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ABSTRACT

A lumped element circuit model is introduced to represent coupling between a cylindrical

dielectric resonator and a microstrip line.

The external Q of the structure is computed and

compared to experimental data obtained with three different resonators.

Introduction

The recent availability of low-loss,
temperature-stable dielectric materials has
encouraged the development of several micro-
wave devices employing high dielectric
constant resonators. Among the explored
applications are temperature-compensated
oscillators,! low-noise microwave synthe-
sizers,? and narrow bandpass filters. These
new devices utilize cylindrical dielectric
resonators coupled to a transmission line
which is generally in microstrip configura-
tion. However, to the authors' best knowl-
edge, the open literature does not contain a
theoretical approach that deals with the
quantitative computation of the coupling be-
tween a microstrip line and a dielectric
resgonator,

This paper presents an approximate
lumped element circuit model to describe this
phenomenon and to compute the fundamental pa-
rameters, based on previously derived field
theory." The external Q of the cavity com-
posed by the line and resonator is computed
and the result is compared to three indepen~
dent sets of measured data, showing good
agreement between theory and experiment.

Geometry Under Analysis and Basic
Assumptions

A cross section and top view of the
geometry under analysis are shown in Fig-
ure 1, and three examples of practical con-
figurations are provided in Figure 2. The
basic assumptions are as follows:

a. Only the dominant mode (TEjg8) is
present in the structure.

b, The microstrip line is considered as
a small perturbation in the field distribu-
tion inside the cavity, and its effects are
neglected.

C. The length of the circular section
of the microstrip is smaller than a quarter
wavelength in the substrate.

d. The dielectric constants involved
are such that e3 > ¢; (i =1, 2, 4, 5) and
€] >> €2.

e, All losses involved are small enough
to be neglected.

For all practical purposes, these as-
sumptions do not create major constraints in
the degreeg of freedom the structure offerg.

Circuit Analysis

One possible lumped element circuit con-
figuration that represents a resonator mag-—
netically coupled to a transmission line is
shown in Figure 3, where the series resonant
circuit represents the dielectric resonator
and the pi-circuit a short microstrip line.
The coupling of energy occurs only through
the mutual inductance "m" between the cir-
cuits (radiation effects are neglected based
on assumption d)., The circuit elements (Lp,
C,) are the total inductance and capacitance
of the microstrip line section as perturbed
by the presence of the high constant dielec~
tric material; Ly, and Cy are such that the
resonant frequency of the overall structure,
(wp), is given by wy = (LeCyp)~1/2,

The input impedance of the circuit in
Figure 3 is readily computed as
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The external Q, as defined by
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can be computed from equation (1), yielding
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The parameter Zc is hereafter referred
to as "coupling impedance." Note that Qg has
a lower bound, Zp/Zo, and therefore will not
drop indefinitely with increasing values of

Ze-

Field Analysis

The coupling impedance is computed based
on the information given about field compo-
nents in Reference 4. The self-inductance of
the dielectric resonator, as a function of
the loop current of the equivalent circuit
and of the stored magnetic energy (peak
value), is defined by

Wi
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r

Ly = (7)

Under resonant conditions, the stored
magnetic energy can be computed from the
stored electric energy as

z /v'[/‘eEZ av

The voltage drop induced in the microstrip
due to a current, Iy, in the resonant loop is

W = We

AV = jomI, (9)
and can also be computed from the magnetic
flux in loop ABCD (Figure 4) as

(10)
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Combining equations (7) through (10) and
substituting into equation (6) yield
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Numerical and Experimental Results

Figure 5 shows the dependence of the
normalized external Q on the position of the
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the microstrip coupling loop; the maximum
coupling position predicted at Ro/R] = 0.65
is confirmed by two independent experiments.
The test jigs were etched with 502 microstrip
lines over a 0.050-in.-thick alumina sub-
strate; all lines were of equal length but
varying radius. Figure 6 shows the depend-
ence of the external Q, as computed from
equation (4), on the line length using as a
parameter the ratio between the perturbed and
unperturbed value of the total line capaci-
tance. The slope of the experimental data is
in good agreement with the theory for small
line lengths, as expected from the simple
lumped element model used in the microstrip
representation. The perturbation introduced
by the presence of the dielectric resonator
over the microstrip is not negligible; in
this case, the 502 line was reduced to about
439, Figure 7 exhibits the same type of
data, measured with a different resonator,
and also leads to similar conclusions.

Conclusions

A simple lumped element circuit model is
proposed that represents a dielectric resona-
tor coupled to a microstrip line. The exter-
nal Q of the circuit is comguted from previ-
ously derived field theory,* and shows good
agreement with experimental data.
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