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This Terahertz-wave Research Program was inaugurated in Sendai based on cooperation between a former
branch laboratory in Tohoku University conducting Photodynamic Research and a laboratory of the
Discovery Research Institute in Wako conducting Extreme Photonics Research.

Terahertz wave in the band from 0.1 to 10 THz lies in a boundary region between where infrared radiation
acts like light and where its propagation characteristics are very conspicuously wavelike. Because of the
difficulty heretofore experienced in detecting, not to mention generating, terahertz light, it has been
considered by many in scientific and industrial research to be the last frontier in the study of
electromagnetic waves and thus remained largely unexplored. In recent years, however, such developments
as tunable light sources utilizing pumping solid state lasers and spectroscopy using femtosecond lasers
have brought about a great deal of progress in technological development, resulting in various proposals
for applications utilizing unique transmission properties of terahertz wave and the characteristic absorption
feature of various substances ('fingerprints"), and basic research into this field has begun. In this project,
we aim to develop the field through the establishment of basic technigues for greater sophistication in the
use of terahertz wave through the development of newer and better generation and detection systems,
using these for the development of practical technology for their use, linking these both organically and
strategically to create standard criteria for terahertz light technology.
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This research team aims to develop state-of-the-art, frequency-tunable THz-wave sources which exploit
new THz-wave application fields. A THz-wave source of our own design and methodology which lights up
the gray zone is created using a non-linear process, which we hope to develop into high-output wave
sources that are widely tunable, and of high stability and narrow linewidth.The team will actively
concentrate on collaboration with research groups both within and without RIKEN to explore new
applications through the development of instruments combined with THz-wave sources. Cooperation with
industry over a wide range will also be sought for the development of advanced, practical THz-wave sources
and technologies.
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Terahertz (THz) waves, characterized by their ability to easily pass through various substances and to
exhibit specific absorption spectra (fingerprint spectra), present great potential for future research and
industrial applications. Our team will take full advantage of THz waves as a probing medium to advance the
development of new technologies and the cultivation not only of research but new application possibilities
as well. In particular, we will focus our efforts on the development of new THz sensing and imaging devices,
imaging diagnostic technology, high-precision spectroscopic analysis technology, spectroscopic and
imaging systems, while at the same time pursuing research on subjects such as excitation of gases and
molecules and areas hitherto left unexplored using other means of measurement such as the behavior of
surface waves of materials and novel non-destructive diagnostics of industrial products.
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In this team, we develop advanced terahertz emitting and sensing devices based on inter sub-band optical
transition of semiconductor quantum cascade structures. Firstly, we design and fabricate novel quantum
cascade superlattice (SL) structures for high-efficiency terahertz transitions and develop terahertz
guantum cascade laser (QCLs) with frequency between 1-10 THz. We also develop high-sensitivity
terahertz-wave detectors and terahertz-infrared (IR) light modulators using inter sub-band absorption of
guantum structures. We hope through this research to construct what will become the base of the next-
generation advanced terahertz imaging system.
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