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(Research Field)

Photonics Integration System Research Center

(Tomoyuki Miyamoto Group)

The research purpose of this group is to develop semiconductors, nanostructures, and fabrication processes for high performance and

functional photonic devices and to develop novel applications toward next generation.
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(Current Topics)

1) Photonic device applications of semiconductors and
nanostructures
Semiconductors and nanostructures have been investigated for
high performance photonic devices. The highly strained GalnAs
quantum wells and InAs quantum dots with dilute N and Sb have
been developed for extending the emission wavelength range (Fig.
1). The GaNP based materials on a Si substrate is also investigated

for the Si-based photonic devices (Fig. 2).

2) Carrier dynamics control of the photonic devices

Carrier dynamics control of scattering, tunneling, and
accumulation has been investigated for high performance active
photonic devices. The wave function control for high speed
carrier injection is effective for improvement of the direct
modulation bandwidth of semiconductor lasers (Fig. 3). A
semiconductor optical amplifier with the carrier accumulation
region and the control of carrier injection time has been also

investigated for high speed operation.

3) High performance VCSELs for novel applications

Since the micro-size, low power consumption and easy
fabrication capability, a vertical cavity surface emitting laser
(VCSEL) is attractive for the optical interconnection and optical
sensing applications (Fig. 4). A quantum-structure-intermixing
technology for the carrier confinement (Fig. 5) and the control of
the selective oxidation pattern are developed as micro-fabrication
processes for improvement of the VCSEL performances. For
various applications of VCSELs, wide temperature operation
becomes important. We developed a VCSEL which operates with
the wide temperature difference of 269°C (Fig. 6) by optimizing
the quantum well structure of the active region. On the other hand,
energy application will be also important for the VCSELs. High
output power large scale 2-dimensional VCSEL array and
improvement of the wall-plug efficiency have been investigated

for the various high efficiency energy applications.
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