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Exploring terahertz innovation

by challenging technological frontiers

Terahertz (THz) wave-based technologies are located in the narrow space
between electronic and laser technologies. Because terahertz radiation has
the characteristics of both radio waves and visible_light, it is expected to be
used for the development of new technologies in Various fielgjs A%

By taking advantages of the characteristics such as tranSm|SS|on |mag|ng

and material discrimination, we expect to develop a vwde range ot

applications such as medical and pharmaceutical apph 3
nondestructive inspection, communications, and securit
technological innovations and lead the THz wave research

unexplored technologies which also support industrial applications it
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ORGANIZATION

Terahertz (THz) wave falls between radio waves and visible light. The

wave has unique characteristics such as transmission imaging of

visibly opaque materials and material discrimination by their spectra.

Currently, RIKEN’s Terahertz-wave Research Group is one of the
largest groups performing THz research in the world, and the group
is responsible for pioneering THz research in Japan. The group has
been promoting state-of-the-art THz research, technological
development, and applications.

In the long history of THz-wave research, various characteristics
have been discovered, which can be described as follows: 1) THz
radiation is suitable for nonmetallic materials, the so called “soft
materials.” 2) THz frequency corresponds to that of the skeletal
motions of large molecules and the dynamics between molecules.
Moreover, the many studies have been started to realize the changes
of material structures and functions by THz radiation. Thus, by using
these characteristics, a plethora of research and practical
applications are expected to be developed for various materials such
as plastics, functional materials, and composite materials as well as
for fields such as chemistry and biology.

There are three teams in the THz-wave Research Group whose
principal research topics include development of strong tabletop
THz sources by using nonlinear optical crystals, advanced detection,
imaging and spectroscopic technologies and small THz-emitting
sources of quantum cascade lasers for future practical applications.
Moreover, by organizing these technologies strategically, new

frontiers for THz research and related applications have opened.
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Tera-Photonics Research Team
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*THz database URL http:.//www.thzdb.org/

The tera-photonics research team is developing high-output,
frequency-tunable THz-wave sources, sensitive THz-wave
detection using nonlinear optical effects, and original
applications using them. Through the team’s research
activities, kilowatt peak power has been obtained in a
THz-wave parametric source, which is aimost the same level
as enormous THz sources such as free-electron lasers.
Additionally, organic nonlinear optical crystals of DAST and
BNA have been identified as promising materials for use in
wide-band THz-wave generation and detection. Single
crystals are being developed with original growing methods.
Ultra-widely tunable THz-wave sources have been
demonstrated in the broad range from sub-THz to 50-THz.
Sensitive THz-wave detection using nonlinear optical
up-conversion exceeds that of a cryogenic-cooled bolometer
at room temperature. Minimum THz-wave energy of the
attojoule level has been detected. Furthermore, the device
provides a greater than ten-digit range of dynamic detection.
We have assessed practical THz-wave sources and
sensitive THz-wave detection in industrial applications. Our
efforts specifically address the investigation of innovative

THz-wave applications using our technology along with THz

spectra® of various collected materials.
* THz database URL http://www.thzdb.org/
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Teraherts Sensing and Imaging Research Team
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THz radiation is expected to be employed as novel
technology for sensing and imaging applications. THz
sensing and imaging research has opened new
possibilities in THz-radiation technologies and
applications. To date, our THz-research team has
developed technologies to develop large-angle
THz-beam steering as well as to analyze and simulate
THz-range spectra to investigate the possibilities
in THz-range spectroscopy. In addition, the team has
developed highly sensitive millimeter- and THz-wave
superconducting detectors for astronomical
observations and high-resolution cross-sectional
imaging. Our team is also considering the modification
of the structures of materials via irradiation with strong
THz-range electrical fields. Moreover, by collaborating
with other institutions and commercial companies,
our team has been developing novel, practical
applications of the THz wave. Thus, the team has been
addressing the challenges of exploring possibilities in
THz sensing and imaging via continuous research and
development of THz sensing, imaging, and other

applications.
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Terahertz Quantum Device Research Team
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We are developing low cost, handy, and high-performance
terahertz (THz) semiconductor emission and detection
devices, thereby enabling people across the world to enjoy
next-generation THz applications. Quantum cascade lasers
(QCLs) that utilize optical intersubband transitions in
superlattices are promising and practical advanced THz
laser sources because QCLs have several advantages over
conventional THz light sources. They are compact and
maintenance-free, operate as continuous-wave sources,
and emit high-power and high-efficiency radiations. Further,
the line-width of their lasing spectrum is sharp. We are
studying THz-QCLs operations at room temperature, at
pioneering frequencies (<1 THz and 5-12 THz), at low
threshold current densities, and at high power conversion
efficiencies. We have successfully operated THz-QCLs at
high temperatures up to 160 K, which is close to the world
record. We have also successfully observed THz emissions
from structures in new materials (lll-nitride semiconductors).
We can realize high-performance THz-QCLs by designing
novel quantum structures, using new semiconductor
materials, and developing low-loss optical waveguides. We
can also realize high-sensitivity THz detectors by utilizing

inverse emission (i.e., absorption) of QCLs.
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RIKEN is Japan’s largest comprehensive research institute
renowned for high-quality research in a diverse range of
scientific disciplines. Founded in 1917 as a private research
foundation in Tokyo, RIKEN has grown rapidly in size and
scope. As a national research institute, today RIKEN has a
network of excellent research centers across Japan with
state-of-the-art facilities that rank among the best in the
world. This high-quality and high-performance research
environment, combined with a unique bottom-up approach
to scientific innovation, has fostered an environment in which
researchers are able to thrive. RIKEN is committed to
maintaining its position as Japan’s leading research institute
by promoting highly creative basic research and focusing on
innovation.
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