
MODELING OF COUPLINGS BETWEEN DOUBLE RIDGE WAVEGUIDE

AND DIELECTRIC LOADED RESONATOR

Chi Wang1 and Kawthar A. Zaki

University of Maryland, Electrical Engineering Department

College Park, MD 20742

ABSTRACT

Full wave modeling of the coupling structure between

a double ridge waveguide and dielectric resonator in a

rectangular cavity through an iris is presented. Eigen

modes of the double ridge waveguide, and the disconti-

nuities of the structures are obtained by rigorous mode

matching method. By applying the cascading proce-

dure, the re
ection coe�cients of the coupling structure

can be obtained. From the phase variation of the re
ec-

tion coe�cient and circuit theory, resonant frequency,

input/output coupling of the structure are accurately

determined. An equivalent circuit model of the res-

onant structure is established. The computed results

are compared with those obtained by other method and

shown in good agreement, which veri�es the theory.

I. INTRODUCTION

Dielectric loaded resonator �lters are widely used in

communication systems and other microwave applica-

tions, because of their excellent characteristics, such

as small size, low loss and high temperature stabil-

ity. If empty rectangular waveguide is used as the in-

put/output transmission medium, the size of the struc-

ture becomes too bulky. Ridge waveguide has lower

cuto� frequency and wider bandwidth, therefore it can

be used to signi�cantly reduce the size of the input/output

waveguide and in wide band applications [1]-[3].

Accurate computation of the input/output coupling

and its loading e�ect on the resonant frequency of the

�rst/last stage resonator is very important for the de-

sign of the high performance cavity �lters. In addition,

an equivalent circuit of the structure helps to under-

stand and predict the performance of the microwave

�lters. Since the enclosure of the resonator is usually

beyond cut o� at the �lters pass band, conventional

theory can not be applied to obtain the coupling coe�-

cients from the transmission parameters of the two port

1Now with CELWAVE, Division of Radio Frequency System Inc.,

Marlboro, NJ 07746

network. The input/output couplings are usually de-

termined by experiment or by an approximate method

[6][9] which is usually not e�cient, or accurate enough

for the �lter design. Accurate modeling of the coupling

structure is therefore essential for the determination of

the input/output coupling, loaded resonant frequency

and equivalent circuit of the DR structure.

In this paper, full wave mode matching method is

used to model the coupling structure between the dou-

ble ridge waveguide and dielectric loaded cavity. Eigen

modes of the double ridge waveguide are obtained. The

generalized scattering matrices of the double ridge waveg-

uide junction to rectangular waveguide, and the di-

electric resonator in rectangular waveguide discontinu-
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Fig. 1. Con�guration of a coupling system from a double ridge

waveguide to dielectric resonator, (a) Coupled through an iris; (

b ) Coupled through space

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



PEC or  PMC

PEC 
or  
PMC

a 1 w

b 1

b 2

Region 
    I

Region 
    II

Region
 
    III

x

y

0

a 2

a 3

Fig. 2. Cross-section of the double ridge waveguide

ities are obtained by rigorous mode matching method.

Equivalent circuit of the coupling structure is estab-

lished. All the parameters of the equivalent circuit are

determined from the re
ection coe�cient of the struc-

ture. The computed results are compared with results

from the �nite element method, and are shown to be in

good agreement.

II. CONFIGURATION AND ANALYSIS

The con�gurations of the coupling structure between

double ridge waveguide and dielectric loaded resonator

under consideration are shown in Fig. 1, where in Fig.

1-(a) the coupling through a slot; and in Fig. 1-(b) the

coupling is achieved through the direct connection be-

tween the double ridge waveguide and the resonator's

enclosure. To be able to e�ectively couple the ridge

waveguide to the DR by the y-component of the mag-

netic �eld, the ridges of the double ridge waveguide

have to be at the sides of the DR cavity as shown, and

all the discontinuities of the coupling structures must

to be characterized in order to obtain the S-parameters

of the whole structure.

A. Eigen Modes of the Double Ridge Waveguide

The con�guration of the double ridge waveguide is

illustrated in Fig. 2. The the double ridge waveguide

height is a1 , width 2b1, with ridges of width w and

thickness b2. The plane at x = 0 at the middle of the

ridge waveguide is a symmetry plane. By putting a

perfect electric conductor (PEC) or a perfect magnetic

conductor (PMC) at this symmetrical plane, only half

the structure needs to be considered. When the ridge

waveguide is also symmetrical about y = a1=2 plane,

even and odd modes can be determined separately by

putting PEC and PMC at that symmetry plane.

A half double ridge waveguide is divided into three
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Fig. 3. Equivalent circuit of the waveguide to resonator cavity

coupling structure

regions, region I, II and III, as shown in Fig. 2. The

longitudinal (z directed) �elds of the ridge waveguide

eigenmodes are expanded in normal TE and TM modes

in each region. The transverse electromagnetic �elds

are then expressed from the longitudinal �eld compo-

nents. Applying the boundary conditions at the inter-

face of the regions, and taking proper inner product, a

characteristic equation for the cuto� wave number of

the ridge waveguide can be obtained. Searching for the

zero determinant of the equation, the cuto� wave num-

ber kc of the double ridge waveguide can be obtained.

All the �eld coe�cients of the eigen modes can then be

obtained by solving the equation.

B. Modeling of the Coupling Structure Between Double

Ridge Waveguide and DR Cavity

Having found the eigenmodes and their �eld distribu-

tions of the double ridge waveguide, a full wave mode-

matching technique can be used to obtain the general-

ized scattering matrices of the double ridge waveguide

to iris (small rectangular waveguide), and to the res-

onator cavity (larger rectangular waveguide) disconti-

nuities. The modeling procedure described in [8] is used

to obtain the generalized scattering matrices of the di-

electric loaded resonator in a rectangular waveguide.

Knowing the generalized scattering matrices of all

the discontinuities, the whole structure can be analyzed

by cascading the scattering matrices of the double ridge

waveguide to rectangular waveguide discontinuity with

that of the dielectric loaded waveguide shorted at its

end [4][5]. From the phase variation of the re
ection

coe�cient, one can obtain the input/output coupling

and the loaded resonant frequency of the DR cavity.

C. Equivalent Circuit of the Coupling Structure

From the refection coe�cients of the coupling struc-

ture, an equivalent circuit can be derived to help in

the design. Since the dielectric enclosure is usually a

waveguide below cut-o�, it is convenient to represent

the DR cavity by a resonant LC circuit, as shown in
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Fig. 4. (a) Con�guration and the equivalent circuit of the double

ridge waveguide coupled with DR cavity via space; (b) Computed

phase of the re
ection coe�cients

Fig. 3. L0 and C0 have the same resonant frequency

of the unloaded DR cavity. C 0 represents the e�ect

of the loading and discontinuities on the resonant fre-

quency of the DR cavity. Thus the parallel combination

L0 and C0 + C 0 have the same resonant frequency of

the whole structure. The transformer characterizes the

coupling coe�cient of the ridge waveguide to DR cav-

ity. A length of transmission line l represents the phase

o�set introduced by the discontinuities.

It can be shown from the equivalent circuit that the

input/output coupling coe�cientR of the resonant struc-

ture is related to the phase change � of the re
ection

coe�cient at frequency f and to the loaded resonant

frequency fl as:

R = 2(f � fl)
1� cos�

sin�
(1)

N =

r
Zo

2�R
; Qe =

fl

R
(2)

by letting

Lo = 1:0 nH (3)

The loaded resonant frequency can be obtained by

searching for the frequency for which the variation of �

with frequency f is maximum.

III. NUMERICAL RESULTS
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Fig. 5. (a) Con�guration and the equivalent circuit of the double

ridge waveguide coupled with DR cavity via iris; (b) Computed

phase of the re
ection coe�cients

A computer program has been developed to imple-

ment the presented modeling method for computing the

unloaded resonant frequency of the DR cavity, loaded

resonant frequency of the double ridge waveguide to

dielectric loaded resonator in rectangular enclosure, in-

put/output coupling coe�cient R and the parameters

of the equivalent circuit of the structure.

Fig. 4 shows the computed re
ection coe�cients of

a double ridge waveguide coupled to a dielectric loaded

resonator cavity by both mode matching method and

�nite element method. It is seen that there is about 20

MHz di�erence between the resonant frequencies com-

puted by the two methods. This is believed to be due

to the method used by HFSS to approximate the cir-

cle of the structure by small segments ( polygon ). In

the computation, 24 segments are used to form each

circle with segment's ends on the circle. Thus HFSS

decreases the volume of the cylindrical dielectric res-

onator and support, thus results in an increase of the

resonant frequency of the computed structure. When

the radius of the dielectric resonator and support is de-

creased to 0.9943 of the original value, of which the

circle has the same area as the polygon approximat-

ing the circle by HFSS, the two methods give the same

resonant frequency, and the results by the two meth-

ods are in good agreement. The �gure also shows that
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Fig. 6. (a) Unloaded and loaded resonant frequency versus the

distance between ridge waveguide and DR; (b) Input/output cou-

pling versus the distance between ridge waveguide and DR

the results obtained by the equivalent circuit are in ex-

cellent agreement with the rigorous full-wave analysis

ones.

Fig. 5 gives the computed results of the coupling

structure of a double ridge waveguide to a dielectric

loaded resonator cavity via an iris of 1:0" in length and

0:16" in width by both full-wave analysis and the ob-

tained equivalent circuit. Excellent agreement between

the rigorous full-wave analysis and the equivalent cir-

cuit results has been obtained, and veri�es the correct-

ness of the equivalent circuit model and its parameter

computation.

Fig. 6 gives the resonant frequencies and the in-

put/output coupling of the ridge waveguide to DR cav-

ity versus the distance between the ridge waveguide and

center of the dielectric resonator. Large input/output

coupling range can be obtained by space coupled ridge

waveguide and the dielectric loaded resonator cavity.

The coupling increases signi�cantly when the waveg-

uide is closer to the DR, and the loaded resonant fre-

quency decreases only slightly. This is because the un-

loaded resonant frequency of the cavity increases and it

cancels the e�ect of the loading on the loaded resonant

frequency.

IV. CONCLUSIONS

Full wave modeling of the coupling structure of the

double ridge waveguide to dielectric resonator in a rect-

angular waveguide through iris and space is presented.

Eigen modes of the double ridge waveguide with the

ridges at the left and right side of the waveguide, and

the generalized scattering matrices of all the disconti-

nuities in the structures are obtained. By using the

cascading procedure, the re
ection coe�cients of the

coupling structure are obtained. From the phase vari-

ation of the re
ection coe�cient and the circuit the-

ory, loaded resonant frequency, input/output coupling

of the structure including the e�ect of both waveguide

discontinuities and dielectric loaded resonator are ac-

curately determined. Equivalent circuit model of the

coupling structure considering all the discontinuities is

established. The good agreement between the results

by present method and that by �nite element method

veri�es the theory.
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