
ABSTRACT

The research findings presented in this thesis are primarily on the designs of pattern diversity

antennas for 5 GHz Wireless Local Area Network (WLAN) access points.

A multi-port pattern diversity antenna with a common aperture for 5 GHz WLAN

applications is first presented. The antennas resonate at 5.2 GHz with 10% or 540 MHz

impedance bandwidth. The particular focus is to maintain uniform gain enhancement using

a common aperture for the individual antennas. The first design is a two-port antenna

system that provides a pattern diversity of 0� and +90�. The proposed metamaterial

structures shared by the antennas provide a 3.6 dB gain enhancement to realize a 10 dBi

individual gain of the antennas. The second design is a three-port antenna system that

provides a pattern diversity of 0�, ±45�. The metamaterial structures enhance the gain by

3.4 dB for realizing a 10 dBi antenna gain. The gain enhancement for individual ports is

equalized by strategically loading complementary transformed H-shaped Double Negative

(DNG) resonator structures in the endfire due to localized changes in the refractive index.

The front-to-back ratio of the antennas is also enhanced by 4 dB.

Three-port pattern diversity antennas with equal gain throughout the ports are proposed

next. The first three-port design demonstrates a coaxial fed antenna system for WLAN

access points. The antenna system consists of two dipoles and a patch that radiates

at 5.2 GHz, with an impedance bandwidth of 150 MHz. The antennas are designed for

pattern diversity in the broadside and endfire orientation with an individual gain of 4.5 dBi.

The antenna gain is further enhanced to 6 dBi, after integration with unit-cell structures.

The gain enhancement for each antennas is achieved by strategically integrating reflective

type and transmission type sub-wavelength structures for the two dipoles and the patch

respectively. The antenna has an isolation of less than 26 dB throughout the band and

across the ports for a port-to-port distance of 0.25λ. The second three-port design utilizes

a partially reflective surface (PRS) with a Fabry-Perot cavity (FPC) for 5.2 GHz WLAN

access points. The topology of the three-port coaxial-fed circular patch antennas provide
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an initial beam tilt of 15�. The PRS aperture, placed at a height of approximately λ/2, is

designed to aid the antenna radiations at 0�, +25�, and −25�, providing a 90� beam coverage.

The impedance bandwidth of the antenna system is 2%, ranging from 5.16 GHz to 5.25 GHz

(90 MHz bandwidth) with a gain of 10 dBi throughout the band and across the ports. The

shaped PRS structure provides a gain enhancement of 4.5 dB. The mutual coupling between

any two ports in the three-port antenna system is less than 20 dB for a port-to-port distance

of 0.67λ.

Next, a four-port pattern diversity antenna with a 3-D printed all-dielectric superstrate

for 5.2 GHz WLAN access points is proposed. The topology of four-port coaxial-fed circular

patch antennas provides a beam tilt of ±45� and ±15� with an angular coverage of ±60�.
The beam gets tilted due to this unique topology and without the need for any additional

phase shifting circuits. Then, a low-cost 3-D printed dielectric superstrate is designed to

enhance and equalize the gain without compromising the beam tilt and polarization purity

of individual antennas. The antenna module has an impedance bandwidth of 80 MHz (5.16

GHz - 5.24 GHz) for a gain of 9 dBi throughout the band and across the four ports. The

dielectric superstrate provides a gain enhancement of 3.8 dB for antennas at the edges, and

5.4 dB gain enhancement for antennas at the center of the topology.

Finally, a wide-band directional cavity antenna is proposed. The design reports a low

scanning loss for 20% antenna bandwidth and a wide 20% 1-dB gain bandwidth over the

antenna beam scanning angle. The antenna operates in the 5 GHz band of IEEE 802.11 ac

WLAN applications. A beam scanning of 20� is demonstrated by varying the height of a

slider within the antenna cavity. The broadside peak gain of 9.6 dBi is maintained for 20%

of the antenna bandwidth with a gain reduction of only 0.3 dB throughout its operating

frequency range. Besides, the scanning loss suffered by the antenna when scanning from the

broadside to the maximum scanned angle is only 0.8 dB. The proposed scan performance is

verified for a single element antenna and a two-element antenna array.
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