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ABSTRACT

A simple, low profile, and cost-effective mechanical tuning technique is
proposed in the thesis which is easier to implement in the planar technology of Substrate
Integrated Waveguide (SIW). The technique uses dielectric rods which are machined
from very easily available substrates/ceramic material in laboratory. The proposed
technique is used to design passive reconfigurable circuits in SIW technology which are
important building blocks in a transceiver chain like filters, antennas, diplexer, and
phase shifters. In the thesis, it is illustrated how the dielectric rods are loaded inside air
holes, drilled through the substrate of the SIW circuit at different desired positions. Then
they are replaced mechanically with another set of rods having different relative
permittivity value. As their relative permittivity changes, the same fabricated circuit
becomes reconfigurable, and its frequency response gets shifted to other frequency for
the designed filter, antenna, and diplexer. The designed filters show high quality factors
(Q-factor) in the range of 102-210.5, lowest insertion loss of <2dB above 10 GHz when
compared to available reconfigurable SIW filters, and wide tuning bandwidth in X-band.
The cavity based single slot reconfigurable antenna shows almost 9% frequency
tunability. Whereas the multi-slot antenna array shows 11.3% tunability in the X-band.
An initial investigation on diplexer demonstrates a wide tuning capability with insertion
loss (1-1.2 dB) lower than the reported techniques and isolation better than 25 dB in X-
band. In case of variable phase shifter, the relative phase shift changes with change in
relative permittivity of dielectric rods. It demonstrates highest phase variation range
(0.5°~200°), finest phase resolution (0.5-1°) among the reported SIW phase shifters with

one of the highest Figure-of-Merit of 110 °/dB, and low insertion loss (1-2 dB). Finally,



a passive beam steering network is also illustrated for the first time using the designed
variable phase shifter and antenna array.

There are many advantages of the demonstrated tuning technique. While
comparing with active tuning techniques, there is no need for additional DC supply in
the proposed technique which automatically eliminates parasitic effects and higher
power consumption. This reduces complexity and cost, which increases the reliability
and life of a module. In comparison to other passive tuning technique using metallic
screws/flaps/posts, dielectric rods show lower electric field disruption. This reduces the
insertion loss of any passive reconfigurable SIW circuit loaded with dielectric rods and

consequently yields higher Q-factor.

The purpose of the thesis is to design various reconfigurable RF and microwave
circuits for the front-end-modules of any high-power radar systems, wireless
communication systems or any other transceiver systems for multi-band and multi-
channel communication systems. It is mainly focused on the application in advanced
point-to-multipoint (P2MP) and point-to-point (P2P) radios (including 5G) and
especially for fixed and affordable high-speed internet connection in the hard-to-reach
areas, such as small islands and rural areas. The reconfigurable circuits are designed for
the Customer Premises Equipment (CPE) which is attached to each user. The prime
concern of the complete module is to provide high data rate at a long range with reduced
power consumption. It should also ensure that the CPE is affordable and easier to be
installed in a remote area where power is limited or non-existent. Same fabricated
structure of the circuit can be reconfigured at various frequencies (for filter, diplexer,
and antenna) and with variable phase shift (for the phase shifter) with different dielectric

rods loading for their application in the transceiver modules of CPEs, making the
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inventory management comparatively simple and cheap from the point of view of the

network providers in industry.
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