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ABSTRACT

The research work presented in this thesis is focused on the design and development of
Millimeter Wave Antennas that can be used for Body Area Networks. And based on the
requirements to set up a link between nodes used in Body Area Networks, different antenna

configurations are presented.

First, a 3D printed lens antenna is proposed to be used for the off-body scenario. A
lens is used in switched beam configuration in which three patches are used beneath the lens
of diameter 3Ao. The lens integrated structure increases the gain of the patch antenna and the
beam switching configuration helps in increasing the angular coverage of narrow beam
radiation characteristics of the lens integrated patch. The beam direction of the presented
structure will change with the change in patch excitation. Three beam directions that are 0°
(center patch), +17° (left patch), and -21° (right patch) are achieved. The measured 10 dB
overlapping bandwidth is from 57.27 GHz to 60 GHz and isolation better than 25 dB is
achieved. The measured gain for the center patch is around 15.28 dBi. A flat skin phantom
is used to estimate the effects of the change in antenna performance when placed in proximity
of the human body. It is seen that the broadside antennas are not much affected by the flat
skin phantom in terms of s-parameters, and its radiation characteristics. A single input
waveguide-fed multi-beam antenna is also designed to be used in external nodes. The antenna

radiates in three orthogonal directions and the gain of the antenna is increased by using the
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3D printed lens. The measured impedance bandwidth is 1.7 GHz. The measured beam

directions of the structure are 0°, 87°, and 270° at 57 GHz.

Two switched beam antenna configuration for on-body communication is also
presented. In the first configuration, the main beam direction is tilted with the rotation of the
dipole arm. The second radiating element is also used to incorporate the beam switching
configuration. The tilted dipole arm (termed as common arm) of the structure is common to
both of the radiating elements. The isolation between two elements is improved by increasing
the width of the common arm and by etching out a semicircular shape in the common arm.
The overlapping bandwidth for the structure is from 55 GHz to 64.1 GHz with the isolation
better than 30 dB below 63.13 GHz. The directors are also used to enhance the gain for both
radiators. The antenna will be able to communicate with two devices in two different
directions. In the second configuration, pair of off-center directors are used to enhance the
gain of the dipole structure. Three antenna elements are placed orthogonally sharing the
common ground plane. The antenna will cover the directions 8°, 278°, and 87. The
overlapping bandwidth for all three elements is from 55 GHz to 60 GHz. The effect on
antenna parameters in the proximity of the flat skin phantom is studied at a gap of 5 mm
between the antenna and the skin phantom. It can be seen that the radiation characteristics

are mainly affected due to the reflections from the phantom.

A dual-mode antenna that can be used for both on-/off-body scenarios is designed.
The higher-order mode microstrip ring is used for on-body mode and the coaxially located

patch antenna is used for off-body mode. The overlapping bandwidth for both modes is 57
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to 58.9 GHz with isolation of better than 30 dB for the entire range. Dual-beam characteristics
are achieved for on-body mode with a beam direction of 30° and 339° at 58 GHz. The gain
achieved in on-body mode is 9.5 dBi and for off-body mode is 6.7 dBi. When the antenna is
placed over the flat skin phantom, the main beam direction changes in on-body mode due to

the reflection from the flat skin phantom.

A vertically polarized antenna is presented for on-body propagation. The antenna
uses a TM2; mode circular patch which is transformed into an end-fire radiating element.
The circular patch is cut to quarter size and printed on both sides of the substrate. An electric
wall is made at the edges of both the quarter patches with the conducting Vias while the
curved edges are kept open to radiate in the end-fire way with E-field direction perpendicular
with reference with the human body. The antenna is further loaded with a loop-like structure
to improve the gain of the proposed structure. The measured impedance bandwidth of the
antenna is from 56.84 GHz to 62.13 GHz. The end-fire radiation is achieved with vertical
polarization for on-body applications. Antenna performance is also estimated using the flat

skin phantom.
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