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Millimeter-wave/THz-waves arc attractive for many fields such as broadband communications, imaging,
sensor, radar, astironomy, and so on. Millimeter—waves/THz-waves arc electromagnetic waves at boundary between
the light wave region and radio wave region. Therefore, the techniques for the millimetcr—wave/THz-wave
generation are difficult and have been intensively researched. Nowadays, Difference frequency generation (DFG)
based on the second order nonlinear optical ecffcct is one of the potential techniques for the
microwave/millimeter-wave/Tllz-wave signal generation because it is possible to generate a signal at a desired
frequency by simply adjusting the frequency difference beiween the two input lightwaves. Furthermore, the
generated power level increases as frequency increases. However, the current DFG devices arc usually basecd
on the bulk nonlinear optical crystal without the circuits for generated microwave/millimeter—wave/THz-wave
signals. There are some factors that make the conversion efficiency low such as difficulties in controlling
the characteristics of the generated microwave/millimeter—wave signal and in the signal coupling. Research
of DFG with circuits for the generated signal is required to solve these remain issues for further applications.
This thesis describes my study on microwave/millimeter—wave generation based on DFG in a rectangular waveguide
embedded with the nonlinear optical crystal. This fusion of the nonlinear optical crystal and the
microwave/millimeter—wave rectangular waveguide is a potential candidate for solving the remain issues of
the current DFG devices. This thesis is constructed as [ollowing:

Firstly, the DFG in the rectangular waveguide cmbedded with the nonlinear crystal is presented. The
characteristics of the DFG signal in a rectangular waveguide cmbedded with nonlinear crystal are analyzed
by using the coupled-mode theory. These fundamentals are necessary for designing new microwave/millimeter—wave
signal generation devices.

Secondly, a new microwave/millimeter—-wave signal generation device using DFG in a LiTa0O; rectangular
waveguide is proposed. A periodically—poled structure is utilized to obtain quasi-phase-matching (QPM) between
the lightwaves and the generatcd microwave/millimeter-wave signal. Characteristics of the device and its

application to high frequency signal generation up to THz are also analyzed. In the experiment, the proto—type
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of the QPM device is designed and fabricated at the frequency of 15 GHz. The microwave signal is successful
generated at the designed frequency from the fabricated device. The measured frequency response ol the device
was in good agreement with the theoretically expected frequency responses. The experiment results confirm
the theoretically expected charactcristics of the proposed device.

Thirdly, T propose a new DFG-basced microwave/millimeter—wave signal generation device with the phase
matching (PM) technique. The dispersion characteristic of the rectangular waveguide is utilized to obtain
the PM condition between the input lightwaves and the generated microwave/millimeter—wave. Anoplical waveguide
is utilized for diffraction—less light propagation through the device. The device has a very simply structure.
The conversion efficiency is improved m/2 times compared with the QPM device. By reducing the cross sectional
size of the rectangular waveguide, the operational frequency can be shifted to a higher frequency range with
keeping the PM condition. A PM device operated at 25 GHz is designed and successfully fabricated. DFG experiment
for generation of the 25 GHz signal from the fabricated device is also demonstrated.

Fourthly, application of the proposed DFG-based devices to the optical signal correlation is presented.
Two optical waveguides are utilized for launching two lightwaves to the DFG-based device, simultaneously.
Two microwave/millimeter-wave signals are generated by DFG in two optical waveguides at the same time.
Correlation of the two optical signals is performed in the microwave/millimeter—-wave frequency ranges by DFG.
Input lightwave coherences and spatial lightwave overlapping are not required.

Finally, the microwave/millimeter-wave circuits [or improving the signal output from the DFG-based
devices are presented. The microwave/millimeter-wave signal transmission characteristics inside the device
and the microwave/millimeter-wave signal emission from the end of the device to the air arc analyzed by using
the 3-D clectromagnetic field analysis. Based on these microwave/millimeter—-wave characteristics of the
devices, the new structures using a small hemisphere lens and horn—shaped waveguide [or the coupling are
proposed. The improvement of the coupling can be up to 40 dB with keeping the good resonator characteristics

of the device.
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