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Abstract :

A configuration is presented to effectively couple a
dielectric resonator to a microstrip line using the
HE11 +1 mode. For this mode, the resonator acts as

a magnetic dipole perpendicular to the resonator axis.
The fg Q_ product is improved by about 50 % compared
to TED15 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 (I). In the past the
attention has been mainly directed towards the applica-
tions of TE mode in the microwave integrated cir-
cuits which is considered fundamental. The higher or-
der and hybrid modes have either low guality factors

ar are difficult to couple to a microstrip line in the
commonly used configuration. The HE N ode is known

to have a rescnant fregquency higher than that of TE
mode for certain diameter/height ratios of the dielec-
tric resonator . The configuration presented here
allows the effective coupling of the HE11 +1mode which
has an increased rescnant frequency as we?l as unloaded
quality factor as compared to that of the commonly used
TEU15 mode configuration. Experimental results of the
HE .mode coupling to a shielded microstrip line, are

§
prégen%ed and compared to TE015 mode at C and X band.

For millimetric wave applications the reduced size of
the TE mode dielectric resonator creates coupling
problems. The HE116+ mode, with a more practical size
for coupling and a higher quality factor, is expected
to offer a practical solution.

55415+1 mode coupling : {0 <§ < 1)

Field patterns of the open dielectric resonator HE116+1
mode is presented in fig.I. Here HE 4 +1 designates

the hybrid resonant mode for which the resonator acts
as a deformed magnetic dipole perpendicular to the cy-
lindrical axis. In the same way HE 1 will designa-
te the resonant hybrid mode for which the resonator
acts as a deformed electric dipole perpendicular to re-
sonator axis. The resemblance of the HEq.,. ,, 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 TED mode and the pro-
posed HE116 +q mode magnetic coupling to a shiedded
microstrip line (fig. 2b and 2c).
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Fiedziuszko recently {2} presented the calculations
of resonant frequency for the shielded HE mode.

In the limiting case where the shield coincides with
dielectric resonator walls, we obtain a metalised DB.R.
In this case, the HE, 1 mode will degenerate in a
TEqq mode and the HE116 in a TE44q mode. This is con-
sistent with the increase of resonant frqguency when
the shield is brought nearer to the D.R. as confirmed
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 rigourously treated theoretically except by
means of 3D finite elements.

The equivalent circuit of the HE +q Mmode resembles
that of TED1 mode (fig.3) with th& coupling coeffi-
cient B defired as {3} :
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where 5110 and 8210 represent the reflection and trans-
mission coefficients at the resonant frequency in the
symmetry plane of the dielectric resonator. Under fi-
xed shielding conditions, B is a function of the dis-
tance between the rescnator and the line.

In the proposed configuration, the TED S mode is not
excited due to the axial crientation o$ the resonator,
We think that the increased unloaded guality factor
is due to inherent higher stored energy in the HE 18
mode as well as due to the fact that with respect

to the TEgyy mode configuration, the largest part of
the resonator is farther from the substrate ground
plane.

The HE116+1 mode can equally well be excited by rota-
ting the dielectric resonator arocund its vertical

axis (fig.2c), providing, thus, an additional control
parameter for adjusting the magnitude and phase of the

reflection and transmission coefficient.

+1

Simultaneous coupling of the HE + mode with two mi-
crostrip lines in the short circuit plane results in
a passband filter with a higher selectivity than that

achieved with TED16 mode.
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Experimental Observations

Figure 4 presents the typical transmission and reflec-
tion coefficient of the microstrip coupled dielectric
resonator HE, §+1 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 HE116+1 mode.

Table I shows the TE 1 and HE11 +1 mode resonant
frequencies as well as the unloaged guality factors
determined from the transmission coefficient measure-
ments {3} . Using the configurations shown in Fig.2(a)
and 2(b).

Figure 5 presents the increase in the f, §, product
of Hqu +q mode compared to TE mode for the same
dielectric resonator. It can be noted that for the
commonly used dielectric rescnators (2 <D/H <3} the
FDQO product of HE116+1 mode 1s about 50 % higher
than that of TED16 mode.

For the applications at higher frequencies, as the re-
duced volume V of the dielectric rescnator creates
coupling problems, a figure of merit f_Q_V can be de-
fined. Referring to the table above, for example, in
the case of resonator 5 and 6, the improvement in
flgY is 2.3 by using the HE116 1 mode instead of
TED15 mode.
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TABLE

1

D. Resonat. Dimensions (€y=37) TE 1 HE 15 41
&

N° Dk:‘::;l) :eri';q;:( b/H Volume fo Mz Q f, wiHtz Q
1 4 4 1 50 11 529 3 043 1 535 3062
2 6 4 1.5 113 8 563 3 392 9 305 4 896
3 8 S 1.6 257 6 743 4 000 7 401 5 340
4 5.5 3 1.83 71 9 677 3 870 11 034 4 597
3 7 3.6 1.94 | 138 7 865 3 745 9 1€8 4 990
6 6 3 2 84 9179 3 530 10 827 3 866
7 4.6 2.16 2.12 36 11 912 3219 14 288 3 663
8 8.5 3.7 2.29 209 6 894 4 055 8 270 5 069
g 6 2.4 2.5 | 67 9 980 2 625 12 480 2773
10 10 2.7 3.7 [212 6 950 3 120 11 144 3 520
) / - e
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