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Abstract

A thermal and an electromagnetic model of a tunable

hybrid mode dielectric double resonator is introduced, and

analyzed by the mode matching technique. Results of the

analysis shows the temperature sensitivity of the structure

as a function of the spacing between the double resonators

as well as the other resonator parameters. A simple opti-

mization procedure is described, which enables the design

of the resonator to simultaneously have wide tunability

range and good thermal stability of the resonant frequency.

I. Introduction

Dielectric resonators are being increasingly employed in

a variety of microwave components and subsystems such

as filters and oscillators. One of the most desirable res-

onator properties is simple tunability over a reasonably

wide frequency band. The usual approach is to provide

some means of perturbing the fields surrounding the res-

onator, such as tuning screw placed at a location of strong

electric field or a tuning plunger that essentially varies the

enclosures dimensions. Unfortunately, these approaches

have two major limitations. First, they provide very nar-

row tunability ranges (if the unloaded Q’s are to be main-

tained at a high value), because the fields are usually con-

centrated within the dielectric material due to its high rel-

ative permittivity, and the effect of perturbing the weak

external fields on the resonant frequency of the structure is

very small. If the tunability range is increased, the proxim-

ity of the conductors to the resonator causes severe degra-

dation to the unloaded Q.

A novel structure which has the potential of provid-

ing a wide tunability range of the TE016 modes was in-

troduced by Karp etal [1], and latter used by Fiedziuszko

for oscillator applications [2]-[3]. This structure consists

of two resonators placed axially in an enclosure. One of
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Fig. 1 lknable Double Dielectric Resonator.

the resonators having the ability of being moved along the

enclosures axis, so as to change the spacing between the

two resonators. This structure will also maintain the high

Q properties of the resonator, since no conductors are in-

troduced near the resonator’s fields.

The present paper extends the same principal to hybrid

modes (nonaxially symmetric) in dielectric resonators, and

analyzes the properties of such structures. In addition to

wide tunability ranges, a principal factor in the practical

applications of these resonators is temperature stabilitY

of the resonant frequency. Since there is a wide range of

dielectric materials with varying thermal properties (i.e.

linear coefficient of expansion and/or coefficient of dielec-

tric constant variation with temperature) it is important

to be able to optimize the parameters of the resonator so

that the resonant frequency stability is maintained over

the tunability range.

this optimization can

Results of the analysis show how

be achieved.
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Fig.2 Variations of resonance with gaPs between the double resonators.

II. Analysis

The double resonator structure is shown in Fig. 1. It

consists of two dielectric resonators of relative dielectric

constant 6,1, radius b and length & Each of the resonators
is connected to a threaded rod of radius a and length la.

The rod is taken as a dielectric with low loss and lower di-

electric constant (c., ) than the resonator. The spacing be-

tween the two resonators is 2!=.

coaxially and symmetrically in

radius c.

Due to its uniformity in ~,

The resonators ire p~aced

a conducting enclosure of

electromagnetic fields ex-

isting on this structure will have the same angular vari-

ation e*3n4. For any such mode, the two resonators can

be considered as a single system or as two coupled indi-

vidual resonators. In either case, the resonant frequency

can be computed for modes which have zero transverse

electric fields in the symmetry plane z = O (even modes

with electric wall boundary condition) and modes which

have zero transverse magnetic field in the symmetry plane

(odd modes with magnetic wall boundary condition). The

calculation can be carried out using a mode matching tech-

nique as described in [4]. The calculation yields the typical

tuning curves shown in Fig. 2. If the even HE1l mode is

considered the desired resonance of the system. It is clear

that its frequency changes by a sizable magnitude (about

10% tuning range) when the spacing ECchanges by approx-

imately .3”.

Thermal stability of the resonant frequency of the struc-

t ure as it is tuned is also important. Idealy, the resonant

frequency at any separation (c should not be affected by

temperature changes. Although the resonator materials

could be chosen within a range of thermal coefficient of

frequency variation, the effects of the temperature change

on other elements of the structure (i. e. enclosure and

tuning rods) may produce pronounced resonant frequency

changes. To quantitatively investigate t hese effects a sim-

ple thermal model of the structure is analyzed. This model

predicts the various dimensions and dielectric constants of

the structure as a function of deviation (AT) of the tem-

perature from an ambient temperature (7’.). Thus:

& = &(1 + aaAT); a = a. (1 + aaAZ’) (1)

~~ = ~bo(l + (lbAT); b= bo(l +*bA~) (2)

L = -LO(l +acAT); c = ..(l + ~CA~) (3)

e,, = e,,. (1+ T,AT) ; e,,= G30(1 + TaA2”) (4)

g. = (Lo – tbo – &O) + AT (%LO – C1’bebO – d.(l) (5)

where o., ~b, CYc are the linear temperature coefficient of

expansions of the tuning rod, the dielectric resonator and

t ‘e ‘nclosure resPectivelY~ %, ao, Lbo, bo and LO, eo are the

lengths and radius of the tuning rods, dielectric resonators

and enclosures respectively, at the ambient temperature

To. The equations in (1) to (5) above are used to de-
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termine the dimensions and relative permittivities of the

structure at any temperature deviation AT from To. These

parameters are used in the mode matching program to de-

termine the resonant frequency of the structure at that

temperature. Approximately, the temperature stabilities

of resonant frequency for the whole structure are affected

by two factors, 1) the inherent temperature coefficient of

the dielectric resonators ~f :

Tf = -(;T.+a) (6)

where Tf is empirically determined by its linear thermal co-

efficient of expansions a as well as the temperature coeffi-

cient of dielectric constant T., 2)variations of the gaps ((c)

between the double resonators with temperature, which

are, however, mainly determined by the linear thermal ex-

pansion coefficients of the enclosure and the tuning rod.

From equation(5), if the materials for the enclosure and

the tuning rod are chosen such that the second term of

equation(5) cancelled, then the variation of the gap length

becomes equal to zero and the sensiti~,ity of the resonant

frequency with the gap length is minimized.

By changing the parameters and/or the materials from

a selection of available sources, an optimum configuration

can be obtained that produces the widest possible tuning

range of the resonant frequency, and the least temperature

sensitivity. This process is illustrated in the results shown

in the next section.

III. Results

Figure 3 shows a typical result for a C-band resonator.

It shows the computed frequency shift of in LfHz, versus

temperature T for different resonators material. The pa-

rameters of the structure analyzed are: a. = 0.2”, f). =

.34”, Co = ..51”, &o = 0.3” and Lo = .85”. The enclosure

material is Aluminum with aC = 24.3 x 10–6/OC. The

tuning rod is chosen as material with am = 10 x 106/OC

and CTZO= 6.33 and ra = 107 x 10-6/OC. Commercially

available resonator materials were utilized. Fig.3 shows

the variations of resonant frequency with temperature for

different materials. Experimental results for D8513, which

shows very good agreement with the analysis, are also in-

cluded in the same figure. According to the analysis, res-

onator material D8516 shows the least temperature coef-

ficient of variation of the structure’s resonant frequency.

When these materials are used and the tuning plunger is

moved to vary t., the resulting temperature coefficients

of the resonant frequency arc shown in Fig.4, It is seen

in this figure that for /. = .15” the structur<,’s resonant

frequency has no temperature variation. Over the tun-

ing range /= = .01” to .2” the freclucncy can be varied

more than 300 MHz, with frequency stability better than

10 x 10-6/OG, which is quite acceptable for most practical

applications. By utilizing tuning rods with higher expam

sion coefficients comparable with those for the enclosures,

the temperature stability of the system is expected to be

much better.

A f(MHz)

4

J

a = .20” 1. = .53” aa = 10.0 ppm/°C c,, = 6.33
b = .34” lb = .30” Ci’b= 6.5 PPmpC . //

1
c = .511/ J. = .02” a, = 24.3 ppm/°C

//

~%~$’:’< ~

—- prediction

. 0 measured for D8513 “;..A
L—

o—

* Designations of Trans- Tech Inc.

-2%rrT—r— T(°C)

0 20 40 60 80 100
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the double resonators.

N. Conclusion [3] S. J. Fiedziuszko, “Double Dielectric Resonator St a-

blized Oscillator”, United States Patent No. 4, 565,
The tunable double resonator structure analyzed res- 979, Jan. 21, 19S6.

onates in hybrid (HE1l) mode, is simple and provides ad-

equate tuning range with good temperature stability. The [4] K. A. Zaki and C. Chen, “Coupling of non-axially

optimization process described is based on rigorous anal- Symmetric hybrid modes in dielectric resonators”,

ysis of the structure using mode matching. The choice of IEEE Transactions on Microwave Theory and Tcch-

the optimum parameters is based on parametric analysis niques, Vol. MTT-35, h’o. 12, Dec. 19S7, pp. 1136-

that depicts all the relevant sensitivities to the designer. 1142.

Experimental verification of the analytical results has

been demonstrated and good agreement has been achieved.
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