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nator Caused by Dielectric Loss

The paper discusses quality factor of tunable
shielded cylindrical ~metal-dielectric  resonator
taking into account dielectric losses. It was shown
that dielectric loss decrease in case of the resonant
frequency tuning with inclusion of the air gap
between dielectric cylinder and metal plate.
Calculations were performed using mode matching
technique and finite integration technique. The re-
sults obtained with both methods are in good
agreement. References 3, figures 2.
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Introduction

In microwave systems dielectric resonators be-
came widely used in filters, oscillators etc. Dielec-
tric materials make it possible to reduce dimen-
sions of resonant elements. Shielded dielectric
resonators are distinguished by their high quality
factor, competitive to that of microwave cavities.

Radios of modern communication systems with
dynamic channel allocation require variable filters
with high quality factor maintained during tuning
process.

Regular cylindrical shielded dielectric resonator
usually touches the shield with its bases. It was
shown, that small variable air gap between resona-
tor's base and shield plane can serve as efficient
tuning method 1. Presence of the air gap between
resonator base and the shield not only allows fre-
quency tuning, but makes influence on electro-
magnetic energy loss in the system.

The value of Q factor of the resonator is very
important for practical application. Microwave reso-
nators which use varactors as a tunable element 2
have very good tuning range. But the Q factor of
such resonators decreases with a resonant fre-
quency tuned. MEMS-based designs presented in
2 also have the similar problem: its Q factor de-
clines in case of tuning the resonant frequency.

This paper presents study of dielectric loss
phenomena in tunable cylindrical shielded metal-
dielectric resonator. It is shown that its Q factor

caused by dielectric loss does not decline with an
electromechanical tuning of resonant frequency.

Resonator Study

Topology of the tunable shielded cylindrical
metal-dielectric resonator is presented in Fig. 1. It
consists of the cylindrical-shaped dielectric of
radius R and height h between two parallel metal
plates and the shielding metal wall of radius Rs.
The dielectric cylinder and the plates are coaxial.
The bottom side of the cylinder is fixed to the lower
plate and the upper plate is movable. There is a
tunable air gap of width d between the cylinder and
the upper plate.

2 o, i > 1

Fig. 1. Tunable shielded cylindrical metal dielectric
resonator topology

Analysis

The unloaded Q factor of this resonator is
determined by losses of two possible mechanisms:
dielectric loss and metal loss. Because of that we
can describe the unloaded Q factor as

1 1 1

Q Q Qn

where Qq is the unloaded Q factor, Q, is the Q
factor of the resonator caused by dielectric loss
only (i.e. metal loss equals to zero), Q, is similarly
the Q factor caused by metal loss only.

Qq is defined as
Ud + Ucav ,

Qd = 0p Pd
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where U, is the energy stored in the dielectric cyl-
inder, U, is the energy stored in the volume of
metal cavity except the dielectric cylinder, P, is the
dissipated power in the dielectric cylinder.

Uy, Uy and P4 can be achieved as

Ug =3 [I[IE2 () av.
diel

Usar = 2| IITE (D) @V + [[]E2 ()" av |

cav gap

wegg tand 2
Py=—"% — [[[E2(r)"dv.
diel
where ¢ is the relative permittivity of the dielectric,
€o is the permittivity of free space, E4(r) is the elec-
tric field in region 1, E(r) is the electric field in re-
gion 2.

Results and Discussion

The finite integration technique (FIT) and mode
matching technique (MMT) were used to calculate
the Q factor caused by dielectric losses for different
values of the air gap thickness in case of different
R/h ratios.

The dependences of the normalized quality fac-
tor Q. tan © caused by dielectric losses of the TMyqg
mode in case Rs =1,5R; tan 5=10: €=30 versus
normalized air gap thickness d/h for various values
of the R/h ratio are presented in Fig. 2.
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Fig. 2. Normalized Q factor of the TMg1o mode caused
by dielectric losses only versus normalized air gap
thickness for tunable shielded cylindrical metal-
dielectric resonator with following parameters:
Rs=1,5R; tan 5=10"; £=30.

It is clearly seen, that the Q factor caused by
dielectric loss increases as the air gap thickness
increases. The principal reason of this behavior is
redistribution of the electromagnetic energy from
the dielectric cylinder to the air gap and thus the
decreasing of the dielectric loss.

It is also demonstrated that the sensitivity of the
Q factor caused by dielectric loss to the air gap
thickness increases in case of the R/h ratio
increase. The volume of the air gap increases with
the R/h ratio increase which results in more
significant redistribution of the energy.

It should be noted that FIT and MMT results
are in good agreement.

Conclusion

Investigation of the Q factor of the tunable
shielded cylindrical metal-dielectric resonator was
performed. It was demonstrated that the Q factor
caused by dielectric loss increase in case of the air
gap thickness increase.

The tunable shielded cylindrical metal-dielectric
resonator maintains and even improves its Q factor
with the resonant frequency tuned. A composite
shielded cylindrical metal-dielectric resonator with a
constant air gap width can be used for high-Q
applications as well.

The sensitivity of the Q factor caused by
dielectric loss to the air gap thickness increases in
case of R/h ratio increases.
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Cmamms npucesiyeHa 0ocridxeHH0o 00bpomHocmi nepenawmogygaHo20 eKpaHo8aHo20 UUUuHO-
puU4YHO20 Memaro-0iefleKmpu4YyHo20 pesoHamopa, wo obycrnosneHa OieriekKmpu4yHUMU empamamu. byno
rokasaHo, wo dienekmpuyHi empamu crnadatome rpu nepenawmyeaHHi pe3oHaHCHOI Yacmomu WIIsSIXOM
ymeopeHHs1 nosimpsiHoi WinuHu. Po3paxyHku 6ynu rnposedeHi MemodomMm Yacmkosux obnacmel ma Mme-
moOOM CKIHYEHHUX iHMeezparnie. Pe3ynbmamu po3paxyHkie oboma memodamu 0obpe y3200xeHi. bion. 3,
puc. 2.
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No6GpoTHOCTL NepecTpanBaemMoro 3KpaHMPOBaHHOIO LUNMHAPUYECKO-
ro MeTanmno-AnaneKTpuyYecKkoro pesoHaTtopa, oobycrnoBneHHas
AN3NEKTPUYECKUMU NOTEPAMMU

Cmambs nocesiweHa uccriedosaHuro 00b6pomHocmu nepecmpaugaemoeo 3KpaHUpPOB8aHHOZ0 UUIUHO-
pUYECKO20 Memaslio-Oua/IeEKmpUYecKo20 pe3oHamopa, 0bycri08/1ieHHOU QUINIEeKMPUYECKUMU NMOMepsimMu.
Bbbirio nokasaHo, ymo duanekmpudeckue riomepu nadarom fpu rnepecmpoulike pe3oHaHCHOU Yacmombl
nymem eHedpeHusi 8030yWIHO20 3a3opa. Pacyemsi bbinu npogedeHbl MemodomM YyacmuyHbix obnacmed u
MemodoM KOHEeYHbIX UHmMezpanos. Pe3ynbmambi pacyemos oboumu memodamu XOpOoWwo COa/1acyromcs.
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