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ABSTRACT

This thesis presents a comprehensive unified analytical study
of a wide variety of microstrip-like transmission line structures
having single and coupled strip conductors and with iso/anisotropic
dielectric substrates. The basic structures considered are ¢
(a) sandwiched microstrip, (b) inverted microstrip, (c) suspended
microstrip, and (d) double layer microstrip. Tha utility of some
of these structures in realising practical devices is experimentally

investigated.

A unified analytical procedure for determining the characte--
ristic impedance, effective dielectric constant and phase velocity
of an infinitely long strip conductor embedded in multilayer iso/
anisotropic dielectrjc substrates is evolved by combinihg fhe
variational technique in space domain and alsoc Fourier transformgd
domain in conjunction with the transverse transmission line tech-
nigue. This technigue is further extended to analyse the lumped
capacitance, open-circuit end effects and edge-capac@tance of semi-
infinitely long sfrip conductor embedded in multilayer iso/anisotropic

dislectric substrates.

The anélysis of sandwiched microstrip, inverted micréstrip,
suspended microstrip and double layer microstrip, in isolated and
edge-coupled configurations, is carried out using the unifiod
approach. Numerical data on the characteristic impedanée,effect—
ive dislectric constant and phase velocitiegzarb pfesented. The

conductor and dislectric loss charactoristics of these structures



in isolated configuration are computed. The effects of (a) shielding
side and top walls, (b) finite thickness of the strip conductor, and
(c) dislectric anisotropy are studied. Sensitivity analysis of inver-
ted microstrip and suspended microstrip is carried out to study the
offects due to a small change in the airgap height and also the rela—-
tive permittivity of the dielectric substrato. For the edge-coupled .
inverted microstrip and edgo-coupled suspended microstrip, the effect
of dielactric overlay on the bottom ground plane is studied. Various
schemes of phase velocity equalisation in edge-coupled microstrip-
like structuras are described. Nomograms to dosign high directivity
backward-wave directional couplers in these configurations are pre-

sented.

Vsrious broadside-coupled structures, namely: (a) broadside-
coupled sandwiched microstrip, (b) broadside-coupled inverted micro-
strip, and (c) broadside-coupled suspended microstrip are analysed
using the unified approach. The analysis of broadsiﬂe, edgg—couplqd
transmission line structures, which include : (a) broadside, edge-
coupled homogeneousVStrip transmission line, (b) broadside, edge-
coupled microstrip, (c) broadside, edge~coupled microstrip with
inverted dielectric, (d) broadside,‘edga-coupled inverted micro-
strip, and (8) broadside, edge-coupled suspended microstrip, using
the same unified approach is also presentea. Extensive numerical
datp on the characteristic impedance, effective dielectric constant
and phase velocity, for all the possible propagating modes, are
computed. The effects of shielding side Wa11s and the dielectric

anisotropy are studied. The characteristics of broadside~coupled



inverted microstrip and broadside-coupled suspended microstrip,

suspended in the E-~plane of WR-28 waveguide are also computed.

‘Tha lumped capacitance of conductor patches in sandwiched
microstrip, inverted microstrip, suspended microstrip and- doubls
layer microstrip are analysed using the unified spproach. Numerical
data are presented for the capacitance of square and pactangular
conductor patches, open~circuit end effects and edge-capacitance

of sami~infinitely long lines in these configurations.

The characteristic impedance and effective dielectric constant
of inverted microstrip and suspended microstrip are measured and
verified with theorotical results. Dispersion characteristics of
the inverted microstrip and suspondad microstrip are also measurede.
The loss and G factors of these transmission lines are eoxperimentally
estimated. Various circuit components, which include (a) branch
line couplers, (b) parallel coupled directional couplers, (c) high
directivity directional couplers, (d) balanced mixer, (e) band pass
filters, and (f) SPST switch and attenuator, in inverted microstrip
and/or suspended microstrip are fabricated =t frequencies up to
X-band. Besides, transitions from waveguide to inverted microstrip

and waveguide to suspended microstrip ars also fabricated at %-band.

The unified analytical spproach presented in this thesis
enables determination of the propagation parameters of a class of
single and couplad microstrip-like transmission lines, irrespect~
ive of the number of dielectric layers whoether isntropic or

anisotropice. Coupled structures include two conductor as well as



four conductor conFigqrations possessing a plane or planes of symmo-
try for sven- and odd-mode excitations. This method, besides being
general, is the simplest compared to other analytical procedures
reported in the litoratures, In order to compute the parameters,
namely, characteristic impadance, sffective dielectric constant and
phase velocity and also to study the eoffect of thicknass of the
strip conductor of various structures, it is only required to change
a single parameter, namely, the admittance st the charge 518ne of
the spacific structure. This parameter can be dotermined using the
staendard exproséien for the characteristic impedance of a section
o?‘tranSmission linpg. The séme tachnique also enables tho deter-
mination of lumped capacitance and open-circuit end effects of

rasonators in microstrip-like configurations.

The results presentod in this thesis should find extensiva
application in the design of MIC componants/subsystems at micro-

wave and millimeter-wave frequencies.
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