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Abstract :

A configuration is presented to effectively couple a

dielectric resonator to a microstrip line using the

HE
116 +1 mode. For this mode, the resonator acts as

a magnetic dipole perpendicular to the resonator axis.

The f. Q. product is improved by about 50 % compared
to TE018 mode.

Introduction :

Recent developments of the stable dielectric resonators

has generated a lot of interest in their use in the ac-

tive and passive MIC circuits [1). In the past the

attention has been mainly directed towards the applica-

tions ‘f TEO16 mode in the microwave integrated cir-

cuits which IS considered fundamental. The higher or-

der and hybrid modes have either low quality factors
or are difficult to couple to a microstrip line in the

commonly used configuration. The HE
IId+TOde ‘s known

to have a resonant frequency higher than that of TEOfld
mode for certain diameter/height ratios of the dielec-
tric resonator . The configuration presented here
aIIOWS the effective coupling of the HEflq +Imode which

Qhas an increased resonant frequency as we 1 as unloaded

quality factor as compared to that of the commonly used

TEold mode configuration. Experimental results of the
HE ~ld+flmode coupling to a shielded microstrip line, are
presented and compared to TE016 mode at C and X band.

For millimetric wave applications the reduced size of

the TE016 mode dielectric resonator creates coupling
problems. The HEqld+lmode, with a more practical size

for coupling and a higher quality factor, is expected

to offer a practical solution.

!!EIld+qmode coupling : (O <6 < 11

Field patterns of the open dielectric resona~or HE1ld+l
mode is presented in fig.I. Here HE116+1 designates
the hybrid resonant mode for which the resonator acts

as a deformed magnetic dipole perpendicular to the cy-
lindrical axis. ~,n the same way HEqld will designa-
te the resonant hybrid mode for which the resonator
acts as a deformed electric dipole perpendicular to re–
senator axis,. The resemblance of the HE116 +1 field

patterns to that of a magnetic dipole suggest the pos-
sibility of the magnetic coupling of this mode.
Fig. 2a shows the commonly used TE016 mode and the PrO-

posed HE116 ,1 mode magnetic coupling to a shieLded
,microstrip line (fig. 2b and 2c).

Fiedziuszko recently {2} presented the calculations
of resonant frequency for the shielded HE1fl& mode,,

In the limiting case where the shield coincides wj.th

dielectric resonator walls. we obtain a metalised O.R.

In this case, the HEll~ +! mode will degenerate in a

TE112 mode and the HEtq& In a TEqlq mode. This is con-

sistent with the increase of resonant frequency when

the shield is brought nearer to the O.R. as confi]-med
by calculations using the same shielded configuration
as in {2}.This theoretical situation with metallic
walls nearer D.R. is not far from the experimental one

where the resonator is placed on a, shielded substrate

with it axis parallel to the substrate plane[fig.2b,

2c].Presently such an experimental configuration can-

not be rigorously treated theoretically except b!y

means of 30 finite elements.

The equivalent circuit of the HEq16+q mode resembles

‘hat ‘f TEO16 mode [fig.31 with the coupling coeffi-

cient 6 defined as {3] :

%10 ’110 1-s210
~.—-.—=_ -

5210 l-sl10 ’210

where S110 and S240 represent the reflection and ‘trans-

mission coefficients at the resonant frequency in the
symmetry plane of the dielectric resonator. Under fi-

xed shielding conditions, (3 is a function of the [dis-
tance between the resonator and the line.

In the proposed configuration, the TEO ~ mOde is lnOt

excited due to the axial orientation o ~ the resonator.
We think that the increased unloaded quality factor
is due to inherent higher stored energy in the HETT6+1

mode as well as due to the fact that with respect

‘0 ‘he TEO16 mode configuration, the largest part of
the resonator is farther from the substrate ground
plane.

The HE mode can equally well be excited by rl~ta-

ting t~~d~~electric resonator around its vertical

axis [fig.2cl, providing, thus, an additional control

parameter for adjusting the magnitude and phase of the

reflection and transmission coefficient.

Simultaneous coupling of the HE1ld+q mode with tw~ mi-
crostrip lines in the short circuit plane results in

a pas~band filter with a higher selectivity than that

achieved ‘ith ‘Eold ‘ode”
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Experimental Observations :

Figure 4 presents the typical transmission and reflec-
tion coefficient of the microstrip coupled dielectric

resonator HE4fld+q mode [fig.3) for different values

of the distance between the microstrip line and the

resonator. This shows that coupling coefficients as

high as 10 can be obtained for HE1ld+q mode.

‘able 1 ‘hews ‘he TEO16 and %g+l ‘ode ‘esonant
frequencies as well as the unloa ed quality factors
determined from the transmission coefficient measure-
ments {3} . Using the configurations shown in Fig.2(al
and 2(b].

Figure 5 presents the increase in the f. Q. product

of HE mode compared to TE018 mode for the same

diele~~$;~ resonator. It can be noted that for the

commonly used dielectric resonators [2 <0/H <3) the
foQo product of HE1ld+l mode is about 50 % higher
than that of TEotd mode.

For the applications at higher frequencies, as the re-
duced volume V of the dielectric resonator creates

coupling problems, a figure of merit foQoV can be de-
fined. Referring to the table above, for example, in
the case of resonator 5 and 6, the improvement in
+-Q-V is 2.3 bv using the HEqq6 .1 mode instead Of
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Fig.2b-HEq, ,,

8

transversal magnetic dipolar mode exci -

tatx n-resonator axis perpendicular to micrOs-

trip line.

I
Fig.2a-TE0, &mode excitation - resonator axis perpen-

dicular to substrate plane.

528



I
E&..?E-”%lj:l transversal magnetic dipolar mode ex -

cita Ion-resonator axis parallel to micro strip

line. Fig.3 : Equivalent Circuit of a D.R. HEll~+l

mode coupled to a micro stri D lirle.

r= : Reflection and transn)ission coefficient of a
dielectric rwanator pl~lla.q mode cOwled to
a shielded micro strip 1]. ne.
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Fig.5 Comparison of f. Q. prod~ct of TE016 and

‘E 1Is+i? ode coupled to a microstrip line
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