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A novel compact MIMO antenna for personal digital assistant (PDA) and pad computer is proposed. The proposed antenna is
composed by two multipatch monopole antennas which are placed 90◦ apart for orthogonal radiation. To strengthen the isolation,
a T-shaped ground branch with proper dimension is used to generate an additional coupling path to lower the mutual coupling
(below −15 dB), especially at GSM850/900 band. The proposed MIMO antenna is fabricated and tested, both the simulated and
the measured results are presented, and some parametric studies are also demonstrated. In addition, there are some advantages
about the proposed antenna such as simple structure, easy fabrication, and low cost.

1. Introduction
With the rapid development of wireless communication,
high data rate is required to improve the quality of information. However, the channel capacity of the conventional
single-input, single-output (SISO) communication system is
limited according to the Shannon’s theorem. To solve this
problem and reduce the signal fading in the rich scattering
environment without any extra expenditure in power or
spectrum, the multiple-input multiple-output (MIMO)
communication system has been well developed in the past
a few years [1, 2].
The printed monopole antennas are widely used in the
MIMO communication systems for their advantages of low
cost, easy fabrication, and good performance. To obtain the
predicted high signal capacity, the mutual coupling between
the antennas in the MIMO communication systems should
be low enough, and the high isolation makes uncorrelated
signals among the antennas [3]. Usually, low coupling can
be obtained by separating the antennas at a distance of half
a wavelength or more, but this is impractical in the mobile
terminals, so a lot of methods have been studied to reduce
the mutual coupling between the closely spaced monopole
antennas.

Now many diﬀerent MIMO antennas consisted of printed monopole antennas have been reported. In [4, 5], a
quarter wavelength slot and its deformation are used to
reduce the mutual coupling. In [6], parasitic elements are
proposed for high isolation. In [7–9], diﬀerent kinds of
ground branches are reported to create an additional coupling path to cancel the original coupling. In [10–13], neutralization technique between antennas is proposed which
can neutralize the current of two antennas. In [14, 15],
decoupling networks based on lumped elements are adopted
to strengthen the isolation between antennas. In [16], metamaterials are used to generate low correlation between antennas. Most of these MIMO antennas are worked at PCS,
DCS, UMTS, or WLAN 2.4/5.2 bands with high isolation,
but few of them can work at GSM 850/900 band with a strong
isolation (below −15 dB) for mobile terminal.
In this paper, we present a novel compact multiband
MIMO antenna with isolation enhancement using a Tshaped ground branch for mobile terminal, such as PDA and
pad computer. It is consisted of two symmetric printed monopole antennas and covers the GSM850/900, DCS, PCS,
UMTS, and LTE2500 band with mutual coupling low enough
(below −15 dB). Both the simulated and the measured results
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are represented, and the influence of the T-shaped ground
branch on the isolation is analyzed.

3. Simulation and Experimental Results
The proposed antenna shown in Figure 1 was fabricated and
measured. The photo of the fabricated antenna is shown in
Figure 2.
The simulated and experimental S11 and S21 parameters
which were obtained using an Agilent 8753ES network
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2. Antenna Design
Figure 1 shows the geometry of the proposed multi-band
MIMO antenna printed on a substrate of dimension 125 ×
100 mm2 , which can represent the circuit board of the mobile
terminal, such as PDA and pad computer. The substrate of
the proposed antenna was chosen as low cost FR-4 material
with a thickness of 0.8 mm, 4.4 of dielectric constant, and
0.02 of loss tangent. Ansoft High-Frequency Structure Simulator (HFSS) was used to simulate and optimize the parameters of the proposed antenna.
The antenna is consisted of two orthogonal monopole
antennas printed on the top layer of the substrate. The distance between the two monopole antennas is 36 mm which
is only about 0.1λ at 850 MHz. The radiated element of the
monopole antenna is consisted of a rectangular patch with a
folded slot inserted and a parasitic patch. The dimension of
the rectangular patch is 33 × 11 mm2 . The folded slot divides
the rectangular patch into two patches, and the inner patch
(patch 2) is circled by the outer patch (patch 1). Patch 1 starts
from the feed point and follows the folded slot to the open
end of the slot while patch 2 starts from feed point to the end
of inner patch circled by the folded slot, so the length of patch
1 is much longer than the length of patch 2 which makes
patch 1 generate much lower operating band (GSM850/900)
compared to the operating band (DCS, PCS, and UMTS)
generated by patch 2. To enlarge the high band, a parasitic
patch (patch 3) is introduced which works at the LTE2500
band. By adjusting the lengths of the three patches properly,
the desired operating bands can be obtained. The lengths of
three patches are less than a quarter free wavelength of their
own operating bands; this is mainly caused by the eﬀect of
the FR-4 substrate which decreases the resonant length of the
radiating patches.
A 50 ohm microstrip is used to feed the monopole antenna, which is also printed on the top layer of the substrate.
Good impedance match can be obtained without any other
match circuit.
The main ground plate of the MIMO antenna is about
85 × 100 mm2 and there is a T-shaped branch extending
from the main ground plate between the two monopole antennas. Both the T-shaped branch and the main ground plate
are printed on the bottom layer of the substrate. The Tshaped branch is consisted of a vertical subbranch and a
horizontal subbranch; the widths of the two subbranches are
same to simplify the design of the proposed MIMO antenna.
To obtain a high isolation, the dimensions of the two subbranches should be properly selected.
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Figure 1: Geometry of the proposed multi-band MIMO antenna.
(Unit: mm).

analyzer are shown in Figures 3 and 4, respectively. Because
of the symmetry of the MIMO antenna, there are only S11
and S21 shown. The measured results have some discrepancy
compared to the simulated results which is probably caused
by the manufactured and the measured tolerance. The S11
bandwidth of the lowest band determined by VSWR 3 : 1 is
from 0.81 GHz to 1.02 GHz which covers the GSM850 (824–
894 MHz)/900 (880–960 MHz) band, and the bandwidth of
the middle band is from 1.45 GHz to 2.2 GHz and covers the
DCS (1710–1880 MHz), PCS (1850–1990 MHz), and UMTS
(1920–2170 MHz) band. On the other hand, the bandwidth
of high band caused by the parasitic patch is from 2.39 GHz
to 2.8 GHz and satisfies the requirement of LTE2500 (2500–
2690 MHz) band. The measured S21 parameter in all of these
bands is bellow −15 dB and this value is low enough for
mobile terminal. From Figure 4 it can be seen that the isolation between two ports is worse in the lower band than in the
higher band, this is mainly because the normalized distance
by wavelength between the ports is shorter in the lower band.
The simulated 3D radiation patterns of antenna 1 and antenna 2 at 0.9 GHz, 1.9 GHz, and 2.5 GHz are shown in
Figures 5, 6 and 7, respectively. From the results it can be seen
that the radiation patterns of the two antennas are orthogonal to each other, so the dual-element MIMO antenna shows
good pattern diversity characteristic to overcome the multipath fading and enhance the system performance. The simulated gain in all the bands is high than 0 dB, and the value
of the gain has a little diﬀerence between antenna 1 and antenna 2. The far field measurements were carried out in an
anechoic chamber. When one antenna was measured, the
other one was terminated by a 50 ohm load. Figures 8, 9 and
10 show the radiation patterns in the yoz plane and in the xoz
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Figure 2: Photographs of the fabricated MIMO antenna.
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plane at 0.9, 1.9, and 2.5 GHz, respectively. The results also
show that the radiation fields of the antenna 1 and antenna 2
are orthogonal. The discrepancy of the patterns between the
two antennas is mainly caused by the manufactured and the
measured aberration.
Usually, the envelope correlation coeﬃcient is an important parameter to evaluate the diversity characteristic of a
multi-antenna system [17]. Low envelope correlation coeﬃcient means high diversity gain. Generally speaking, this value should be less than 0.5 to get a good characteristic of diversity for the mobile terminal application [18]. The envelope
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Figure 3: Measured and simulated S11 of the proposed antenna.

1

Figure 4: Measured and simulated S21 of the proposed antenna.

correlation coeﬃcient computed from the measured S parameters is shown as follows [19]:
ρe = 

 ∗

S S12 + S∗ S22 2
11
21 
 .
1 − |S11 |2 + |S21 |2
1 − |S22 |2 |S12 |2


(1)

From the measured S parameters, the envelope correlation coeﬃcient was calculated, which is shown in Figure 11.
In the GSM850/900 band, the maximum coeﬃcient is 0.005,
on the other hand, the maximum coeﬃcients in the middle
bands and the LTE2500 band are 0.0127 and 0.001, respectively. The obtained envelope correlation coeﬃcient shows
that the proposed antenna is hopeful for MIMO application.

4

International Journal of Antennas and Propagation

dB (gain total)

Z

2.5125e+000
1.9052e+000
1.2978e+000
6.9047e−001
8.3116e−002
−5.2424e−001
−1.1316e+000
−1.7390e+000
−2.3463e+000
−2.9537e+000
−3.5610e+000
−4.1684e+000
−4.7757e+000
−5.3831e+000
−5.9905e+000
−6.5978e+000
−7.2052e+000

θ

Y

φ
X

dB (gain total)
2.5207e+000
1.9177e+000
1.3147e+000
7.1166e−001
1.0864e−001
−4.9437e−001
−1.0974e+000
−1.7004e+000
−2.3034e+000
−2.9064e+000
−3.5094e+000
−4.1125e+000
−4.7155e+000
−5.3185e+000
−5.9215e+000
−6.5245e+000
−7.1275e+000

Z

θ

Y

φ
X

(a)

(b)

Figure 5: Simulated 3D radiation pattern at 0.9 GHz. (a) Antenna 1 excited. (b) Antenna 2 excited.
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Figure 6: Simulated 3D radiation pattern at 1.9 GHz. (a) Antenna 1 excited. (b) Antenna 2 excited.
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Figure 7: Simulated 3D radiation pattern at 2.5 GHz. (a) Antenna 1 excited. (b) Antenna 2 excited.
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Figure 8: Measured radiation pattern at 0.9 GHz. (a) The yoz plane. (b) The xoz plane.
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Figure 9: Measured radiation pattern at 1.9 GHz. (a) The yoz plane. (b) The xoz plane.
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4. Parametric Studies on Decoupling Element
To further demonstrate the operation of the decoupling
element, we have made some parametric studies on the Tshaped ground branch and show the current distribution on
the MOMO antenna.
Figure 12 shows the simulated results of the S21 parameter of the MIMO antenna with the T-shaped branch or not.

From the result it can be seen that the mutual coupling between antenna 1 and antenna 2 is greatly improved. With the
T-shaped branch, the maximum S21 at the GSM 850/900
band is from −11 dB to −17 dB, at the middle band is from
−14 dB to −16 dB, and at the LTE2500 band is from −22 dB
to −29 dB. With the T-shaped ground branch, the isolation
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Figure 14: Simulated results of S parameters when parameter H varied (Unit: mm). (a) S11 . (b) S21 .

between the two monopole antennas is strong enough for
mobile terminal.
To explain how the T-shaped ground patch reduces the
mutual coupling, the surface current distribution is shown.
Figure 13(a) shows the surface current distribution on the
entire element without the T-shaped branch while antenna
1 is excited. In this case, the surface current induced on
the antenna 2 is strong, so the mutual coupling is high.
At Figure 13(b), when the T-shaped branch is added to the
ground plate, the induced surface current on the antenna 2
is much weaker where the antenna 1 is excited as before, so
the mutual coupling is much lower. The reason is that the

antenna 1 induces coupling current on the T-shaped branch
and the antenna 2, respectively, and the T-shaped branch also
induces coupling current on the antenna 2 where the two
induced coupling currents on the antenna 2 are reverse, so
the isolation is strengthened.
Figure 14 shows the eﬀect of various values of the parameter H which is shown in Figure 1 on the simulated S11 and
S21 parameters for the proposed MIMO antenna while other
parameters are fixed. From the picture it can be seen that the
impedance matching is improved and the isolation between
the two antennas is strengthened when the value of the parameter H increases, especially at the lower bands. Besides
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these, the resonant frequencies are not changed much when
the parameter H varies. So the parameter H = 35 mm was
chosen for the proposed antenna.
The eﬀect of various values of the parameter W on the
simulated S11 and S21 parameters is shown in Figure 15; other
parameters are fixed. From the results we can see that the
impedance matching is improved when the value of the
parameter W increases. For the isolation, there exists an
optimal value of W. In this study, when W = 50 mm, the
mutual coupling between the antennas is lowest in the desired bands. But in this situation, the S11 band at GSM850
band is not wide enough, so a trade-oﬀ between the bandwidth and the isolation should be made, and we chose W =
54 mm for our design.

5. Conclusion
In this paper, a novel compact MIMO antenna for GSM850/
900, PCS, DCS, UMTS, and LTE2500 bands has been proposed and studied. The MIMO antenna is consisted of two
orthogonal monopole antennas and the monopole antenna
is formed by three patches with diﬀerent lengths. To strength
the isolation between the two ports, a T-shaped ground
branch between the two monopoles is adopted. Furthermore,
the decoupling mechanism of the T-shaped ground branch is
proposed, and some parametric studies on the branch have
been made to make a good impedance matching and a high
isolation. The prototypes of the proposed MIMO antenna
have been successfully implemented and good antenna performances have been observed. The return loss (S11 ) is below
−6 dB and the isolation characteristic (S21 ) is less than
−15 dB in all the desired frequency bands, especially at
GSM850/900 band. Both the simulated and the measured
patterns are given and the orthogonal radiation characteristic

is observed. Moreover, the envelope correlation coeﬃcient of
this MIMO antenna is far less than 0.5 which leads to a good
diversity characteristic to overcome the multipath fading.
The design is simple and constructed with a low cost which
is promising for mobile terminal such as PDA and pad computer.
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