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ABSTRACT

Most of the modern communication systems, like LTE, employ
multiple antennas, where the portable handset devices suffer from the small
available space compared to the physical size of antennas. Deploying
antennas closely leads to mutual coupling problems. The main goal of this
thesis is to design antennas that can be operated at LTE bands in MIMO
configuration. Three proposed antennas were analyzed using CST
Microwave Studio Suite. Parametric studies for the parameters of the
proposed antennas were used to estimate the effective range of each
parameter before the optimization process.

The first antenna is an interlaced E-shaped antenna that works at
LTE700 band. The antenna was developed by merging two oppositely-
oriented E-shaped antennas. The arms of both E-shaped antennas are
folded to reduce the size of the antenna. The antenna achieved a bandwidth
was (50) MHz centered at (767) MHz and has compact size of (60x15x0.8)
mm? (0.154x0.038x0.002 wavelengths at center frequency). The antenna
was analyzed as a single element and in two and four MIMO
configurations.

The second proposed antenna is of PIFA type printed directly on the
substrate to reduce its volume. The proposed antenna achieved a bandwidth
of (0.67) GHz centered at (2) GHz, that can serve many LTE bands such
as (1,2,3,4,9, 10 and 25). The antenna has a compact size of (60x30x1.6)
mm?>. Two and four MIMO configurations of the proposed PIFA antenna
were also investigated. Mutual coupling was reduced by using a slot and
an arm of arc-shape in the ground plane of each antenna. Using these
techniques showed a good reduction in the coupling between antennas
across the served LTE bands. The obtained coupling was less than (-20)

dB in the case of 2-antennas and (-14) dB in the case of 4-antennas.



The third proposed antenna is a combination of a PIFA and a
meandered-line antenna that also works at LTE band class 13 (746-787)
MHz. The PIFA antenna was also printed directly on the substrate and the
physical length of the radiating part of the PIFA antenna was meandered
to meet the size requirement at the long wavelength of the LTE class 13
band. The particle swarm optimization (PSO) algorithm was used in the
process of bandwidth enhancement. A -6dB bandwidth of (58) MHz
centered at (765) MHz was obtained. The antenna has a compact size of
(65x110x1.6) mm?® i.e. (0.165x0.28x0.004 wavelengths at the center
frequency of the lower band).

Two meandered-line PIFA antennas were designed to work in a
MIMO configuration. They were analyzed to reduce the mutual coupling
between the closely-spaced antennas. Three techniques (slots,
neutralization-line and a fork-shaped line in the ground plane) were used
to perform this task. A combination of both Nelder-Mead and PSO
optimization techniques were used to get the final parameters values of the
(antenna, slots, neutralization-line and the fork-shape). The obtained -6 dB
bandwidth was (52) MHz with coupling of about (-12.5) dB

The designed interlaced E-shaped antennas were fabricated at Jaavin
Electronic Solution Company / Malaysia and tested at the Ministry of
Science and Technology / Baghdad. The designed PIFA antennas and the
meandered line PIFA antennas were fabricated and tested at the Industrial
Research and Development Administration at the Ministry of Science and
Technology / Baghdad by using a vector network analyzer of model
(Anritsu MS4642A). The experimental tests performed on the fabricated
prototypes of the three proposed antennas showed good agreements

between the simulated and the measured results.
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