
IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 36, NO. 10, OCTOBER 1988 1455

Resonant Frequencies of Dielectric Resonators

Containing Guided Complex Modes

CHUNMING CHEN AND KAWTHAR A. ZAKI,

SEMOR MSMBER, IEEE

Abstract —It is shown that unless complex modes are included in the

mode matching analysis to determine the resonant frequencies of dielec-

tric-loaded resonators, some resonant frequencies coufd be missed. Field

distributions, mode charts, and mode coefficients of tilelectric-loaded reso-

nators in which complex modes exist are presented. Experimental mea-

surements for the verification of the computed results are presented and

show good agreement with theory.

L INTRODUCTION

Methods described in the literature for the determination of

the resonant frequencies of dielectric-loaded resonators based on

mode matching techniques [1], [2] assume that all the modes in

the expansion are either propagating modes or evanescent modes

of the appropriate region of the structure. It is known that

complex modes [3]– [5] cars exist in dielectric-loaded waveguides.

Recently methods for the systematic determination of the com-

plex modes in dielectric-loaded waveguides have been developed

[6]. While investigating the optimum dimensions of dielectric

resonators to produce the largest possible mode separation for

filter applications [7], a resonant mode was experimentally de-

tected which was not found by computer simulation using the

mode matching method without including the complex modes.

When complex modes were included in the simulation, all mea-

sured resonant frequencies were precisely predicted. The objec-

tive of this paper is to present the results of including the

complex modes in the analysis of dielectric-loaded resonators.

II. RESONANT FREQUENCY CALCULATIONS

AND MEAsumhff3NTs

The structure under consideration is shown in Fig. 1. It con-

sists of a cylindrical dielectric resonator of length 1, radius a, and

relative dielectric constant c,, coaxially and symmetrically located

inside a perfectly conducting cylindrical enclosure of length L

and radius b. The method of calculating the resonant frequencies

of this structure for hybrid modes is to expand the transverse

fields in regions A, B, and C in Fig. 1 in terms of waveguide

modes that could exist in each of these regions. The boundary

conditions at. the interfaces are then applied and weighted in

terms of the same modes. This process results in an infinite set of

linear homogeneous equations in the unknown expansion coeffi-

cients. Resonant frequencies of the structure are the roots of the

equation obtained from equating the determinant of the trun-

cated matrix to zero. When complex modes are included the same

procedure applies with slight modification, summarized below.

Complex modes always occur in conjugate pairs whose propa-

gation constants are y and y*. Let the transverse electric and

magnetic field components of such modes be given by

$, = ;I -t- j.?z i,= ~1 + jfiz
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where 21, 29, Al, and ;? are real vector functions of r. In an

infinite dielectric loaded waveguide, cmly two of the complex

modes can be excited for z >0. The totaf field of these two

modes will be

E = ;tey’ + t?~e-y”’ = (21 + j$2)e-”:e-Jbz +(?l – jt?2)e-”’eJB’

Similarly,

H= 2je-a=( – & sin/3z -t- &cos/3z)

where y = a + j~. Similar expressions hold for the complex mode

pair excited in z <O. A computed and measured mode chart

showing the variation of resonant frequency with (L/l) for a

dielectric-loaded resonator with paramters: u = 0.4 in., b = 0.6

in., 1= 0.18 in., and c,, = 35.59 is shown in Fig. 2. The measured

data are indicated by a star in this figure. Before inclusion of the

complex modes in the computer simulation, the dotted portion of

the curve in Fig. 2 for the HEH21 mode could not be obtained at

all, while all the other solid curves were actually generated.

Investigation into the reasons why these resonances were not

predicted started by searching for complex modes in the dielec-

tric-loaded waveguide with the same cross-sectional dimensions

as the resonator. An (u – /3) diagram for such a waveguide is

shown in Fig. 3(a). The expanded frequency range where the

relevant complex modes occur is shown in Fig. 3(b). It is seen

from this figure that complex modes exist in the frequency range

4.9 GHz < ~ <5.56 GHz. Complex modes were then included in

the computer program for the determination of the resonant

frequencies and mode charts. This resulted in the prediction of

the dotted curve shown in Fig. 2, which accounted for all

measured resonances that were not pc~ssible to predict without

inclusion of the complex modes.

Variation of the normalized values of the squares of the

expansion coefficients as a function of the ratio (L/l) is shown

in Fig. 4(a). The same coefficients art shown on an expanded

frequency scale in Fig. 4(b). In this figure complex modes exist in

the region (L/[) >1.79. Just before th: appearance of the com-

plex modes the two propagating modes (HE13 and HEZ4 ) become

the dominating modes in the resonator, with each accounting for

approximately 50 percent of the total stored energy in the reso-

nator. Almost no other modes exist in the resonator at this value

of (L/1).

Field intensities and distributions in the resonator with com-

plex mode contents were also calculated. Fig. 5(a)–(d) shows

field plots for the HEHZI mode with the complex modes in-

cluded. These fields do not differ substantially in their generaf

behavior from the cases presented in [1], where the complex

modes were not excited.

III. CONCLUSION

Whenever complex modes are excited in any region of a

dielectric-loaded resonator, they must be included in the field

expansions using the mode matching technique in order to pre-

dict all the possible resonances. These modes appear in complex

conjugate pairs and occur in a limited 1ange of structure parame-

ters and frequency bands. Field distributions in dielectric-loaded

resonators where complex modes exist are similar in nature to the

cases where the complex modes are not excited. In some cases

complex modes could account for almcst all the stored energy in

a dielectric-loaded resonator.
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Fig. 1. Dielectic-loaded resonator.
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Fig. 2. Mode chart of dielectric-loaded resonator.
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Fig. 3. (a) o –/3 diagram of a dielectric-loaded Waveguide ~dI the same cross Section = k dielectric resonator. (b) Enlarged C.J- /3
diagram.
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Fig. 4. Vmiation of the mcde expansion coefficients in the dielectric-loaded region with L/l. (b) Variation of mode expansion

cncfficients with frequency.
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Fig. 5. (a) Electric field distribution of HEH21 at 2 = O (complex modes are included in mode expansion). (b) Electric field intensity

variation of HEH21 at z = O. (c) Magnetic field distribution of HEH21 at z = L/l (complex modes are included in mode expansion).

(d) Magnetic field intensity variation of HEH21 at z = L/l,

REFERENCES [4]

K. A. Zaki and C. Chen, “New results in dielectric loaded resonators,”

IEEE Trans. Microwave Theoiy Tech., vol. MTT-34, pp. 815-824, July [5]

1986.

Y. Kobayashi and M. Miura, “Optimum design of shielded dielectric rod

and ring resonator for obtaining the best mode separation,” in Dig. 1984 [6]

IEEE [nt, Microwave Symp., pp. 184–186.

P. J. B. Clarricoates and B. C. Taylor, “Evanescent and propagating [7]

modes of dielectric loaded waveguides,” Proc. Inst. E[ec, Eng., vol. 111,

pp. 1951–1956, Dec. 1964.

T. Tamir and A. A. Oliner, “Guided complex modes,” Proc. Inst. Elect.

Eng., vol. 110, no. 2, pp. 310-324, Feb. 1963.

A. S. Omar and K. F. Schunemann, “ Complex and backward-wave

modes in inhomogeneously and anisotropically filled waveguides,” IEEE

Trans. Microwave Theory Tech., vol. MTT-35, pp. 268-275, Mar. 1987.

K. A. Zaki and C. Chen, “Complex modes in dielectric loaded wave-

guides,” in 1987 IEEE A P-S Int, Symp. Dig,, pp. 8-11.

K. A. Zaki, C. Chen, and A. E. Atia, ‘CCanonical and longitudinal

dual-mode dielectric resonator filters without iris,” IEEE Trans. Micr&

wcrue Theory Tech., vol. MTT-35, pp. 1130– 1135, Dec. 1987.


