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Strip-Fed Rectangular Dielectric Resonator Antennas
With/Without a Parasitic Patch
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Abstract—A rectangular dielectric resonator antenna (DRA)
was studied theoretically and experimentally. The rectangular
DRA is excited by a strip, which is compatible with a coaxial
probe. Both linearly polarized (LP) and circularly polarized (CP)
fields of the antenna are considered. In previous studies of the LP
rectangular DRA, only the fundamentalTE111 mode has received
much attention. In this paper, it is found that the fundamental
TE111 mode, together with the higher-order TE113 mode, can
be used to design a wide-band LP DRA. The bandwidth of the
dual-mode DRA can be over 40% for a conventional rectangular
DRA with a simple feed. For the CP mode, a parasitic patch is
attached on a side wall of the DRA to excite a degenerate mode.
In both the LP and CP cases, the finite-difference time-domain
(FDTD) method is used to analyze the problems. The results agree
reasonably with measurements.

Index Terms—Circularly polarization, dielectric resonator
antennas (DRAs), finite-difference time-domain (FDTD), parasitic
patch, wide-band antennas.

I. INTRODUCTION

S INCE first introduced by Long et al. [1] in 1983, the di-
electric resonator antenna (DRA) has received increasing

attention in the last two decades. The DRA has many advan-
tages such as its small size, low cost, low loss, light weight, and
ease of excitation. It also has an advantage over the microstrip
antenna in that the former has a wider impedance bandwidth.

The rectangular DRA has some advantages over the cylin-
drical and hemispherical DRAs. For example, by choosing
proper dimensions of the rectangular DRA, the mode degen-
eracy problem can be avoided and, in addition, the bandwidth
can be optimized [2].

In recent years, tremendous efforts have been paid on inves-
tigating the linearly polarized (LP) wide-band DRAs [3]–[26]
and several methods have been proposed. The first one is to
use more than one dielectric resonator (DR) elements [3]–[12],
which is often called as a “stacked” DRA, with different sizes
and/or dielectric materials. This method, however, will increase
the antenna size and cost. The second approach is to use spe-
cial-shaped DRAs [13]–[17], but these DRAs may not be easy
to obtain commercially. Some feeding structures [18]–[26] can
also be used to obtain a wide-band DRA.

In this paper, we will show that a dual-mode wide-band rect-
angular DRA can be obtained by just using a simple feeding
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network, namely the strip-fed method. This method, which is
compatible with the coaxial-probe version, can be found in [27],
[28]. It has the distinct advantage over the coaxial probe coun-
terpart in that it facilitates post manual trimmings.

Apart from the wide-band DRA, the circularly polarized (CP)
DRA has also attracted tremendous research efforts [29]–[40]
in recent years. Since a CP system is insensitive to the trans-
mitter and receiver orientations, it finds a number of applica-
tions including satellite communication. Some CP DRAs were
reported, which use either a quadrature feed [29], a single feed
[30]–[32], or a tailor-made DRA [33]–[36]. Lately, a parasitic
patch was placed on top of a rectangular DRA to generate CP
fields [37], [38]. In that approach, the parasitic patch is located
symmetrically on the top of the DRA. However, no informa-
tion on the effect of the patch dimension and location on the CP
characteristics were given. In this paper, the parasitic patch is
placed on the side wall of the rectangular DRA. It is found that,
as similar to the cylindrical and hemispherical DRA versions
[39], [40], the CP characteristics are not very sensitive to the
patch location and, hence, designing the CP DRA is not difficult.

In this work, the finite-difference time-domain (FDTD)
method [41]–[43] is used to study the wide-band DRA as well
as the CP DRA. To verify the calculations, measurements were
carried out and, for each case, reasonable agreement between
theory and experiment is obtained.

The organization of the paper is as follows. A strip-fed rect-
angular DRA with more than 40% bandwidth is studied in Sec-
tion II. In Section III, a CP rectangular DRA with a parasitic
patch is presented. Finally, a conclusion is drawn in Section IV.

II. WIDE-BAND LP ANTENNA WITHOUT PARASITIC PATCH

Usually more resonant modes are observed in a rectangular
DRA compared to its cylindrical version over a normalized fre-
quency range. This feature, in fact, can be used to enhance the
bandwidth of the rectangular DRA if adjacent resonant modes
have similar radiation patterns. For example, a truncated tetra-
hedron DRA [16] for wide-band applications has recently been
realized using this concept.

Fig. 1 shows the geometry of a strip-fed rectangular DRA.
The rectangular DRA has dimensions , , and dielectric con-
stant , whereas the feeding strip has length and width .
The feeding strip is placed in the middle of the DRA side wall.
Experimentally, the feeding strip was cut from an adhesive con-
ducting tape and soldered to the inner conductor of a SMA con-
nector. The DRA was put on an aluminum ground plane of size

( where is the free-space wavelength
at 6 GHz).
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TABLE I
COMPARISON OF THE MEASURED FREQUENCIES, CALCULATED FREQUENCIES, AND PREDICTED FREQUENCIES OF THE DRA TE AND TE MODES

Fig. 1. Configuration of the strip-fed rectangular DRA.

The input impedance of a testing antenna of ,
, , , , and

was measured using an HP8510C vector network an-
alyzer, with the reference plane set at the coaxial aperture using
the port extension. The previous conducting tape method [28]
was used to remove any possible air gaps between the DRA and
ground plane. To measure the radiation pattern of the antenna,
the vector antenna measurement system HP8530A was used.

The above testing antenna can easily be simulated using the
FDTD method with uniform Cartesian grid [41]. The space steps
used in the FDTD simulation are ,

, and . All of them are smaller than
, where is the minimum operating dielectric wave-

length. The time step satisfies the Courant stability condition
[42]. A simple voltage-gap approximation is used to model the
feed of the strip. A baseband Gaussian pulse is applied, with pa-
rameters and . To terminate the boundary,
a 10-cell-thick uniaxial perfectly matched layer (UPML) [43]
absorber with polynomial spatial scaling ( and )
is used for all sides. In each direction, the distance from the rect-
angular DRA to the inner UPML interface is 20 space steps. The
total grid size is , and 10 000 time
steps are needed to allow the input response to vanish.

The calculated and measured input impedances are shown in
Fig. 2, where reasonable agreement between theory and experi-
ment is found. The corresponding ’s are shown in the inset
of Fig. 2. It is found that the calculated and measured impedance
bandwidths of this antenna are 43% and
42%, respectively, which are much wider than that of the rectan-
gular DRAs reported so far [21], [23], [26], [44], [45]. With ref-
erence to the inset, dual resonant and modes that
broaden the antenna bandwidth can be observed clearly. Note
that the mode cannot be found from the figure. To ex-
plain this, the mode patterns of the DRA , , and

Fig. 2. Calculated and measured input impedances of the strip-fed rectangular
DRA. The inset shows the calculated and measured jS j’s: a = 14:3 mm,
b = 25:4 mm, d = 26:1 mm, l = 10 mm, W = 1 mm, and " = 9:8.

modes were studied. It was found that the H-field inside
the DRA is very strong around the ground plane for both the

and modes, but this is not the case for the
mode. Since the strip current is maximum around the feed point
for , only the and

modes can be excited efficiently by our strip. It was found
that when the strip length increases to about , it will be
easier to observe the mode. From the field patterns, it
was observed that some component is generated inside the
DRA due to the feeding strip. This makes the excited mode not
a pure mode, but instead a pseudo- mode. Apart from
the measured and calculated results, the resonant frequencies
were also studied using the dielectric waveguide model (DWM),
whose theory is given in the Appendix. Table I compares the
measured resonant frequencies, calculated resonant frequencies
using the FDTD method, and predicted resonant frequencies
using the DWM model. Reasonable agreement between the re-
sults is obtained.

To ensure that the proposed DRA is a usable wide-band
antenna, its radiation patterns are calculated and measured at
the two - and -mode frequencies. The results are
shown in Fig. 3. Again, reasonable agreement between theory
and experiment is observed. From the figure, it is found that
the broadside radiation patterns of the two resonant modes are
very similar to each other, which is desirable. Since the antenna
structure is symmetrical with respect to the plane, the cal-
culated H -plane patterns are symmetrical. It is noted that
the cross-polarization level of the higher-order mode
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Fig. 3. Calculated and measured radiation patterns of the TE and
TE modes. The parameters are the same as in Fig. 2. (a) TE mode
(f = 3:5 GHz) and (b) TE mode (f = 4:3 GHz).

Fig. 4. Measured antenna gain as a function of frequency. The parameters are
the same as in Fig. 2.

Fig. 5. Calculated impedance bandwidth as a function of strip length l . Other
parameters are the same as in Fig. 2.

is higher than that of the fundamental mode, which
is to be expected. It is worth mentioning that theoretically,

Fig. 6. Calculated input impedance as a function of frequency for l = 8, 10,
and 12 mm. Other parameters are the same as in Fig. 2.

Fig. 7. Calculated input impedance as a function of frequency for W = 1, 2,
and 3 mm. Other parameters are the same as in Fig. 2.

Fig. 8. Calculated and measured input impedances of a rectangular DRA. The
inset shows the calculated and measured jS j’s: a = 24 mm, b = 23:5 mm,
d = 12:34 mm, l = 10 mm, W = 1 mm, and " = 9:5.

there are no cross-polarized fields in the E-plane for an infinite
ground plane, and the finite measured cross-polarized fields
in that plane are caused by the measurement imperfection
including the finite ground plane diffraction. The antenna gain
of the configuration was measured and the result is shown in
Fig. 4, where the 3-dB gain bandwidth is found to be 44%
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Fig. 9. Configuration of the strip-fed CP rectangular DRA with a parasitic patch.

(3.13–4.88 GHz). To overlap with the impedance bandwidth
(3.45–5.22 GHz), the gain bandwidth is reduced to 34%.

The strip length is the major design parameter of the an-
tenna. The calculated impedance bandwidth as a function of
is shown in Fig. 5, where it is seen that a wide impedance band-
width ( 30%) can be obtained for the range ,
in which the length is around at the mid-band frequency
(4.25 GHz).

The calculated input impedances for 8, 10, and 12 mm
are shown in Fig. 6. As can be observed from the figure, the strip
length can be adjusted to match the impedance. The results
are similar to those obtained in the previous hemispherical-DRA
version [28]. Fig. 7 shows the calculated input impedances for

1, 2, and 3 mm. It is observed that the strip width can
also be used to tune the impedance, although it plays a secondary
role only.

A wide impedance bandwidth can be obtained only when the
height of the rectangular DRA is high enough. To demonstrate
this, the same feeding structure was used on a low-height rect-
angular DRA with , , ,

, , and . The measured and
calculated input impedances and ’s are shown in Fig. 8,
where only the fundamental mode is found in this case.
The calculated and measured impedance bandwidths are 10%
and 9%, respectively, with no bandwidth enhancement.

III. CP ANTENNA WITH PARASITIC PATCH

In this section, we study the strip-fed rectangular DRA with
a parasitic patch for CP applications, with the configuration
shown in Fig. 9. The narrowband DRA in the previous sec-
tion is used again here. The rectangular DRA of dimensions

, , and dielec-
tric constant is fed by a conducting strip of length

and width , which is attached at
the center of the rectangular DRA side wall and soldered to the
inner conductor of a SMA connector. A parasitic patch of length

and width is attached to a DRA
side wall at , where is the angle between the

Fig. 10. Calculated and measured input impedances of the CP rectangular
DRA. The inset shows the calculated and measured jS j’s: a = 24 mm,
b = 23:5 mm, d = 12:34 mm, l = 10 mm, W = 1 mm, l = 12 mm,
W = 1 mm, and " = 9:5.

axis and the center of the parasitic patch. The uniform grid
FDTD method [41] is used again in this section, with space steps

, , and , which
are smaller than . A simple voltage-gap model is used
to simulate the feeding strip. A baseband Gaussian pulse with
parameters and is used. The Courant
stability condition and the previous UPML absorbing boundary
condition are used again in this section. About 20 space steps
between the rectangular DRA and the UPML are necessary in
each direction. The overall grid size is ,
and 15 000 time steps are required in this case.

Fig. 10 shows the calculated and measured input impedances,
and reasonable agreement between theory and experiment is ob-
tained. The calculated and measured ’s are shown in the
inset, where only the fundamental mode can be excited
with this DRA. There are two resonant modes. The first res-
onance is caused by the strip-loaded DR mode, whereas the
second one is caused by the patch-loaded DR mode. With refer-
ence to Fig. 10, the calculated and measured impedance band-
widths are 14% and 14.5%, respectively.
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Fig. 11. Calculated input impedance as a function of frequency for parasitic
patch length l = 8, 10, and 12 mm. Other parameters are the same as in Fig. 10.

Fig. 12. Calculated and measured axial ratios as a function of frequency. The
parameters are the same as in Fig. 10.

The effects of parasitic patch length on the input impedance
are shown in Fig. 11. With reference to the figure, affects the
impedance level of the antenna. The effect of the patch width
on the input impedance was also studied. It was found that
has only little effect on it. When , the patch-loaded
DR mode and the strip-loaded DR mode are totally separated
and can therefore be distinguished easily. As increases, the
patch-loaded DR mode resonates at a lower frequency and con-
sequently, it gets closer to the strip-loaded DR mode.

Fig. 12 shows the calculated and measured axial ratios (ARs)
in the boresight direction . The calculated AR is min-
imum at . It is found that the calculated 3-dB AR
bandwidth is 2.7%, which is a typical value for a singly-fed
CP DRA. The calculated and measured and plane
radiation patterns at are displayed in Fig. 13,
where a broadside radiation mode is observed. For each radi-
ation plane, the left-hand circularly polarized (LHCP) field is
more than 20 dB stronger than the right-hand circularly polar-
ized (RHCP) field in the boresight direction. The antenna gain
was measured. A conventional DRA gain curve with only one
peak was obtained. The maximum gain was found to be 5.7 dBi.

Apart from the parasitic patch length , it is also important to
study the effect of the feeding strip length on the CP design.
Fig. 14 shows the calculated and AR for 8, 10, and 12
mm. As can be observed from the figure, the input impedance
will change substantially with . However, the AR is almost
unchanged for different ’s. Therefore, the strip length can be

Fig. 13. Calculated and measured radiation patterns at f = 3:4 GHz. The
parameters are the same as in Fig. 10.

Fig. 14. Calculated jS j and axial ratio as a function of frequency for l =

8, 10, and 12 mm. Other parameters are the same as in Fig. 10. (a) jS j and
(b) axial ratio.

adjusted to match the impedance with negligible changes on the
AR. Again, the effects of strip width on the input impedance
and AR were also studied. It was found that the effects are very
small as compare with the strip length .

The minimum-AR value and its corresponding frequency
versus the parasitic patch length are shown in Fig. 15. As

increases, the minimum-AR value fluctuates whereas the
corresponding frequency decreases monotonically. With refer-
ence to the figure, good ARs can be obtained around 9
and 12 mm, showing that a CP design is not difficult to obtain.
For each case, impedance match can be achieved by tuning
the feeding strip length with virtually no effects on the
AR, as discussed previously. Fig. 16 shows the effect of .
Both the minimum-AR value and its corresponding frequency
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Fig. 15. Minimum axial ratio and its frequency as a function of parasitic patch
length l . Other parameters are the same as in Fig. 10.

Fig. 16. Minimum axial ratio and its frequency as a function of parasitic patch
width W . Other parameters are the same as in Fig. 10.

Fig. 17. Calculated optimum AR and its frequency f as a function
of parasitic patch position � . The shadow areas show the regions where
jS j < �10 dB.

increase slightly with . It is interesting to note from Figs. 11
and 15 that the minimum-AR frequency follows the resonant
frequency of patch-loaded DR mode.

The effect of patch location on the CP design is also studied,
with the result shown in Fig. 17. Some important points are
marked in the inset, which are , ,

, and . Since the antenna is sym-
metrical, only half of the angular range is
considered. For each optimum AR, the parasitic patch length
was tuned first to obtain a minimum AR, and then the feeding

strip length was adjusted to match the impedance. It can be
seen from the figure that 60% of the patch positions will give

. The shadow regions of the figure are impedance
passbands of the antenna. The result shows
that the parasitic patch should be placed around a corner of the
rectangular DRA in order to obtain a good CP DRA. To match
the impedance easier, we should choose the corner which is
close to the feeding strip. Finally, it is observed from the dotted
line of the figure that the operating frequency can be tuned by
changing the location of the parasitic patch.

IV. CONCLUSION

The strip-fed excitation method has been applied to the
rectangular DRA. A wide-band LP rectangular DRA has been
studied first, which has been followed by a CP DRA with a
parasitic patch. In the analysis, the uniform grid FDTD method
has been used to find the input impedance and radiation field.
For the LP antenna, the broadside fundamental mode
and the higher order mode have been excited to obtain
a wide impedance bandwidth of 43%. Of course, the low
radiation Q-factor that can be achieved with the low dielectric
constant has contributed to the wide-band result. For the CP
part, it has been found that a parasitic patch can be used to
design a CP rectangular DRA easily. For each of the LP and CP
cases, measurements were carried out to verify the calculations,
and reasonable agreement between theory and experiment has
been obtained.

Finally, although the strips would add conduction losses to the
antenna, the antenna efficiency should be significantly higher
than that of the microstrip antenna, especially at millimeter-
wave frequencies where the skin effect is strong.

APPENDIX

Mongia [46] has studied some higher order modes of a rectan-
gular DR using the dielectric waveguide model (DWM) method.
Using the DWM model, the -mode resonant frequency

of the DRA can be given as follows:

(1)

where

(2)

(3)

in which is the free-space wavenumber, is the speed of light
in vacuum, and , and are wavenumbers inside the DR in
the three directions, with . The subscripts

, , of denote the number of extremes in the , ,
and directions, respectively.
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