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Key Sentence :
1. Development of crystal growth technique for wide-bandgap nitride semiconductors
2. Development of deep-UV LEDs and laser diodes
3. development of terahertz quantum cascade lasers

Key Word : Quantum optodevice, Quantum electronic device, Laser diode, Light-emitting diode,
Deep-ultraviolet emitting device, Terahertz quantum device, Semiconductor crystal growth, Nitride
semiconductor, Semiconductor superlattice

Purpose of Research

The development of new-frequency semiconductor light sources, such as deep-ultraviolet (DUV)
light-emitting diodes (LEDs) and laser diodes (LDs), or terahertz quantum-cascade lasers (THz-QCLs)
is one of the most important subjects, because they are required for a wide variety of potential
applications, 1. e., sterilization, water and air purification, medicine and biochemistry, light sources for
high density optical recording, white light illumination or non-destructive seeing-through
examinations. Quantum Optodevice Laboratory is studying to stand at the forefront of optics and
nanotechnology, e.g. in creating innovative optical device including undeveloped frequency
semiconductor emitters, and develop a new research field through merging advanced optical/laser
science, atomic/nano-scale material fabrication technology, and novel semiconductor crystal growth
technologies and so forth. Through the introduction of the novel crystal growth technology for wide-gap
semiconductors, we have achieved innovative emitting devices such as highly-efficient DUV-LEDs with
shortest wavelength regime (220-350nm), or THz-QCLs. We have also investigated the
performance-limit of these devices by introducing innovative quantum heterostructures and/or
photonic nano-structures. Through the creation of the applicable field of these new emitting devices, we
aim for contributing to the realization of rich human being society.
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1. Development of AlGaN-based semiconductor crystal growth techniques and realization of deep-UV



LEDs (Hirayama, Fujikawa, Maeda)

Deep-ultraviolet light-emitting diodes (DUV-LEDs) and laser diodes (LDs) are in strong demand for
various applications including sterilization, water purification, medicine and biochemistry, light
sources for high-density optical recording, and so on. 220-350 nm-band DUV-LEDs have been achieved
by developing novel crystal growth techniques for wide-bandgap AIN and AlGaN-based semiconductors.
An epitaxial growth technique using pulsed-gas feeding has been introduced, and a dramatic reduction
in the threading-dislocation density (TDD) of AIN has been realized. Significant increases in internal
quantum efficacy IQE) have been achieved for AlGaN quantum-well (QW) DUV emissions by using
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high as that of mercury lumps, by improving light-extraction efficiency (LEE). These achievements will
contribute to accelerating the practical application of DUV-LEDs and expanding them to a wide range
of applications.

2. Development of terahertz quantum-cascade lasers (THz-QCLs) (Hirayama, Terashima, Lin)

Terahertz quantum-cascade laser (THz-QCL) is promising as an advanced THz laser source, since
THz-QCL has a lot of advantages, i.e., the size is quite small, continuous wave, high-power and
high-efficiency operation is possible, the lasing line-width is quite sharp, and it is maintenance free
(long-lifetime). However, there are still major problems preventing the THz-QCL from practical use, i.e.,
the lasing is obtained only at low temperature and the frequency range is limited. Therefore, our
subjects for the THz-QCLs are to achieve room temperature (RT) lasing and to expand the lasing
wavelength both to 5-12 THz and 0.5-1.2 THz-band. We have developed 3 THz-band QCLs with
GaAs/AlGaAs semiconductor. We fabricated QCL superlattices (SLs) structures with one-atomic-layer
accuracy flat hetero-interfaces by
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Fig. 4. Achievements of high-temperature operation of
GaAs-based THz-QCLs



maximum operating temperature was 160K. In this fiscal year, we demonstrated high output power
(250 mW) of GaAs based THz-QCL, and also obtained high output power at 77K. We also achieved the
first observation of inter-sub-band stimulated emission from GaN-based QCL by current injection.
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