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This thesis, entitled "Study of Low-Power Consumption Structure and Fabrication Process of Membrane Distributed
Reflector Lasers," consists of six chapters in English.

In Chapter 1, the history of optical communications is reviewed, and low-power lasers are discussed. In the chapter, the
advantages of semiconductor membrane lasers as low-power lasers are described. It was shown that laser design is
dependent on the application and that many tradeoffs exist. The objective of this thesis is to establish and demonstrate a
design theory that includes tradeoffs for lasers for data transmission.

In Chapter 2, the design of semiconductor membrane lasers for low power consumption was discussed. The characteristics
of semiconductor lasers are greatly affected by optical confinement, and a buried ridge waveguide was proposed as a method
to enhance lateral confinement. The buried ridge waveguide can increase the optical confinement factor, allowing the
electrode to be closer to the active layer, and an appropriate design exists that can lower the electrical resistance without
increasing the internal loss. Next, for the resonance axis direction, an introduction of ACPM (Asymmetric corrugation-
pitch-modulation) grating was proposed It is shown that the A/4 shift structure causes spatial hole-burning due to too strong
confinement, while the ACPM grating suppresses the non-uniformity of carrier density with respect to the axial direction.
Using these theoretical calculations, the optimal laser structure was successfully derived from the required optical output
power and transmission rate, assuming data transmission.

Chapter 3 describes fabrication techniques for the compound semiconductor membrane structures designed in Chapter 2
on Si substrates. In particular, the thickness control of the side cladding layer using selective regrowth by metal-organic
vapor-phase epitaxy was discussed, the growth process was clarified, and the relationship between the growth time and the
film thickness was derived. Also, the relationship between the wavelength design and the actual characteristics of the
gratings was clarified, and a new process sequence was established to improve the reproducibility.

In Chapter 4, the semiconductor membrane lasers were fabricated and their characteristics were clarified. The buried
ridge structure and ACPM grating proposed in Chapter 2 were actually introduced and achieved significant reductions in
threshold current and differential resistance compared to previous studies. In addition, eye diagrams at 20 Gbps were
confirmed, showing that the proposed structure can reduce the data transmission energy cost.

Chapter 5 discusses various applications of membrane lasers, including on-chip optical interconnection, optical neural
networks, and radio-over-fiber, with experimental results.

Chapter 6 summarized results of this thesis.
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