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SUMMARY

Printed monopole antennas are indispensable candidates for WLAN, UWB, and RFID
applications. Along with the small size, the antenna should preferably be low cost, light weight,
less fragile and low profile. The main aim of this thesis is design, simulation, fabrication, and
measurement of wideband antenna array. The printed monopole antenna array is studied. The
derived transmission line model was found for a slot antenna by two methods. First, a simple
and accurate model of the offset fed transverse slot radiator is introduced. The second method is
equating the delivered power to a lossy transmission line and the radiated power by a slot. From
these, the total radiated power is found in terms of the radiated loss per-unit-length (o). The
input impedance of printed linear slot antenna simplified derivations are presented. Next, the
electric field equation and radiated power of the slot are corrected and proofread. Also, the input
impedance and performance of printed monopole antenna array are discussed. The mutual
coupling between the array elements is reduced using Electromagnetic Band Gap (EBG)
structures. The EBG structures are divided to: Defected ground structure (DGS), mushroom-like
EBG, and uni-planar EBG. All the three types are discussed.

The rapid expansion of wireless technology during the last years has drawn new demands
on integrated components including also antennas. The existence of an immense infrastructure
worldwide for the 2.4 GHz Industrial, Scientific and Medical (ISM) band along with the release
of the 5.6 GHz ISM band, combined with its increasing popularity, related to the Bluetooth
and/or WLAN systems applications. A low mutual coupling design for two and four elements
microstrip antenna array are proposed. A new distribution for dumbbell shaped defect on the
ground plane of the antenna is inserted between the patches creating a band gap in the operation
frequency band of the antenna. By suppressing the surface waves, it provides a very low mutual
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coupling between array elements. The DGS antenna is analyzed using a finite integration
technique (FIT) and a mutual coupling reduction of 35.6dB is achieved. The analysis indicates
that increasing number of dumbbells reduces the mutual coupling between elements. Radiation
patterns have minimal change in the broadside direction but back lobe level is increased.
However, the gain and the efficiency are decreased due to penetration of DGS in the ground
plane. The results agree with those obtained by the full wave simulator method. It is noticed that
the ground plane penetration is the DGS main problem.

One of the dominant research topics in antennas for body-centric communications is the
wearable, and the fabric-based antennas. Commonly, wearable antennas for all modern
applications require light weight, low cost, almost maintenance-free and no installation. There
are number of specialized occupation segments that utilize body centric communication
systems, such as paramedics, fire fighters, and military. Besides, wearable antennas also can be
applied for youngsters, the aged, and athletes for the purpose of monitoring. A new concept of a
wearable antenna is easily integrated into clothing. A novel eagle shape and KSA slogan
microstrip antenna are presented. The single- and two-element antenna array are designed and
fabricated on a substrate with dielectric constant of 2.2, thickness of 1.5748 mm, and tan 6 =
0.001. The microstrip array was studied by CST simulator and fabricated by proto laser
machine with precision 25um. The antenna can be used in the official or RFID applications.
Also, this antenna may be used in soldier belts, any commodity for the official application, etc.
The novel EBG cells in the shape of small size eagles and KSA slogan are inserted between the
adjacent coupled elements in the array to suppress the pronounced surface waves. A mutual
coupling reduction of 36 dB is achieved at first band (1.68 - 2.65) GHz and 22.1 dB at second
band (6.5 — 8.86) GHz for a novel eagle shape antenna array. Also, a mutual coupling reduction
of 11.9 dB is achieved at 2.542 GHz for a novel KSA slogan. The measured results agree well
with those obtained by the CST. SAR calculation was carried out to measure the effect of those
antennas on Human bodies. Maximum SAR of eagle shape antennas result is 1.95 W/Kg, while,
maximum SAR of KSA slogan antennas result is 1.64 W/Kg that are acceptable to the IEEE
C95.1: 2005 and the ICNIRP standards.

A novel UWB Eagle shape and KSA slogan shape slot microstrip antenna are presented.
The single and two element antennas were designed and fabricated on a substrate with dielectric
constant of 4.4, thickness of 1.6 mm, and tan & = 0.02. The microstrip array was simulated and
fabricated. A reduction in mutual coupling of 6 dB is achieved in the Eagle shape at first band
(1.71 - 2.98) GHz, 10 dB at second band (4.26 — 5.62) GHz, and 6 dB at third band (6.57 —
9.16) GHz. A reduction in mutual coupling of 3 dB is achieved in the KSA slogan shape at first
band (2.1 - 2.99) GHz and 33 dB at second band (4.92 — 6.73) GHz, and 7 dB at third band
(6.73 — 9.28) GHz. The measured results agree well with those obtained by the CST. The
antennas can be used in the military or RFID applications. These configurations are chosen
because the eagle shape and KSA sign shape are the official badges for any military application.
The antennas is an excellent candidate for use as internal elements in modern laptop computers.
The antennas is tested among three opening angles. The EBG cells in the shape of small size
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eagles and KSA slogan shape are inserted between the adjacent coupled elements in the array to
suppress the pronounced surface waves.

Finally, for future work, it is desired to implement these designs in MIMO system to achieve
overall better performance.
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