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ABSTRACT

This thesis addresses itself to the computer-aided design and modelling of

microwave circuits using efficient minimax and et. optimiz~tion techniques.

Recent algorithms for nonlinear mini~ax and e1 'optimization arc

reviewed. The features of the el norm; itstheor~tieal properties and the necessary

con~itions for optimality are discussed.
,

f ;.
A comparative example with e2 optimizatiop iUustrates the rqbu~tnessof el

for the .particular applications of this 'thesis; Efficient gradient a~ation

~echniques,.applicable to both minimax and ~I optimization, are presented.. ;

A simplifi.ed -and straightforward treatment of sensitivities for two"port
~.~ '.

networRs, cascaded and branched cascaded st"'ctures is introduced. The objective is. "

to 'calculate the ,sensitivities efficiently, without appealing to the alljo.int network

concept, A novel proof of a recent, result in sensitivity analysis of loss!ess and

reciprocal tWe>,ports'is presented.

Design of manifold' type wav~gUide'mllltiprel\ershas been considered as a '

major· application for bolh mini~ax optimization and. the. fheoretic,\1 work in
'. .

branched cascaded network sensitivity analysis. Components of the multiplexer

.' - . ~ .
structure a,nd nonideal effects such as 'dissipation and dispersion are discussed and a

step-by-step implementation of an algorithm to calculate 'particular responses and
. . ... '.. ~ .

'sensitivities .i~ presented. Examples of-the design of 3-, 12- and ,16-channel, 12 GHz

. \ -
,'.' ~u.~tiple,,!,ersillustrate the practicality of the approach presenfed.

A new approach to modelling of microwave devices which exploits the

theoretical i*Operties of the el norm is presente,d. The concept of m\llti·circuit '.

"
, . iii
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is discussed.

•,

•
measurements is introduced and its· merits in obtaining unique and self-consistent

parlimete.rs are discussed; The technique ,is applied t/modelling of mUlt~"couPled
cavity fi)ters and GaAs FET's. The application of efflient modelling techniques in

developing algorithms for postprdQuction tuning and il establishing\he relationship·
. I.

between physical parameters of a device and its equiy\1lent circuit model paramete~s,. I .
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1
INTRODUCTION

Ove~ thp. past 20 years, computer,aided design (C~D) techniques havo

developed" into an integral part of methods used for solving most ~ngineering

problems. [n the past decade, the astonishi;,g'cost reduction.in computer coinpon~nis

, and the availability of personal computers has generated further enthusiasm to use'

efficient and powerful CAD techniques, The use of highly interactivesoftwa,re

systems and the capabilit;"of hi~h resolution graphical displays has changed the"
, .

image of CAD techniques from a topic understandable only by.specialists to a

powerful tool serving every practicing engineer, .

Design of microwave filter~ using optimization methods is one of th~

earliest applicati0!ls for CAD'techniques in electrical en~neeri!,g, ·In 'recent y-ears,

software systems for modelling'and design of microwave circuits h~ve been developed

which are capable of handling most commonly used microwave devices. The applica,

tion of such general purpose, software systems to design problems requiring multiple,

objectives of costr\eduction, design' centering,to'lerance optimizatio~ and post

production tuning, anci lVodelling problems with complex and uncertain, circuit
. .~.-.'

equivalent topologies, necessitates the use of state-of-the-art optimization teehniques:

Unfortunately, while highly efficient optimization algorithms have been developed in

. c . ~. '. t
the last decade, the algorithms used in most microwave software systems afe th~ ones

. ~.:

described by mathematicians 10-15 years ago. There.,e two major factors

~ontributingto'such a sizeable gap.

1
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... ~he .first fnctor is thnt the 'implementation;of~onlinearminimax and e1 '

", ' ,',

"

":!'

"-:'

f

. I;.

, ' I~ _. . '. . \ .

(;, algorithms:whose charncteristic fenti..u'es cno be e"pl,oited in many' engineering
" . . 0,' f. .

problems and' have bee", the subject ~f most rocent advancemen'ts in optimization
'" . . . '

techl.!:iques, is genernll1 compli~aied, This has led; f9; instance, tot~e 'use ofthe more
1" . I (., .. •• _ '.

t, stra.ightf~rwnrd lenst squares .optilIltzntion with the ,limitation on iinenrity of

contiPl"ninti\n most rriicrownve ';"ftware.systems. 'It should be'mentioned that' a
. ~ ~ - .

,,' . nonlinear pr~grammingpr~blem with n~nlinenr constraints can be easily formulated
,,, - . ,. ,.

.~ ...
tis a minimax problem.

, .
Th~ second fnctor which has helped the' use 'of. rather old non·gradient

.'. l' _. •
optimizntion tochniques (e.g" the rnndom' optimizntion in SUPER·COMPACT 1986

l .' J ' , .' .
, ,

. nnll TOUeHSTONE 1985) to continue, is -the difficulties relnted to sensitivity
, .'c

annlysrll of mnny micrownve circuits as required by the ndvnnced grndient-bnsed
, . " ." ( . ~

:s ' • ,. . " . ,f

optimizntion' methods. Deriving' e:",ilicit sensitivity, expressions is dimcult or
, '

"

impossible"in some micrownve problems'" On the, other hnnd,' ~sing numerical
~ r .

difTe.r~ntintions to esti~nte' the grndient~';':t,every ite~aiion of an optim\z,ation

~. procedur.e becomes prohibitivelJi e~pensive when ntte'mptingto,solve Inrge problems.

" .
Thisthesis nddresses itse.Jf to modelling'nnd design of micrownve circuits

usingrecent,minimnx and el optiIJIization techniques, A mnjor pnrt of the thesis)s
',: j

::.'

•

,

<:oncerned with a simpli.fied tnintment of sensitivity annlysis applicnble to' genernl, ,

t~o.ports, cascnded nn~ brnnChed'~~scnded structur~s tiue~:ly'en,countered.;n~_c

micrownve nren. The sensitivities nre'directly used," conj...nction with powerful '

minlmJx nnd t[ nlgorithIils which will'be described in 'some 'detail. We do not
J ..' •

presume to be nble to cnlculate exnc~ sensitivities for all misrownve structures.

Therefore, efficient grndientnpproximation techniques "(ill be described which enable

"
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, -

us to use minimax and £1 algodthms in problems in which exact gradient evaluation

is not feasible,
, '

The concellis described in design and modelling are applied to microwave

d'~vices such as multi-coupled cavity filters. waveguide mapifold type multiplexers
"

and GoAs FET's" These devices are all of current siinifican~interest to resea'-rchers
. "

and en'gineers due to their applicati<in in satellite communication systems,

Chapter 2 deals ";ith the use of minimax and el optimization techniques'in.' , - ..
. . . ....

, computer-aided design, Problem for'mulations for ,both types of optimizations are

!pyen, The'existing minimax'algorithms are reviewed briefly and the H~ld 'and

~adsen algorithm, <!ilild and Madse~ 19~1) ,is described'. For, nonlinear e1

olltiriiiiation, the'Hald and Madsen'algori'thm (Hald and Madsen 1985) [so reviewed

'a~d"the feal:ures of the el norm are, eltplained using necessary conditions for.
optimality. ,For problems in which exact gradient evaluation is not feasible. a recent·

",method for ellicient gradientapproximatio·ns. as applied to both minimax andel
'.' '.

, .

opti~izations, is'described, " '"

" In. Chipter q, simple algebraic approac~es are presented which reduce .the

networks described. by their nodal admittance matrices to equivalent unterminated

" , twocports wi~h ~im'~ltan~ous sensitivity analysis, The origin~lity of the appr!ach iies
" . , .' .'.. . .. '" .',

in the r.ict that there, isno need to appeal to the adjoint network concept, Secol\d-order

sensitivities ahdcomputational efTort ~re' discussed, The original idea by Bandler.
, '.

, ,

Rizk and Abdel~Malek(1978) in efficient simulati~n'and sensitivity ana:ly.sis ?f

caecaded' networks is,extended to the branched cascaded~tructu~eawith arbitrary

junctions, The individual componen~~,of the structure, apart from the' three-port.. "

'junctions, are two-Ports w,hich may have been deduced by the reduction ofcomplicated"
, .,

~etworks using the aforementioned algebraic approaches, A new proof for a rec~nt I

,"
.~ .. "



,

..'

...

4

result in sensitivity analysis of lossless recipr""al t\\(o-ports is presented and a ne:.v

and interesting ~esult in sensitivity evaluation of branehed'cascaded netW<>l'ks is

derived..

Chapter 4 covers the design of multiplexing networks using the minimax

optimization in detail. This is one of the largest nonlinear optimization problems ever -

demonstrated in microwave circuit design. Models for individual components of the

multiplexer with· nonideal effects such as dissipation, dispersion and j~nction

susceptance;' are pres'ented. The branched cascaded sensitivity analysis is effectively

used and 3-, 12- and 16-channel multiplexers are designed in· reasonable

computational times.

In Chapter 5, microwave device modelling techniques are considered. The

existing techniques in typical eommercially available software systems as well as

more advaneed techniques in modelling are reviewed. A new formulation for

modelling using the concept of multi-circuit·measurements is presented. 'We discuss'
.,

the merits of this tech!'ique in obtaining unique. and self-consistent models., The

technique is applied to modelling of multi-coupled cavity filters and GaAs FET's. The.

applieation ofeflicient modelling techniquesiin developing. algorithms for post-

prod'uetion tuning is briefly discussed.
. . ' .

We conclude i~ Chapter 6 with some suggestions for further research.

The' author contrib~te(f substantially to the following original

developmentS presentoid in this the~is:

(l)' .An integrated treatment of 'sensitivities for two-ports: cascaded and

branched cascaded structures using simple algebraic approaches.

. (2)- ,A new proof of';' result in.sensitivity analysis of reciprocal lossless

two-ports..




































































































































































































































































































































































