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1. Development of a spectroscopic system using
an all solid state injection-seeded THz-wave para-
metric generator

We developed a high-repetition-rate injection-seeded
terahertz-wave parametric generator using an MgO:LiNbO3
crystal with a diode-pumped Nd:YAG laser, a mode-hop-
free tunable seeder, and achromatic seed-injection. The
pump source was an injection-seeded Q-switched Nd:YAG
laser pumped with high-power laser diodes. The pump
source produced an output energy of 26 mJ/pulse in a
transform-limited Q-switched pulse at 200-Hz repetition
frequency with a pulse width of 30ns. The seed source
for the idler wave was a continuous-wave external cavity
laser diode, which was tunable from 1065-1075nm with-
out mode hopping. The seed beam was injected into the
MgO:LiNbOg crystal achromatically. We obtained smooth
tuning of the THz wave over the range 0.6-2.6 THz with-
out adjusting any mirrors. The time required for full band-
width scanning was only a few seconds.

2. Development of a rapid tunable ring-cavity
THz-wave parametric oscillator

We have developed a frequency-tunable TPO with
a ring-cavity configuration. The ring-cavity TPO has
not only rapid tuning but also the excellent characteris-
tics of higher oscillation stability and narrower oscillation
linewidth than those of Fabry-Perot TPO.

We propose the use of special mirrors that were de-
veloped using advanced optical technology to reflect the
idler beam (A > -1.067 um) and transmit the pump beam
(1.064 pm). A more compact and simpler TPO with a
widely tunable range was demonstrated.

The ring-cavity consisted of two super mirrors and one
high-reflectivity (HR) coated mirror for the idler wave. A
mirror was mounted on a Galvano-optical beam scanner
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and used to change the phase-matching angle rapidly. A
5mol% MgO:LiNbO3 crystal was used as a nonlinear op-
tical crystal.

We successfully obtained wide tunability from about 1
to 2.7THz. A high THz-wave output of at least 100 pJ/
pulse was extracted at 1.5 THz when the pump energy of
24 mJ/pulse.

3. Development of Terahertz-wave parametric
oscillator with high performance mirrors

A short cavity configuration can reduce diffraction loss
in the cavity and increase the respective interaction time
between the pump, idler, and THz wave in the nonlin-
ear crystal. We demonstrate a reduction in the oscil-
lation threshold and expansion of the oscillation range
in the TPO with a simple short cavity configuration us-
ing high performance mirrors that were developed to re-
flect the idler wavelength (> 1.067 pm) and transmit the
pump wavelength (1.064 um). It is continuously tun-
able from 0.96 to 2.95THz: 23% of threshold intensity
was reduced compared with the TPO with typical cav-
ity length (154 mm) at 1.55THz. We obtained the maxi-
mum THz-wave output power 134 pJ/pulse from compact
TPO at 1.24 THz, which is 2.5 times higher than the mea-
sured maximum energy from 154 mm-cavity length TPO
at 99 MW /cm? of the incident intensity.

4. Demonstration of a surface-emitted THz-
wave parametric oscillator

We developed a THz-wave parametric oscillator (TPO)
with surface-emitted geometry, in which the THz wave
is generated normal to the output surface. The surface-
emitted TPO is consist of two 50-mm-long and a trape-
zoidal MgO:LiNbOg crystals. The idler generated in the
crystal and the pump beams was completely reflected at
the surface of the trapezoidal crystal. The THz-wave beam
profiles were measured to be Gaussian-like in both direc-
tions on the horizontal and vertical directions. We mea-
sured the beam quality factor (MQ) using the knife-edge
method to evaluate the beam quality. The measured data
well fitted the calculation as the M? of 1.15 and 1.25 for
the vertical and horizontal axes.

5. Spectroscopic study on biomolecules

We report on the THz spectroscopy of biomolecules us-
ing a THz-wave parametric oscillator (TPO). In this study,
we measured the spectra of biomolecules using a TPO. The
tuning range of the THz wave was 35-70cm ™', It was pos-
sible to observe the characteristic spectra of many samples
in the THz region. Moreover, the THz spectra were very
sensitive to the molecular structure and side chains based
on the observed spectra of molecules with different config-
urations (i.e., OH configuration).

We have continued a cooperative research with Mie
University (Prof. Kameoka and Prof. Hashimoto) and mea-
sured many saccharide powders and single crystals this fis-
cal year. We expect to develop applications for industry
and agriculture, in addition to conducting basic research.

6. Development of application measurement sys-
tem using the THz wave parametric light source

In this study, we developed an inverted-type spec-
troscopy system for spectroscopic measurements and for
two-dimensional mapping of tissue slices. The sample was
held in the automatic zy-stage.

We collected THz-wave imaging spectra at a step size
of 250 um in z and y directions for a total measured area
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of 20mm x 20mm (80 x 80 pixels). We successfully ob-
served a difference that is clearly visible for transmission
of similar liver tissue portions. Because of the large trans-
mission difference among different tissues, the divided data
between the frequencies yields higher contrast among dif-
ferent tissues. We measured the transmittance spectra and
imaging of human liver cancer tissue at room temperature
using a TPO spectrometer. We obtained bio-medically-
relevant high-contrast images with relatively good spatial
resolution.

7. Terahertz-wave parametric sources using a
diode-pumped solid-state laser

We have been developing a high-repetition-rate
injection-seeded Nd:YAG laser for pumping a terahertz-
wave parametric sources. Point stability improvement and
time jitter reduction of excited laser are important for
the output stabilization. In this study, we have used ce-
ramic YAG rod as a medium of the high-repetition-rate
injection-seeded Nd:YAG laser. Since the extinction ra-
tio and thermal birefringence of the ceramic YAG rod are
lower than that of the single crystal ND:YAG rod, The ce-
ramic YAG rod is suitable. Simultaneously, the reduction
from 8 nanoseconds to the 2-3 nanosecond was able to be
realized using the characteristics in improvement and time
jitter of the point stability.
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