
on decreasing for the higher order modes (Q factor 23.65 at 1.44
GHz). Dominant mode resonance is used as high Q cavity. Q
can be further increased by using substrate of high �r.

4. CONCLUSIONS

In this submission, a new approach towards computation of input
impedance of a probe-fed ring resonator is presented. This method,
unlike other cavity models, can be generalized to predict accu-
rately the resonant resistance of first few modes of such resonator
with reasonable accuracy. A high degree of agreement is observed
between present model and MOM based analysis. Needless to
point out that such models are intuitive, fast to compute and does
not demand high computation power.
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ABSTRACT: The design of a circularly polarized slot antenna fed by a
single microstrip line is presented. The circularly polarized radiation is
achieved by means of using a shorted square-ring slot. This pro-
posed antenna has the fundamental resonant frequency of 2.4 GHz
with the minimum return loss of �50.44 dB. The impedance band-
width is 930 MHz or 38.7% referred to the resonant frequency, and
it also has the 3-dB axial-ratio (AR) bandwidth of 310 MHz or
12.9% referred to the resonant frequency. In addition, this proposed
antenna shows good performance of circular polarization (CP) radi-
ation with the range of the lower 3-dB AR value covering elevation
angles between �40 to 40 degrees. © 2007 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 49: 1684 –1687, 2007; Published online
in Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
22517

Key words: circular polarization; slot antenna; microstrip line; axial
ratio

1. INTRODUCTION

Printed ring slot antennas have several advantages such as low
profile, light weight, easy to manufacture and wide impedance
bandwidth. Slot antennas also have wider circular polarization
bandwidth than that of microstrip antennas. Previous report [1]
shows the possibility to obtain CP radiation by using a shorted strip
at an appropriate position along the ring slot. This shorted strip is
applied to a cavity-backed annular slot antenna, and the antenna uses
a coaxial probe feed to produce CP radiation. Several microstrip-fed
ring-slot antennas producing CP radiation are proposed [2–4]. Chen
et al. [2] employs the concept of [1] to achieve the 3-dB axial-ratio
(AR) bandwidth of 8.4% and 8.1% for annual and square ring-slot
antennas, respectively. However, the frequency at which the mini-
mum AR value occurs does not meet the fundamental resonant
frequency. In comparison with [2], the ring-slot antennas without
shorted strip have the 3-dB AR bandwidths of only about 3.5% and
4.3% for annular and square ring-slot, respectively. In addition, the
2 � 2 ring-slot antenna array with a 3-dB AR bandwidth of 15% is
presented in [4], but the frequency of the minimum AR value is not
the same as the fundamental resonant frequency.

In this article, we propose a novel design of CP slot antenna to
separate the two geometric factors of controlling the fundamental

Figure 6 Variation of resonant resistance with frequency (�r � 2.2, r0 �
35 mm h � 1.59 mm)
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resonant frequency and the frequency of the minimum AR value.
In our proposed antenna, a shorted strip has an included angle of
45° relative to the microstrip feedline, and this method is different
from these previous studies [1–4].

2. ANTENNA CONFIGURATIONS

The configuration of the proposed microstrip-fed circularly-polar-
ized square-ring slot antenna is depicted in Figure 1. The substrate
used an inexpensive FR4 dielectric substrate with a thickness of
1.6 mm, a relative permittivity of 4.4, and a loss tangent of 0.0245.
The dimensions of this proposed antenna are listed in Table I. The
ground plane of the proposed antenna has a length of L1 and a
width of W1. The shorted square-ring slot has outer and inner side
lengths of L2 and L3, respectively, and the shorted strip has an
included angle of 45° with respect to the microstrip feedline. If the
shorted strip is located at the lower left corner, the slot antenna
excited a right-hand circular polarization (RHCP) radiation in the
upper half free space. Similarly, the left-hand circular polarization
(LHCP) radiation observed in the upper half free space can be
achieved by locating the shorted strip at the lower right corner.
Also note that, for the proposed antenna, the free space wavelength
at the operating frequency at which the minimum AR occurs is

about the mean circumference of the ring slot. A 50 Ohm input
microstrip feedline with a width of Wf is connected to an imped-
ance transformer with a width of W7. To reduce the antenna size

TABLE 1 The Dimensions of the Proposed Antenna

L1 L2 L3 L4 L5 L6 L7 c1 c2 c3
(mm) 64 40 25 20 11.5 2 2.75 2 2 4

W1 W2 W3 W4 W5 W6 W7 Wf g1
(mm) 60 40 25 20 3 3.5 1 3 1.4

Figure 1 Configuration of the proposed microstrip-fed circularly polar-
ized slot antenna

Figure 2 Simulated and measured results of return loss against fre-
quency for the proposed antenna

Figure 3 Simulated polarization patterns at the frequency of 2.4 GHz
for the proposed antenna

Figure 4 Simulated results of axial-ratio and CP gain against frequency
for the proposed antenna
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and match the 50 � microstrip feedline (Wf � 3 mm), the meander
impedance transformer and three tuning stubs are conducted. The
three stubs only affect the return-loss value and the fundamental

resonant frequency, but have less influence on the AR operating
frequency. In addition, a square slot with a length of L4 is located
at the center of the slot antenna. This square slot is able to make
the AR operating frequency to meet the fundamental resonant
frequency. Further, the three small triangles (with widths of c1, c2,
and c3) located at the corners of the shorted ring slot are capable
of making the radiation patterns of CP more symmetric along the
elevation angle of 0°. In the proposed antenna, the most important
geometric factor in the return loss response is the meander trans-
former and the three tuning stubs. Besides, the mean square-ring
slot circumference is the main geometric factor impacting on the
AR response. The two geometric factors separately control their
individual antenna response and less influence on each other. This
is convenient for the antenna design.

3. RESULTS AND DISCUSSIONS

Figure 2 demonstrates the simulated and measured results of return
loss against frequency for the proposed antenna. The measured
result shows that the antenna has a fundamental resonant fre-
quency of 2.4 GHz with the minimum return loss of �50.44 dB
and the impedance bandwidth of 930 MHz (or 38.7%) covering the
frequency range from 1.83 GHz to 2.76 GHz. The free space
wavelength of 2.4 GHz is about 125 mm and approximately equals
the mean circumference of square-ring slot (about 130 mm). The
simulated polarization patterns are shown in Figure 3. The pro-
posed antenna radiates right hand circular polarization (RHCP) in
the upper half free space and left hand circular polarization
(LHCP) in the lower half free space. Besides, the simulated results
of axial ratio and CP gain against frequency for the proposed
antenna are shown in Figure 4. It is shown that the 3-dB AR
bandwidth is 310 MHz or 12.9%, including the frequencies range
from 2.21 GHz to 2.52 GHz, and the 1-dB AR bandwidth is about
100 MHz. The minimum AR value of about 0.1 dB is located at the
frequency of 2.4 GHz. Besides, the CP gains are about 3.3 dBi and
almost keep constant during 3-dB AR bandwidth. The measure-
ment of polarization patterns in this study employs the rotating
source method [5]. The measured results of polarization patterns at
different frequencies of 2.3, 2.4, and 2.5 GHz are shown in Figure
5. These ripples in the polarization patterns are a consequence of
the beam ellipticity, which occurs when a finite cross-polar com-
ponent exists. The depth of the ripples defines the AR value. They
present well circular polarization and also obtain good axial-ratio

Figure 5 Measured polarization patterns at different frequencies of 2.3,
2.4 and 2.5 GHz for the proposed antenna. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]

Figure 6 Axial ratio against elevation angle calculated from the mea-
sured polarization patterns
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values over a wide angle range. From Figure 5, the elevation-angle
ranges with respected to lower 3-dB AR are �33 to 29, �43 to 47
and �49 to 9°, respectively, for 2.3, 2.4 and 2.5 GHz in the upper
half free space. It can be seen that the space distribution of the AR
value are more symmetric at the frequencies of 2.3 and 2.4 GHz
than that at the frequency of 2.5 GHz. To further manifest the
symmetric distribution of axial ratio, the calculated results ob-
tained from the depth of the ripples in these measured polarization
patterns are shown in Figure 6. It can be observed that the AR
pattern with respect to elevation angle is nearly symmetric along
the elevation angle of 0° at the frequencies of 2.3 and 2.4 GHz. By
using the three small triangles at the square-ring slot corners to
perturb the magnetic current within the square-ring slot, the sym-
metric AR space distribution and the minimum AR position can be
further controlled. In this proposed antenna, the length of c3 (4
mm) is not equal to the length of c1 and c2 (2 mm), and in this
condition, a very symmetric AR space distribution can be

achieved. To manifest this phenomenon, the simulated results of
axial ratio against elevation angle for the proposed antenna with
and without three small triangles at the frequency of 2.4 GHz are
shown in Figures 7(a) and 7(b) respectively. It can be observed that
the AR distribution in the elevation direction for the proposed
antenna with three small triangles is more symmetric along the
elevation angle of 0° than that without three triangles.

4. CONCLUSIONS

A microstrip-fed CP square shorted ring-slot antenna has been
investigated and successfully implemented. The return loss char-
acteristic and CP radiation performance can be controlled and
improved individually. The proposed antenna has several advan-
tages at the same time which include return loss of �50.44 dB at
the resonant frequency of 2.4 GHz, impedance bandwidth of 930
MHz, 3-dB AR bandwidth of 310 MHz, and good broadside CP
radiation patterns over a wide elevation angle range of 80° in the
azimuthal directions. The proposed antenna presents excellent
performances and is very suitable for wireless communication
applications
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ABSTRACT: The design of a cavity resonator implies to solve the
Maxwell equations inside that cavity, respecting the boundary condi-
tions. As a consequence, the resonance frequencies appear as conditions
in the solutions of the differential equation involved. The measurement
of the complex permittivity, �* � ��-i��, can be made using the small
perturbation theory. In this method, the resonance frequency and the
quality factor of the cavity, with and without a sample, can be used to
calculate the complex dielectric permittivity of the material. We measure
the shift in the resonant frequency of the cavity, �f, caused by the inser-
tion of the sample inside the cavity, which can be related to the real
part of the complex permittivity, �� , and the change in the inverse of
the quality factor of the cavity, �(1/Q) , which can be related with the
imaginary part, ��. This is valid for very small perturbations of the elec-

Figure 7 Simulated axial ratio against elevation angle at the frequency
of 2.4 GHz for the proposed antenna (a) with and (b) without three small
triangles
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