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(6)ABSTRACT 


This thesi8 presenta a comprebenaive study of E一p 1 an e 
 bandpaae filters in double dielectric fin line and 加otal insert 
 conf igurat ions. The 8tudy includes the analysis of a g enetal 
 five一layer dielectric loaded E-plane filter uaing the rigorous 
 field theory technique combined with the scattering. matrix 
 formul at i on.  Optimization  techniques are used for designing 
 different types of E一plane filters and their characteriHtics are 
 experimenl.ully verified. 


First, the propagation characteristics of doubl電  dielectric 
 fin line structures are studied. Spectral domain technique is 
 appi i ed  for  analyzing these structure8.  Spectral  domain 
 I皿皿ittance approach is used for obtaining the elements of the 
 Dyadic Green、a function. Using the Galerkin、s procedure and the 
 Parseval,8 theorem,a transcendental equation is obtained  the 
 solution of wh i ch yields the propagation conatant . IJith the 
 choice of accurate basis functiona for the a i ot fields  both 
 dispersion and impedance characteristics are computed. Extensive 
 data are generated at Ka band for two types of double dielectric 
 fin lines  one with fina"facing each other and the other with 
 fina facing the aide walls. The same analysis is used for 
 studying  the propagation characteristics of  two  var ia nt 
 structures- nam e I v,  double dielectric broadside coupled slot 
 linea with slots facing each other and with slots facing the  top 
 and bottom walls of the structure. 


Spectral domain technique is extended to characterize double 
dielectric E一plane resonatora. Resonant characteristics of  .t h e s e 



(7)determined by 


ca8caded a ect i ons . 


matrices 
 of each 


all the 
 the two 
 combining the scattering 


Th e  scattering matrix 


fL  tL O O 


structures are determined by applying an end  corrected basis 
 (Unction which takes into account the presence of higher order 
 modes . Characteristics of the double dielectric resonatora are 
 also verified exponi皿entally. 


ln order to study different types of E一plane bandpase 
 filters  first a rigorous field theory treatment is carried  out 
 on a general five一layer di electric loaded E-plane baれdpase 
 fi. lter. The structure consists of a cascade of two types of 
 waveguide sections alternately connected. On e is a five一layer 
 dielectric loaded waveguide section with conducting E一plane 80pta 
 of finite thickness at the four dielectric interfaces  and the 
 other without the aepta. The five dielectric slabs are assumed to 
 be of different thicknesses and dielectric con日tanta. These two 
 waveguide sections are analyzed separately and their scattering 
 matrices  ar e det erznined. The overall filter  r espons e 


waveguide 日ections is formulated in the following way: 


In the case of  the slab loaded waveguide  section  (vi thout 
 the septa）、  fl i r a t ita propagation constant  is deter皿mned by 
 considering the-guide to be infinitely long.  ln  each of the five 
 dielectric regions the fields are defined as the summation of 
 eigen mode8.  B  y  matching the boundary conditions  at various 
 interfaces. a characteristic  equation  I日  derived  
'ih i c h 


numerically solved to evaluate the propagation constant. Next the 
 gu i d e section is assumed to be connected to empty waveguides on 
 both sides. The fields are matched at the interface between  
the 


empty waveguide and the slab loaded waveguide, to relate the 


ii 



(8)reflected aniplitudea on either side of the junction to the 
 incident amplitudea. This gives the acattering matrix of the 
 input junction. The overall scattering matrix of the slab loaded 
 region can be obtained by re1ating the scattering matricea of the 
 input and the output junctions via the length of the guide 
 section. 


The guide section with conducting septa at the dielectric 
 int er faces io essentially a five waveguide structure with the 
 septa serving as guide walls. For a section of five waveguide 
 structure connect ed to empty rectangular waveguidea on both 
 sides  the fields are first defined in each of the five regions 
 of the guide section. The fields are then matched at the input 
 junction to the fields of the feeding empty waveguide. This gives 
 a set of matrix equations relating the incident and reflected 
 amplitudes at the input junction. The scattering matrix of the 
 five一waveguide sect ion is obtained by combining the matrix 
 equations at the input and the output junctions via the length of 
 the section- The scattering matrices of the various  日ect ions 
 constituting the filter are then suitably combined to give the 
 overall scattering matrix. 


Pro皿  the general five一layer dielectric loaded E一plane 
 filter,a variety of practical filter configurations are possible 
 by choosing different combinations of dielectric constants and 
 dielectric slab th王cknesa es . Several new configurations which 
 form special cases of this general structure ar e investigated for 
 their filter characteristics. The filters investigated ar e 


double dielectric quadruple fin filters (ii)  symmetrical ly 


111 



(9)staggered tnetal mneert Lultera(iii.)an t i.一a yin皿etrically ataggerad 
 metal mneert ultera and (mv)alternate  a ungi e一double coupled 


皿etal insert  filters. Optimization techniques are adopted  to 
 synthesize the filters. An objective function is defined suitably 
 incorporat ing certain major constraints such as the bandwidth 
 paasbanci  insertion  i oss  atopband attenuation,  etc.  Th e 
 optimization  is of the for皿  of a constrained  non一i mnear 


optimization where the total length of the filter is sりecified to 
 be within a given limit. Initially,Box (compi ex) algorithm was 
 adopted and later augmented Lagrangian function algorithm 
 combined with quasi-Newton 皿ethod was adopted for optimizat ion. 


Various filters in double dielectric and metal insert 
 configurations ar e designed for a given set of specifications in 
 Ka band. The parameters optimized are the resonator and septum 
 lengths . Both narrow band and broadband filters having low 
 insertion  loss and sharp skirt selectivity ar e  designed. 


Sensitivity analysis  is also carried out on double dielectric 
 loaded and metal mnaart filters to study the effect  of varying 
 the designed resonator and septum lengths on filter performance. 


Some of the filters designed are considered for experimental 
 veri fication. All filters are fabricated ln brass housings. 


Double dielectric E-plane geo臓etries are realized using copper 
clad RT-duroid (Er == 2.22)sheets. Filter patterns are etched 
using the NIC lithography technique. Fot' 皿etal insert filters, 
patterns are etched from thin copper sheets and then assembled in 
the E一plane of the split block waveguide housing. The measured 
characteristics compare well with the theoretical optimized 
respon日e . 
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