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ABSTRACT A modified direct feeding structure is proposed in this paper to realize a compact
(45 × 45 mm2) wideband dual-polarized antenna with high isolation (33 dB) and low cross-polarization
(30 dB). Compared with the conventional crossed dipole antennas, two additional pairs of dipoles are
employed as coupling baluns as well as radiators. As a consequence, the proposed antenna with more
symmetrical structure has the advantages of both the direct feeding (DF) and the coupling feeding (CF)
structures, such as, balanced matching, high isolation, low cross-polarization, and compact size. Besides,
the gap structure between adjacent dipoles is designed in elliptical shape to further improve the impedance
matching. The proposed antenna realizes a wide impedance bandwidth over 51% (1.7–2.85 GHz) for VSWR
<1.5. It is worthmentioning that the compact size and high isolation could greatly reduce the element spacing
of beamforming antenna array. In order to investigate the performance of beamforming array, a two-element
array fed by the out-of-phase power divider network is developed. The lowest operating frequency can be
further extended to 1.6 GHz and the cross-polarization discrimination (XPD) is more than 10 dB within
±60◦ of the main lobe.

INDEX TERMS Modified direct feeding structure, compact, high isolation, wideband, dual-polarized.

I. INTRODUCTION
In order to meet the demand of 2G/3G/4G communication
systems, various kinds of broadband dual-polarized antennas,
covering 1.71-2.69 GHz, have been developed for wireless
communication base stations to alleviate the multipath fad-
ing and increase the channel capacity. In the outdoor base
station applications, stable HPBW of 65◦ ± 5◦ at the hor-
izontal plane is required. Moreover, in the indoor base sta-
tion applications, in order to achieve the specified radiation
pattern, smaller element spacing is desired to place more
antenna elements on a fixed-size metallic ground. Therefore,
designing dual-polarized wideband antennas with compact
size and high isolation is becoming a challenge for antenna
researchers.

Several types of broadband dual-polarized antennas are
proposed in references [1]–[15], including patch antennas,
magnetoelectric dipole antennas and crossed dipole antennas.

Patch antennas [1]–[3] have the advantages of compact size
and low profile. However, they have several weaknesses, such
as, high cross-polarization and large variations in gain and
beamwidth over the operating band. Magnetoelectric dipole
antennas are complicated in structure and large in size [4], [5],
although they can achieve wide bandwidth, high isolation
and stable radiation characteristics. Therefore, both the patch
antennas and themagnetoelectric dipole antennas are not suit-
able for the applicationswith the demands of wide bandwidth,
stable beamwidth and compact size.

Crossed dipole antennas [7]–[15] are widely used in wire-
less communication systems because of wide bandwidth,
good radiation characteristics, compact size and ease of con-
struction. These dipoles are fed by DF structures (with the
conductors of the coaxial cables connected directly to two
arms of dipoles) or CF structures (with the conductors of the
coaxial cables connected to the coupling baluns of antennas).
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Crossed dipole antennas in [9]–[12] using the DF structures,
are large in radiation aperture or high in profile to realize
impedance matching. Circular-shaped dipoles are employed
to achieve wide bandwidth characteristic in [9] and [10], and
the aperture is relatively larger compared with the square loop
dipoles. Antennas reported in [11] and [12] both have wide-
band performance at the cost of high profile and large volume.
It can be seen that the dipoles fed by DF structures are not
easy to realize balanced impedance matching, because the
conductors of the coaxial cables are connected directly to two
arms of the dipoles. Since the coupling baluns can improve
the impedance characteristics, the works in [13]–[15] using
CF structures, are relatively compact in size andwide in band-
width. However, the isolation deteriorates to around 27 dB
as two resonant frequencies of crossed dipoles move apart
to get wide bandwidth. Therefore, crossed dipole antennas
with DF or CF structures cannot well meet the requirements
of miniaturization applications, especially the indoor beam-
forming antenna array applications.

In this paper, a crossed dipole antenna usingMDF structure
is proposed to realize high isolation (33 dB) and compact size
(45× 45 mm2). Four pairs of square-shaped loop dipoles are
utilized in the proposed antenna fed by coaxial cable directly.
Compared with the conventional crossed dipole antennas
with two pairs of dipoles, two additional pairs of dipoles are
introduced to play the roles of coupling baluns and radiators
at the same time. The symmetrical structure improves the
isolation up to 33 dB. As a result, the proposed antenna
using the MDF structure achieves good characters of both
the DF and CF structures simultaneously, including balanced
matching, high isolation, low cross-polarization and compact
size. Besides, the gap structure of dipole arms adjacent to
each other is designed in elliptical shape to improve the
impedance characteristic. Therefore, the size of the antenna is
further reduced to 45× 45 mm2 (0.25λL× 0.25λL, where λL
is the free-space wavelength at 1.7 GHz, the lowest operating
frequency) with VSWR < 1.5, due to the MDF structure and
elliptical-shaped (ES) gap structure.

FIGURE 1. Structure of the proposed antenna.

II. ANTENNA ELEMENT DESIGN
A. STRUCTURE OF ANTENNA ELEMENT
The overall structure of the proposed antenna is shown
in Fig. 1. It consists of one substrate printing four pairs of
loop dipoles, two coaxial feeding cables, and a box-shaped

reflector. For the substrate, there are two pairs of loop dipoles
printed on top layer of the substrate, and two pairs of loop
dipoles printed on bottom layer of the substrate. These four
pairs of dipoles are fed by two coaxial cables. The substrate
is supported by four plastic posts above the reflector.

FIGURE 2. Detailed geometry of the proposed antenna. (a) Side view.
(b) MDF structure. (c) Top view. (d) Bottom view. (Unit: mm. L = 45,
W = 0.5, G1 = 0.5, G2 = 3.9).

The detailed structure of the antenna is shown in Fig. 2.
All the loop dipoles are printed on a FR-4 substrate with
a dielectric constant εr = 4.4, a loss tangent of 0.02, and
a thickness of 1 mm, and the analyses are carried out by
Ansys HFSS. Each layer of the substrate has two crossed
dipoles printed with the same size and shape. Two pairs of
loop dipoles are fed directly by coaxial cables, and the other
two pairs of dipoles are connected to the two former pairs by
eight shorted vias. The outer conductor of the coaxial cable
is connected to one arm of the loop dipole on the bottom of
the substrate. The inner conductor is extended through the
substrate and connected to the other arm by a metallic strip.
In order to avoid overlap, one of themetallic strips is modified
by printing its partial line on the bottom layer of the substrate,
and a metallic via is used to connect the upper and bottom
parts of the feeding metallic strip. Beneath the substrate,
a square box-shaped reflector is employed with a distance
H = 35 mm (about 0.25λ0, where λ0 is the free-space wave-
length at 2.2 GHz) to realize a unidirectional radiation. The
size of the reflector is 145× 145 mm2 and the height of wall
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is 5 mm. Due to the symmetry of the structure of the antenna,
there are the same performance for two ports. Therefore, all
the analyses of the proposed antenna are implemented on
port 1 in the following content.

B. ANALYSIS OF ANTENNA ELEMENT
As is well known, the crossed dipole antenna is composed
of two pairs of dipole antennas, which are placed orthogo-
nally to each other to achieve dual polarization. According
to [7] and [8], when one pair of dipoles is driven, the crossed
one behaves as a parasitic element. As a result, the impedance
bandwidth is widened intensively due to the utilization of
strong coupling between the driven element and the parasitic
element. However, the bandwidth of the loop dipoles is still
not wide enough to cover 1.7-2.7 GHz. In order to improve
the bandwidth and impedance matching, several different
gap structures between the crossed dipoles are proposed
in [8]–[10] and [15]. Stepped gap structures are applied in [8]
and [15] to adjust two resonant modes, while wedge-shaped
gaps are adopted in [9] and [10] to widen the impedance band-
width. It can be seen that all these approaches are designed
to add one more degree of freedom to control two resonant
modes. These two resonantmodes aremoved apart by altering
the gap structures to gain wider impedance bandwidth. In this
paper, the gap structure in elliptical shape is proposed. The
gap width increases gradually from the center to the edge of
the antenna. Technically, the wedge-shaped and stepped gap
structures are the special cases of the ES gap structure. The
ES structure is modified from the wedge-shaped gap structure
by changing the straight lines into curved lines, which adds
one more degree of freedom to realize impedance matching.
For the antenna with stepped structure, as the number of steps
increases, the performance becomes closer to that of antenna
with ES gap structure.

FIGURE 3. Structures of four types of antennas, (a) Type I: square loop
dipoles, (b) Type II: CF structure, (c) Type III: DF structure, (d) Type IV: MDF
structure (the proposed antenna). (Unit: mm).

Four types of antennas with the same height (H = 35 mm)
are designed to demonstrate the evolution of the proposed
antenna using the MDF structure, as shown in Fig. 3.

Type I antenna consists of the square loop dipoles and CF
structure. Compared with Type I, ES gap structure is adopted
in Type II, without changing any other structures. Type II,
III and IV has the same loop dipole structures with different
parameter values, and are fed by CF, DF andMDF structures,
respectively. Noting that the loop dipoles of Type I, II, III
antennas are printed on the bottom layer of the substrate,
while the loop dipoles of the proposed Type IV antenna are
printed on both the top and bottom layer of the substrate. The
sizes of Type I and II are both 49 × 49 mm2, while the size
of Type III and Type IV are 45× 45 mm2.

FIGURE 4. Simulated Results of four types of antennas. (a) VSWR.
(b) Isolation. (c) Cross-polarization.

The simulated VSWR, isolation and cross-polarization of
Type I, II, III, and IV (proposed antenna) are shown in Fig. 4.
It can be seen that Type I is easy to realize unbalanced-
to-balanced matching and high isolation (30 dB), but the
impedance bandwidth is only 1.7-2.55 GHz which cannot
occupy the range of 1.7-2.7 GHz. This simulated result val-
idates the conclusion in [15]. Furthermore, the impedance
bandwidth of Type II, III and IV with ES gap structures can
be enhanced to 1.7-2.85 GHz (fractional bandwidth 51%).
Compared with Type I, although the impedance bandwidth
is broadened, the isolation of Type II deteriorates to around
27 dB as two resonant modes moves apart to get wide band-
width [13]–[15]. The gap structure is adjusted to control
the coupling between the crossed dipoles, and two resonant
modes are moved apart to get wide bandwidth by increasing
the gap width. However, as the gap becomes wider, the isola-
tion between two ports would deteriorate. Likewise, the iso-
lation of the proposed antenna is also influenced by the wider
gap width, which will be analyzed in the following content.
Fortunately, the proposed antenna maintains higher isolation
because of the more symmetrical and compact structure.
In order to miniaturize radiation aperture (45 × 45 mm2),
the DF structure is utilized in Type III with the bandwidth
no change, and the VSWR worsens to more than 1.5 because
of the unbalanced matching [11]. The antennas with DF
structures are more compact, because they use the feeding
structure as part of the radiator.

It is worth noting that, although the proposed antenna
(Type IV) is fed directly by coaxial cables similarly to
Type III antenna, two additional pairs of dipoles are employed
as coupling baluns and radiators simultaneously. Firstly, these
two additional pairs of dipoles play the roles as parts of
radiator, just like another two pairs of dipoles. Secondly,
by introducing capacitive coupling to the antenna, these two

66398 VOLUME 6, 2018



Y. Zhang et al.: Compact Wideband Dual-Polarized Antenna With High Isolation Using MDF Structure

additional pairs of dipolesmake the antennawithDF structure
able to realize unbalanced-to-balanced matching. As a conse-
quence, the proposed antenna with more symmetrical struc-
ture has the advantages of both the DF and CF structures, such
as, balanced matching, high isolation, low cross-polarization
and compact size.

TABLE 1. Comparison Of four type antennas.

The comparison of bandwidth, isolation, cross-polarization
and aperture among the four types of antennas is summarized
in Table 1. It is clear that the proposed antenna (Type IV)
has a wide bandwidth of 1.7-2.85 GHz, highest isolation of
more than 33 dB, lowest cross-polarization of 30 dB and
smallest aperture of 45 × 45 mm2. The radiation patterns
comparison between the propose antenna and Type II antenna
in horizontal plane (ϕ = 90◦) at 1.7, 2.2 and 2.7 GHz
are shown in Fig. 5. It is clear that the cross-polarization
and XPD of the proposed antenna are better than that of
Type II antenna, especially in the higher band. Moreover, the
co-polarization is more symmetrical at 2.7 GHz and more
stable within the whole working frequencies.

FIGURE 5. Radiation patterns comparison between the proposed antenna
and Type II antenna at the horizontal plane at (a) 1.7 GHz, (b) 2.2 GHz and
(c) 2.7 GHz.

Fig. 6(a), (b), (c) and (d) show the impacts of parameters
L,W, G1 and G2, respectively, on VSWR and isolation. It can
be seen from Fig. 6(a) that the lower resonant frequency
moves downwards the lower frequency as L increases, while
the isolation has almost no change. In the Fig. 6(b), the lower
resonant frequency moves downwards the lower frequency
as W decreases, while the isolation improves a little in higher
frequency band. In order to achieve compact size, reasonable
bandwidth and high isolation, L and W are set 45 mm and
0.5 mm, respectively. As shown in Fig. 6(c), the impedance
matching of two resonant frequencies can be adjusted by G1.
Here, G1 is set 0.5 mm to ensure two resonant frequen-
cies match well at the same time to gain wide bandwidth.
As plotted in Fig. 6(d), two resonant modes move apart and
the bandwidth becomes wider when G2 increases, but the
isolation and the impedance matching would deteriorate. For
obtaining high isolation and wide bandwidth, G2 is set an

FIGURE 6. Impacts of (a) L, (b) W, (c) G1 and (d) G2 on VSWR and
isolation.

optimized value 3.9 mm. Therefore, we can conclude that the
lower resonant frequency is mainly controlled by L and W,
the higher resonant frequency can be adjusted by G1 and G2,
and the isolation is mainly influenced by G2.

FIGURE 7. The fabrication of the proposed antenna

FIGURE 8. Simulated and measured (a) VSWR and isolation and
(b) HPBW and gain of the proposed antenna.

C. PERFORMANCE OF ANTENNA ELEMENT
The prototype and fabrication of the proposed antenna are
depicted in Figs. 1 and 7, respectively. The measured results,
including VSWR, isolation, gain, and radiation patterns, are
obtained by an Agilent network analyzer (Agilent N5230A)
and a far-field measurement system (NSI 2000). Fig. 8(a)
shows the simulated and measured VSWR and isolation
of the antenna element. Because the isolation is related with
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the gap near the feeding structure, the deviation between
the simulated and measured results could be attributed to
SMA connector and fabrication tolerance. The overlapped
impedance bandwidth of two ports is from 1.7 to 2.85 GHz
with VSWR < 1.5, while the isolation is greater than 33 dB.
The simulated and measured gain and HPBW at the horizon-
tal (ϕ = 90◦) plane versus frequency are depicted in Fig. 8(b).
The measured gain is 8.5 ± 0.6 dBi from 1.7 to 2.7 GHz,
which meets the simulated one, 8.6± 0.4 dBi. The measured
HPBW is 66.5◦ ± 2.5◦ at the horizontal plane, agreeing
with the simulated result, 67.5◦ ± 2.5◦. The simulated and
measured radiation patterns at the horizontal plane at different
frequencies of 1.7, 2.2, and 2.7 GHz are plotted in Fig. 9,
which shows that the antenna has stable radiation patterns
with low cross-polarization (30 dB) across the entire bands
of 2G/3G/4G. The measured radiation patterns agree well
with the simulated ones. It is worth mentioning that the
proposed antenna achieves more stable cross-polarization
discrimination (XPD) than CF crossed dipoles within ± 60◦.

FIGURE 9. Simulated and measured radiation patterns at the horizontal
plane at (a) 1.7 GHz, (b) 2.2 GHz and (c) 2.7 GHz.

TABLE 2. Comparison Of different feeding structures.

Table 2 presents a comparison of some reported anten-
nas [9]–[15] and the proposed antenna. All the reference
antennas are printed on substrates and excited with the DF
structures or the CF structures. The antennas in [9]–[12]
using the DF structures, realize wideband unbalanced-to-
balanced matching at the price of large radiation aperture or
high profile. The works in [13]–[15] using the CF structures,
have compact size and wide bandwidth while their isolations
are not good enough (around 27 dB). It can be seen clearly
that the proposed antenna using the MDF structure has the
advantages of the smallest aperture size and relatively high
isolation and low cross-polarization.

III. ANTENNA ARRAY
In order to investigate the performance of adjacent elements
in the beamforming antenna array, a two-element array is
designed as a demonstration.

FIGURE 10. Configuration of the two-element array. (a) The proposed
array. (b) The Type II array. (c) Configuration of the divider network.

A. DESIGN OF ANTENNA ARRAY
The proposed two-element antenna array is shown
in Fig. 10(a). It consists of two antenna elements designed in
the Section II. These two antenna elements are fed by an out-
of-phase power divider, shown in Fig. 10(c), and are placed
away from each other with the distance of Ls. As reference,
the Type II antenna array composed of two type II antenna
elements, is shown in Fig. 10(b). In order to achieve more
stable and symmetrical radiation patterns and suppress the
cross-polarization of the array, the feeding portions of these
two elements are located at opposite directions [1].

FIGURE 11. Simulated isolation of the Type II array and the proposed
array in the distance of (a) Ls = 80mm, (b) Ls = 100mm and
(c) Ls = 120mm.

Fig. 11 shows the simulated isolation of the Type II array
and the proposed array in different distances. In the distance
of Ls = 80, 100 and 120 mm, the isolations of the proposed
array are higher than 22, 25 and 26 dB, while the isolations
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of the Type II array are higher than 19, 22 and 24 dB. It can
be observed that the proposed array achieves higher isolation
than the Type II array, especially in the lower frequency band.

FIGURE 12. The (a) CP and XP and (b) XPD = CP(dB) - XP(dB) of the
proposed array from 1.7-2.7 GHz.

FIGURE 13. The XPD of the Type II array and the proposed array with the
distance Ls = 100 mm.

The co-polarization (CP) and cross-polarization (XP)
are plotted in Fig. 12(a), and the CP is stable while the
XP become a little worse with the frequency increasing.
The cross-polarization discrimination (XPD) [17] is plotted
in Fig. 12(b), and the XPD changes with the frequency
increasing. Fig. 13 shows the simulated XPD of the Type II
array and the proposed array with the distance Ls= 100 mm.
The XPD of the proposed array are higher than 10.5 dB,
and the XPD of the Type II array are higher than 8.8 dB.
Compared with the Type II array, the proposed array has
higher XPD, which is more than 10.5 dB within ± 60◦ of
the main lobe at the horizontal plane.

FIGURE 14. The fabrication of the proposed two-element antenna array.

B. PARAMETERS OF ANTENNA ARRAY
The prototype and fabrication of the proposed two-element
array are depicted in Figs. 10(a) and 14, respectively.

FIGURE 15. Simulated and measured (a) VSWR and isolation and
(b) HPBW and gain of the proposed array.

FIGURE 16. Simulated and measured radiation patterns at the horizontal
plane at (a) 1.7 GHz, (b) 2.2 GHz and (c) 2.7 GHz.

FIGURE 17. Simulated and measured radiation patterns at the vertical
plane at (a) 1.7 GHz, (b) 2.2 GHz and (c) 2.7 GHz.

For verification, the distance Ls = 100 is selected. Fig. 15(a)
shows the simulated and measured VSWR and isolation of
the two-element antenna array with the out-of-phase power
divider matching network. The total bandwidth is broadened
to 1.6-2.95 GHz (59.3%), and the isolation (25 dB) is still at
a relatively high level under the condition of Ls = 100 mm
(0.53λL, λL is the free-space wavelength at 1.6 GHz). The
simulated and measured gain and HPBW at the horizontal
plane versus frequency are depicted in Fig. 15(b). The mea-
sured gain is 10.5± 1.3 dBi from 1.7 to 2.7 GHz. It is around
0.5 dB lower than the simulated gain, mainly because of the
insertion losses cost by the power divider network and coaxial
cable. The measured HPBW is 66.5◦ ± 3.5◦ at the horizontal
plane (ϕ = 90◦), agreeing well with the simulated result. The
simulated and measured radiation patterns at the horizontal
plane at 1.7, 2.2, and 2.7 GHz are plotted in Fig. 16. It can
be seen that the measured XPD is more than 20 dB at the
boresight and more than 10 dB within ± 60◦. The simulated
and measured radiation patterns at the vertical plane at 1.7,
2.2, and 2.7 GHz are plotted in Fig. 17. As shown in Fig. 17,
since the array spacing is small, the radiation patterns at the
vertical plane has low sidelobes. The small spacing and low
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sidelobes could make contribution to indoor beamforming of
antenna array.

IV. CONCLUSION
A compact wideband dual-polarized antenna with high
isolation using MDF structure is proposed in this paper.
The antenna achieves a wide impedance bandwidth
of 1.7-2.85 GHz for VSWR < 1.5 with the miniaturized size
of 45 × 45 mm2 and high isolation of more than 33 dB.
A two-element array with a small distance Ls = 100 mm
configured by out-of-phase power divider is developed. High
isolation of 25 dB and broadened bandwidth of 1.6-2.95 GHz
(59.3%) are obtained. Therefore, the proposed antenna could
be a good candidate for base station applications, especially
the indoor beamforming antenna array applications.
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