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Compact, Low Profile, Common Aperture
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Jungsuek Oh, Member, IEEE, and Kamal Sarabandi, Fellow, IEEE

Abstract—This paper presents compact and low profile two-port
antennas that can provide polarization or pattern diversity
schemes from a common aperture. The proposed antennas make
use of a novel small microstrip antenna topology with an open area
at its waist. The two sections of the small-size microstrip antenna
are connected through a magnetic coupling mechanism facilitated
by two vertical metallic strips connecting the top plates to the
ground plane. This allows for placement of another small antenna
element within the same aperture having either polarization or
pattern that is orthogonal to the microstrip antenna with low
envelope correlation. Topologies of polarization and pattern-di-
versity antennas are optimized for size reduction and minimum
envelope correlation. Although the proposed diversity antenna
consists of two antenna elements with different polarizations or
radiation patterns, they just occupy about 30% of the area of a
conventional microstrip antenna over the same substrate. It is
shown that the envelope correlation between radiation patterns of
the two antenna elements is lower than dB over the 10-dB
return loss bandwidth of the proposed antenna.

Index Terms—Antennas diversity, microstrip antennas, mul-
tiple-input–multiple-output (MIMO) systems.

I. INTRODUCTION

T HE requirement for the next generation of mobile com-
munication systems calls for high speed and high quality

data transmission of the mobile terminals. This makes mul-
tiple-input–multiple-output (MIMO) technology attractive for
its excellent performance improvement in channel capacity
without occupying additional spectrum and radiating power
[1]. MIMO systems have emerged as a very interesting strategy
to increase the capacity of wireless systems in rich scattering
environments [2], [3]. Traditionally, MIMO systems employ
several transmit and receive antennas at each end of the radio
link, and this can achieve higher data rates (capacity), if
different signal paths between them are statistically uncorre-
lated. In the existing MIMO systems, antenna diversity is a
well-known technique to enhance the performance of wireless
communication systems by reducing the multipath fading and
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cochannel interference [4]–[6]. The idea is based on gathering
multiple uncorrelated copies of the signals and effectively
combining them for enhanced reception.
There are five different types of diversity techniques that are

commonly used for enhanced signal reception: 1) spatial; 2)
temporal; 3) polarization; 4) frequency; and 5) pattern. Of these,
only the spatial, polarization and pattern diversity schemes
make for practical implementation in WLAN antenna systems.
The spatial diversity approach relies on placement of multiple
antennas at least half a wavelength apart over the platform to
be effective. Since the desired long separation among the diver-
sity antennas require large platforms, polarization and pattern
diversity are most appropriate for small wireless devices. Polar-
ization diversity uses different orthogonally-polarized antennas
to capture signals with different multipath history. The pattern
diversity scheme takes advantage of the incoherence of the
rays with sufficiently different angle of arrivals. Antennas with
almost angularly orthogonal radiation patterns collect different
rays and thus can provide multiple outputs that are statistically
uncorrelated. This can be done easily with antennas having
relatively narrow beams that are pointed at different directions.
However, large volume that antennas in such diversity systems
occupy remains a critical problem in implementing small
wireless platforms. Previous efforts mainly concentrated on
reducing the size of individual antennas for such applications
[7], [8]. However, compact colocated diversity antennas have
not been well studied. The current approach to achieve antenna
diversity is based on placing two or more individual compact
antennas in optimized positions that provide low envelope
cross-correlation coefficients. This approach is good but the
overall volume that the antennas occupy increases directly with
their number and eventually the volume becomes too large for
compact wireless devices.
With low-cost fabrication and low-profile structure, mi-

crostrip antennas are widely used in mobile communication
systems [9], [26]. However, due to their relatively large lateral
dimension and limited configurations for providing polarization
and pattern diversity, these antennas have not been extensively
used for the diversity systems. Of course conventional antennas
can easily provide dual polarization operation, but such an-
tennas cannot easily be miniaturized [10]–[12]. For example
in [10], the size of such antennas is reduced by inserting a
number of slits at the perimeter of a square patch. However,
since the two orthogonal modes share one patch plate, it is
difficult to control the two modes independently. This limits
how far the antenna can be miniaturized. Recently, another
way for achieving compact diversity microstrip antenna was
proposed [13], [14]. In [13], using a circular patch and hybrid
feed network, two degenerate modes, TM and TM , are
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excited at an overlapped frequency range. While TM mode
radiates in broadside direction, TM mode radiation pattern
resembles that of a dipole, hence leading to pattern diversity
from a common aperture.
Recent advanced RF technologies enable a significant size

reduction in RF front-end for wireless communication systems
operating at low frequencies such as low UHF-band. This
makes it possible to employ the fundamental advantages of
low-frequency systems over commercial higher-frequency
systems such as 2.4 GHz ISM band in terms of multipath
fading effects and path loss. In [24], a new 450 MHz radiation
pattern diversity system is presented. The paper shows that
incorporating small antennas, radiation pattern diversity offers
a unique opportunity to achieve compact diversity antenna
systems compared to approaches that utilize spatial diversity.
In this paper, we present a novel small-size 450 MHz mi-
crostrip antenna that can achieve a significant size reduction
while providing polarization and pattern diversity around 450
MHz. Taking advantage of the geometry and field distributions,
compact size and low envelope correlation are achieved for
both types of diversity antennas. In Section II, design and
performance characteristics of the proposed microstrip antenna
are presented. In Section III, novel compact polarization and
pattern diversity antennas employing the proposed microstrip
antenna element are proposed and their envelope correlation
and diversity gain are discussed.

II. NOVEL SMALL-SIZE MICROSTRIP ANTENNA TOPOLOGY
FOR COMPACT COMMON APERTURE DESIGN

This section presents a novel microstrip antenna whose ge-
ometry enables not only size reduction, but also polarization
or pattern diversity with low envelope correlation between two
common aperture antenna elements. The basic idea is to split the
conventional microstrip antenna into two segments, producing
an open area between them. The two segments are then con-
nected though magnetic coupling using shorting strips at the ad-
jacent ends, as shown in Fig. 1(a). Fig. 2 shows voltage and cur-
rent distributions on the conventional microstrip antenna
with x-polarized radiation on an infinite ground plane where
is the guided wavelength. In the middle of the antenna, the

voltage is at minimum and the current is at maximum.
This suggests that placement of the shorting strip in the middle
of the patch where the zero voltage and maximum current con-
ditions are satisfied does not affect the desired operation of the
microstrip antenna. In the proposed antenna, an open area in the
middle is introduced. However, it is conjectured that the two
adjacent shorting strips through a strong magnetic coupling can
provide a continuous current distribution over the two halves of
the split patch antenna, which is essential to achieve the desired
broadside radiation pattern. The second antenna segment shown
on the right side of Fig. 1(a) can be considered as a magnetically
coupled parasitic element that allows for maintaining the band-
width of the original antenna. It should be noted that unlike
microstrip antenna a shorted microstrip antenna cannot
provide the ideal broadside radiation pattern due to the omnidi-
rectional and vertically polarized radiation produced from ver-
tical shorting strips. Fig. 1(b) shows the small-size bow-tie ver-
sion of the proposed microstrip antenna, which will be used to
design the proposed diversity antennas in the next sections.

Fig. 1. (a) Proposed microstrip antenna with an open area in its middle and
(b) bow-tie version of the proposed microstrip antenna over an infinite ground
plane.

Fig. 2. Distributions of (a) voltage and (b) current on the microstrip an-
tenna with x-polarized radiation over an infinite ground plane.

Fig. 3. Geometry and design parameters of the small-size bow-tie version of
the proposed microstrip antenna with an open area at its waist.

Fig. 3 shows the geometry and design parameters of the
proposed bow-tie microstrip antenna on a finite ground plane.
Impedance matching to a 50 ohm feed line is obtained by
controlling (the distance between the feeding strip and the
shorting strip on the right side), similar to conventional
microstrip antennas. The values of design parameters are given
by mm, mm
mm, mm mm, mm,

mm, mm and mm . Fig. 4
shows simulated of the proposed antenna. Two resonant
frequencies are observed and Fig. 5 shows the current distri-
butions at the two resonant frequencies. At the first resonant
frequency, horizontal currents on one trapezoidal top plate are
in the opposite direction to the horizontal currents on the other
top plate, leading to the cancellation of the radiated fields from
the top plates. On the other hand, at the second resonant fre-
quency, the horizontal currents on both top plates have the same
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Fig. 4. Simulated of the proposed bow-tie microstrip antenna shown in
Fig. 3.

Fig. 5. Current distributions of the proposed antenna in Fig. 3 at (a) 342 MHz
(PIFA mode) and (b) 456 MHz (patch mode).

direction. As a result, the antenna has omnidirectional radiation
pattern in the H-plane at the first resonant frequency (denoted
by ‘PIFA mode’), and it has broadside radiation pattern at the
second resonant frequency (patch mode), as shown in Fig. 6.
In this paper, design parameters are optimized for the patch-

mode operation at the second resonant frequency. Fig. 7 shows
simulated as a function of while other parameters are
kept constant. It is shown that as increases, the second reso-
nant frequency decreases due to the increase in the overall an-
tenna volume. However, the antenna bandwidth decreases with
increasing . This is because of a significant drop in the mag-
netic coupling between two shorting plates related to the stored
magnetic energy responsible for the antenna bandwidth.

Fig. 6. Simulated radiation patterns (gain) of the proposed bow-tie microstrip
antenna on E-plane (xz-plane) at two resonant frequencies, corresponding to (a)
PIFA mode and (b) patch mode. Antenna geometry is shown in Fig. 4.

Fig. 7. Simulated of the proposed bow-tie microstrip antenna versus .

Fig. 8. (a) Proposed bow-tie microstrip antenna with x-pol and (b) conven-
tional bow-tie microstrip antenna with y-pol.

III. COMPACT COMMON APERTURE DIVERSITY ANTENNAS

A. Design of Polarization Diversity Antenna

The aforementioned open area in the proposed bow-tie mi-
crostrip antenna allows for insertion of the second antenna with
a different polarization into the same aperture. The second an-
tenna must also be miniaturized to fit the available aperture be-
tween the bowtie patch. Fig. 8 shows the two antenna elements:
1. Proposed bow-tie microstrip antenna with polarization along
x-axis, 2. Conventional bowtie microstrip antenna with polar-
ization along y-axis. As mentioned before, the metallic trace in
the middle of the conventional bowtie microstrip antenna shown
in Fig. 8(b) can be placed in the open area of the two-section mi-
crostrip antenna shown in Fig. 8(a). Fig. 9 shows the geometry
and design parameters of the proposed polarization diversity an-
tenna. To excite the desired patch operation, the position of the
feeding strip should be near the center of the microstrip antenna
as shown in Fig. 8(a). However, placing a feeding strip for the
second antenna near its waist becomes problematic as it will be
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Fig. 9. Geometry and design parameters of the proposed polarization diversity
antenna.

too close to the feed of the other antenna. Close proximity of
the feeds creates significant magnetic mutual coupling and re-
sults in poor polarization isolation. For this reason, the feeding
strip position is moved back to the open end using a meandered
coplanar waveguide (CPW) line as shown in Fig. 8(b). This min-
imizes the undesired coupling between the two feeding strips
connected to “port1” and “port2,” respectively. The length of
the meandered CPW transmission line is chosen to be to act
as an impedance transformer for impedance matching between
the antenna and the feed [25]. The width of the center line and
the gap between the center line and the ground are chosen for
the desired characteristic impedance value of the transmission
line.
Design parameters and their values for the proposed antenna

designed in the air without using any dielectric substrate are
shown in Table I. Fig. 10 shows simulated and
of the proposed polarization diversity antenna. Resonant fre-
quencies of the two antenna elements are merged to 454 MHz
at which the isolation between two ports is dB. In
Fig. 11, the measured S-parameters show good agreement with
the simulated results. The area of the proposed diversity antenna
is just 29.7% of the area of a conventional microstrip antenna
with the dimension of operating at the same fre-
quency. Another advantage of this antenna configuration is its
ability to operate at slightly different two resonant frequencies
corresponding to the two antenna elements. As mentioned in
Section I, the two ports of most conventional dual polarized
small-size microstrip antennas share a single top plate which
limits the level of size reduction. However, in the proposed de-
sign, each antenna element has its individual top plate. Since
the two antenna elements are physically separated, the change
in the geometry of an antenna element has a minimal impact
on the resonant frequency of the other antenna element. Fig. 12
shows simulated and of the proposed polarization
diversity antenna by varying . Fig. 12(a) and (b), respectively,
show variations in S-parameters when is increased or de-
creased by 5 mm from its nominal value. As expected, while the

Fig. 10. Simulated and of the proposed polarization diversity
antenna.

Fig. 11. Measured and of the proposed polarization diversity
antenna.

resonant frequency corresponding to the antenna element con-
nected to “port2” is slightly shifted, the other resonant
frequency related to “port1” doesn’t change. This charac-
teristic of the proposed topology can be utilized to design com-
pact tunable diversity antennas.
The diversity gain is a function of the antenna efficiency, en-

velope-correlation , and the relative signal strength levels
between the two received signals [12]. In order to achieve a re-
duction in signal fading and thus a higher level of diversity gain,
the following two conditions must be satisfied [4]:

and (1)

where is the average signal strength received at each branch
of the antenna and is envelope-correlation. The envelope cor-
relation can be obtained using radiation patterns or S-parameters
which are described in detail in [6] and [15], respectively. In this
paper, the envelope correlation is calculated from the S-param-
eters by using

(2)
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Fig. 12. Simulated and of the proposed polarization diversity
antenna with 5 mm (a) increased or (b) decreased .

TABLE I
DESIGN PARAMETERS AND THEIR VALUES OF THE PROPOSED POLARIZATION

DIVERSITY ANTENNA. ALL PHYSICAL DIMENSIONS ARE IN MM

The formula assumes uniformly distributed radio channel and
lossless antennas [16]. Based on [17], as the measured total
efficiency of the proposed antennas is high over the operating
impedance bandwidth, the effect of the losses on the diversity
performance is assumed to be small. Effective diversity gain
(EDG) can be obtained by using a selection combining criteria
with maximum apparent diversity gain at 1% outage rate [18].
The EDG is calculated by multiplying the diversity gain with
the radiation efficiency of the antenna element

(3)

where the relation between the complex cross-correlation
and envelope correlation is .
Fig. 13 shows the simulated radiation efficiency over the frac-

tional 3-dB return loss bandwidth of the proposed bowtie mi-
crostrip antenna. As the operating frequency increases, the ra-
diation efficiency of the antenna fed at Port 1 decreases slightly

Fig. 13. Simulated radiation efficiency of two antenna elements in the proposed
polarization diversity antenna.

Fig. 14. Envelope correlation between the two common aperture antenna
elements in the proposed polarization diversity antenna and its diversity gain.

Fig. 15. Measured radiation patterns (gain) on E-planes of two bow-tie mi-
crostrip antennas: (a) Port1: ON and Port2: OFF (50 terminated) and (b) Port1:
OFF (50 terminated) and Port2: ON.

due to higher ohmic loss and impedance mismatch in the CPW
transmission line that occupies a part of the antenna structure.
Fig. 14 shows the envelope correlation and EDG obtained from
measured S parameters and (2). It is found that the measured
envelope correlation between the two antenna elements is
lower than dB over the 10-dB return loss bandwidth of the
proposed microstrip antenna. Fig. 15 shows radiation patterns
on E-planes of the two bowtie microstrip antennas at 450 MHz.
For both antennas, the desired broadside radiation patterns and
the co- to cross-pol ratio of more than 10 dB are observed.
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Fig. 16. (a) Folded monopole antenna with omnidirectional radiation pattern
and (b) proposed bowtie microstrip antenna with broadside radiation pattern.

Fig. 17. Geometry and design parameters of the proposed pattern diversity
antenna.

B. Design of Pattern Diversity Antenna

This section presents a novel compact pattern diversity an-
tenna utilizing the proposed bowtie microstrip antenna. The pro-
posed pattern diversity antenna consists of the small-size bowtie
microstrip antenna and a folded monopole antenna placed in
the aforementioned open area between the two segments of the
small-size bowtie microstrip antenna. The broadside radiation
pattern of the bowtie microstrip antenna and horizontally om-
nidirectional radiation pattern of the folded monopole antenna
achieve the desired radiation pattern diversity. Fig. 16 shows the
folded monopole antenna and the small-size bowtie microstrip
antenna. The folded monopole antenna is based on the shorted

transmission line resonator. For the selection of the posi-
tions of shorting and feeding strips in the folded monopole an-
tenna, particular attention must be paid to minimize the unde-
sired radiation from the horizontal currents on the top strip [19],
[27]. Impedance matching to a 50 feed line can be obtained
by tuning and since a short segment can work
as an impedance transformer [20]. Fig. 17 shows the geometry
and design parameters of the proposed pattern diversity antenna.
The values of the design parameters are shown in Table II.
At the resonant frequency of the folded monopole

antenna, voltage is maximum and current is minimum in the
middle of the antenna, and thus input impedance at the node
in the middle toward the proposed bowtie microstrip antenna
is ideally infinite. This property can provide a desired low
envelope correlation for the proposed pattern diversity antenna.

TABLE II
DESIGN PARAMETERS AND THEIR VALUES OF THE PROPOSED PATTERN

DIVERSITY ANTENNA. ALL PHYSICAL DIMENSIONS ARE IN MM

Fig. 18. Simulated and of the proposed pattern diversity antenna.

Fig. 19. The measured and of the proposed pattern diversity
antenna.

However, it should be noted that the parasitic in-plane cou-
pling between the top plates of two antenna elements causes
a small increase in the envelope correlation. Fig. 18 shows
the simulated and of the proposed polarization
diversity antenna. Resonant frequencies of the two antenna
elements are tuned to 455 MHz at which the isolation between
two ports is dB. In Fig. 19, the measured S-pa-
rameters show good agreement with the simulated results.
The area of the proposed diversity antenna is just 32% of the
area of the conventional microstrip antenna with the dimen-
sion of . While the folded monopole antenna is
relatively broadband, the microstrip antenna is inherently a
narrowband antenna [20]. However, it is well known that the
narrow bandwidth of the microstrip antenna can be enhanced
by using broadband feeding structures such as the L-shaped
probe feeding technique [21], proximity coupling by etching
an H-shaped slot [22], and the capacitive feed technique [23].
For broadband diversity applications, the same approaches can
be also utilized for the proposed bowtie microstrip antenna.
Fig. 20 shows the simulated radiation efficiency over the

3-dB return loss bandwidth of the proposed bowtie microstrip
antenna. Fig. 21 shows envelope correlation and EDG obtained
from measured S parameters and (2). It is found that the mea-
sured envelope correlation between radiation patterns of
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Fig. 20. Simulated radiation efficiency of two antenna elements in the proposed
pattern diversity antenna.

Fig. 21. Envelope correlation between radiation patterns of two antenna
elements in the proposed pattern diversity antenna and its diversity gain.

Fig. 22. Measured radiation patterns (gain) on E-planes of the foldedmonopole
antenna and proposed bow-tie microstrip antenna: (a) Port1: ON and Port2: OFF
(50 terminated) and (b) Port1: OFF (50 terminated) and Port2: ON.

the two antenna elements is lower than dB over the 10-dB
return loss bandwidth of the proposed microstrip antenna.
Fig. 22 shows the measured radiation patterns on E-planes of
the folded monopole antenna and proposed bowtie microstrip
antenna. For the respective antenna element, the desired
omnidirectional or broadside radiation pattern is observed,
respectively. For all polarization and pattern diversity antennas
discussed in this paper, the ground plane with the dimensions
of 500 mm by 500 mm is used. It should be noted that if the
ground plane gets smaller than half wavelength ( mm at

450 MHz), impedance matching between antennas and feeds
needs to be redesigned and center frequency increases.

IV. CONCLUSION

Compact low profile common aperture polarization and pat-
tern diversity antennas employing a novel microstrip antenna
topology are presented. The proposed microstrip antenna con-
sists of two inverted L elements that stands back to back, pro-
ducing an open area between the two elements. Since the two
elements are magnetically coupled through the shorting strips
connected to each element, placing another planar antenna ele-
ment in the open area enables the design of compact diversity
antennas with low envelope correlation. It is shown that the area
of the proposed diversity antennas is just about 30% of the area
of the conventional microstrip antenna with the dimension of

. For both types of the proposed diversity antennas,
the envelope correlations lower than dB are achieved over
the 10-dB return loss bandwidth of the proposed small-size mi-
crostrip antenna. The size of the proposed antennas can be fur-
ther miniaturized by manipulating the degree of tapering in the
bow-tie shape and employing high-index material substrate
at the expense of bandwidth and gain drop.
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