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Recently, with the explosive growth in the demand for wireless connected devices, the frequency
spectrum of millimeter-wave band has been considered as an alternative solution for short range
communications with high-speed data transfer rates. Multibeam antennas (MBA) in millimeter-wave
band have been ubiquitously applied in various applications such as fixed wireless access, 5G mobile
communication systems and high angular resolution automotive radars. Due to the small-scale of
antennas utilized in high frequencies, feeding circuits for multibeam antennas are also required a
compact size, wideband, and high transmission performance to support huge traffic capacities and
easy for integration in RF circuit. In the multibeam antenna systems, the feeding circuits include
beamforming networks (BFN) and their connections to antenna elements. Current feeding
technologies are facing some problems of poor transmission performance in planar transmission lines
as well as high cost in waveguide and finline. Therefore, transmission lines, beamforming and
transition technologies are three main factors to determine the transmission and bandwidth
performances of the feeding circuit for multibeam array antenna. This dissertation explores design

techniques for three objectives: low-loss transmission line, low-loss beamforming network for beam

steering capabilities, and transitions between the feeding circuit and array elements or IC chip.
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A novel low-loss beamforming network of the well-known Butler matrix using finline in
double-layer dielectric substrate is presented in this study. The Butler matrix is a planar
network with medium insertion loss compared to other beamforming technologies. Conventional
circuits are commonly designed using microstrip and waveguide technologies with the challenges
of transmission losses and high cost. The proposed finline design aims to provide a balance
between transmission performance and production cost. The finline is constructed by inserting a
slotline between two dielectric substrate layers and it is bounded within a closed structure
composed of a double-layer dielectric substrate and two rows of via-hole arrangement,
contributing to low dispersion and low radiation loss of the characteristics. Then, a 4x4 Butler
matrix with 4 switchable beams is realized by using the proposed finline. In addition, a
waveguide-to-finline transition structure is invented as a power feeding circuit for the Butler
matrix from hollow waveguides. Characteristics of the proposed transition and the Butler matrix
were analyzed by the finite element method of high frequency structure simulator (HFSS) and
demonstrated by experiments at 79 GHz. Implementing low-loss finline helps the proposed
Butler matrix provides a wideband characteristic and an acceptable insertion loss of 2.42 dB. The
array factor calculated from the measured amplitudes and phases showed that the Butler matrix
produced 4 switchable beams with the beam directions of +14c, —46.50, +46.5°, and —14e,
respectively. The proposed beamforming network using finline in double-layer dielectric
substrate would be attractive for millimeter-wave multibeam array antennas due to its
performance and low cost.

A wideband planar waveguide-to-microstrip transition is proposed as a feeding circuit for the
microstrip array antenna. In the conventional structure, the transition operates over a
single-transmission mode dominance in the transition, followed by a narrow bandwidth of a
single resonance frequency. To deal with this problem, in the proposed transition, via-hole
positions are adjusted to add inductance to suppress the predominance of the
single-transmission mode at the microstrip port of the transition, Grounded coplanar waveguide
mode and parallel plate transmission mode are generated by controlling the positions of adjacent
holes to the microstrip line, and double-resonant frequency is obtained under the excitation of
two transmission modes. Moreover, to simplify the structure, adjacent holes to the microstrip line
are maintained, but the remaining holes are replaced by a choke structure that performs the
equivalent function to the via-hole arrangement. A double-resonant frequency with a wide
bandwidth of 10.6 GHz (18.8%) is obtained in both structures. The proposed
waveguide-to-microstrip transition also achieves a low insertion loss of 0.41 dB at the center

frequency of 76.5 GHz.
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In addition, when the beamforming network is integrated in the RF circuit, a differential
signal generated from IC chip is input to the beamforming network through a hollow waveguide.
Therefore, a study of the waveguide-to-differential line is conducted in this dissertation. The IC
chip is connected to the waveguide in the state of being mounted on the multi-layer dielectric
substrate via a bump structure. Two kinds of waveguide-to-differential line transitions where the
hollow waveguide and the IC chip are located on the same side and opposite sides of the PCB
substrate were proposed. The transitions achieved a broad impedance bandwidth of 27% (250
GHz - 325 GHz) and 13% (252 GHz - 286 GHz) due to their multiple resonance operation.
Moreover, via holes are proposed to arrange surrounding the waveguide profile and transmission
line to prevent the leakage power generated by higher-order mode in the multi-layer dielectric
substrate. The insertion losses of the transitions were about 0.3 dB and 1.1 dB.

This dissertation consists of six chapters. Chapters 1 and 2 described in detail the
background of the study and literature review on the basic theories behind the transmission
lines, transitions, and beamforming techniques. Chapter 3 presented the Butler matrix
beamforming circuit using the low-loss finline in double-layer dielectric substrate. Chapter 4 and
chapter 5 then gave a discussion of the bandwidth extension technique for the planar
waveguide-to-microstrip transition and the waveguide-to-differential line transition. The

performances and contributions of proposed techniques were concluded in chapter 6.
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