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Abstract—A compact dual-band multiple-input-multiple-output
(MIMO)/diversity antenna is proposed. This antenna is designed for
2.4/5.2/5.8GHz WLAN and 2.5/3.5/5.5 GHz WiMAX applications in
portable mobile devices. It consists of two back-to-back monopole an-
tennas connected with a T-shaped stub, where two rectangular slots
are cut from the ground, which significantly reduces the mutual cou-
pling between the two ports at the lower frequency band. The volume
of this antenna is 40mm ∗ 30mm ∗ 1mm including the ground plane.
Measured results show the isolation is better than −20 dB at the lower
frequency band from 2.39 to 3.75GHz and −25 dB at the higher fre-
quency band from 5.03 to 7 GHz, respectively. Moreover, acceptable
radiation patterns, antenna gain, and envelope correlation coefficient
are obtained. These characteristics indicate that the proposed antenna
is suitable for some portable MIMO/diversity equipments.

1. INTRODUCTION

The enormous data requirement at anytime and anyplace has
urged wireless communication systems such as wireless local area
networks (WLAN) and worldwide interoperability for microwave access
(WiMAX) to be widely studied and implemented. Multipath fading
is a serious problem especially in urban and suburban environment
which will degrade the system performance. The use of multiple-input-
multiple-output (MIMO) technology is an effective way to improve
the date rate and increase the channel capacity without sacrificing
additional spectrum or transmitted power in a rich scattering
environment [1–5]. Low mutual coupling between different ports of the
multiple antennas is a pivotal to realize good performance of a MIMO
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system. Too high mutual coupling will increase the signal correlation
between the channels and decrease the antenna radiation efficiency [6].

It seems obvious that high port-to-port isolation will be ensured if
the two radiating elements are spaced as far as possible. However,
this is not a solution for mobile device with limited space. Thus,
integrating multiple antennas closely in a small and compact mobile
device while maintaining good isolation between them is a challenging
task. A lot of efforts have been made to reduce the mutual coupling
or enhance the isolation between closely placed antenna elements [7–
16]. Decoupling networks for enhancing the port isolation between two
closely spaced antennas are presented in [6, 7]. Though good isolation
is obtained by using these methods, they make the antenna complex
and increase the cost of manufacture. Various ground branches such as
T-shaped branch [8–10], vertical branch [11], dual inverted L-shaped
branches [12], tree-like structure branches [13] are applied to achieve
high isolation. By linking two planar inverted F antennas (PIFAs)
with a suspended strip to cancel the reactive coupling, the isolation
between them can be improved [14–16]. Then, this method is further
used on a printed microstrip antenna array for mobile applications [17–
20]. High port isolation can also be achieved by etching slits or
slots on the ground plane [21–25]. It is noticed that none of these
antennas mentioned above are designed for both the 2.4/5.2/5.8 GHz
WLAN bands and 2.5/3.5/5.5GHz WiMAX bands. In [26], the authors
present a wideband MIMO antenna with two novel bent slits which
can cover the 2.4 to 6.55 GHz frequency band with good isolation.
However, in this design, there is no interference suppression of nearby
communication systems and thus affects the system performance. A
dual-band MIMO antenna is proposed in [27]. It can not only operate
at the whole WLAN and WiMAX bands but also cover the DCS-
1800, PCS-1900, IMT-2000/UMTS systems, whereas the isolation of
the 1.62 to 3.6 GHz band is just less than −13 dB which is not enough
to achieve good diversity performance. This motivates us to design
a dual-band MIMO antenna with good isolation for the WLAN and
WiMAX applications.

In this paper, a dual-band MIMO antenna array is presented.
The MIMO antenna array consists of two monopoles with back-to-
back separation of nearly 0.058λ0 at 2.4 GHz. By connecting the two
antennas with a T-shaped stub and cutting two rectangular slots from
the ground plane, the isolation between the two ports is improved.
Both simulated and measured results, including the S-parameters,
radiation patterns, antenna gain and envelope correlation coefficient
are reported. Details of the MIMO antenna array design is proposed
and discussed.
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2. ANTENNA DESIGN

The geometry and photograph of the proposed antenna are shown in
Figures 1 and 2, respectively. The antenna system comprising two
monopoles is fabricated on a low-cost FR-4 substrate with relative
permittivity of 4.4 and thickness of 1 mm. Each of the monopoles
is fed by a 50 Ω microstrip line. The L-shaped slot etched in the
rectangular patch can make it produce extra resonant modes, thus
widen the impedance bandwidth. A metal T-shaped stub which can
reduce the mutual coupling caused by near-field is placed between the
two monopoles. Two rectangles with height h3 = 4 mm and width
w1 = 2.1mm are cut from the ground plane to change the surface

Figure 1. Geometry of the proposed antenna.

Figure 2. Photograph of the proposed antenna.
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Table 1. Optimal parameters of the proposed antenna (see Figure 1).

Parameter W L wd w1 w2 w3 w4 w5

Value (mm) 40 30 1.9 2.1 9 4.9 10 7.2

Parameter x x1 h h1 h2 h3 h4 h5

Value (mm) 2 1 1.6 10 10 4 15 5.7

Figure 3. The geometry of the antenna without the decoupling
structure (reference antenna).

current distribution on the ground plane. The proposed antenna is
designed and analyzed by using the simulation software Ansoft HFSS
V12. The optimal dimensions of the proposed antenna are shown in
Table 1.

3. ANALYSIS OF WORKING MECHANISM

To analyze the effect of the mutual decoupling structure (include the
T-shaped stub and two rectangular slots), another configuration will
be investigated in this part. The antenna without the decoupling
structure is called the reference antenna. Figure 3 shows the geometry
of the reference antenna. The S-parameters of the two antennas are
shown in Figures 4(a) and (b). It can be seen that the introduce of
decoupling structure makes the reflection coefficient better at the lower
frequency band and improves the isolation at 2.6 GHz from−12.7 dB to
−17.9 dB. The isolation at the higher frequency band decreases because
of the introducing of decoupling structure. However, it is not a problem
for the isolation is still under −20 dB. There are two reasons which may
increase the mutual coupling. One is the near-filed coupling caused by
too close space, the other is the surface coupling caused by sharing the
same ground plane. The T-shaped stub in this design is composed of a
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(a) (b)

Figure 4. Simulated S-parameters of MIMO antenna with and
without decoupling structure: (a) S11, (b) S21.

neutralization line and a vertical strip. The neutralization line provides
an anti-phase coupling current to eliminate the original coupling route.
This can reduce the electromagnetic coupling between two closely
placed antennas [15, 20]. The vertical stub can be viewed as a reflector
which can reduce the mutual coupling by separating the two antennas’
radiation patterns [13, 27]. The two rectangular slots cut on the
ground plane change the current distribution which further decreases
the mutual coupling [23]. Figure 5 shows the simulated surface current
distribution of the antenna with and without the decoupling structure.
As it is seen, when port 1 is excited and port 2 is terminated with 50 Ω,
without the decoupling structure, much current flows from monopole 1
to monopole 2. Obviously, less current flows from monopole 1 to
monopole 2 after the decoupling structure is added. It indicates that
the decoupling structure can reduce the mutual coupling effectively. It
has the same effect when port 2 is excited.

The function of the L-shaped strip and the L-shaped slot will
be investigated in the next. Figure 6 shows the S-parameters of
the reference antenna with and without the L-shaped strip. The L-
shaped stripline provides the longest current route to generate the
first resonant mode at 2.57 GHz. The length of the L-shaped strip
is h4 + w4 = 25mm, which is about λ/4 at 2.57 GHz. Without the
L-shaped stripline, the first resonant mode will vanish as shown in
Figure 6(a). The L-shaped stripline also works as a reflector to reduce
the mutual coupling caused by near-filed as show in Figure 6(b).

Figure 7 shows S-parameters of the reference antenna with and
without the L-shaped slot. When the L-shaped slot is etched, two
different current paths on the radiation patch can be obtained which
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(a)

(b)

Figure 5. Current distribution of the MIMO antenna array when
port 1 is exited: (a) 2.4GHz, (b) 3.5 GHz.

(a) (b)

Figure 6. Simulated S-parameters of the reference antenna with and
without L-shaped strip: (a) S11, (b) S21.

correspond to two resonant modes at 3.57 and 5.6 GHz, respectively.
Then the dual-band characteristic can be obtained. The introduction
of the L-shaped slot almost not affects the isolation between the two
ports.

According to the above analysis, we investigated the parameters
affect the impedance matching condition and isolation of the proposed
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(a) (b)

Figure 7. Simulated S-parameters of the reference antenna with and
without L-shaped slot: (a) S11, (b) S21.

(a) (b)

Figure 8. Simulated S-parameters of the proposed antenna with
different values of W : (a) S11, (b) S21.

antenna most. Figure 8 shows the simulated S-parameters when the
length of the proposed antenna W changes. It is found that the
S21 in the frequency band 2.4–7 GHz decrease when W increase from
35mm to 45mm. However, with the increase of the W , the impedance
matching condition in the lower frequency band 2.4–3.7GHz becomes
worse. Figure 9 plots the simulated S-parameters when the height
of the L-shaped strip h4 varies from 15mm to 19 mm. Too long h4

will make the impedance matching condition at the lower frequency
band worse, while too short h4 will deteriorate the S21 in the lower
frequency band. Figure 10 illustrates the simulated S-parameters for
different values of h5. It can be clearly seen that with the increase of
the h5 the second and third resonant modes shift to lower frequency
band. Small effects are found on the isolation when h5 changes.
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(a) (b)

Figure 9. Simulated S-parameters of the proposed antenna with
different values of h4: (a) S11, (b) S21.

(a) (b)

Figure 10. Simulated S-parameters of the proposed antenna with
different values of h5: (a) S11, (b) S21.

4. RESULTS AND DISCUSSIONS

To validate the simulated results, the proposed MIMO antenna shown
in Figure 1 has been fabricated and tested. The S-parameters of the
antenna are measured by Agilent E8363B vector network analyzer
(VNA). The measured and simulated S-parameters are plotted in
Figure 11. As can be seen, the impedance bandwidths for S11 ≤
−10 dB are about 1360MHz (from 2.39GHz to 3.75GHz) with S21 ≤
−20 dB and 1970MHz (from 5.03 GHz to 7GHz) with S21 ≤ −25 dB,
which can cover the 2.4–2.484, 5.15–5.35, and 5.725–5.825 GHz WLAN
bands and the 2.5–2.69, 3.4–3.69, and 5.25–5.85GHz WiMAX bands.
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(a) (b)

Figure 11. Simulated and measured S-parameters of the proposed
antenna: (a) S11 and S22, (b) S21.

There is a small discrepancy between the simulated and measured S-
parameters for the reason of mismatch between the SMA connector
and the antenna feedline.

The radiation patterns of the proposed antenna are measured
and simulated at three frequencies 2.4, 3.5 and 5.5 GHz and shown
in Figure 12. During the measurement and simulation, the Port 1 is
excited, while the Port 2 is terminated with a 50-Ω load. The total
efficiency of an antenna is defined as the total radiated power divided
by the incident power at the feed. The factors for the loss of efficiency
are dielectric loss of the FR4 substrate, ohmic losses in all the metallic
parts, and the refection losses due to the mismatch between the co-axial
probe and the antenna. In a two-port antenna system, the isolation
between the two ports should also take into account, because if any
energy input at one port can exit through another port, that energy
will be dissipated in its terminal load. The following equations can be
used to calculate the respective total efficiency of the two ports [15]:

ηtotal1 = ηrad1

(
1− |S11|2 − |S21|2

)
(1)

ηtotal2 = ηrad2

(
1− |S22|2 − |S12|2

)
(2)

ηrad1 and ηrad2 are the radiation efficiencies of the port 1 and port 2.
Figure 13 plots the measured peak gain and calculated total efficiency
of the reference and proposed antennas when Port 1 is excited. Because
of the symmetrical structure, only the gain and total efficiency of one of
the two ports are presented. It can be seen that in the lower frequency
band from 2.4 GHz to 3.7 GHz the efficiency of the proposed antenna
is larger than the reference antenna. This is because in this working
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(a)

(b)

(c)

Figure 12. Radiation patterns of the proposed antenna for two planes
(left: x-z plane, right: x-y plane) at (a) 2.4 GHz, (b) 3.5 GHz, and
(c) 5.5 GHz.
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Figure 13. The measured peak gain and calculated total efficiency of
the reference and proposed antennas when Port 1 is excited.

band the isolation of the proposed antenna is much better than the
reference antenna, which makes less energy at Port 1 of the antenna
leaks to Port 2. Thus, more energy can be radiated from Port 1. For the
same reason, the efficiency of the reference antenna is larger than the
proposed antenna in the higher frequency from 4.2 GHz to 6GHz. The
peak gain in the lower frequency band varies from 1.5 dBi to 2.2 dBi
with an average of 1.86 dBi, and the radiation efficiency is larger than
about 76%. In the higher frequency band, the peak gain changes from
2dBi to 3 dBi with an average of 2.4 dBi, and the radiation efficiency
is larger than about 86%.

The envelope correlation coefficient (ECC) is an important
parameter to evaluate the MIMO/diversity performance of the
antenna. It can be employed to estimate the degree of similarity
between the two beam patterns. Generally, low envelope correlation
may mean less overlapping between the two beam patterns. The
envelope correlation coefficient can be calculated by using S-
parameters or radiation patterns which are described in detail in [28]
and [12, 15, 29, 30], respectively. Here, the correlation coefficient, ρeij ,
between the ith and jth elements (i, j = 1 to n, where n is the
total number of antenna elements) is calculated through the complex
correlation coefficient ρcij as shown in Equation (3) [29]:

ρeij = |ρcij |2 =

∣∣∣∣∣∣∣∣∣∣

2π∫
0

Aij (φ)dφ

√
2π∫
0

Aii(φ)dφ
2π∫
0

Ajj (φ)dφ

∣∣∣∣∣∣∣∣∣∣

2

(3)
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Figure 14. The calculated envelope correlation coefficient (ECC) of
the reference and proposed antennas.

where

Aij(φ) = ΓEθi(π/2, φ)E∗
θj(π/2, φ) + Eφi(π/2, φ)E∗

φj(π/2, φ)

in which
~Ep (θ, φ) = Eθp (θ, φ) ~θ + Eφp (θ, φ) ~φ

is the vector radiation pattern associated with antenna #p. Γ is the
cross-polarization discrimination (XPD) (ratio of vertical to horizontal
electric field strength) of the incident field. In this paper, Γ is chosen
as 0 dB which is the average in an indoor environment [1]. The
Equation (3) is based on the condition that the fading envelope being
Rayleigh distributed, the incoming field arriving in the horizontal plane
only, the incoming field’s orthogonal polarizations being uncorrelated,
the individual polarizations being spatially uncorrelated, and finally
the time-averaged power density per steradian is constant [29, 30].
Figure 14 presents the calculated envelope correlation coefficient of the
reference and proposed antennas. From the figure, it can be conclude
that the ECC of the proposed antenna is much smaller than the
reference antenna at the lower frequency band 2.4–3.7 GHz. Moreover,
the ECC of the proposed antenna is less than 0.1 in the whole working
band which satisfies the MIMO requirement for ρeij ≤ 0.5 [1].

5. CONCLUSION

A low-profile dual-band MIMO/diversity antenna system has been
investigated in this paper. The measured impedance bandwidth for
S11 ≤ −10 dB varies from 2.39 GHz to 3.75 GHz and 5.03 GHz to
7GHz with isolation below −20 dB and −25 dB, respectively. The high
isolation performance is obtained by connecting the two monopoles
with a T-shaped stub and etching two rectangular slots on the ground
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plane. The radiation patterns, antenna gain, efficiency and envelope
correlation coefficient have also been simulated and calculated. The
calculated envelope correlation efficiency of the proposed MIMO
antenna in the working band is less than 0.02. These results show that
the proposed antenna system is suitable for portable MIMO/diversity
applications.
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