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Abstract—In this letter, a new design for single-feed dual-band
circularly polarized microstrip antennas is presented. A stacked-
patch configuration is used for the antenna, and circular polariza-
tion is achieved by designing asymmetrical U-slots on the patches.
The dimensions of the U-slots are optimized to achieve circular po-
larization in both bands. A prototype has been designed to operate
at two frequencies with a ratio of 1.66. Both experimental and the-
oretical results are presented and discussed. The circularly polar-
ized bandwidth of the antenna is 1.0% at 3.5 GHz (WiMax) and
3.1% at 5.8 GHz (HiperLAN).

Index Terms—Circular polarization, dual-band, stacked patch,
U-slot.

I. INTRODUCTION

T HE RAPID growth of wireless communication systems
has increased the demand for compact antennas with

multiband operating frequencies. In some cases, the bandwidth
of the entire frequency range could be covered with the antenna.
However, multiband spot coverage is actually an advantage
in terms of reducing the out-of-band interference. Owing to
their low-profile, low-cost, and low-mass features, microstrip
antennas can be easily placed inside packages, making them
a suitable choice for numerous consumer applications. For
multiband designs, when the operating frequencies are close,
generally, stacked microstrip antennas are used [1]. Although
the classical microstrip antenna is inherently narrowband [2],
it has firmly been established that the U-slot patch [3]–[6]
can significantly improve the bandwidth of the microstrip
antenna. In addition to the bandwidth requirements, circularly
polarized (CP) antennas are desirable in certain applications in
order to reduce the polarization loss caused by the misalign-
ment between the signal and the receiving antenna. In terms
of the feed methods for circularly polarized patch antennas,
single-feed designs have many advantageous features, mainly
less installation space and less circuitry. In a recent study, it
was shown that in addition to a wide bandwidth, an asymmetric
U-slot patch antenna can also achieve circular polarization with
a single feed [7].

Different designs for single-feed dual-band circularly po-
larized microstrip antennas have been demonstrated over the

Manuscript received April 08, 2011; accepted May 02, 2011. Date of publi-
cation May 12, 2011; date of current version May 31, 2011.

The authors are with the Electrical Engineering Department, The Univer-
sity of Mississippi, University, MS 38677 USA (e-mail: pnayeri@olemiss.edu;
leek@olemiss.edu; atef@olemiss.edu; fyang@olemiss.edu).

Color versions of one or more of the figures in this letter are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/LAWP.2011.2153820

years [8]–[18]. Single-layer designs using square and cir-
cular patches with a number of slits have been demonstrated
in [8]–[10]. In addition, different designs of stacked-patch
dual-band CP antennas have also been introduced [11]–[18].
Dual-band CP stacked microstrip patch antennas with an aper-
ture coupled feed [11] and probe feed [14], [15] were presented
for Global Positioning System (GPS) applications. Also, a
triband CP stacked design was introduced in [17] for GPS and
CNSS applications. A different stacked design for a dual-band
CP antenna was presented in [18] for application in satellite
mobile phones.

In this letter, we propose a new design for a single-feed
dual-band circularly polarized microstrip antenna using stacked
patches with asymmetric U-slots. The design of this dual-band
CP antenna is relatively complicated since there are many inter-
acting parameters that must be determined. The design was first
started from deciding the dimensions of the asymmetric U-slots
for each band centered at 3.5 and 5.8 GHz, respectively, which
are the frequencies for wireless LAN WiMax and HiperLAN.
The final dimensions of the U-slots in the stacked configuration
were determined by means of a sequential nonlinear optimiza-
tion process. Impedance bandwidth, axial ratio, and radiation
patterns of the antenna have been measured and compared to
the simulations. A dual-band CP bandwidth of 1.0% at the
lower band and 3.1% at the upper band, with peak gains of
slightly over 6 dBi in both bands, has been obtained.

II. ANTENNA DESIGN

The geometry of the dual-band CP microstrip antenna is
shown in Fig. 1. The asymmetry in the structure refers to the
arms of the U-slot, which are of different lengths. For each
layer, the U-slot is located on the square patch that sits on top of
the substrate of that layer. The probe feed is directly connected
to the top patch, while the lower patch is fed with an indirect
contact by a small clearance hole between the probe and the
patch. This simple feed mechanism reduces the fabrication
errors in the stacked configuration.

Initial dimensions of the asymmetric U-slots for each layer
were determined using the approach described in [7]. It is im-
portant to point out that with this initial starting point, two dif-
ferent values will be determined for the probe position on the
two patches. Since a single feed is used in this stacked design,
the initial probe position was approximated by the average po-
sition of probe along the -axis in the top and lower patches. In
addition, it is necessary to emphasize that in the initial design,
the coupling effects between the two patches are not taken into
account. As a result, it is expected that with these initial dimen-
sions, the antenna may not show a good performance.
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Fig. 1. Geometry of the dual-band stacked U-slot patch antenna.

The antenna is designed to operate at two frequencies of 3.5
and 5.8 GHz for wireless LAN WiMax and HiperLAN. The ratio
of the two frequencies is 1.66. The substrate used for the design
is a 125-mil Rogers Duroid 5880 that corresponds to 0.055
and 0.091 at 3.5 and 5.8 GHz, respectively. A square patch
is used for both layers ( ), and the dimension of the
square ground plane is 50 50 mm . The radius of the feed
pin has a notable effect on the input reflection of the antenna,
thus exact modeling of the feed is necessary. In addition, the
excitation of the lower patch is affected by the diameter of the
clearance hole, which in turn is related to the feed pin diam-
eter. The diameter of the feed pin in the typical SMA panel
mounts is 1.27 mm (0.05 in). Based on our parametric studies
and the available drill bits for the fabrication process, a diameter
of 2.0 mm was selected for the clearance hole. The commercial
electromagnetic software Ansoft HFSS [19] is used for the sim-
ulations. The simulated for the initial design showed that
although a multiple resonance performance was achieved, the
bands shifted and the matching was rather poor. In addition, the
axial ratio of the antenna was severely degraded, and a circular
polarized radiation was not observed in either band.

III. OPTIMIZING THE DUAL-BAND ANTENNA

In this stacked design, the coupling effect between the two
patches significantly alters the performance of the antenna. Con-
sequently, individual tuning of the dimensions of each slot will
not be sufficient, and it is necessary to tune the parameters in the
stacked configuration. Due to the large number of interacting
parameters, a parametric analysis of the dimensions would not
be a suitable approach for the design. An optimization process
will be more advantageous since it can effectively tune all the
parameters simultaneously.

The sequential nonlinear optimizer in HFSS was selected for
the optimization. The optimization task was to minimize input
reflection ( 12 dB) and axial ratio ( dB) only
at the two center frequencies. The optimization parameters were

TABLE I
(TOP TABLE) OPTIMIZED DIMENSIONS OF THE ANTENNA (RHCP/LHCP
DESIGN). (BOTTOM TABLE) OPTIMIZED DIMENSIONS OF THE ANTENNA

(BOTH LHCP DESIGN)

the dimensions of the patches, the dimensions of the U-slots,
and the probe feed position. The asymmetric structure of the
U-slot, i.e., the unequal arms of the U-slot, generates the two
orthogonal modes for CP radiation. For the U-slot patch shown
in Fig. 1, when ( ), the antenna is left-hand circularly
polarized (LHCP). Similarly, when ( ), the antenna
is right-hand circularly polarized (RHCP). Similar results were
observed in [20] for an asymmetric E-shaped patch antenna. As
a result, since the relative length of arms in the U-slot determines
the sense of polarization, in order to obtain the required polar-
ization for the design, it is necessary to define linear constraints
for the dimensions of the U-slot arms in the optimization. To
demonstrate that different polarizations can be achieved for the
two bands with this approach, two dual-band CP antennas with
asymmetric U-slots are designed. The first antenna is designed
to have an RHCP radiation at the lower band and an LHCP ra-
diation at the upper band. The second antenna is designed to
have an LHCP radiation at both bands. For both cases, the ini-
tial values for the optimization was determined as discussed in
Section II, and linear constraints were defined for the optimiza-
tion, according to the polarization requirements.

The optimized dimensions of the antenna parameters are
given in Table I. From these results, it can be seen that although
the dimensions of the patches and feed location are different in
the two designs, they are rather close to each other. The main
differences in these designs are the dimensions of the U-slots.

The simulated and axial ratio of both designs are given
in Fig. 2. From these results, it can be seen that a dual-band
CP radiation is obtained at the design frequencies. Both designs
show a rather similar performance in terms of the CP band-
width. In addition, the axial-ratio bandwidth ( dB)
is completely within the input reflection bandwidth (

10 dB) for both designs, thus determining the CP bandwidth. It
is important to point out that the design focus was on achieving
a dual-band performance rather than widening the bandwidth.
Nonetheless, the wider bandwidth for the upper band is pri-
marily due to the electrically thicker substrate for the top layer.

IV. PROTOTYPE AND MEASUREMENT RESULTS

Experimental results have been carried out to demonstrate
the performance of this dual-band CP design. The prototype is
fabricated on a 125-mil Rogers 5880 substrate using our LPKF
ProtoMat 91S milling machine. This antenna operates at two
frequencies of 3.5 and 5.8 GHz with RHCP and LHCP radiation
at the lower and upper bands, respectively. Photographs of the
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Fig. 2. Simulated �� � and axial ratio versus frequency for the optimized de-
signs. (a) RHCP/LHCP at 3.5/5.8 GHz. (b) Both LHCP at 3.5/5.8 GHz.

Fig. 3. Photographs of the two-layer prototype: (a) top and bottom layers;
(b) stacked antenna.

top and bottom layers and the stacked antenna are shown in
Fig. 3.

The input reflection coefficient was measured by our Agi-
lent N5242A vector network analyzer, and the axial ratio and
radiation patterns of the antenna were measured in our anechoic
chamber. The measured and axial ratio for the fabricated
prototype are given in Fig. 4. A reasonably good agreement be-
tween the measured and simulated results [Fig. 2(a)] can be ob-
served, however the measured results show a slight shift in fre-
quency. The deviation is mainly caused by fabrication inaccu-
racy, primarily due to the effect of air gaps in the stacked config-
uration. The measured bandwidth of the antenna is about
3.0% at the lower band and 14.9% at the upper band. The mea-
sured axial-ratio bandwidth is about 1.98% at the lower band
and 3.1% at the upper band. It is important to note here that due

Fig. 4. Measured �� � and axial ratio versus frequency for the dual-band CP
U-slot antenna.

Fig. 5. Measured radiation patterns of the antenna at (a) 3.5 GHz (�� plane),
(b) 3.5 GHz (�� plane), (c) 5.8 GHz (�� plane), and (d) 5.8 GHz (�� plane).

to the frequency shift in the measured results, the effective CP
bandwidth of the antenna, i.e., overlapping bandwidth of
and axial ratio, is almost 1.0% for the lower band. For the upper
band, however, the frequency shift did not reduce the effective
CP bandwidth, which is 3.1%.

The measured and simulated radiation patterns of the antenna
are shown in Fig. 5 at the center frequency of each band. Almost
a boresight radiation pattern is observed at the lower band, how-
ever the patterns at the upper band show a slight deviation from
the broadside direction. This is primarily due to the effect of the
currents on the lower patch, which acts as the ground plane for
the upper-band operation. At 3.5 GHz, the 3-dB beamwidths of
the antenna are 82 and 79 at ( ) and ( )
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Fig. 6. Measured gain of the dual-band CP U-slot antenna.

planes, respectively. At the upper band, the beam is narrower.
At 5.8 GHz, the 3-dB beamwidths of the antenna are 61 and
62 at and planes, respectively. It should be pointed out
that while the frequency ratio of the two bands was 1.66, in
this design, smaller or larger ratios can be realized with this ap-
proach. The frequency ratios are determined mainly by the di-
mensions of the patches. While there is no maximum band ratio
in principle, in practice it is found that, for the upper band, the
asymmetric current distribution on the lower patch causes beam
squint and pattern deterioration. The amount of squint increases
with the frequency ratio. Thus, the amount of beam squint that
can be tolerated determines the maximum band ratio. The min-
imum band ratio is determined by the requirement that the two
bands remain distinct and not merge into a broadband response.
This ratio is estimated to be about 1.2.

The gain in the broadside direction as a function of frequency
is shown in Fig. 6. The maximum measured gain was 6.2 dBi at
the lower band and 6.5 dBi at the upper band.

V. CONCLUSION

A new design for a single-feed dual-band circularly polarized
microstrip antenna has been presented. This is achieved by de-
signing two patches with asymmetrical U-slots that are stacked
together. The dimensions of the U-slot are optimized to provide
different current paths for the two orthogonal modes required for
circular polarization. In addition, this antenna can be designed
to have similar or opposite polarizations in the two bands. In
comparison to the available designs for dual-band CP microstrip
antennas, the advantages of this new design are the simplicity of
fabrication, wide CP bandwidth in the upper band, mono- and
dual- sense CP capability, and a similar gain level at both bands.
A prototype has been fabricated and measured. A dual-band cir-
cularly polarized antenna with a bandwidth of 1.0% at 3.5 GHz
and 3.1% at 5.8 GHz has been demonstrated.
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