
THEORETICAL CHARACTERIZATION OF 
CERTAIN FINLINE CONFIGURATIONS 

by 

P. V. RAMAKRISHNA 

Department of Electrical Engineering 

Thesis submitted 

in fulfilment of the requirements 

for the degree of 

DOCTOR OF PHILOSOPHY 

to the 
INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

INDIA 
APRIL, 1991 



CERTIFICATE 

This is to certify that the thesis entitled "Theoretical 

Characterization Of Certain Finline Configurations-  being 

submitted by P V Ramakrishna to the Department of Electrical 

Engineering, Indian Institute of Technology, New Delhi, for the 

award of degree of Doctor of Philosophy is a bonafide research 

work carried out by him under my supervision and guidance. The 

results contained in this thesis have not been submitted to any 

other University or Institute for the award of any degree or 

diploma. 

. 	• I 
Dr. D Chadha 
Assistant Professor 
Department of Electrical Engineering 
Indian Institute of Technology 
New Delhi 110016 



ACKNOWLEDGMENTS 

The present work is the outcome of sustained help, 

inspiration and encouragement provided by a large number of 

people. I possess no means of reciprocating these deeds, but the 

mere statement of gratitude goes a long way in lightening the 

burden of an indebted man. 

At the outset, I wish to thank my supervisor Dr.D Chadha for 

her valuable guidance at all stages of the present work. But for 

the numerous discussions I had with her, but for the persistent 

encouragement provided by her, but for the pains she has 

undertaken in going through this thesis, and above all, but for 

her patience, the present work would not have been possible. 

I also acknowledge with all humility the responsibility 

shouldered by Dr. D T Shahani at all my moments of crisis. For 

the kind of encouragement and support provided by him I should 

have produced a monument of a work. But constrained as I am by 

the quality of grey matter I possess, all I can offer is a 

sincere apology for having ruthlessly encroached onto his time, 

energy, resources and goodwill. 

A true friend in profession is the rarest gift of life, and 

i-, was my good fortune to have found one in the form of Dr.Rajesh 

Mongia. I have had many discussions with him on the problems of 

this thesis, and the sustained encouragement and support he 

provided were very vital for the present work. 

Ever since I came across him, my teacher Dr. C N Krishnan 

was a veritable source of inspiration for me in all my endeavors, 

including the present work. I am proud of having had him as my 

teacher, and I hope I shall prove worthy of being his student. 



I also wish to acknowledge my sincere gratitude to S N Gupta 

for the valuable help he gave me during my days of wilderness. 

But for his ability to treat others difficulties as his own, the 

work on this thesis would not have taken off at all. 

I am also greatly indebted to my ex-colleagues Reena Sharma 

and R Chaitanya Babu for the encouragement they provided, and in 

particular, assistance given by R Chaitanya Babu in clearing up 

the many bottlenecks in my derivations. 

Great indeed are the people who will render a lot of 

service, and yet they and their help remain invisible and 

anonymous. In the context of the present thesis, two such persons 

are Prof. Surendra Prasad and Prof. D Nagchoudhari and many a 

thanks for all their encouragement and well wishes. 

Mention must also be made of Dr.L R Rajgopal, S Swaminathan, 

Dr B Sunderrajan, Dr. Sudhir Agarwal and Rajinder Singh for the 

constant encouragement that kept me going. The help rendered by 

Dr. N K Jain and A K Agarwala are also gratefully acknowledged. 

It is the affectionate concern of all these people that helped me 

overcome the many difficult and parched up moments. 

Lastly, the present work would have been impossible without 

the endurance of the people at home. 

P V Ramakrishna 



ABSTRACT 

During the last 10-15 years, millimeter wave frequencies 

have been finding increasing applications in communications. One 

of the most popularly used transmission lines for these 

frequencies is the finline. Many components and subsystems have 

been realized in finline topologies. The theoretical computation 

of the propagation parameters is a very important tool in the 

design of finline circuits. Two of the most popularly used 

methods for this purpose are the Spectral Domain Analysis (SDA) 

and the Method of Lines (MOL). These two methods are 

computationally very efficient and also are very versatile in 

being applicable to a large variety of planar transmission lines. 

However, both these methods are efficient only in computing the 

dominant mode characteristics and are incapable of furnishing the 

higher order modes of finlines. 

One of the methods capable of providing the higher modes of 

finlines efficiently is the Singular Integral Equation (SIE) 

method and is already available in the literature. One of the 

aims of this thesis is to present an alternative SIE derivation 

for computing efficiently the propagation characteristics of 

dominant mode as well as the higher order modes of finlines. 

Firstly, because finned waveguides have their own importance, the 

SIE derivations are presented for obtaining the TE and TM modes 

of hollow finned waveguides. Secondly, the SIE derivations are 

presented for the hybrid modes of finlines. These SIE derivations 

are largely based on the SIE derivation proposed by R Mittra and 

T Itoh for the case of microstripline. The main advantage of the 



SIE derivations presented in this thesis as compared to the well 

known SDA and MOL are, 1) their ability to furnish the higher 

order modes efficiently and 2) the exact nature of the 

derivations, i.e., there is no need to make approximations at any 

stage of the derivations or computations. 

The other aim of the present thesis is to investigate the 

efficacy of applying certain well known methods to characterize 

finlines containing anisotropic media. Firstly, many substrates 

used with finlines inherently exhibit a certain amount of 

anisotropy, and secondly, anisotropic materials in the form of 

magnetized ferrites are deliberately introduced into finlines for 

the realization of certain components. Althoughi both SDA and MOL 

have been reformulated to incorporate each of these 

anisotropies, two methods which have been very popularly used 

with conventional rectangular waveguides containing anisotropic 

media have not been tried out with finlines. These are, 1) the 

Generalized Telegraphists Equation (GTE) method and, 2) the 

Perturbation method. The derivations of these two methods for the 

case of finlines are presented in this thesis and numerical 

results are presented to validate the same. The numerical results 

presented indicate that while the GTE could work well albeit with 

certain limitations, the perturbation method works very well and 

is sufficient to deal the anisotropies encountered in practice. 

Also, the perturbation method is extremely simple and could work 

as a small appendage to any of the already existing rigorous 

methods for finlines on isotropic substrates and there is no need 

to reformulate these methods to incorporate the anisotropy. 

iV 
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