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The demand for high quality services in wireless communication increases every year.
Currently, wireless communication with a hundred Mbps data rate is developed. In order to
anticipate bottleneck in the future, large capacity for the data traffics is required. The
capacity can be enhanced by use of high frequency operation as a wireless carrier. The high
frequency carrier has large transmission loss in the air. Based on that, wireless
communication with large capacity and short coverage area can be achieved with a Gbps data
rate. The coverage area can be expanded by connecting each small wireless communication
using optical fibers with low propagation loss. Therefore, broadband wireless communication
can be realized using the radio—over—fiber (ROF) technology.

Since the radio (microwave) and optical (lightwave) signal are used simultaneously
in the ROF technology, converters between microwave and lightwave signals are required.
Converters from lightwave to wireless signals are composed of a high speed photo—detector
and antenna. These devices have mature/ advanced technology for high frequency operation.
In contrary, converters from wireless microwave to lightwave signals can be composed of
an antenna and optical modulator. These devices have been developed for microwave bands.
They have drawbacks for millimeter—wave/ sub-millimeter—wave bands such as losses,
substrate resonant mode, rather difficult tuning, and so on.

In order to overcome the remaining issues, I study on electro-optic (EO) modulators
using planar antennas for wireless microwave—lightwave signal conversion. EO modulators
have advantages such as high speed operation, large bandwidth, and good linearity. In this
dissertation, various EO modulators using planar structures are proposed with new fusion
and integrated structures. The efforts to improve device performances and functions are
also presented with array and suspended structures.

Firstly, I propose a new invention of a fusion EO modulator using a patch antenna
embedded with a single narrow gap. A patch antenna embedded with a narrow gap is fabricated
on an EO crystal substrate. By utilizing a displacement current and electric field across
the gap, optical modulation can be obtained. The basic operations of the proposed device
for wireless microwave—lightwave signal conversion were verified experimentally. The new
invented EO modulator is operated with low microwave losses and no external power supply.
It has simple compact structures and no precise tuning requirement.

Secondly, fusion EO modulators using a patch antenna embedded with double narrow gaps



are proposed for device function improvement. In here, I present an EO modulator using a
patch antenna embedded with two parallel gaps for Mach—Zehnder optical interferometry. I
also propose an EO modulator using a patch antenna embedded with two orthogonal gaps for
receiving wireless microwave signals with orthogonal linear polarization and identifying
the microwave polarization. In the experiment, the operations of the proposed device were
measured successfully.

Thirdly, I propose a new integrated EO modulator using a planar yagi antenna coupled
to a resonant electrode. Since the yagi antenna has higher gain and the resonant electrode
has longer length compared to the devices with a patch antenna, larger modulation efficiency
can be achieved. However, the precise tuning is required and rather difficult since the
planar yagi antenna, resonant electrode, and connection line are used. Microwave losses
might be also induced in the integrated EO modulator.

Fifthly, the efforts to improve modulation efficiency and device functions are done
by EO modulators using an array of planar antennas. Modulation efficiency is proportional
to the antenna number in an array structure, since optical modulation is induced effectively
at each antenna. I propose an EO modulator using a quasi—phase-matching (QPM) array of patch
antennas embedded with a narrow gap for further modulation efficiency enhancement. More
compact device can be obtained with double number of antennas. Therefore, modulation
efficiency of the device with QPM array structures becomes doubles than the device with
conventional array structures. A ROF link using the proposed device was also demonstrated
experimentally. Additionally, I also propose an EO modulator using a 2-D array of patch
antennas embedded with orthogonal narrow gaps for wireless irradiation angle (beam forming)
control. By using meandering gaps to compensate for the EO modulation degradation, 1-D and
2-D beam forming of wireless microwave signals can be obtained optically.

Sixthly, in order to enhance modulation efficiency in further and operate in high
frequency operation, millimeter—-wave optical modulators using thin EO waveguides suspended
to planar antennas on a low—k dielectric substrate are proposed. Since effective dielectric
constant of the proposed devices is low, large antenna aperture and long interaction length
can be realized. The substrate resonant modes can be eliminated since a thin EO crystal
is used. Therefore, large modulation efficiency can be achieved using the proposed device.

The various EO modulators using planar antennas were proposed and discussed. Basic
operations of the proposed device for wireless microwave—lightwave signal conversion were
verified. Modulation efficiency can be enhanced in further by considering internal and

external device characteristics. By increasing modulation efficiency furthermore, the
broadband wireless communication can be realized using the proposed devices. Additionally,
several attractive applications can be also constructed using them, such as low induction
electromagnetic compatibility measurement, high resolution surveillance radar, long

distance remote antenna, and so on.
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