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Alteration and radiation characteristics of frequency tunable ring DRA

A frequency tunable ring dielectric resonator
antenna is presented in the paper. Advantages of
the proposed antenna design are the wide range of
adjustments and increasing of the radiation
efficiency. The basic antenna characteristics, and
also analysis of dependencies of the antenna’s
central operating frequency, voltage standing wave
ratio and radiation pattern versus the relative
position of the ring dielectric resonator parts are
presented. The influence of the inner to outer ring
radius ratio on the efficiency of frequency tuning,
radiation efficiency are investigated. References 6,
figures 5.
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Introduction

The most part of modern mobile devices, such
as cellular phones, notebooks or tablets use sev-
eral wireless services and technologies, such as
GSM, Bluetooth, Wi-Fi, LTE, simultaneously. So,
high efficient, small-size multi-band or tunable an-
tennas are highly preferable for these devices.
Since the dielectric resonator antenna (DRA) has
negligible metallic loss, it is highly efficient and has
compact size when operates at millimeter and sub-
millimeter wave frequencies. Considering this ad-
vantage, in additional to low cost and easy of fabri-
cation, DRAs are very promising kind of antennas
for further researches.

Few DRA frequency tuning methods are known
[2-3]. In paper [2], DRA frequency tuning ratio is
controlled by loading elements, such as chip ca-
pacitors or chip varactors. In each loading case, a
frequency-tunable DRA with good match and sta-
ble radiation patterns is obtained. However, the in-
clusion of the varactor or varicap in the dielectric
resonator (DR) leads to a decrease of total antenna

efficiency. In paper [3], mechanical method is used
for tuning DRA with TMy45 mode excitation. Unfor-

tunately, tuning range of this method has significant
limitations < 10%.

Design of the DRA and Its Alteration Character-
istics

For increasing the tuning efficiency, another
micromechanical method is proposed. The method
is based on possibility to change effective permittiv-
ity and consequently the resonant frequency of di-
electric resonator (DR), which is central DRA oper-
ating frequency, over disturbance of the electro-
magnetic field through perturbation. Strong distur-
bance of the electromagnetic field in the DR is ar-
chived by intentionally introducing an air gap be-
tween DR’s parts and controlled by small dis-
placement between them. DR crossed by an air
slot is also named composite dielectric resonator
(CDR). The main difference from the earlier pro-
posed methods that dielectric discontinuity as air
gap should be placed perpendicularly to electrical
field of the resonator, which increases efficiency of
resonant frequency alteration and expands the tun-
ing range up to 30% [4].

The aperture-coupling excitation method with a
waveguide feedline (Fig. 1) is used for excitation
the ring CDR at main TEg;mode, because DR is
easily accommodated in the waveguide without
additional coupling elements and easily agreed
with him [5]. Ring CDR, where R;, R; is outer and
inner ring radius, respectively, h is height of the
ring, d is air gap size, is positioned in the center of
non-emitting aperture at the front end of the
waveguide. Dimensions of the rectangular aperture
by, by are larger than CDR dimensions, but cho-

sen smaller than waveguide’ wall dimensions a
and b.
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Fig. 1. Design of the ring DRA excited by waveguide. a) Front view; b) Side view

The finite-difference time-domain method has
been used for investigation of DRA’s alteration and
radiation characteristics.

It is convenient to present calculated values of
CDR resonant frequency versus air gap in normal-
ized coordinates (Fig. 2), which have no depend-
ency on absolute geometrical parameters and fre-
quency band. The normalized wavenumbers

are«/;kRo, where ¢ =280 is dielectric permittivity,
k=2ﬂf% is the resonant wavenumber, f; is

resonant frequency of the main mode, C is the
light velocity.
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Fig. 2. Normalized resonant wave number versus
normalized distance between composite ring dielec-
tric resonator parts for different ratios of the inner to

the outer radius R; / Ry

As it is seen in Fig. 2 the efficiency of resonant
frequency alteration is high - the range of the reso-
nant frequency tuning reaches several tens percent
while distance between parts of ring CDR is only a
few percent from dimension of the resonators.
Required absolute displacement of air gap is only
tens micrometers in centimeter wavelength bands.

Frequency tuning range reaches ~ 30%. As well
normalized wavenumber rises up with increasing of
inner to outer radius ratio.

Tunable Ring DRA Radiation Characteristics

Radiation efficiency e of the antenna is the ra-
tio of the radiated power to the total power which
can also be expressed in terms of Q-factors as:

P
e=__rad _q_ Q , )
Prad + Pdis Qo
where P, is radiated power, Py is power dissi-
pated as heat, Q

unloaded Q-factor,
losses of the CDR.

Dielectric discontinuity as air gap placed per-
pendicular to DR electrical field leads to redistribu-
tion of the electromagnetic field energy. Amount of
energy stored in the air gap, where practically no
losses, increases which leads to increase of the
unloaded Q-factor. This effect is also confirmed by
the results presented in paper [6]. So, according to
(1) radiation efficiency increases while unloaded Q-
factor increasing, as it is shown in Fig. 3.

is loaded Q-factor, Q, is

which includes dissipation
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Fig. 3. Variations of the radiation efficiency of ring

DRA versus air gap size for different R; / R ratios
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It is seen in Fig. 3 that radiation efficiency can
be increased up to 10%. The higher radiation effi-
ciency is obtained with the highest R; / Ry ratio.

From the other hand air gap insertion entails a
change of CDR impedance, which leads to mis-
match between the transmission line and the an-
tenna, changing voltage standing wave ratio
(VSWR), which is shown in Fig. 4.a. However, it
was found that VSWR could be improved while re-
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ducing waveguide geometrical size, expressed in
terms of waveguide’s cutoff wavelenght A, with re-

spect to the resonant wavelength A, without tuning

(Fig. 4.b). It is seen in figures that there is a dis-
tance between the ring CDR parts where VSWR is
lower and respectively agreement between DR and
waveguide feedline is the best.
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Fig. 4. Variations of the VSWR of ring DRA versus air gap size for different ratios of
a) R; / Ry radius; b) A, / 4y wavelengths

The total antenna efficiency, which takes into
account losses at the input terminals, because of
the mismatch between the transmission line and
the antenna and within the structure of the antenna
is not degradate (or increase for lower R; /Ry ra-

tio) during frequency tuning. Increase of the VSWR

is compensated by radiation efficiency increasing.
Radiation pattern is shown in Fig. 5 for DRA
with R; /Ry =0,5, h/Ry =0,5, where it can be

visible that air gap insertion doesn’t significant af-
fect the field pattern at the far field region and
doesn’t change far field radiation patterns form.
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Fig. 5. Radiation patterns for the ring DRA a) E,, 9 =0;b) Eqp, 0= %
Conclusion alteration and radiation characteristics were

Micromechanical frequency tuning method and
the design of the frequency tunable ring DRA
excited by waveguide were proposed. Main DRA’s

obtained and analyzed.
Alteration of operating frequencies can be
archived by insertion of dielectric discontinuity as
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air gap in cross-section perpendicular to the
electric field lines, which leads to shift of its
operating frequency up to 30% without degradation
of total antenna efficiency and far field radiation
pattern. Due to the high tunable efficiency, small
continuous displacement between ring CDR’s parts
can be easily achieved by modern piezoelectric or
MEMS actuators.

While designing a compromise should be found
between alteration and radiation characteristics
when selecting the R; /Ry ratio of ring DR.

Waveguide dimensions should also be considered
for improving radiation characteristics.
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HauioHanbHWI TeXHIYHUI yHIBEpcUTET YKpaiHn « KNTBCbKUA MOMITEXHIYHWUIA IHCTUTYTY,

np. Nepemorn, 37, Kuie, 03056, YkpaiHa.

XapakTepucTMKU 4YacTOTHOI NepebyaoBM Ta BUNPOMiIHIOBaHHA
nepecTporoBaHOI KinbLeBOI AiENEKTPUYHOI Ppe30OHAHCHOI aHTEeHU

B cmammi npedcmasneHa YacmomHo-riepecmporosaHa Kinbuyega OiefleKmpuyHa pe3oHaHcHa aHme-
Ha. [Nepesazamu 3arnpornoHO8aHOi KOHCMPYKUYii aHmMeHU € Wwupokuli Giarna3oH nepecmpoulKu i nid8uWeHHs
egekmusHocmi sunpomiHreaHHs. lpedcmaesneHi OCHOBHI XxapakmepucmuKu aHmMeHU, a makoxX aHasi3
3anexHocmel ueHmparsnbHoOI poboyoi yacmomu aHmeHu, KoegiuieHmy cmosivyoi xeuni ma Oiagpam
cripsimMogaHocmi 8 3anexHocmi 8i0 8iOHOCHO20 I10/I0XKEHHST KiflbUesuX YacmuH GiesIeKmpuYHO20 pe30oHa-
mopa. byes docnidxeHuli ernnue 8iOHOWEHHS BHYMpIiWHb020 A0 308HIWHBLO20 padiycie Kinbyesoeo
Odiennekmpu4yHo20 pe3oHamopa Ha eghekmusHicmb nepebydosu yacmomu ma egeKkmuBHICMb

surpomiHrogaHHs. bibn. 6, puc. 5.

KnrouoBi cnoBa: diefekmpuyHa pe3oHaHCHa aHmeHa, Kinbuesul diesleKmpuyYHUl pe3oHamop, rnepe-

CMPOKB8aHHA Yacmomu, XapakmepucmuKu aHmeHu.

© Voloshyn A., Prokopenko Yu., 2014



TBepooTenbHas aneKkTpoHvKa 21

YOK 621.396.677.75

A.A. BonouwwuH, H0.B. NMpoKoneHKo, kaHg.TEXH.HayK

HaumnoHanbHbIN TEXHUYECKUI yHUBEPCUTET YKpanHbl « KNEBCKMIN NOMUTEXHUYECKUIA UHCTUTYTY,
np. Mob6easl, 37, Kues, 03056, YkpaunHa.

XapaKkTepucTUKU YaCTOTHOW NepeCcTPOMUKM U U3NyvYeHUs nepecTpavBa-
€MOW KOJbLIeBON AUINEKTPUYECKON PE30OHAHCHOW aHTEeHHbI

B cmambe npedcmasrieHa YacmomHo-riepecmpausaemasl Konbueeasi OUsiekmpuyecKasi pe3oHaHc-
Hasi aHmeHHa. lNpeumywecmeamu rpedIoXeHHOU KOHCMPYKUUU aHMeHHbI s8/1emcs wupokul ouarna-
30H nepecmpolku u ysenu4dyeHue aghgbekmusHocmu u3sny4veHus. [pedcmasneHbl OCHOBHbIE Xxapakmepu-
CMUKU aHMeHHbI, @ makxe rnposedeH aHanu3 3asucumocmell ueHmpasnbHoU pabodeli Yacmomsl aHmMeH-
Hbl, KoaghuyueHma cmosideli 80IHbI U OuagpaMmM HanpasieHHOCMU 8 3agUCUMOCMU OMm OJI0XeHUsT CO-
cmasHbIx Yacmel AuanekmpuyYeckoao pe3oHamopa. bbino uccriedogaHo 6rusiHUe OMHOWEHUE 8Hym-
PEHHE20 K 8HeWHeMy paduycoe KOombueeo20 OU3/IeKmpuYeCcKoeo pe3oHamopa Ha 3¢hgheKkmugHoCMb re-
pecmpolku Yyacmomal U 3¢hghbekmusHoCmb U3rydeHus. bubn. 6, puc. 5.

KnroueBble cnoBa: duasiekmpuyeckass pe3oHaHCHasi aHmeHHa, Korbuegol Ouariekmpu4yeckul peso-
Hamop, nepecmpolka 4acmombi, XapakmepucmuKUu aHMeHHbI.
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