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Abstract—The manufacture of dual-mode circular waveguide
filter is a complex and labor inteusive task that could be greatly

simplified with the use of accurate and fast CAD tools to predict

the electrical behavior of the structures being developed. This is

especially true for the “tuning screws assembly” that is an integral

part of thk type of filters. A method is proposed for the rigorous

and efficient analysis of the tuning screws assembly for dual-

mode filters in circular waveguide. The method is based on the
introduction of a new wavegnide called ridged circular waveguide

and in its use as a key component for the implementation of
dual-mode filters. The modal spectrum of the ridged circular
waveguide is investigated using the finite-element technique to
show how the introduction of this waveguide cam effectively
resolve the problem of the CAD of the tuning screws in dual-mode
filters in circular waveguide.

I. INTRODUCTION

T HE POSSIBILITY of implementing dual-mode filters in

circular waveguides has been known for some time [1].

This very compact implementation of microwave filters is

essentially based on the use of degenerate modes in circular

waveguide resonators. The key elements of this type of filters

are the inputioutput couplings, the inter resonatc}r irises, and

the “tuning screws assembly” (TSA). The use of tuning screws

is very common for the implementation of many types of

microwave filters. Their function is generally to allow for

“tuning” of the electrical characteristics of the hardware that

is necessary to compensate for the non ideal machining of

the hardware or for the inaccuracy of the electromagnetic

modeling available.

For many filter types, the availability of accurate electro-

magnetic modeling and precision machining can completely

eliminate the need for tuning screws. For dual-mode filters,

however, this is not the case. In fact, the TSA in a dual-

mode filter has a fundamental role that is not related to

“inaccuracies.” In a typical implementation, one physical

cavity must support two degenerate electrical resonances that

may be loaded electrically in a different way and that may

need, in addition, to be coupled to each other. To obtain the

same resonance frequency two tuning screws are introduced, at

90 degrees from each other. To introduce the cou~pling a third

screw is introduced at an appropriate locations. The screws are

therefore an integral part of the filter and can not be eliminated.

On the other hand, their electromagnetic modelling is not a

trivial task.
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Fig. 1. Dual-mode cavity using a section of ridged circular waveguide.

Recently a dual-mode filter implementation has been pro-

posed in microstrip which is based on the use of ring resonators

[2]. The equivalent function of the TSA in the structure

proposed in [2] is performed by two pairs of stubs (degenerate

resonances tuning) and by an additiond radial-stub discon-

tinuity (coupling). In complete analogy with the microstrip

implementation, we propose to introduce in the center of

a dual-mode resonators in circular waveguide a section of

uniform ridged circular waveguide (RCW’) with two pairs

of ridges for the tuning and a fifth ridge to accomplish the

coupling between resonances, as shown in Fig. 1, The full

wave modeling of the TSA is then reduced to the much easier

problem of the transition between two uniform waveguides.

11. RIDGED CIRCULAR WAVECiUIDE

The problem of eliminating the manually adjusted TSA in

a dual-mode filter in circular waveguide has been reduced to

the study of the step-transition between a. uniform circular

waveguide and a ridged circular waveguide. This particular

decomposition of the problem allows for the development of

useful CAD tools based on modal analysis fcm the simulation of

the complete filter structures. The key element now becomes

the knowledge of the modal structure of the ridged circular

waveguide.

The study of such structure can be conveniently carried out

by using the finite-element technique for the solution of the
modal equations [3], which can be conveniently rephrased in

the form

[
Wv”t$i) . iidr –

/
ti~W . titq$dfl i- k;

[
wq$dfl = O, (1)
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105 1–8207/92$03.00 0 1992 IEEE



458 lEEEMICROWAVE AND GUIDED WAVE LETTERS, VOL. 2,N0. 11, NOVEMBER 1992

(a)

Fig. 2. Cross section of RCW. (a) Whhout “coupling

where Q is the domain where a solution to the problem is

sought (the waveguide cross-section), r is its boundary and w

is a suitable weighting function. This weighted residual state-

ment [4] is then implemented by a finite-element discretization.

More details in this context will be published in a forthcoming

publication describing the CAD of complete filters.

The following are three essential features that the RCW

must exhibit in order to be conveniently used in circular

waveguide dual-mode filters.

D It must support the propagation of degenerate modes.

* It must be possible to change independently the wavenum-

bers of the degenerate modes.

“ It must be possible to introduce the proper coupling

between the degenerate modes.

The RCW exhibits all of these essential features.

Table I shows the computed transverse eigenvalues for the

structure in Fig. 2(a) for the first 16 modes. As we can see from

Table I, the structure can support degenerate sets of modes as

indicated by solutions with the same eigenvalues. Furthermore,

Table II shows the effect of a change in penetration of one

pair of “tuning ridges” (Fig. 2(a)) clearly indicating that the

individual (degenerate) modes can be “tuned.” Additional

information is shown in Table III where we present the

results of the computations of the transverse eigenvalues of

the fundamental TE degenerate modes as a function of the

penetration of the fifth ridge for the structure in Fig. 2(b)

(the “coupling ridge”) while all other “tuning” ridges are

kept equal. The separation of the numerical values of the

eigenvalues clearly indicates that the two degenerate modes

are being coupled by the presence of the fifth ridge.

HI. CONCLUSION

A solution to the problem of eliminating the manually

adjusted “tuning screws assembly” from a dual-mode filter

in circular waveguide has been proposed with the introduction

of a new ridged circular waveguide (RCW). By following the

approach described in this letter, the initial problem has been

reduced to the study of the modal structure of the RCW, Initial

results concerning the modal spectrum of this waveguide have

been presented which are based on the use of the finite-

elements techniques and indicate that the proposed method

is indeed effective. Further work is currently in progress with

the development of a CAD tool for the simulation of complete

Coupling

ridge

(b)

ridge.” (b) With “coupling ridge.”

TABLE I

TRANSVERSEEIGENVALUES FOR THE FIRST 8 TE

AND TM MODES OF THE RCW IN FIG, 2(a)

TE TM

n=l 1.8279 2.6435

n=z 1.8279 4.1631

n=3 2.6679 4.1631

n=4 3.3577 5.2129

n=5 3.8720 5.8722

n=6 4.0032 5.9444

n=7 4.0032 6.7116

n=8 4.5129 6.7116

Four ridges in Fig. 2(a) are 15° wide and 0.2a deep (a is the radius of
the RCW).

TABLE II

PERCENTAGEVARIATION OF THE TRANSVERSEEIGENVALUES OF THE
LOWEST “DEGENERATE” TE MODES FOR THE RCW IN FIG 2(a) AS A
FUNCTION OF THE PENETRATIONOF ONE PAIR OF “TUNING RIDGES”

&a = –0.1 d/a = –0.05 dJa = 0.0 aYa = 0.05 aYa=O.1

(%) (%) (%) (%) (%)

n=l 3.2075 1.4701 0.0000 –1.3030 –2.2720

n=z -6.1143 -3.5082 0.0000 4.5439 10.2573

Depth of one pair of ridges is kept the same as in Table I. Depth of the

others M varied. d\a indicates the normalized variation.

TABLE III

PERCENTAGEVARIATION OF THE TRANSVERSEEIGENVALUES OF THE

LOWEST “DEGENERATE” TE MODES FOR THE RCW IN FIG. 2(b) AS A
FUNCTION OF THE “COUPLING RIDGE” RELATIVE PENETRATIONc/a

c/a = 0.05 c/a = 0.10 c/a = 0.15 c/a = 0.20 cla = 0.25

(%) (%) (%) (%) (%)

n=l 0.0167 0,~673 1.0023 I .9044 3.1741

rr=2 –0.2673 –0.5346 –1.1694 –1.5035 –1.s376

“Tuning” ridges are kept as in Table I. “Coupling” ridge is 5° wide.

dual-mode filters based on the approach described.
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