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Terahertz (THz) waves, which are electromagnetic waves located at frequencies from 100 GHz to 10 THz,
have been attracting lots of interest for practical applications to communication, sensing and measurement,
owing to their unique and inherited properties from neighbor frequency regions, microwaves and light waves.
In those applications, devices to manipulate THz waves such as antennas and lenses are important in addition
to signal sources and detectors. The characterization of those devices are in urgent need of research and
development. The near-field visualization of radiation and/or propagation of THz waves is greatly effective for
the characterization.

Among various kinds of near-field measurement techniques, photonics-based technique to measure electric
fields (E-fields) with use of an electro-optic (EO) crystal material is considered to be the most promising due to
low invasiveness and wide bandwidth. The EO crystal is formed to the optical fiber-mounted probe, referred to
as an EO probe, to enable an easy scanning over devices under test to visualize a dynamic three-dimensional E-
field distribution. In general, however, one of the problems of the fiber-mounted EO probe is an instability of
measurement due to a fluctuation of the sensitivity. Among several techniques to solve this problem, a
nonpolarimetric detection scheme is adopted together with a self-heterodyne technique throughout this study
because of its simplicity and simultaneous acquisition of both amplitude and phase information of the E-field.
Other practical issue in the EO probe is a poor sensitivity, which limits the applicability of the EO measurement
below the frequency of 100 GHz.

The objective of this study is to expand use of the EO probe in the characterization of THz-wave manipulating
devices at frequencies from 100 GHz to 500 GHz, and to show “value” of the EO near-field measurement by
demonstrating essential results of THz device characterization. Novel approaches are proposed to enhance the
sensitivity and to reduce the invasiveness in the nonpolarimetric self-heterodyne EO detection system.

First of all, a DAST organic material, which exhibits a large EO coefficient, was employed to improve the
sensitivity by 6 dB to 0.28 V/m at both 100-GHz and 300-GHz bands. A new scheme employing differential
detection to reduce common laser noise by 4 dB was also introduced. A Styrofoam holder, which has the
refractive index close to air, was introduced to reduce the invasiveness by 8 dB. The origin of the issue of
unwanted phase front appearing in the amplitude images was investigated, and effective solutions based on
signal processing and hardware improvement were proposed.

Then, the real impact of EO probe was demonstrated by characterizing several THz devices, which include
antenna, metal hole array (MHA), spherical-wave generation device, and near-field localizing device, referred
to as “terajet” . The results of characterizing antennas confirmed the effectiveness of near-to-far-field
transformation technique employing the EO probe. The first experimental verification of beam collimating
phenomenon in the MHA and the explanation of physical mechanism were described. The characterization of
spherical-wave generation device was performed up to 500 GHz. The obtained results also confirmed that the
EO probe can diagnose malfunction at high frequency of this device. The terajet-generation was successfully
observed and characterized under different illumination conditions.

Finally, two practical applications of the terajet were proposed and experimentally demonstrated. One is to
enhance the sensitivity of the EO probe, and the other is to enhance the spatial resolution of THz imaging

systems.
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