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Dielectric objects with free -space boundaries have formsny years been known to exhibit reso-

nances in various modes (References 1, 2, and 3). Since practical applicatmns of this phenomenon

in microwave filters have not been made, a study program was instituted to explore the feasibility

of dielectric resonators as fflter elements, and to derive formulas and obtain experunental data

useful for filter design. *

The dielectric constant of the resonator should be high in order to minmmze Its size. Furthermore,

if the dielectric constant is high, the fields external to the ob~ect for a given resonant mode will atten-

uate very rapidly with distance from the surface. Therefore, the radiation loss will be small, and the

unloaded Q, Qu, of the resonance will be limited mainly bydlelectric 10sees in the resOnatOT. TO a

good approximatwn, ~= l/tan6, where tan6 is the dielectric loeetangent of the material. With

materials of interest, such as Ti02, Qu values of as high as 10,000 are feamble. The dielectric

conetant of the polycrystalline Ti02 is about 100, and hence the wavelength in the materisl is about

one-tenth that of the wavelength m free space. Therefore, a T102 resonator provides approximately

the Quof a waveguide cavltyma reglonhaving roughly one-tenthof the linear dimensions, or one-

thousandth of the volume. It should be realized, however, that adlelectric resonator must have a

metal enclosure around it to prevent radlatlon loss and coupling to interfering fields. The enclosure

should have dimensions about twice those of the dielectric resonator m order that current induced

cm the metalllc surface bytbe external field of the resonator will not seriously affect the Qu of the

resonator. Thus, linear dimensions of a Ti02 dielectric resonator includingxts enclosure WII1 be

about one-fifth that of a mmple wavegmde cavity.

A dmadvantage of dielectric resonators as compared to conventional resonators zs variation of

dielectric constant (and hence remnant frequency) wnth temperature. For example, the center fre-

quencyof aTi02 resonator willhavea variation with temperature about 20 times greater than that of

a conventional brass-walled cavity. Higher dielectrm -constant matervals such as strontium titanate

and barunn tltanate have still greater seneitlvities. For practical filters, amaterlal m requred

h.vmg the excellent electrical Immertles of Tloz who. having e. temperature Sensltmlty compara-

ble to anordmarywavegulde Cavity. Such matemal is not yet known to exmt, but its development m

considered feasible (Reference 4).

Figures 1 and 2 show two con figuratmns of coupled dlelectrm-dusk resonators that have shown

promise in bandpase filter demgn. In each case the metal-walled waveguide below cutoff serves as

*The work described m this paper was supported by the U. S. Army Electronics Research and De-

velopment Laboratory under contract DA-36 -039 -AMC-02267(E), “Investigation of Microwave Fil-

ters Utilizing Dielectric Resonators. ” Aportion of the work was covered ina paper entitled

“Recent Developments in Microwave Filters and Related Cmcuits, ” presented at the International

Conference on Microwaves, Circuit Theory s.nd Information Theory, Tokyo, Japan, September

1964. The present paper is more complete and includes a large amount of new materml.
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a shield. Coupling occurs as a reetit of the weak ~xternal fields of the resonant disks, At a suf.

ficient distance from the disk, the field of the fundamental resonant mode is predominantly that of

a magnetic dipole on the axis of the disk. Therefore, coupling between ~escmators is principally

magnetic.

A theoretical analysis has been made of the stored ener~ a“d magnetic dipole moment of the reso-

nant dielectric disk. In terms of these quantities, formulas were derived for the exc +tahun of the cut.

off modes of a wave guide by the disk, and for the coupling coefficient betw@en adjacent disks as a

function of their spacing and other phyeica.1 and electrical parameters of Figures 1 and 2.
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Figure 1. Coupled Dielectric Resonators Inside a Cutoff Rectangular
Waveguide - Disk Axes Transverse to the Axis of the Tube
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Figure 2. Coupled Dielectric Resonators Inside a Cutoff Rectangular
Waveguide - Axial Orientation

Figures 3 and 4 show very good agreement between experimental and theoretical coupling-

coefficient values as a function of spacing for Ti02 disks in the orientations of Figures 1 and 2.

Similar agreement was obtained for other waveguide and disk dimensions.

With the above-mentioned coupling-coefficient formulas available, bandpass filters containing any

number of resonators can be readily designed (References 5 and 6). An additional problem, however,

is that of achieving the required coupling between the terminating ports and the end resonators. Both

loop and probe coupling have been found to be feasible with coaxial terminations. An analysis of loop

coupling was made that gives rough agreement with measured data. However, in practical desi~n

problems, the end couplings should be adjusted experimentally to obtain the desired pass-band

response.
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Figure 3. Coupling.Coefficient Data for Configuration of Figure 1. Sol~d
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Figure 4. Comparuso” of Theoretmal Coupling Coefficient C ui-ve with Experimental Point

Resonant Dmks are Ti02 with e = 97.6. Con flguratmn M that of Figure 2
r
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Figure 5 shows two examples of probe coupling to a pair of coupled resonators. The probes are

oriented in the direction of the resonant-mode, electric field of the disks, and sufficrantly close to

provide appreciable coupling. The corre spending response curves are shown in Figure 6. The

relative probe orientation is seen to have a remarkable effect, producing high re~ection peaks on

each side of the pass band in one case. This behavior M attributable to the existence of parallel

signal paths, one path through the multiresonator filter and the other directly between the probe S.

If a larger number of resonators were used, the latter coupling would be weake~, since the length of

below-cutoff wave guide between the probes would be greater. Hence, the parallel-path interference

would occur at higher insertion loss values.

The following dielectric-m Sons.tor topics are now being studied and will be covered in the oral

Presentation: (1) dielectric disks in circular waveguides below cutoff; (2) band-re~ection filter de-

sign; (3) wave guide end couplings; (4) directional filters; and (5) practical design techniques.

/i DIELECTRIC R, W”A,ORS

(.1 P.m., 0, 0,,0s,,, s,.,. ., ,,,,

Figure 5. Bandpass Filter Utilizing

Probe End-Couplings

Figure 6. Insertion-Loss Response Curve6 for Bandpass Filter

Cases Shown in Figure 5 - Maximally Flat Response,

f. = 3.01 gc
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