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Abstract: In this paper, a novel two-port dual-band multiple-input-multiple-output (MIMO) antenna
with enhanced isolation and high gain is presented. The presented antenna is composed of a
symmetrical ground element and two identical antenna radiating elements. At the bottom of the
substrate, the ground part is applied to strengthen the isolation performance of the designed MIMO
antenna. The measured —10 dB bandwidth according to the input reflection coefficient S;; are
650 MHz (2.25-2.9 GHz) and 980 MHz (5.05-6.03 GHz), which are in strong agreement with the 2.4
GHz frequency band (2.4-2.4835 GHz) and the 5 GHz frequency band (5.15-5.85 GHz) of wireless local
area network (WLAN) applications. The measured Sy; at both the lower and the higher frequency
operation bands are less than —19.3 dB. In the operating frequency bands, the measured gain is from
1.5 dBi to 3.8 dBi. The measured results show that the presented MIMO antenna is a good candidate
for WLAN applications.
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1. Introduction

With the widespread applications of wireless communication technologies, an ever-
increasing amount of data is flooded with wireless transmissions. The WLAN frequency
band commonly used in wireless communications is already overcrowded. To achieve
a larger channel capacity, multiple-input-multiple-output is a well-known solution [1,2].
When MIMO antennas are applied at the transmitting and receiving ends, mutual inter-
ference occurs between the antenna elements [3]. In order to work efficiently, the antenna
elements must be isolated from each other [4]. Therefore, it is extremely important to reduce
mutual coupling between the antenna elements in MIMO antenna design. Additionally, for
the sake of portability and to keep costs down, many efforts must be made to minimize the
dimension of MIMO antenna.

In MIMO antenna systems, a common approach is to isolate the two elements by
increasing the distance between them. However, this will inevitably lead to a large occupied
area. Within the occupied area, many methods to minimize mutual coupling have been
proposed, such as the employment of band gap structures [5], decoupling networks [6,7],
neutralization lines [8], defected ground structures [9] and parasitic elements [10]. These
technologies reduce the coupling by minimizing, attenuating and blocking the surface
currents [11].

In this paper, a compact high-gain and enhanced-isolation MIMO antenna printed
on an FR4 substrate is presented for IEEE 802.11 a/b/g/n/p/ac/ax (2.4-2.4835 GHz and
5.15-5.85 GHz) applications. The radiating array consists of two miniaturized antenna
elements with neutralization lines and defected structure on the ground plane. The radi-
ating antenna element includes an inverted L-shaped short strip, a stepped strip and a
rectangular microstrip feeding structure. This paper discusses and analyzes the reflection
coefficients, peak gain, surface current distribution and radiation efficiency of the designed
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MIMO antenna. The dimension of the presented dual-port MIMO antenna is approximately
50 mm x 50 mm x 1.6 mm.

2. Antenna Structure and Design

Figure 1 illustrates three steps of the presented antenna design process. Antenna
1 investigated the optimization of the position and size of the two antenna elements accord-
ing to the reflection coefficients. As shown in Figure 2a, the frequency bands of antenna 1
are approximately 1 GHz (2.7-3.7 GHz) and 1.7 GHz (6.9-8.6 GHz). The resonance points
are 3.24 GHz and 7.6 GHz, respectively.

@)

(b) (c)

Figure 1. Structure of the designed MIMO antenna. (a) antenna 1, (b) antenna 2 and (c) antenna
3 (proposed).
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Figure 2. The simulated parameters of three antennas. (a) reflection coefficients, (b) isolation values.

Compared with antenna 1, antenna 2 has two inverted L-shaped stubs on the ground
plane. As shown in Figure 2b, the S;; parameter values of antenna 2 in the 5-7 GHz
frequency band are almost 10 dB smaller than those of antenna 1. It can be seen that the
L-shaped stubs greatly enhance the isolation performance at both operating frequency
bands. The inverted L-shaped stubs play a role in the neutralizing line. The neutralization
line structure guides the radiation field to gather along the diagonal direction of the
neutralization line instead of cross-coupling effects.

Antenna 3 is the proposed antenna of this paper. A small rectangular was cut out of the
ground plane to reduce the Sy; values of antenna elements in the 2-3 GHz frequency band,
and the resonance point of higher frequency band was shifted to the lower frequencies. It
makes the radiation field of the operating frequency band concentrated on the two elements
of antenna. In Figure 2a, the —10 dB operating frequency bands of the presented antenna
are 2.16-3.05 GHz and 4.92-6.45 GHz.
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The top and bottom layers of the presented antenna are shown in Figure 3. It is
fabricated on an FR4 substrate with a substrate height of 1.6 mm, loss tand of 0.02 and
a relative permittivity ¢, of 4.4. Two radiating antenna elements are located on the top
layer of the substrate. Each element includes an L-shaped short strip, a stepped folding
strip and a rectangular feeding microstrip. The ground part is located on the bottom of the
substrate. It is employed to improve the isolation of two elements. It is spliced together
by two recessed metal elements, a semicircular strip and two opposite inverted-L-shaped
strips. The two radiating antenna elements and ground plane are both symmetrical along
the diagonal of the substrate.

Ws

(a) (b)
Figure 3. Structure of the designed MIMO antenna. (a) top view, (b) bottom view.

To optimize the dimension of the proposed antenna, different values of L; and Wy
have been investigated. As shown in Figure 4a, when the value of L; is 1.5, 2 and 2.5 mm,
the higher operating frequency band of the antenna only changes a little, but the lower
frequency band changes a lot. Therefore, we can optimize the value of L; to tune the lower
operating frequency band. As shown in Figure 4b, the higher frequency band changes
significantly when the value of Wy is changed. Therefore, we can optimize the value of Wy
to tune the higher operating frequency band. Therefore, the operating frequency bands are
2.16-3.05 GHz and 4.92-6.45 GHz when the values of L; and Wy are 2 mm and 4.5 mm,
respectively. The final values of presented antenna dimensions are listed in Table 1.
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Figure 4. The simulated S parameters at different values of (a) L; and (b) Ws.
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Table 1. Parameters of the presented antenna (unit: mm).

Parameter W, W, W3 Wy W5 W
Value 11 44 18 13 7.2 1
Parameter W7 WS W9 WlO Wll Ws
Value 1 10 4.5 5.6 41 50
Parameter Ll Lz L3 L4 L5 Lé
Value 2 4 1 1 2 3
Parameter L7 Lg L9 L10 L11 Ls
Value 11 6.5 33.5 415 2 50

The designed antenna is based on linear polarization theory. The two ports adopt
the same excitation mode. Figure 5 shows the current distribution of the proposed MIMO
antenna when two ports are excited. At the frequency of 2.45 GHz, the main currents are
focused on the stepped folding strip, the rectangular feeding microstrip and part of the
inverted L-shaped strips on the ground plane. Therefore, the current intensity around the
radius of R is small. At the frequency of 5.5 GHz, the main currents are focused on the
corner of the stepped folding strips and both inverted L-shaped strips on the ground part.
This confirms that, in Figure 2b, after adding L-shaped strips, the isolation of low-frequency
band is significantly improved. With the defected ground structure, the current distribution
in the working frequency band is mainly concentrated on the two antenna elements. The
neutralization line structure promotes the cancellation of the coupled induced current
between the two elements and guides the radiation field to gather along the diagonal
direction of the neutralization line. In Figure 6a,b, the photographs of the top and bottom
views of the fabricated antenna are presented.

Figure 6. The photographs of the fabricated antenna. (a) top view, (b) bottom view.
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3. Results and Discussion

As shown in Figure 7a, the —10 dB impedance bandwidths of the measured results
are 0.65 GHz (2.25-2.9 GHz) and 0.975 GHz (5.05-6.025 GHz), which can cover IEEE 802.11
a/b/g/n/p/ac/ax (2.4-2.497 GHz and 5.15-5.85 GHz) frequency bands. Figure 7b depicts
the measured and simulated S21 at both frequency bands. The values of S21 are smaller than
—19.5dB and —19.3 dB at the lower and the higher operating frequency bands, respectively.

S (dB)
S,, (dB)

-40
= - =Simulated 0 — - —Simulated

Measured Measured

-40 T T T T -50 T T T T
2 3 4 5 6 7 2 3 4 5 6 7

Frequency (GHz) Frequency (GHz)

(a) (b)

Figure 7. Simulated and measured S-parameters of presented antenna. (a) Sq1; (b) Sy1.

At the frequencies of 2.45 GHz and 5.5 GHz, the measured radiation patterns of the
fabricated antenna are illustrated in Figure 8. It can be seen from the distribution circle in
Figure 8 that the superposition gain and polarization effects of the radiation field generated
by the same two ports are excellent. The co-polarization is illustrated by a black solid line,
the cross-polarization by a red dotted line. The antenna has a wide beam width at the
desired bands, which is suitable for WLAN applications.
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Figure 8. Radiation shapes of the fabricated antenna: (a) E-plane at 2.45 GHz, (b) H-plane at 2.45 GHz,
(c) E-plane at 5.5 GHz, and (d) H-plane at 5.5 GHz.
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The envelope correlation coefficient (ECC) is an important factor used to assess the
level of correlation between the communication channels [12,13]. In a MIMO system, the
ECC indicates how multiple antennas are independent in the radial direction. To some
extent, it can explain the correlation between radiation elements. The calculated ECC of the
MIMO antenna are presented in Figure 9a. The ECC parameters of the fabricated antenna
can be obtained by Equation (1):

’SﬁSiz*S;lSéz’z
(1 - (|511|2 + |521|2)) (1 - (|522|2 + |512|2>)

where 5%11 and $*;; are the imaginary components of S-parameters 511 and Sy1, respectively,
and S'1; and S’y are the real components of S-parameters S5 and Sy, respectively. This
shows that the calculated ECC values are very low in both operating frequency bands. The
maximum value of ECC at 2.45 GHz and 5.5 GHz is 0.026.

ECC = 1)
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Figure 9. (a) Calculated ECC of the fabricated antenna and (b) measured peak gain and efficiency.

The total active reflection coefficient (TARC) [2] can be used to judge the impact
on impedance bandwidth when adjacent antennas work at the same time. The TARC
is an important index for reflecting the performance of the MIMO antenna. The TARC
parameters of the fabricated antenna can be obtained by Equation (2):

2 2
TARC — \/(511 +S12) er (S21 + S22) @

The calculated TARC values are presented in Figure 9a. It is observed that the values
of TARC in both operating frequency bands are less than —15 dB, which indicates that the
MIMO system is stable.

The measured results of peak gain and efficiency are demonstrated in Figure 9b. The
measured efficiencies are larger than 61.4% and 65.6% at the lower and higher operating
frequency bands, respectively. The measured peak gains are 2.6 dBi and 3.8 dBi at the lower
and higher operating frequency bands, respectively.

In Table 2, the summarized parameters include the operating frequency band, peak
gain, minimum isolation and size of the designed antenna. Compared with recently pub-
lished dual-band MIMO antennas, the presented antenna shows a significant improvement
on peak gain. With similar occupied size, the presented antenna shows better isolation and
ECCs. With similar peak gain, the presented antenna shows a smaller occupied size. The
designed antenna has a better comprehensive performance.
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Table 2. Comparison with recently published papers.

Operating

Reference Bands Iscz?lgl)on Pe?gBCi;;l m ECC (:11;2)
(GHz)
24-25
[14] 1958 >14 2.5 <0.27 46 x 20 x 1.6
2.25-2.41
[15] 47695 >18 2.96 <0.2 48 x 48 x 1.6
[16] 2.3-25 >20 2.01 <0.05 38 x 19 x 1.6
5-5.2
2.28-2.7
[17] 496-6.1 >15 2 <0.06 46.5 x 46.5 x 1.6
2.4-2.48
[18] 515-5 83 >15 3.1 <0.2 775 x 52 x 1.6
2.1-2.8
[19] 5.0-57 >20 3.2 <0.01 74 x 473 x 1.6
24-25
[20] 5158 >15 3 <0.1 19 x 23 x 1.6
. 2.25-29
This work 5 05-6.025 >19.3 3.8 <0.03 50 x 50 x 1.6

4. Conclusions

A novel MIMO antenna with enhanced isolation and high gain is presented in
this paper. The —10 dB impedance bandwidths of the measured results are 650 MHz
(2.25-2.9 GHz) and 975 MHz (5.05-6.025 GHz), which can cover 2.4 GHz (2.4-2.497 GHz)
and 5 GHz (5.15-5.85 GHz) WLAN frequency bands. The measured isolation and peak
gain at both operating frequency bands are larger than 19.3 dB and 3.8 dBi, respectively.
The calculated ECCs are smaller than 0.026 at both operating frequency bands. The mea-
sured efficiency at the lower and higher frequency bands are greater than 0.65 and 0.61,
respectively. The experimental results exhibit that the presented antenna is preferred for
WLAN applications.
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