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Design and Analysis of Multisegment Dielectric
Resonator Antennas

Aldo Petosa, Neil Simons, Riaz Siushansian, Apisak Ittipiboon, and Michel CuMaaiber, IEEE

Abstract—The multisegment dielectric resonator antenna
(MSDRA) has recently been developed to significantly enhance
the coupling to a microstrip line. The MSDRA greatly facilitates
the integration with a printed feed distribution network for use
in a large array environment. The thickness and permittivity of
the dielectric insert of the MSDRA can be adjusted to match the
element impedance to that of the feed line. A detailed study of the
effects of varying the dielectric insert parameters was carried out
and useful guidelines are presented for the design of MSDRA's.
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I. INTRODUCTION : % ¥ h
IELECTRIC resonator antennas (DRA's) offer versatility g B

and design flexibility, making them attractive candidate.

for numerous applications. DRA's can be designed for narrO\{x_/ib. 1
band, multiband, or wide-band usage; can be made low profile
or compact; can radiate linear or circular polarization; and cany,
be used as an individual element or in a large planar array [1].

Inan array environment, it is desirable to feed the DRA's with
microstrip lines since this facilitates the integration of DRA's The MSDRA configuration is shown in Fig. 1. It consists of
with printed feed distribution networks. Several linear arrays @ffectangular DRA of low permittivity under which one or more
DRA's fed by microstrip lines have been reported [2]-[6]. Thed8in segments of different permittivity substrates are inserted.
arrays have all operated on the principle of the loaded transmldlese inserts serve to transform the impedance of the DRA to
sion line. Each DRA in the array is positioned in close pro)ghat of the microstrip line by concentrating the fields underneath
imity to the transmission line and couples only a small amoufite DRA; this significantly improves the coupling performance
of power from the transmission line. Thus, many DRA's are réll, [8]. In general, more than one insert can be added to obtain
quired in order for the array to radiate efficiently and to prehe required impedance match, but to reduce the complexity of
vent a significant amount of power from reaching the end &fe fabrication process and ultimately the cost, it is desirable to
the transmission line. The high number of DRA's required mayge only a single insert. The radiation patterns of the MSDRA
not be practical, especially for commercial applications whefé€ similar to those of a simple rectangular DRA, which radi-
cost is an important consideration. This work describes the pafes like a short horizontal magnetic dipole. MSDRA's have
formance, analysis, and design of the multisegment dielectfigen successfully used in linear and planar arrays at C, X, and
resonator antenna (MSDRA) element [7], which has been déx-bands [10]-[12].
veloped to enhance the amount of coupling from the microstrip INitial designs of the MSDRA involved a combination of a di-
line to the DRA. Although some rigorous numerical modelin§l€ctric waveguide model for determining the DRA parameters,
has been carried out [8]-[9], the design and optimization of tR&d experimental optimization to determine the insert param-
MSDRA's have been achieved primarily through a combinatid#ers. The dimensions of the radiating portion of the MSDRA
of simple models and experimental optimization. A more thoWere determined using the equations developed for the dielec-
ough treatment of MSDRA's has been carried out and a methddic Waveguide model (DWM) for a rectangular resonator in
ology for designing these useful elements is presented in the fége-space [13]

The multisegment dielectric resonator antenna.

MSDRA AND THE MODIFIED DIELECTRIC WAVEGUIDE
MODEL

lowing sections. k. tan(k. H) = /(er — k2 — 2 (1)
where
ke oy Jerk?— k2 — k2
k., w/D;
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TABLE |
EFFECTS OFVARIOUS INSERTS ONMSDRA PARAMETERS

MSDRA t € € f. fom % Error Max Loop
(mm) ! off (GHz) (GHz) (- f M, | Retun Band-
(Estimated) { (Measured) Loss width
(dB)
0 0 - 6.9 14.8 15.2 2.3% 6 21%
1 0.25 | 20 7.2 14.5 14.7 1.4% 8 18%
2 0.635] 20 7.6 14.0 14.5 3.4% 9 18%
3 1.0 20 7.9 13.5 13.9 2.9% 17 16%
4 0.25 | 40 7.3 14.5 14.7 1.4% 8 20%
5 0.635 | 40 7.8 13.9 13.7 -1.5% 19 13%
6 1.0 40 8.3 13.2 12.9 -2.3% 16 5%
7 0.25 | 100 7.3 14.5 14.7 1.4% 8 16%
8 0.635 | 100 7.9 13.8 13.1 -5.3% 16 7%
9 1.0 | 100 8.5 13.0 10.8 -21% 14 5%

An expression for the radiatiofg-factor is also given in [13], loss when fed by a microstrip line, as illustrated in Fig. 1. Each
which can be used to estimate the bandwidth of the DRA. Thematenna was placed on top of the@0ine with the edge of the
simple equations are ideal for first-order designs and have b@#d8DRA flush to the open end of the line. Although this loca-
shown to predict the resonant frequency and radiafjefiactor tion did not necessarily result in the maximum amount of cou-
with an accuracy ranging from 1 to 12%, depending on sughing foreach MSDRA, it was kept constant in order to study the
factors as the aspect ratio, the relative permittivity, and the coeffects of the insert parameters. The maximum return loss ob-
pling method. tained for the fundamental mode of each case is listed in Table I.
For the MSDRA, the permittivity and thickness of the inThis value indicates the amount of power coupled from the mi-
sert will affect the resonant frequency, impedance bandwidttrpstrip line into the MSDRA. Without the insert (MSDRA 0),
and the coupling level. To determine these effects, a systemdltie maximum return loss for the lowest order mode was small
study involving nine inserts for & u-band MSDRA using both (6 dB). With the various inserts, the return loss was improved to
experimental and numerical modeling was performed. The d-maximum of 19 dB.
mensions of the DRA (as defined in Fig. 1) fabricated from a ce- More insight can be obtained on the effects of the insert
ramic material withe,. = 10 wereW = 7.875 mm, H = 3.175 parameters by looking at the reflection coefficient in polar
mm, D = 2 mm. A 5012 feed line was usedu( = 1.9 mm) (Smith Chart) format. Fig. 2 shows the reflections coeffi-
which was printed on a substrate with thicknéss= 0.762 cients fore, = 20 inserts (MSDRA's 1, 2, 3) along with
mm and relative permittivitg, = 3.0. The thickness and per- MSDRA 0 (no insert). In this graph, the reflection coeffi-
mittivity of the nine inserts are listed in Table |. To accountients have been normalized by the reflection coefficient of
for the effect of the insert and substrate on the resonant ftee 5-cm unloaded 5® line, to remove the frequency de-
quency of the MSDRA, the DWM equations were modified bpendent phase component of the line. In this polar plot, the
including an effective permittivitye.r) and effective height resonance loop of MSDRA 0 (no insert) is located in the
(He). Adopting a simple static capacitance model, the effeswer right quadrant, indicating that the antenna is overcou-
tive permittivity of the MSDRA was calculated using pled with a strong capacitive reactance. Increasing the insert
H thickness results in a reduction of the capacitive reactance,
= el (2) shifting the locus of the reflection coefficient toward the
Hfer +t/ei +hfes center of the Smith Chart. Reflection coefficient curves with

wheres,., ¢;, ande, are the permittivities of the DRA, insert, andsimilar trends were measured for the other cases. In Fig. 3,
substrate, respectively. The effective heightg ) is simply the the thickness of the insert is kept constant at 0.635 mm,

sum of the DRA heightH), insert thicknes$t), and substrate While the permittivity is varied. The amount of shift in the
thickness(h) reflection coefficient curves is seen to be proportional to the

insert permittivity. Table | lists the bandwidth of each loop
Hyg=H+t+h (3) and the resonant frequency (which, for this study, is calcu-

. . . , lated as the average of the frequencies at the beginning and
Equatl_ons (2) and (3) were substituted |_nto (1) Wmf end of the loop locus, as shown in Figs. 2 and 3). The inserts
replacinge, and Heq replacingH. The effective permittivity are seen to be acting as impedance transformers and can be
(eer) and the resultant resonant frequerigy.) are listed in used to match the impedance of the DRA to that of the mi-
Table I. crostrip line. By optimizing the permittivity and thickness

of the insert, the DRA can be matched to the microstrip

lll. EXPERIMENTAL CHARACTERIZATION OF THE MSDRA feed line while still maintaining a wide impedance band-
ELEMENTS width. As mentioned earlier, a further improvement in the

This investigation involved fabricating the nine MSDRA'smatch is possible by adjusting the position of the MSDRA
along with the DRA without insert and measuring their returwith respect to the open end of the microstrip line. This

Eell
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Fig. 2. Effect of increasing insert thickness on the MSDRA reflectiofiy 3. Effect of increasing insert permittivity on the MSDRA reflection
coefficient. coefficient.

is very convenient, since the matching can be done witho R —
introducing an external matching network which would in- i
crease real-estate and add to the cost and complexity of 1
antenna. -5 1
The modified DWM equations were used to predict the res(
nant frequency of the MSDRA's. In order to estimate the amour _
of coupling between the microstrip line and the MSDRA and uI@
timately the input impedance of the MSDRA, a more rigorou =
approach was required. The geometry was analyzed using 7 s |
time-domain numerical techniques: the transmission line matr b
(TLM) method and the finite-difference time-domain (FDTD) X
method. The ten cases listed in Table | were independently mc -20 [
eled using both the TLM and FDTD methods. A compariso
was made of the simulated versus measured return loss for ei

-10

case. Fig. 4 shows the return loss of a typical case (MSDR# 25

in Table ). The simulated coupling levels are typically within v

a few decibels of the measured values while the predicted | .30 b R S S E—
cation of the resonance frequencies are within a few perce 10 12 14 16 18 20

The measured trends shown in Figs. 2 and 3 are also predic
using these numerical methods. The discrepancies between uic
measured and simulated r(_asu'ts may be at_t”bu?ed to the Cl’ﬁd‘— 4. Comparison between measured and simulated MSDRA reflection
lenge of accurately modeling structures with highly concemeefficient.

trated fields confined in a small region of the geometry. Better

reement migh hiev in mor itable discriti- . . .
ag 'ee ent mig t.be achieved by .US g amore s.u table d st %hese values. The first is to ensure that the insert itself does not
zation and nonuniform mesh (which was unavailable with the

in-house codes that were used) [9]. Nevertheless, these nuné%‘rj-'ate' In Table I, the DWM equations were used to estimate

ical methods are a useful tool in predicting the input impedan ¢ resonant frequent{y‘oe) of the !nserts as if they were to be
of the MSDRA's. used as DRA's. For three of the inserts (numbers 6, 8, and 9),

the resonant frequency falls within the range of the MSDRA.
It is undesirable to use these inserts in the MSDRA configura-
tion since they will themselves behave as radiating elements and
The data in Table I, indicates that inserts with permittivitiesot as an effective impedance transformer. A second considera-
of either 20, 40, or 100 can be used to achieve good couplitign is the impedance bandwidth obtained by the various inserts.
between the microstrip line and the DRA. By interpolation, thin general, the higher the insert permittivity, the narrower the
correct combination of insert permittivity and thickness can bmpedance bandwidth, for a given insert thickness. MSDRA's
used as a transformation layer to achieve maximum couplingith higher permittivity inserts also show a greater sensitivity
There are two considerations to keep in mind when choositmtheir position with respect to the open end of the microstrip

Frequency (GHz)

IV. DESIGN GUIDELINES
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line. Since one of the objectives of using the MSDRA is to ob-
tain a wide impedance bandwidth, the insert permittivity should
be chosen accordingly. This places an upper bound on permit-
tivity. From Table [, it appears that the optimal insert parameters
correspond to MSDRA 3 or MSDRA 5. An insert of permittivity
20 and a thickness of 1.0 mm achieves similar results to an insert
of permittivity 40 with a thickness of 0.635 mm. The optimum
coupling can thus be thought of as a function of an “effective in-
sert thicknesslt.) wheret.g = t1/;. This gives the designer

a degree of flexibility in choosing the physical insert thickness
and permittivity for optimal coupling.

Based on the above measurements as well as on measure-
ments carried out on MSDRA's designed for frequencies-at
and X -band, the following procedure has been established for
designing MSDRA's.
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TABLE I
ESTIMATED RESONANCE OFINSERT SEGMENTS

Insert t & f.
(mm) ! (GHz)
(Estimated)
1 0.25 20 68
2 0.635] 20 29
3 1.0 20 20.3
4 0.25 | 40 48
5 0.635 | 40 20.7
6 1.0 40 14.0
7 0.25 | 100 31.2
8 0.635 | 100 13.0
9 1.0 100 10.0

nant frequency, and guidelines were provided for the design of

1) Determine the dimension& (W, H) of the DRA using MSDRAs. In order to predict the coupling behavior, numerical
the DWM equations for the desired resonant frequendyiethods were used to model the MSDRA. These methods were
radiation Q-factor (for estimating the expected bandalso used to predict the general trends in the coupling response,
width), and the location of higher-order modes (to ensukth a variation in either the insert thickness or material permit-
they are far enough away not to add to the cross-polariZéty. It should be noted that although this paper was limited
tion levels inherent in the desired mode). The permittivitio examining the specific example offéw-band MSDRA fed
of the DRA should be chosen to be between 6 and 12y a 504 line, the principle is not restricted to this case. Sim-

for wide-band operation.
2)

thickness(t) such that0.1 < 7 < 0.3 [whereT =

t/(t + H)).
3) Estimate the resonant frequency of this MSDRA structure 1]
by using the DWM equations with the effective permit-
tivity (e.r) and effective heigh{H.x) based on the in- 5
sert parameters chosen in 2. The insert parameters or th[a]
DRA dimensions might require some adjustment if there
is a significant shift in the desired resonant frequency.
Once fabricated, some experimental optimization may be
required to maximize the coupling. The simplest form [4]
of optimization is done by adjusting the position of the
MSDRA with respect to the open end of the microstrip s
line. If this is not sufficient, a second iteration of the
MSDRA parameters may be required.

[3]
4)

(6]

V. SUMMARY

Wide-band performance, low loss, and design flexibility are [
some of the features which make DRA's attractive candidates
as elements in low-profile arrays. Until recently, it has been dif- [8]
ficult to achieve wide-band coupling between a microstrip line
and a single DRA. Such a configuration is desirable to make thg9]
integration of DRA's with printed technology more amenable.
The development of the MSDRA greatly facilitates this integra-
tion, thus paving the way for array development. The work pre-
sented in this paper was carried out to deepen the understandii§!
of MSDRA's and to provide assistance in their analysis and de-
sign. The effects of varying the insert thickness and materighi]
permittivity were examined. The MSDRA insert behaves like an
impedance transformer, matching the impedance of the DRA tA)
that of the microstrip line. The amount of coupling can be con-
trolled by varying the insert parameters and with the appropriat(ﬁl 3
combination, the coupling level, and impedance bandwidth ca
be optimized. Simple equations were presented to predict reso-

ilar trends would be obtained for MSDRA's at other frequency
Chose an insert permittivity between 20—40 and an ins&&nds fed with microstrip lines of arbitrary impedance values.
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