter, we summarize my study
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