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Design of a New Dual-Frequency and
Dual-Polarization Microstrip Element

Reuven Shavit, Senior Member, IEEE, Yuval Tzur, and Danny Spirtus, Associate Member, IEEE

Abstract—A new type of a dual-frequency and dual-linear-po-
larization multilayer stacked microstrip antenna element is pre-
sented. The feeding mechanism of the element is aperture cou-
pling for one polarization and direct feeding for the orthogonal
polarization. The microstrip element exhibits a wide band of op-
eration, high isolation between ports, and high radiation efficiency
for both polarizations compared to other type of elements. A para-
metric study was conducted using a commercial software based on
method of moments (MoM) algorithm and is presented. A pro-
totype with dimensions based on the simulations was built and
tested. The agreement between the measured and numerical re-
sults is good.

Index Terms—Dual frequency, dual-polarization, microstrip an-
tenna, multilayer.

I. INTRODUCTION

M ICROSTRIP patch antenna elements are very popular
in wireless communication system applications. They

offer an attractive way to integrate the radio frequency (RF)
front end of the system with the radiating antenna and achieve
a low profile, low weight, easy fabrication, and low-cost
solution. In the design of a dual-frequency and dual-polar-
ization microstrip antenna, a few concerns are addressed:
frequency bandwidth for both polarizations, isolation between
ports, radiation efficiency, and feeding mechanism, which
will guarantee minimum losses, minimum stray radiation, and
avoid topology problems in an array application. A simple
microstrip patch antenna element has a relatively narrow
frequency bandwidth (less than 5%), which in most wide band
applications is insufficient. Parasitic patches/dipoles on top or
aside the driving patch/dipoles [1]–[4] are a possible solution
to this deficiency. The parasitic patches/dipoles load reactively
the driving patch/dipole in a way that widens the frequency
bandwidth of the element. There are numerous ways to feed
the microstrip patch, such as direct coaxial feeding [5] or direct
microstrip feeding [6], aperture coupling to a microstrip line
[7], aperture coupling to a stripline [8], and electromagnetic
coupling [9]. A one-layer direct feeding for dual-polarization
array application encounters feeding network topology diffi-
culties. It is clear that the proper way to avoid this difficulty is
to use a multilayer feeding network structure. In this case, the
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real challenge is to transfer the energy from layer to layer with
minimal losses. The obvious possibility for the energy transfer
among layers is to use vias (conductive pins). However, this
mechanism is lossy, has low isolation between adjacent ports,
and adds complexity to the fabrication process. Accordingly,
aperture or electromagnetic coupling among layers seems to
provide the correct solution.

In this paper, we present a new dual-frequency and dual-po-
larization microstrip element. Two stacked parasitic patches are
used to independently control the frequency bandwidths of the
two feeding ports of the microstrip element. The feeding ele-
ment mechanism is based on aperture coupling for one polar-
ization and direct feeding for the orthogonal polarization. This
concept results in a multilayer structure with different dielec-
tric constants. The computation of the radiation parameters and
currents was conducted using theIE3D commercial software
from Zeland, which is based on a MoM algorithm. A parametric
study on the parasitic patch dimensions and the layers thick-
ness was performed to obtain optimum performance of the re-
turn loss (two polarizations), maximum radiation efficiency, and
the maximum isolation between the input ports. A prototype of
the element in the Ku band was built and tested. The agreement
between the computed and the test results is good.

II. A NALYSIS

Fig. 1 shows the basic structure of the proposed element. The
driven rectangular patch dimensions are and , in which

stands for the resonant length indirection (port 1) and
for the resonant length in direction (port 2). The patch is

printed on a dielectric layer with thickness , dielectric con-
stant , and loss tangent . The patch is driven directly
by a microstrip line at port #1 and is aperture coupled at port
#2. The two orthogonal feeding mechanisms at the two ports
generate radiation in two polarizations and in two frequency
bandwidths. The dimensions and control the central
frequencies of each frequency band. A slot in the ground plane
with dimensionsSL(slot length) andSW(slot width) is driving
the patch at port #2. The slot is electromagnetically excited by
a stripline embedded in a dielectric layer with thickness, di-
electric constant , and loss tangent . Unfortunately, the
stripline structure supports, in addition to the desired stripline
transverse electromagnetic (TEM) mode, an additional parallel
plate TEM mode. The generation of the parallel plate mode may
be detrimental to the feeding network losses, therefore its ex-
citation has to be avoided. This mode is excited near stripline
discontinuities and in the slot close proximity. A possible way
to suppress the generation of the parallel plate TEM mode is
to insert metallic vias on both sides of the slot [10]. These vias
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Fig. 1. Geometry of the dual-frequency, dual-polarization microstrip antenna.

Fig. 2. Current distribution at 11.2 GHz with port #2 excited.

suppress the parallel plate mode, but allow propagation of the
stripline TEM mode.

The use of stacked parasitic patches to increase the frequency
bandwidth of a single polarization microstrip element is well
documented in [11] for direct feeding, in [1] for aperture-cou-
pled feeding, and in [3] for electromagnetic coupling. However,
it turns out that the optimum substrate geometry for the aperture
coupled feeding mechanism is different from that for the direct
feeding mechanism. Accordingly, one parasitic patch cannot
accommodate optimum performance for both feeding mecha-

nisms. The solution is to use two parasitic patches at different
levels above the driven patch and control independently the two
frequency bands. The lower parasitic patch dimensions are (,

) and is separated from the driven patch by a dielectric layer
with thickness and electrical properties ( , ). The
top parasitic patch dimensions are (, ) and is separated by
two dielectric layers with thickness and , with electrical
properties ( , ) and ( , ), respectively. The top
dielectric substrate with thickness and electrical properties
( , ) are only for protection purposes.
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Fig. 3. Current distribution at 14.25 GHz with port #1 excited.

Fig. 4. Return loss at port #1 and #2 with and without the top and bottom parasitic patches.

The element was designed to operate between 10.9–12.7 GHz
at port #2 and 14–14.5 GHz at port #1. To reduce the fabrica-
tion cost of the element, low-cost materials were considered.
Thus, the stripline substrate chosen was RO4003 from Rogers
with mm and electrical properties ,

. The driven patch was printed on MX-243 from
Metclad with mm and electrical properties

, . The substrate above the driven patch is
foam with mm and electrical properties ,

. The low parasitic patch is printed on a thin
substrate of MX-280 from Metclad with mm and

electrical properties , . The top para-
sitic patch is separated from the low parasitic patch by a foam
substrate with mm and electrical properties

, . The top layer is RO4003 with
mm and electrical properties , .

The slot dimensions were chosen to be mm,
mm. The driven patch dimensions were mm

and mm. The dimensions of the lower parasitic
patch were mm, mm and those of the top
parasitic patch were mm, mm. The vias
diameter is 0.3 mm and theirs center to center spacing is 0.8 mm.
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Fig. 5. Return loss at port #2 with and without the conductive vias on both sides of the slot.

Fig. 6. Copol(E ) and Xpol(E ) element radiation patterns at 11.25 and 14.25 GHz.

To obtain matching to a 50-impedance level at both ports,
microstrip transformers and parallel stubs were used. The length
of the transformer at port #1 is 2.6 mm and its width is 0.8
mm, while at port #2 the length is 3 mm and the width is 2.36
mm. The matching stubs used on both ports are based on 50-
characteristics impedance microstrip and stripline with dimen-
sions: width of 0.52 and 0.92 mm, and length of 1.25 and 0.81
mm, respectively. The distance between ports was 14.2 mm.

The performance of the element was computed using the
IE3D software fromZeland.The software is based on MoM+al-
gorithm optimized for multilayer structures. Figs. 2 and 3 show
the current distribution at 11.2 and 14.25 GHz on the driven

and the parasitic patches for excitation at ports #2 and #1,
respectively. One can observe that at 11.2 GHz, only the driven
and top parasitic patches are excited, while at 14.25 GHz, only
the driven and low parasitic patches are excited, emphasizing
the orthogonal effect of the low and top parasitic patches on
the two polarizations and dual-frequency bands. This behavior
is also emphasized in Fig. 4, which displays the return loss at
both ports with and without the top or low parasitic patches
compared to the element with both parasitic patches. Again,
one can observe the deterioration in performance on the low-
and high-frequency bands in the absence of the top or bottom
parasitic patches. Fig. 5 shows the effect of the conductive vias
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Fig. 7. The effect of the coupling slot length variation (�10%) on the return loss at port #2.

Fig. 8. Effect on the return loss at both ports with the top parasitic patch length,L variation.

on the return loss at port #2. One can notice deterioration in per-
formance without their existence, which is a clear indication of
the parallel plate mode excitation. The radiation characteristics
of the radiating element are shown in Fig. 6. One can observe
almost no variation in the Copol radiation patterns at

the center frequencies 11.25 and 14.25 GHz of the two ports.
However, significant difference can be noticed in the Xpol
levels at the two ports. The Xpol level on the boresight axis at
port #2 at 11.25 GHz is dB, while the Xpol level at port
#1 is dB. This difference can be attributed to the fact that
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Fig. 9. The effect on the return loss at both ports with the bottom parasitic patch length,L variation.

the feeding line at port #2 is shielded (stripline) and no feeding
line radiation exists. In this case the Xpol level is determined
solely by the radiating element, which is very low. At port
#1 the Xpol radiation is dominated by the radiation from the
microstrip feeding line and, accordingly, its level is higher.

III. PARAMETRIC STUDY

In this section, we will consider the sensitivity of the device
parameters to changes in the element dimensions. Fig. 7 shows
the effect on the return loss due to the coupling slot length vari-
ation ( 10%). One can observe that the center frequency in-
creases or decreases in proportion to the slot length and total
bandwidth narrows in both cases. Fig. 8 shows the effect on the
return loss at both ports for the top parasitic patch length,
variation. It is interesting to note that this variation has almost
no effect on the performance at port #1, which reinforces the
assumption of orthogonal effect of the two parasitic patches on
the two frequency bands. An increase or decrease in the center
frequency proportional to the parasitic patch length,can be
noticed. Fig. 9 shows the effect on the return loss at port #1 for
the bottom parasitic patch length, variation. The effect is sim-
ilar to that shown in Fig. 8, with ports #1 and #2 interchanged. It
can be noticed that variation of has a minimal impact on the
performance at port #2 (lower frequency band). Figs. 10 and 11
show the effect on the return loss on both ports for variation of
the foam thickness layers and , respectively. As expected,
the effect of the top layer thickness variation is more signifi-
cant in the low frequency band (port #2), while it has a minimal
effect on the upper frequency band (port #1). In analogy, varia-
tion of , affects the performance at port #1 and has a minimal
effect at port #2.

A prototype of the element was built and tested. The multi-
layer substrate dimensions were cm. Fig. 12 shows the
comparison of the measured and computed results of the return
loss frequency dependence at both ports and the isolation be-
tween the two ports. One can observe a better agreement of the
computed and measured return loss results at port #1. The trend
of the measured and computed return loss results at port #2 is
good even though the absolute values are not in good agree-
ment. The possible reason for the disagreement is insufficient
suppression of the parallel plate mode, which is reflected from
the edges of the prototype. This phenomenon cannot be identi-
fied in the computation, which assumes infinite substrate layers
and as such avoids reflections from the edges. The measured and
computed results of the isolation is in good agreement and
shows isolation better than 60 dB in the upper frequency band
and better than 45 dB in the lower frequency band. Compar-
ison simulations conducted with the same device but coaxially
fed on both ports result in isolation of only 25 dB in the lower
frequency band and 35 dB in the upper frequency band. A para-
metric study of the distance between the feeding ports proved
that the isolation between ports is almost independent on the
distance between the feeding ports due to the physical separa-
tion of the stripline feeding port from the direct feeding port.
In case of direct feeding for both polarizations (ports), the iso-
lation is highly dependent on the distance between ports, since
they coexist on the same substrate. These results prove the ad-
vantage of the proposed feeding technique (aperture coupling
combined with direct feeding) compared to the direct feeding
(coaxial or microstrip). Fig. 13 shows the frequency dependence
of the measured and computed gain of the element at both ports.
The maximum gain obtained at both ports is 7.5–8 dBi. As can
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Fig. 10. Return loss at port #1 and #2 with variation of the foam thickness layerH .

Fig. 11. Return loss at port #1 and #2 with variation of the foam thickness layerH .

be noticed, the agreement between the computed and measured
results is better at port #1. The disagreement at port #2 may
be caused from the same reasons mentioned previously: insuffi-

cient suppression of the parasitic parallel plate mode and diffrac-
tion from the prototype edges, which adds additional losses to
the system.
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Fig. 12. Computed and measured results of the return loss (S andS ) and the isolation(S ) between the two ports.

Fig. 13. Computed and measured gain at the two ports of the element.
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IV. CONCLUSION

A new type of a dual-frequency and dual-linear polarization
multilayer stacked microstrip antenna element was presented.
The microstrip element exhibits a wide band of operation, high
isolation between ports, and high radiation efficiency for both
polarizations compared to other types of elements. A parametric
study was conducted using a commercial software based on
MoM algorithm. A prototype with dimensions based on the sim-
ulations was built and tested. Conductive vias were used in the
stripline feeding structure to suppress the parasitic parallel plate
mode. However, the test results show that there is still place for
improvement. The agreement between the measured and numer-
ical results is fairly good.
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