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Applications

The new wireless communication systems have been moved to a new level of evolution through using multi-input multi-
output (MIMO) technology, where the data rate is increased leading to an increase in the channel capacity and reliability
and a reduction of the probability of error. Most current mobile terminals incorporate printed antennas, which make use
of the system ground plane of the device. Therefore, printed antenna can be conformed to the device needs as well as
having low cost and ease of fabrication. This thesis focused on the design and analysis of printed MIMO antenna for
different types of wireless terminals, including laptop computers, access points, mobile phones and USB dongles. The
printed MIMO antennas that were designed in this thesis can be classified into single-band and dual-band antennas to
serve different wireless communication applications such GPS, Bluetooth, WLAN, and WiMAX. The placement of
several antennas in close vicinity within the user mobile terminal increases the amount of mutual coupling and lowers
the radiation efficiency of the MIMO antenna system if not designed properly. Several techniques were proposed and
adopted in this thesis to enhance the isolation and hence reduce the mutual coupling between adjacent printed MIMO
antennas. These techniques were integrated within the same printed backplane of the antennas and can be used for
single-band and dual-band operations. Four printed MIMO antenna structures were designed, analyzed, fabricated and
tested in this thesis. The first structure is a (2x1) single-band printed MIMO antenna of (48x48)mm?® working at
2.4GHz. Two techniques were proposed to reduce the mutual coupling at this structure. The first technique is called
tunnel method, which reduces the mutual coupling to about -15dB with an envelope correlation coefficient (ECC) of less
than 0.05 in the band of interest. The second technique is called parasitic element, which causes the mutual coupling to
drop to about -25dB with ECC of less than 0.1. The second structure is a (4x1) single-band printed MIMO antenna of
(90x48) mm? working at 2.4GHz. Two parasitic elements are used as a mutual coupling reduction technique to achieve
both narrow-band and wideband behaviors. The resulted structure has a -20dB mutual coupling and ECC less than 0.1.
The third structure is a (2x1) dual-band open loop monopole printed MIMO antenna of (50x60) mm? with partial
ground plane operating at 2.4GHz and 3.5GHz. T-shape parasitic element and A/4 slot method are used to reduce the
mutual coupling between antenna elements of this structure. High isolations of about -19dB and -30dB were achieved at
the lower and higher bands respectively. The fourth structure is a (2x1) dual-band printed MIMO antenna of (36x72)
mm? with slotted rectangular shape working at 3.5GHz and 5.3GHz. Two pairs of A/4 slots were used to enhance the
element isolation to -30dB and -35dB at the aforementioned bands respectively. All the above four printed MIMO
antennas were built using FR4 dielectric substrate with relative permittivity 4.4, height of 1.6mm, and loss-tangent of
0.025. These antennas were designed and simulated with the help of "HFSS" and "CST Microwave Studio™ software
packages. The designed antennas were fabricated and tested, and reasonable agreements were found between simulated

and measured results.




