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ABSTRACT: A new method for enhancing the 2.1 VSWR impedance

bandwidth of microstrip antennas is presented. Bandwidth enhancement

is achieved by loading the microstrip antenna by a ceramic microwave

dielectric resonator (DR). The validity of this technique has been estab-
lished using rectangular and circular radiating geometries. This method

improves the bandwidth of a rectangular microstrip antenna to more
than 10% (= 5 times that of a conventional rectangular microstrip

antenna) with an enhanced gain of I dB. © 1998 John Wiley & Sons,

Inc. Microwave Opt Technol Lett 17: 205-207, 1998.
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INTRODUCTION

Microstrip antennas find far-reaching applications in the cur-
rent communication scenario due to their unique properties
like light weight, ease of fabrication, low production cost, low
profile, etc. The fields of application of these antennas are
mainly limited by their inherent disadvantage of low-imped-
ance bandwidth. Two commonly used microstrip radiating
geometries are rectangular and circular. Techniques are
available in the literature for improving the impedance band-
width of microstrip antennas [1-4]. However, these methods
will increase the complexity of the system or, in most of the
cases, reduce the antenna gain.

In this letter, a method for improving the impedance
bandwidth of a microstrip antenna using a dielectric res-
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onator attached on the surface of the patch is proposed. This
technique improves the impedance bandwidth, to more than
10% for a rectangular microstrip antenna.

DESIGN AND EXPERIMENTAL DETAILS

The schematic diagram of a typical antenna configuration is
shown in Figure 1 (a magnified view of the cylindrical DR
used is also shown). The configuration consists of a rectangu-

lar patch of length L and width W on a substrate of thickness
h and dielectric constant Er. The antenna is loaded with a

cylindrical dielectric resonator of diameter d, height H, and

dielectric constant edr. The patch is fed by a probe at the

position (Xv,Yp). The operating frequency of the antenna is
selected to be close to the TEotfi mode resonant frequency of

the dielectric resonator.
A rectangular microstrip antenna resonating at 2.70 GHz

(L = 2.58 cm, W = 3.35 cm, h = 0.16 cm, er = 4.5) is de-

signed for optimum radiation performance [5]. A cylindrical

DR (H = 0.9 cm, d = 1.4 cm, edr = 58) having TEota mode

frequency close to the resonating frequency of the above
antenna is suitably positioned on the patch surface. The
patch width, position of the DR on the patch, and the feed
point are optimized experimentally for maximum impedance
bandwidth, and the DR is pasted at this position using a thin
layer of conducting epoxy. This typical configuration gives a
maximum bandwidth of 274 MHz at 2.63 GHz when L = 2.58

cm, W = 2.94 cm, XP = 1.98 cm, Y, = 0.0 cm, and the DR is

placed at the middle of the nonradiating edge in such a way

that its surface just grazes the radiating patch edge as shown

in Figure 1. The variation of percentage bandwidth with feed
location is shown in Table 1. When the patch is fed at (2.58,
0), the system was not at all matched. But on loading with
DR, the antenna is found to be matched, and provides an
impedance bandwidth of more than 8%. This shows that this
technique can be used for the impedance tuning of microstrip

antennas.
The experiment is repeated on a circular microstrip an-

tenna resonating at 4.01 GHz (radius = 1.42 cm, e, = 2.2,

h = 0.08 cm) with a DR (H = 0.565 cm, d = 0.979 cm, edr =

63, TEO, mode frequency 4.0 GHz). Here, the position of
the DR on the patch surface and the feed point are experi-
mentally optimized for maximum bandwidth. The configura-
tion gives a maximum bandwidth of 239 MHz at 3.92 GHz
when the feed point is at a distance of 1.00 cm and the DR
center is at a distance of 1.21 cm from the patch center. The
sector angle formed between two radial vectors, one passing

Figure 1 Schematic diagram of a typical antenna configuration

TABLE 1 Variation of Impedance Bandwidth with Respect
to Feed Location for the Experimentally Tuned
Rectangular Microstrip Antenna Configuration

Feed Point % Bandwidth

(X,,,Y'-0) Before DR After DR

Xp (cm) Loading (%) Loading (%)

2.58 8.90
2.43 8.15
2.28 8.10
2.13 10.10
1.98 2.2 10.41
1.83 2.2 8.20
1.68 3.3 7.21
1.53 3.3 6.84

° Not matched.

TABLE 2 Characteristics of the DR -Loaded Rectangular
and Circular Microstrip Antenna Configurations

Characteristic
Rectangular

Patch
Circular

Patch

Substrate dielectric constant 4.5 2.2
Resonance frequency without DR 2.70 GHz 4.010

% bandwidth (VSWR 5 2) without DR 2.2% 1.1%

% bandwidth (VSWR 5 2) with DR 10.41% 6.1%
Central frequency with DR 2.63 GHz 3.920

3 dB beamwidth
E-plane 128.7° 109.8°

H-plane 71.2° 79.5°
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Figure 2 Variation of VSWR with frequency for the two p
antenna configurations. (a) Rectangular patch configuration.
cular patch configuration
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through the DR center and the other through the feed point,
is 135°.

The different characteristics for the above optimum an-
tenna configurations are given in Table 2 for a comparative
study.

The variation of VSWR with frequency for the two con-
figurations is shown in Figure 2. The E-plane and H-plane
radiation patterns of the antenna systems at the correspond-
ing central frequencies are shown in Figure 3. In both cases,
the E-plane patterns differ slightly from those of conven-
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Figure 3 E-plane and ti-plane radiation patterns of the two an-

tenna configurations at the corresponding central frequencies. Solid
line: rectangular patch configuration. Dashed line: circular patch
configuration
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Figure 4 Variation of S21 with frequency for the optimum rectan-
gular patch configuration. Solid line: after DR loading. Dashed line:
before DR loading
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tional microstrip antennas. H-plane patterns are similar to
those of conventional ones. Figure 4 shows the variation of
S21 with frequency for, the configuration shown in Figure 1.
This figure shows that, compared to ordinary microstrip an-
tennas, the present configuration gives an increased gain of
> 1 dB. This may be due to the reradiation from the DR.

CONCLUSIONS

A new method for enhancing the impedance bandwidth of
microstrip antennas is proposed. This approach enhances the
gain of the antenna , as well as enabling impedance tuning.
Optimum rectangular (BW > 10%) and circular (BW > 6%)
antenna configurations are demonstrated. These configura-
tions may find applications in wideband phased arrays.
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