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This dissertation presents a collaborative analysis method that uses combinations of equivalent circuit
analysis, electromagnetic field analysis, and radio wave propagation analysis to design antenna
near-field control for highly reliable wireless communication.

Chapter 1 discusses the background and motivation, which is to construct a design method for antenna
near-field control with a transmission distance of 1 wavelength or less and to improve system
performance by using the method.

Chapter 2 describes the use of the proposed method for resonant coupling, surface wave transmission,
and polarization filtering. The method is mainly aimed at and contributes to addressing three issues
(described in more detail in Chapters 3-5) in the design of near-field control.

Chapter 3 describes an insulated signal transmission system using resonant couplers for controlling
power switching devices. The close agreement between the calculated parasitic capacitance of 0.76 pF
and the measured one of 0.80 pF validates the applicability of the proposed method. Surge noise
having an amplitude of +2 kV and a steepness of 300 kV/us was applied to an insulated
communication module including the couplers and no signal error occurred.

Chapter 4 introduces a microstrip coupler for an area-limited communication system. The coupling
capacitances for a microstrip element and a ground constituting the coupler and the 2D waveguide
sheet reduced the coupler size by lowering the resonance frequencies of the elements. A transmission
of —11.0 dB was obtained using a 0.025-4% coupler, which is smaller than in a prior study. The
proposed analysis method was used to design a leaky wave radiated from the sheet.

Chapter 5 describes a composite microstrip array antenna with a built-in polarizer to reduce road
clutter noise for automotive radars. The polarizer is placed in front of the microstrip arrays within their
reactive near-field region. The proposed method was used to design the polarizer located in the
near-field region for the best composite antenna performance. The resultant composite antenna
achieved sidelobe levels of —37.3 dB, with a 17.5 dB improvement over standard microstrip arrays, at
elevation angles approaching 90°.

Finally, Chapter 6 summarizes this dissertation and discusses the prospects and remaining issues.
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