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Abstract

Cellular base station antennas (BSAs) are critical components in mobile
communication systems. As the cellular mobile communication systems evolve rapidly
to the fifth generation (5G), BSAs that can simultaneously support different standards and
have high data capacity are in high demand. Multi-band arrays and multi-beam arrays are
good solutions, but they place additional stringent requirements on the antennas. Firstly,
high performance characteristics of antenna elements are required. Secondly, cross-band
scattering, which is a long-existing issue in multi-band antenna arrays, needs to be
suppressed to maintain the performance and stability of antenna systems. Thirdly, for
multi-beam antenna arrays, they are desired to have wide operating bandwidth and
consistent patterns with low side-lobe levels. All of these are difficult to achieve. This

thesis addresses the challenges mentioned above by making three main contributions.

The first contribution is the improvement of the base station antenna elements. Three
configurations have been thoroughly studied, including square-dipole-array, cross-dipole
and dual-dipole configurations. Different methods are investigated to enhance bandwidth,
stabilize radiation patterns, or minimize beam squint, and the outcomes of these are
implemented in antenna designs. In addition, circuit models of feed networks are
proposed to facilitate wideband impedance matching. Two antennas featuring planarized
configurations are designed for the ease of system integration. In total, eight antenna
elements have been designed, fabricated and tested to achieve the desired wideband

radiation performances.

The second contribution is the development of new approaches to minimize cross-band
interference in multi-band BSA arrays. Chokes that can minimize scattering currents are
implemented in the antenna designs. The working principles and capabilities of
suppressing scattering of three different types of chokes are analyzed. Based on these
techniques, two dual-band antenna arrays have been designed. Experimental results verify
that cross-band scattering is suppressed and both arrays have stable radiation patterns
across wide operating bandwidths. The techniques presented for suppressing cross-band
scattering guarantee the co-existence of antennas for different services, and facilitate the

evolution of communication standards.
The third contribution is the development of multi-beam antenna arrays to increase
system capacity with a wide coverage area. Cross-dipoles with a compact configuration
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and stable radiation performances are chosen as array elements. Wideband beam-forming
networks formed by Butler matrices and power dividers are used to provide correct phase
increments and power levels for elements. Three-beam antenna arrays have been designed
with required beamwidth and crossover level. The proposed designs can be used in a wide

range of LTE base stations to increase system capacity.
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