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ABSTRACT A novel bandwidth-enhanced dual-polarized antenna (BEDPA) with symmetrical closed-
resonant-slot pairs for 2/3/4G and international mobile telecommunications bands is proposed. The BEDPA
is realized by etching closed slots symmetrically on the conventional cross-dipole broadband dual-polarized
antenna to increase a new resonant mode in the higher band. As simulation and experiment indicated,
the BEDPA obtains an impedance bandwidth of 67.3% (1.4 — 2.82 GHz) for VSWR < 1.5, which is
11.5% wider than the conventional cross-dipole broadband dual-polarized antenna, and a high port-to-port
isolation (ISO) > 38 dB. Over the operating frequency, the BEDPA achieves a stable radiation pattern
with a half-power beamwidth (HPBW) within 64.5 + 4.5°, a gain within 8.9 £ 0.7 dBi, and a cross-
polarization discrimination (XPD) > 22 dB. Furthermore, a linear array with an impedance bandwidth
of 73.1% (1.37 — 2.95 GHz) and an ISO > 27 dB is fabricated for the active antenna unit application.
The linear array achieves a HPBW within 64 &+ 6.5°, a gain within 16.5 £ 1.5 dBi, a sidelobe suppression
(SLS) > 16 dB, and a front-to-back ratio (F/B) > 24 dB.

INDEX TERMS Bandwidth enhancement, dual-polarized antenna, multiple resonant modes, closed resonant

slot.

I. INTRODUCTION
The broadband dual-polarized antennas have been proposed
for 2/3/4G bands (1.71 — 2.69 GHz) [1]-[12], and widely
used to boost channel capacity in the base stations for mobile
communication by reducing multipath effects. At the inter-
national radio communication conference of international
telecommunication union (ITU) in 2015, 1.427 — 1.518 GHz
was defined as the globally uniform frequency of interna-
tional mobile telecommunications (IMT) to meet an increas-
ing demand for both wireless communications and outdoor
signal coverage. Therefore, it is important to develop a
dual-polarized antenna for 1.427 — 2.69 GHz.
Bandwidth-enhanced dual-polarized antennas (BEDPAs)
with operating bandwidth from1.427 to 2.69 GHz have just
been proposed in the last year. In [13], Cui et al. pro-
posed a four-leaf clover BEDPA covering 1.39 — 2.8 GHz,
where U-shaped slots to radiator were used to shorten
the current path for high frequency and a parasitic ele-
ment of four disks above the radiator were used to change
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the impedance matching. However, the antenna structure is
complicated and the feeding method is difficult to solder.
Zhang et al. has proposed a compact dual-polarized antenna
to achieve a bandwidth of 68% (1.427 — 2.9 GHz) [14],
where its radiator is designed as the spline-edged bowties
and fed by tapered impedance matching lines. However,
the port-to-port isolation (ISO) is only 20 dB. Reference [15]
has proposed two types of BEDPAs. Type I introduced a
parasitic loop below two crossed dipoles and a parasitic
disk with four parasitic strips above to achieve a wide
frequency band of 64% (1.4 — 2.75 GHz) with an ISO
being 30 dB, but the antenna size is 0.931¢ x 0.931¢ x 0.381¢
(Ao is the wavelength corresponding to 2.1 GHz in free
space). Type II was composed of a pair of perpendicularly
crossed dual parallel dipoles. To achieve enhanced bandwidth
1.4 — 2.7 GHz, a parasitic circular disk was introduced
above the cross-dipole elements. However, Type I is limited
by larger size and complex structure, while Type II has an
unstable radiation pattern due to the orthogonal component
of the surface current.

An ultra-wideband notch antenna is proposed in [16] by
etching a half wavelength slot on the antenna to generate
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FIGURE 1. Configuration of the cross-dipole broadband dual-polarized
antenna.

a resonant mode. It is also an effective method to broaden
the input impedance by generating a new resonant mode
for cross-dipole broadband dual-polarized antenna. In this
paper, a high-performance BEDPA with symmetrical closed-
resonant-slot pairs is proposed. An enhanced bandwidth from
1.40 GHz to 2.82 GHz with VSWR < 1.5 is realized, where
closed resonant slots symmetrically etched on the cross-
dipole broadband dual-polarized antenna to generate a new
resonant mode. The fundamental principle is described in
section II. The BEDPA element and a linear array are pre-
sented in section III. The conclusion is demonstrated in
section I'V.

Il. OPERATING PRINCIPLE

A. DUAL-POLARIZED ANTENNA CONFIGURATION

As illustrated in Fig. 1, a conventional cross-dipole broad-
band dual-polarized antenna designed consists of a radiator,
two baluns, a bedframe and a reflector. The radiator is fixed to
the bedframe by the perpendicularly crossed baluns, and the
reflector is placed below the bedframe. The radiator consists
of a pair of orthogonal crossed dipoles which are printed on
the upper surface of the substrate (relative dielectric constant
& = 2.66 and thickness = 1 mm, same as below). One dipole
is for 445° polarization and the other is for —45° polar-
ization. In order to achieve a better impedance matching,
the gap between the adjacent dipole arms is designed as a
two-step structure in both different widths. At the same time,
an arrow-shape patch is designed at the both end of the dipole
arms. Therefore, the arm shape of the dipole is a combination
of diamond-shape and arrow shape. The configuration of
the baluns is similar to that in [5]. The height of balun is
35.5 mm (0.251¢). With a I'-shaped feeding line printed on
the front side and two patches on the back side, a substrate
is contributed to the main structure of the balun. I'-shaped
feeding line is connected with 50 €2 coaxial cables, and the
patches are electrically connected to the radiator and ground
plane of the bedframe. Balun-feeding structure contributes to
achieve a high ISO than the conventional coaxial feed for
antenna. Port 1 is connected to the balun 1 for the +45°
polarization feed, and port 2 is connected to the balun 2 for
the —45° polarization feed.
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TABLE 1. The parameters of cross-dipole broadband dual-polarized
antenna (unit: mm).

Parameter  Value Parameter Value Parameter Value
H, 35.5 W, 4.26 L 13.8
L. 170 W3 6 L 7.6
L, 71 Ly; 22 Ly 7.8
L, 10 Ly 14.8 Wi 2.7
L, 304 Lps 7.6 Wes 1.6
L3 15.3 Ly 9.3 Wei 2.5
L,y 16.9 W, 2.7 Wz 15
L;s 7.5 W 1.6 Hy 34.5
W1 1.64 Le¢; 23
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FIGURE 2. (a) VSWR and (b) Input impedance of the
single-dipole/cross-dipole broadband dual-polarized antenna.

The dual-polarized antenna is simulated and optimized
by Ansoft HFSS 15, and the geometric parameters are
given in Table 1. As shown in Fig. 2(a), the antenna
has an impedance bandwidth 55.8% from 1.42 GHz to
2.52 GHz (only port 1 is excited due to the symmetry of the
structure), and similar to the other cross-dipole broadband
dual-polarized antennas [3]-[5], [7], [9], [17].

B. DESIGN PRINCIPLE

First, it is necessary to consider the input impedance of
the dual-polarized antenna. The conventional cross-dipole
broadband dual-polarized antennas for base station produce
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multiple resonant modes in the band. An ideal dipole is
placed at a 0.25A from the infinity ground plane. The input
impedance can be calculated by the mirror principle [18]:

R,

n= gy " acoshl M
where
R, = Ri1 + Ri2 (2)
Z, = 120(ln% -1 3)
=i " o)
A

where, [ is half the length of the dipole, p is the radius of
the dipole. Ry is the self-resistance of dipole, Rj> is the
mutual resistance between the mirror dipole and the original
one, Z, is the characteristic impedance between the two
arms of the dipole and X, is the wavelength on the dipole.
Due to the coupling between the crossed dipoles, the input
impedance of the cross-dipole placed on the ground plane
is generally obtained by numerical calculation. Fig. 2 shows
the input impedance and VSWR of the single-dipole/cross-
dipole broadband dual-polarized antenna mentioned above.
As illustrated in Fig. 2(b), for the single-dipole, it has two
resonant modes: the first resonant frequency f;; is depended
on the maximum aperture of the dipole; the second frequency
fs2 1s generated by the impedance transformation of balun
feeds. For the cross-dipole, it has 3 resonate modes: the pro-
duction mechanism of the first and second resonate frequency
Je1,fc2 s the same as the single-dipole, and the third resonant
frequency f.3 is generated by the coupling between adjacent
crossed dipoles. The resistance and reactance of Z1; fluctu-
ates around 50 2 and O from f;| to f3, respectively. As the
frequency increasing, the reduced resistance and increased
reactance produce a stopband around 2.8 GHz.

The closed resonant slot can be studied by slot antenna
placed on the ground plane. According to the Booker relation,
the input impedance of slot on a large-sized conductor plate
is [18]:

. (60m)?
n="ga ®)

where Zlfl is input impedance of the dipole complementary
to the slot. For the half-wave slot, the input reactance is
zero. Fig. 3(a) shows the input impedance of the angular
slot antenna. Compared to other conventional slots like liner
slot and H-shape slot, the angular slot successfully saves size
due to bending, and greatly avoids the research difficulty
caused by complicated structure. The angular slot antenna has
a resonant frequency at 2.8 GHz with a length of 43.6 mm
(0.4112.8GHz, La1 = 17.1 mm). The resonant current distri-
bution is also shown in Fig. 3. It is found that the strongest
current is generated at both ends of the angular slot, and the
zero current is generated at the middle of the angular slot.
As the closed resonant slots etched on the cross-dipole
broadband dual-polarized antenna, it is desirable to reduce the
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FIGURE 3. Input impedance and resonant current distribution. (unit: mm,
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FIGURE 5. Input impedance of the BEPDA with/without angular slots.

effect on the current distribution in the lower band. The main
current flows along the edge of the cross-dipole patch and is
weakest at the middle of the patch. Therefore, the BEDPA
is achieved by symmetrically placing four angular slots at
the ends of the crossed dipole axis, and making the center
of the slot be toward central axis of the antenna. Fig. 4 shows
the BEDPA design process. The red dashed line is the axis
of the dipole and the green dashed line is the weakest cur-
rent distribution on the dipole. The BDEPA is obtained by
etching four angular slots on the radiator patch. The input
impedance of the BEDPA with/without angular slots are
illustrated in Fig. 5. There is no significant difference on the
input impedance of the BEDPA with/without angular slots at
the lower band. As angular slots introduced, a new resonant
mode f.4 appears at the 2.8 GHz. The input impedance has
changed in the high frequency, and a passband is generated
at 2.72 GHz.
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FIGURE 6. Effect of the (a) length (L,;), (b) width (W,;) and
(c) position (L,3) on VSWR of the BEDPA for the angular slots.

The effect of the length (L,1) on the VSWR of the BEDPA
for the closed resonant slots is exhibited in Fig. 6(a). As the
length shortens, the passband moves higher. When the length
is 42.6mm (0.4128GHz, La1 = 16.6 mm), a passband is
generated at 2.8 GHz, and the BEDPA obtains an impedance
bandwidth from 1.42 to 2.82 GHz with VSWR < 1.5. The
effect of the width (W,1) on the VSWR for the closed resonant
slots is shown in Fig. 6(b). The VSWR is not significantly
influenced by the width changes when the width is much
smaller than this length. The effect of the position (Ly3)
on the VSWR for the closed resonant slots is demonstrated
in Fig. 6(c). The position of the angular slots affects the
impedance matching in the new passband. The optimal value
Ly3 is 71.5 mm.
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FIGURE 7. Current distribution of the BEDPA with/without angular slots
at (a) 1.5, (b) 2.4, and (c) 2.8 GHz.
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FIGURE 8. I1SO of the BEDPA with/without angular slots.

For a better understanding, Fig. 7 shows the current dis-
tribution of BEDPA with/without closed resonant slots at
1.5, 2.4 and 2.8 GHz. At 1.4 and 2.4 GHz, there is no
significant change in current distribution with/without closed
resonant slots. At 2.8 GHz, there is a resonant current on the
edge of the slots as the angular slots be introduced.

C. PERFORMANCE ANALYSIS

The VSWR is required to meet the requirements, and ISO
and radiation pattern is also expected to have superior per-
formance for a high-performance dual-polarized antenna.
The ISO of the BEDPA with/without angular slots exhib-
ited in Fig. 8. The ISO is significant deteriorated form
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FIGURE 9. Radiation pattern of the BEDPA with/without ORS at
(a) 1.42, (b) 1.9, (c) 2.4, and (d) 2.7 GHz.

FIGURE 10. Three different closed resonant slots (a) angular slot,
(b) U-shaped slot, and (c) C-shaped slot.

TABLE 2. The parameters of different closed resonat slots (unit: mm).

Parameter Angular slot U-shaped slot ~ C-shaped slot
Wai 2 2 2
La 16.6 8.4 8.9
La> 9.4 8.7 5
L3 71.5 61.5 61.5

45 dB to 37 dB around 2.8 GHz due to the angular slots
destroy the orthogonality of the radiation current at the
resonant frequency. The radiation pattern of the BEDPA
with/without angular slots in the horizontal plane (zox-plane)
for +45° polarization is shown in Fig. 9. There is no sig-
nificant change on radiation pattern as the angular slots
etched at the lower band. The beam squint of BEDPA from
—6.5° to 3.5°, and the cross-polarization at the main lobe
is increased after the angular slots etched at 2.7 GHz. This
phenomenon is caused by the closed resonant slots changing
the radiation current path at the high frequency. Reducing the
physical size of the closed resonant slots mitigates this change
on radiation pattern. In general, high ISO and stable radiation
pattern can be guaranteed by appropriate selection of closed
resonant slots parameters.

According to the method above, the BEDPAs with three
different types of the closed resonant slot are shown
in Fig. 10, and the geometric parameters are given in Table 2.
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FIGURE 11. The VSWR and ISO of the BEDPA with different closed
resonant slots.

FIGURE 12. Prototype of the BEDPA.

The VSWR and ISO of the BEDPA with different closed
resonant slots are demonstrated in Fig. 11. It is found that
a passband is generated at 2.72 GHz for C-shaped slots
with a length of 44.6 mm (0.4X1, 72GHz), and a passband is
generated at 2.75 GHz for U-shaped slots with a length of
44.1 mm (0.4A2 75G6Hz)- The BEDPAs with 3 different closed
resonant slots obtain an enhanced bandwidth covering 1.42 to
2.69 GHz with VSWR < 1.5, and an ISO > 30 dB. It should
be noted that different types of the closed resonant slots
have different Q values, so the new passband bandwidth is
different. It should be noted that the BEDPA with angular slot
increases bandwidth by 11.5% compared to the original dual-
polarized antenna (1.42 — 2.52 GHz). The simulation data
demonstrates that introducing symmetrical closed-resonant-
slot pairs on the cross-dipole dual-polarized antenna creates
a new resonant mode for bandwidth enhancement.

Ill. EXPERIMENTAL RESULTS

A. BEDPA ELEMENT

The prototype of the fabricated BEDPA with angular slots
is shown in Fig. 12. There are four holes in the middle
of the antenna to fix the radiator by plastic columns, and
four holes at the top corner to weld metal screws if VSWR
shift toward high frequency. All the holes have no effect on
the performance of the antenna. As illustrated in Fig. 13(a),
a good agreement is observed between the measured results
and the simulation for VSWR and ISO. A passband appears
at the design frequency of 2.8 GHz. It can be seen that the
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TABLE 3. Comparisons of bandwidth-enhanced dual-polarized antennas.

Ref Bandwidth ISO HPBW Gain Antenna size
[19] 68% (RL > 10dB) >20dB 66.8 +3.4° 7.7+1.7dBi 0.540%0.540%0.263 %o
[14] 68% (VSWR < 1.5) >20dB 65+11° 8.5+ 2 dBi 0.54X0x0.5410%0.24A0
[15] Typel 64% (RL > 15dB) >30dB 70 £ 8° 9+ 0.6 dBi 0.93%0%0.93%0%0.38A¢
[15] Type 1T 63% (RL > 15dB) >30dB 60+10° 8.6+ 1.2dBi 0.68X0x0.6810%0.38A¢
[13] 67% (RL > 15dB) >30dB 65+5° 8.5+0.7dBi | 0.46410x0.464A0%0.35A0
This work 67.3% (VSWR<1.5) | >38dB 64.5+45° 8.9+0.7 dBi 0.49%0%0.49%0%0.248%
3.00+ ——Simulated VSWR for port 1 [E| dB
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FIGURE 13. Measured and simulated (a) VSWR and ISO and (b) Gain and
HPBW of the BEDPA.

BEDPA achieves a bandwidth of 67 % (1.4 — 2.82 GHz)
for VSWR < 1.5 and an ISO > 38 dB. Fig. 13(b) shows
the gain and half-power beamwidth (HPBW) in the zox-plane
for both two polarizations. The gain is 8.9 £ 0.7 dBi and
the HPBW is 64.5 + 4.5°. The radiation patterns at 1.42,
1.9, 2.4 and 2.7 GHz for +45° polarization are shown
in Fig. 14. The simulated and measured patterns agree well.
The measured cross-polarization discrimination (XPD) is
>22 dB at the main lobe in zox-plane. To illustrate the advan-
tages of the BEDPA proposed in this paper, Table 3 shows
the detailed comparisons between other BEDPAs reported
in recently years (the antenna size without the reflector).
It is found that the BEDPA proposed has the advantages

87948

180

(c)

FIGURE 14. Radiation patterns of the BEDPA at (a) 1.42, (b) 1.9, (c) 2.4,
and (d) 2.7 GHz.
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FIGURE 15. Prototype of linear array with the BEDPA.

of high ISO, stable radiation pattern, compact size and simple
construction. It is suitable for manufacturing active antenna
unit in 2/3/4G and IMT bands.

B. BEDPA ARRAY

To verify the commercial value of the antenna proposed,
a prototype of the linear array with BEDPA is shown
in Fig. 15.

To meet the AAU requirements that the sidelobe level
suppression (SLS) is greater than 15 dB and the gain is greater
than 15.5 dBi, the spacing of adjacent elements is set to
be 110 mm (0.771¢) and the number of elements is cho-
sen to be 8. An eight-way Chebyshev power divider with
VSWR < 1.3 (1.2 — 3.0 GHz) is designed for feed the
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FIGURE 17. Measured radiation patterns of the linear array at
(a) 1.42, (b) 1.9, (c) 2.4, and (d) 2.7 GHz.

eight-element array. The width of the reflector for the array
is the same as that for the BEDPA.

As illustrated in Fig. 16(a), the linear array has a
broad bandwidth of 73.1% (1.37 — 2.95 GHz) with the
ISO > 27 dB. The measured gain and HPBW of the lin-
ear array with simulated results are shown in Fig. 16(b).
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It is found that the linear array achieves a gain within
16.5 + 1.5dBi, an HPBW within 64 £+ 6.5°. The radia-
tion patterns measured at 1.42, 1.9, 2.4 and 2.7 GHz for
+45° polarization, as shown in Fig. 17. The BEDPA achieves
a SLS > 16 dB and a front-to-back ratio (F/B) > 24dB. The
proposed linear array exhibits high performance, which is
important for commercial applications in AAU base station.

IV. CONCLUSION

The high-performance BEDPA with symmetrical open-
resonant-slot pairs for 2/3/4G and IMT bands has been pro-
posed. The BEDPA has achieved an enhanced bandwidth by
etching symmetrical closed resonant slot on the conventional
cross-dipole broadband dual-polarized antenna. The closed
resonant slot has been successfully designed to be C-shaped,
U-shaped and angular shaped. The BEDPA has obtained
an impedance bandwidth of 67.3% (1.4 — 2.82 GHz) for
VSWR < 1.5, while the conventional cross-dipole broadband
dual-polarized antenna of 55.8% (1.42 — 2.52 GHz). Addi-
tionally, BEDPA has achieved a high ISO > 38 dB, a gain
within 8.9 £+ 0.7 dBi and an HPBW within 64.5 £+ 4.5°
throughout the operating frequency. The eight-element linear
array has been fabricated and measured for AAU applica-
tion. The linear array has achieved an impedance bandwidth
of 73.1% (1.37 — 2.95 GHz) for VSWR < 1.5 with an
ISO > 27 dB. The linear array has achieved a gain within
16.5 £ 1.5 dBi, a HPBW within 64 £ 6.5°, a SLS > 16 dB
and a F/B > 24dB.
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