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Compact Broadband Dual-Polarized Antenna for Indoor
MIMO Wireless Communication Systems

Hyunwoo Lee and Byungje Lee

Abstract—A  compact (100 mm X 100 mm X 40 mm) dual-
polarized antenna with wide impedance bandwidth and high isolation
is proposed for an indoor MIMO wireless communication system.
The proposed antenna consists of cavity-backed bowtie antennas with
parasitic elements. It can cover the DCS/PCS/UMTS/LTE 1, 2, 3, 4,
7, 9, 10, 15, 16, 23, 25 bands (1710-2690 MHz). The wide impedance
bandwidth (VSWR < 2), of about 44.5%, is achieved by using parasitic
elements with optimal location and length and the cavity of an electrical
wall. High-isolation (>31 dB) and low-envelop correlation coefficient
(ECC < 0.00425) between MIMO elements are achieved by orthogonal
dual-polarization while suppressing the cross-polarization of each MIMO
antenna element. The peak gain is higher than 7 dBi in the entire operating
frequency band.

Index Terms—Cavity-backed antenna, high isolation, MIMO antenna,
parasitic elements, polarization diversity.

[. INTRODUCTION

Miniature indoor base stations or repeaters for mobile wireless
communications systems have been installed in shaded areas, such
as inside of buildings, underground construction areas, and in tun-
nels to provide steadier wireless communication services regardless
of place [1]-[4]. In line with the need to provide improved perfor-
mance for mobile wireless communication systems, the demand for
high-channel capacity and wider coverage has rapidly increased. Long
term evolution (LTE) is one of the key technologies in recent mobile
wireless communication services. LTE can provide improved system
capacity and coverage, reliable high peak data rate, and enhanced
spectrum efficiency. One of the key technologies for LTE services is
the multiple-input multiple-output (MIMO) system that can enhance
data reliability, channel capacity, and network coverage in multipath
environments using multiple antennas without additional power. For
indoor base stations or repeaters covering various mobile wireless
communications systems, such as DCS/PCS/UMTS/LTE bands, the
most important recent issue is how to design compact multiband
MIMO antennas with a low cost and how to obtain good isolation
between closely spaced MIMO antenna elements where antennas must
be designed within a small volume.

Various techniques have been studied for achieving high isolation
in the design of the MIMO antenna [5]-[13]. The simplest method
to achieve high isolation is to use the spatial diversity technique that
requires a physically separated distance of more than 0.5 A between
MIMO antenna elements. This technique may not be suitable for small
indoor base stations or repeaters of mobile wireless communications
systems where MIMO antennas must be designed within a small vol-
ume [5]. The defected ground structure (DGS), which operates as a
band-stop filter due to the combination of inductance and capacitance,
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is able to achieve high isolation [6]. It is however difficult to imple-
ment the modification of the ground plane of the MIMO antenna in
widespread commercial procedures. The polarization diversity is one
of the alternative techniques used to realize high isolation within a
compact volume. The polarization purity, which refers to the ratio
of copolarization to cross-polarization, decreases rapidly when one
antenna is operated in the higher order mode [7], [8]. To obtain low
cross-polarization and high isolation, additional techniques must be
applied with the polarization diversity in the design of the broad-
band MIMO antenna. The shorting pin between the MIMO antenna
elements and the ground plane is applied to improve isolation by min-
imizing the mutual coupling between MIMO antenna elements due
to the shared PCB ground plane [9]. The decoupling network has
also been used to obtain high isolation [10], [11]. The structure of
the antenna, including the decoupling network, becomes more com-
plicated. A MIMO antenna with different types of antenna elements,
such as a patch antenna and a slot antenna, can result in high isolation.
It is however difficult to optimize a MIMO antenna’s performance due
to the unbalanced ratio of antenna gain between the MIMO antenna
elements [12], [13].

In this communication, a compact (100 mm x 100 mm X 40 mm)
broadband dual-polarized MIMO antenna is proposed for miniature
indoor base stations or repeaters of recent mobile wireless commu-
nications systems. Two linearly polarized bowtie antennas are used
as MIMO antenna elements (MIMO antenna 1 and MIMO antenna
2) and are orthogonally positioned to obtain high isolation between
them once closely mounted. Using the cavity-backed bowtie antenna
in conjunction with additional parasitic elements, wider impedance
bandwidth and high isolation are achieved. The impedance bandwidth
(VSWR < 2) of the proposed MIMO antenna can cover the exist-
ing 3G service bands (DCS/PCS/UMTS) and LTE bands (LTE 1,
2,3,4,7,9, 10, 15, 16, 23, 25) (17102690 MHz). High isolation
(>31 dB) and low ECC (<0.00425) between the proposed MIMO
antenna elements are achieved by realizing an orthogonal polariza-
tion between them and by suppressing the cross-polarization that may
lead to unwanted mutual coupling. The measured peak gain is higher
than 7 dBi.

II. ANTENNA CONFIGURATION AND DESIGN CONCEPT

Fig. 1(a) shows the overall structure of the proposed cavity-backed
MIMO antenna. It consists of two radiating elements (MIMO antenna
1 and MIMO antenna 2) mounted on the FR-4 substrate (¢, =
4.3 and thickness = 1.2 mm), parasitic elements, a square cavity, and
two coaxial feeds. The radiating elements are bowtie antennas, which
are mounted on the FR-4 substrate orthogonally to each other. The
four parasitic elements, which are arranged along diagonal lines (¢ =
+45°), are located on the bottom of the FR-4 substrate. The radiating
elements are excited by two coaxial feeds. Fig. 1(b) shows a detailed
view of the proposed MIMO antenna structure presenting the connec-
tion between the MIMO antenna elements and coaxial cables. For each
MIMO antenna element, the inner conductor of a coaxial cable is con-
nected to one arm of a bowtie antenna, and the outer conductor of a
coaxial cable is connected to the other arm of a bowtie antenna by the
connector. The overall size, including the cavity, is 100 mm x 100 mm
X 40 mm.

Fig. 2 shows the detailed geometry and dimensions of the proposed
MIMO antenna. Fig. 3 presents structures of four different types of
MIMO antennas. Type I is composed of radiating elements (MIMO
antenna 1 and MIMO antenna 2), the ground plane, and coaxial feeds.
Type 1I is designed by applying four additional parasitic elements to

eleclﬂc wall

N | Feed1 Feed2 x5
“ )

@

Cavity of ‘ 1

Connector
MIMO antenna 2 ——

z
A
Y
MIMO antenna 1 [unit : mm]

®)

Fig. 1. Structure of the proposed MIMO antenna. (a) Overall view. (b) Detailed
view of MIMO antenna elements and coaxial feeds.

Type L. Type Il is a cavity-backed form of Type 1. Type IV (proposed
MIMO antenna) is a cavity-backed form of Type II, which is achieved
by simultaneously adding both the parasitic elements and the cavity to
Type I without additional volume expansion.

Fig. 4 presents simulated reflection coefficients (dB magnitude of
S11) and isolations (dB magnitude of Sa1) for Types L, II, III, and IV
(proposed MIMO antenna). It is observed that S22 and S12 are similar
to S11 and Sa1, respectively. Fig. 4(a) shows that Types I and III give a
wider impedance bandwidth than that of Type I. The wider impedance
bandwidth of Type II is accomplished by dual resonance. The first and
second resonances occurred due to the bowtie elements and by par-
asitic elements, respectively. The length of the parasitic elements is
Ae/4, where Ac is the effective wavelength at 2.5 GHz, improving the
impedance bandwidth. With the optimal location and length, the para-
sitic element can act as an impedance matching element, and can then
provide a wider impedance bandwidth. The cavity-backed antenna
helps Type III achieve a wider impedance bandwidth [14], [15]. This
shows that the impedance bandwidth (VSWR < 2) of Types II and
III is still insufficient and unable to cover the entire operating fre-
quency band (1710-2690 MHz). Fig. 4(a) shows that the proposed
MIMO antenna (Type 1V), which has both the parasitic elements and
the square cavity, gives a sufficient broad bandwidth to cover the entire
operating frequency band. Fig. 4(b) shows that the isolation of Type
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Fig. 2. Detailed geometry and dimension of the proposed MIMO antenna.
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Fig. 3. Structures of different types of MIMO antennas. (a) Type I. (b) Type II.

(c) Type I11. (d) Type IV (proposed MIMO antenna).
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Fig. 4. Simulated S-parameters for different antenna types. (a) S11. (b) S21.

II is slightly improved compared to that of Type I due to the para-
sitic elements. Fig. 5 shows the current distribution on Types I and
II. When MIMO antenna 1 is excited and MIMO antenna 2 is ter-
minated to a load with 50 €2, the eddy current is induced on MIMO
antenna 2 for both Types I and II. The current is also induced on the
four parasitic elements of Type II. It is observed that the currents on
the parasitic elements and the MIMO antenna 2 produce fields that
cancel somewhat in the far field, since most currents are opposite-
directed. Isolation between MIMO antenna 1 and MIMO antenna 2
of Type II can be therefore higher than that of Type I by reducing
mutual coupling between MIMO antenna elements in conjunction with
the diagonal arrangement of the parasitic elements. Fig. 4(b) shows
that Type III results in a higher isolation than that of Types I and
II in high-frequency band only. It is also observed that the proposed
MIMO antenna (Type IV) only allows a higher isolation (>30 dB) for
the entire operating frequency band in cooperation with the cavity and
parasitic elements.

Fig. 6 shows the simulated copolarization and cross-polarization
radiation patterns of MIMO antenna 1 for Types II and IV (proposed
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Fig. 5. Current distribution at 2.4 GHz. (a) Type I. (b) Type II.

0
0 0 330 30
g -10 g —-10 ‘ ! .
i 300/ i 300 Py 60
= 20 / =20 Vs ‘
3 30 f g -30 | i i \
s —40-270 T —40-270- g 90
I \ s \ LR J
- :
S 240 £ 240 120
z ) ; z y \
210~ . 150 210150
180 180
— E; (¢=90°), (2 GHz) — E, (¢=90°), (2 GHz)
--- E, (¢=90°), (2.7 GHz) --- E, (¢=90°), (2.7 GHz)
(@)
0
0 0 330 .30
m 10 m —10 y A
T kel
2 300 2 300 60
= -20 / = 20 7
s -30{ g -0 | \
© 40’270 © 40270 10} 190
N \ N \ /
S = :
E 240 120 E 240° 120
[*] o
z v , z . ;
210 . 150 210 — 150
180 180
— E; (¢=90°), (2 GHz) — E, (¢=90°), (2 GHz)
- E, ($=90°), (2.7 GHz) --— E, ($=90°), (2.7 GHz)
®)

Fig. 6. Simulated radiation patterns of copolarization and cross-polarization of
MIMO antenna 1 at 2 GHz and at 2.7 GHz (yz-plane). (a) Type II. (b) Type IV
(proposed MIMO antenna).

MIMO antenna). Simulated results are obtained by using SPEAG’s
SEMCAD X [16]. Fig. 6(a) shows that while the copolarization pat-
terns of Type II at 2 GHz and at 2.7 GHz are almost identical, the
cross-polarization is greater at 2.7 GHz than at 2 GHz. Fig. 6(b)
shows that the proposed MIMO antenna has a cross-polarization of
less than —33 dB at both 2 and 2.7 GHz. It is observed that the
cavity-backed bowtie antenna with parasitic elements can minimize
the cross-polarization, so that the proposed MIMO antenna delivers
better polarization purity and higher isolation (>30 dB). A slight dif-
ference in copolarization patterns at 2 and 2.7 GHz for Type IV is due
to the extension of the ground plane using the cavity of the electric
wall. Fig. 6(b) shows that the gain at 2.7 GHz is slightly higher than
that at 2 GHz since the electrical dimension of the cavity at 2.7 GHz is
larger than that at 2 GHz. Type II has a small size of the ground plane
without a cavity compared to Type IV; Fig. 6(a) shows almost identical
copolarization patterns at 2 and 2.7 GHz.
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Fig. 8. S-parameters of the proposed MIMO antenna.

III. MEASURED RESULTS

Fig. 7 shows a photograph of the fabricated proposed MIMO
antenna. Fig. 8 shows the simulated and measured S-parameters of
the proposed MIMO antenna. It is observed that the proposed MIMO
antenna has a sufficiently wide impedance bandwidth (VSWR < 2)
to cover the entire operating frequency band (1710-2690 MHz) and
that the measured isolation (S21) between MIMO antennas elements
is higher than 31 dB. Fig. 9 shows the simulated and measured ECC
by using the far-field radiation patterns [17]. The proposed MIMO
antenna has a low ECC (<0.00425), which means that MIMO anten-
nas 1 and 2 operate independently improving capacity [18]. Fig. 10
shows the measured copolarization and cross-polarization radiation
patterns of MIMO antenna 1. The proposed MIMO antenna has a much
lower cross-polarization. It is observed that the measured radiation pat-
terns of MIMO antenna 2 are similar to those of MIMO antenna 1, but
their polarizations are orthogonal to each other. Fig. 11 presents the
simulated and measured peak gains of the proposed MIMO antenna,
showing that the measured peak gains of both MIMO antennas 1 and 2
are greater than 7 dBi in all operating frequency bands. The measured
and simulated results agree well. Radiation patterns and peak gains
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Fig. 11. Peak gain of the proposed antenna.

were measured with one antenna excited and the other terminated to a
load with 50 €.

IV. CONCLUSION

A compact broadband dual-polarized cavity-backed bowtie MIMO
antenna is proposed to achieve wide impedance bandwidth, high iso-
lation, and low cross-polarization. Using both the parasitic elements
and the square cavity, the proposed antenna provides sufficient broad

bandwidth (VSWR < 2) to cover the entire operating frequency band
(1710-2690 MHz: DCS/PCS/UMTS bands and LTE 1, 2, 3, 4, 7, 9,
10, 15, 16, 23, 25 bands). The proposed antenna radiates orthogonal
dual-polarized waves to enhance the isolation between MIMO antenna
elements. The cavity-backed bowtie antenna with an optimal location
and length of the parasitic elements is achieved with a higher isola-
tion (>31dB) and low ECC (<0.00425). High-peak gain (>7 dBi)
is also achieved. The proposed MIMO antenna could be a good can-
didate for practical indoor base stations or repeaters for recent mobile
wireless communications systems in the industry since it is compact
(100 mm x 100 mm x 40 mm) and can reduce manufacturing cost.
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