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A new L-shaped slot dipole for multiple-input–multiple-output (MIMO) antenna system
with an L-shaped slit is presented for WLAN and WiMAX applications. The L-shaped slot
provides two bands at 2.4 and 5.2 GHz, and the third frequency at 3.5 GHz is achieved by
introducing the L-shaped slit. The MIMO antenna consists of four symmetrical antenna elements. Each element is fed through a 50-X microstrip feed line-coupling electromagnetic
ﬁeld to the slot. A high isolation of 16 dB among the four antennas is achieved for an
antenna spacing less than 0.05 k. The MIMO structure gives high gain ([4:0 dB), low correlation (\0:05), and high radiation efﬁciency ([93%) The results indicate that the proposed MIMO antenna can provide spatial or pattern diversity to increase data capacity of
wireless communication systems.

1. Introduction
Multiple-input–multiple-output (MIMO) systems have been the subject of investigation for
several years. Demand for high data rate and large channel capacity of users in recent mobile
communication systems drives the development of MIMO systems [1]. A practical MIMO
antenna should have a low signal correlation between the antenna elements and good matching characteristic of input impedance [2,3]. In addition, since the isotropic pattern leads to an
increase in channel capacity, it is desirable that all the elements have the same radiation and
isotropic pattern, simultaneously. Moreover, reduction of mutual coupling among closely
spaced antenna elements is severe and leads to weak MIMO system performance. Many studies have been done using MIMO antenna system [4–9]. Various techniques have been applied
to reduce the mutual coupling between the elements [10–17]. In [10], two types of antenna
elements printed on different sides of the substrate, with series of slits etched in the ground
plane, were proposed to reduce mutual coupling between elements. In [11], the wideband Tshaped neutralization line, in [12], tree-like structure, and in [13], parasitic elements are the
other techniques that have been used to enhance port-to-port isolation. Low mutual coupling
can also be achieved through speciﬁc ground structure [14–16] and 180° coupler [17].
In this paper, a planar four-slot elements MIMO antenna with good isolation is presented.
Each slot is proximity-fed by a 50-X microstrip line. The slot antennas are orthogonal with
each other in order to realize polarization diversity. In general, the mutual coupling between
two closely placed antennas is mainly caused by induced currents due to sharing common
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ground and near-ﬁeld coupling [18]. By separating the common ground plane of antenna
structure and placing the antenna at the best-array conﬁguration, high isolation (better than
16 dB) is achieved for antenna spacing even less than 0.05 k0 , where k0 is the free space
wavelength at the lower center frequency.
In comparison with [5], the proposed array offers enhanced performances in terms of
operating frequency bands with better isolation between the elements in addition to the
advantage of antenna efﬁciency and gain.
2. Antenna structure and design
The designed and fabricated MIMO antenna structure is shown in Figures 1 and 2, respectively.
A four-symmetrical dipole-slots antenna has been used in this structure. Each antenna consists
of an L-shaped slot and an L-shaped slit that have been cut on the ground plan which is proximity-fed by a 50-X microstrip line, and the least edge to edge separation of the elements is
0.048 k0 at 2.4 GHz. It has been shown in [19] that the resonant frequency of an open slot on a
ground plane is approximately k=2, where k is the resonant wavelength. In order to design the
tri-band antenna, the ﬁrst L-shaped slot operating at resonant frequency of 2.4 GHz is cut on
ground plan. The dimension of the L-shaped slot is L1 þ L2 ¼ 61:7 mm ﬃ k=2. The second
resonant frequency at 5.2 GHz is in the range of, 0:7\L=k\0:9. Creating the third resonant
frequency of 3.5 GHz requires extra resonant mode that can be added by introducing an
L-shaped slit on the ground plane. Figure 3 shows the simulated magnitude of the reﬂection
coefﬁcient of the proposed single antenna with and without the L-shaped slit. As marked in
Figure 3, the equivalent impedance seen by the microstrip line at frequency of 3.9 GHz is
52-j58 X. The L-shaped slit acts like a parallel capacitance; it has compensated the imaginary
part of impedance, so a good matching in the frequency of 3.5 GHz is acquired [20].
In order to have a better understanding of the design procedure of the antenna, some parametric studies and current distribution on the antenna have been investigated. Figure 4 depicts
simulated magnitude of the reﬂection coefﬁcient of antenna with different values of the slit’s
vertical position (Ys). Medial frequency changes with varying Ys, while the other frequencies
are almost constant. Figure 5 shows that the magnitude of the reﬂection coefﬁcient of the
antenna in the two horizontal positions is approximately the same, because the equivalent
capacity seen by the microstrip line is almost constant for the two positions. Figure 6(a) and
(b) shows the surface current density and the E-ﬁeld distribution at the frequency of 2.4 GHz,
respectively. The ground currents ﬂow around the slot edge in a manner the same as those on
the conventional half-wavelength slot antenna. A peak value at the middle and two minimum

Figure 1.

Prototype of MIMO antenna system with four elements. (a) Top view and (b) bottom view.
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Prototype of fabricated MIMO antenna. (a) Top view and (b) bottom view.
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Figure 3. Simulated magnitude of the reﬂection coefﬁcient of proposed antenna with and without the
L-shaped slit.
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Simulated magnitude of the reﬂection coefﬁcient with Ys variation.

values at the end of the L-shaped slot can be seen from E-ﬁeld distribution. As expected and
shown in Figure 7(a) and (b), the surface current path length at the frequency of 3.5 GHz is
approximately 0.7k and at the frequency of 5.2 GHz is 0.9k, where k is the wavelength at
resonant frequency.
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Figure 5.

Simulated magnitude of the reﬂection coefﬁcient with Xs variation.

Figure 6.
2.4 GHz.

Simulation of (a) surface current distribution and (b) E-ﬁeld distribution at frequency of

Figure 7.

Surface current distribution at the frequency of (a) 3.5 GHz and (b) 5.2 GHz.

The substrate dimension used for the proposed antenna is 35 mm  38 mm, h ¼ 0:8 mm
thickness, and permittivity er ¼ 2:2. By ﬁxing optimum parameters of the proposed antenna,
good impedance matching through the operating bands for WLAN and WiMAX applications
can be achieved. Table 1 summarizes the dimensions of the proposed antenna.
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Table 1. Dimensions of the proposed antenna (Unit: mm).
Lg

Wg

L1

L2

L3

L4

W1

W2

Lf

Lfs

Wf

Xs

Ys

38

35

32.8

28.9

12.6

3.6

4

2.38

34.3

19.75

2.48

24.3

17.8

Antenna performance

3.1. Impedance performance
The comparison between simulated and measured return–loss characteristics of the proposed
antenna obtained by using CST 2010 and Agilent E8361C vector network analyzer is shown
in Figure 8. Reasonable agreements between the simulation and measurement results are
attained. Some slight discrepancies between them may be attributed to measurement errors,
inaccuracies in the fabrication process, and the effect of the SMA connector. In this measurement, one port is excited and the other terminated by the standard 50 X matching loads.
Considering the symmetry of the four-element antenna, some curves overlap with each other.
Regarding the overlaps of the curves, only three curves for simulation and three curves for
measurement are needed to be shown. These curves are shown in Figure 8. Because S21 and
S41 are the same, they are not shown in the ﬁgure for simplicity. The measured results show
that the antenna system covers the frequency bands of 2.4–2.5 GHz, 3.4–3.6 GHz, and
5–5.5 GHz with S11 below 10 dB. These results show that a good isolation (below 16 dB)
has been achieved. According to Figure 8, the worst-case isolation for the proposed antenna
array is S31 ¼ 16 dB. The parametric study of S31 in terms of antenna-element separation is
shown in Figure 9. It is clear according to Figure 9 that the isolation is better than 20 dB
when the space between antenna elements is less than 0.1 k. In comparison with [5] with the
same single antenna substrate, this antenna array conﬁguration improved isolation more than
6 dB. In [6], an isolation better than 17 dB was achieved for antenna interelement spacing
15 mm or 0.14 k, where k is the smallest antenna frequency. In this antenna, an isolation better than 16 dB is achieved for antenna spacing 6 mm or 0.048 k, where k is the wavelength
at the frequency of 2.4 GHz.
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Figure 8.

Simulation and measurement result of S-parameters for proposed MIMO antenna.
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Figure 9.

S31 variation with different values of antenna separation.

Figure 10. Simulated and measured radiation pattern of proposed antenna at the frequency of 2.4 GHz
for (a) XY plane, (b) XZ plane, and (c) YZ plane.

3.2.

Radiation performance

Simulated and measured radiation patterns of three principal planes and for three bands of
designed frequency, when antenna #1 is fed and the other three antennas terminated by a
matching load, are shown in Figure 10–12.
The orientation of the antenna regarding the coordination system is clariﬁed in Figure 1.
Both the co- and cross-polarization components are shown. At two planes XZ and YZ, thetacomponent is co-polarization and phi-component is cross-polarization. At plane XY , phi-component is co-polarization and theta-component is cross-polarization. Nearly omnidirectional
pattern in the XZ and YZ planes and dipole-like radiation pattern in the XY plane are obtained
at the frequency of 2.4 GHz. At the second and third resonant frequencies, the ﬁxed-size
ground plane is electrically larger, so the patterns start to undulate, as well known, because of
the larger electrical spacing of diffraction source contributions [19]. However, nearly omnidirectional pattern is achieved at the frequency of 3.5 GHz and 5.2 GHz. There are no deep
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Figure 11. Simulated and measured radiation pattern of proposed antenna at the frequency of 3.5 GHz
for (a) XY plane, (b) XZ plane, and (c) YZ plane.

Figure 12. Simulated and measured radiation pattern of proposed antenna at the frequency of 5.2 GHz
for (a) XY plane, (b) XZ plane, and (c) YZ plane.

nulls in any direction. This is an important factor when antenna has been used for MIMO
application. If the antenna has a deep null in a particular direction that aligns with the
direction of the signal’s arrival, signal dropouts occur.
3.3.

Diversity performance

In general, the envelope correlation coefﬁcient of a MIMO antenna can be calculated either
through the far-ﬁeld radiation pattern or via scattering parameters from the antenna. The envelope correlation coefﬁcient can be calculated through S-parameters under the assumptions that
the incoming signals are uniformly distributed, and the antenna elements are lossless and well
matched. The envelope correlation coefﬁcient qe of a four-antenna system can be determined
using the following equations [21]:
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Simulation and measurement results for correlation coefﬁcient between antenna #1 and #3.

qe1 ¼

qe1 ¼





jS11
S12 þ S12
S22 þ S13
S32 þ S14
S42 j2

ð1  ðjS11 j2 þ jS21 j2 þ jS31 j2 þ jS41 j2 ÞÞ
ð1  ðjS12 j2 þ jS22 j2 þ jS32 j2 þ jS42 j2 ÞÞ




jS11
S13 þ S12
S23 þ S13
S33 þ S14
S43 j2

ð1  ðjS11 j2 þ jS21 j2 þ jS31 j2 þ jS41 j2 ÞÞ
2
2
2
2
ð1  ðjS13 j þ jS23 j þ jS33 j þ jS43 j ÞÞ

ð1Þ

ð2Þ

where qe1 and qe2 are envelope correlations between the antennas #1, #2 and antennas #1, #3
(antenna number is indicate in Figure 1), respectively. The envelope correlation between the
antennas #1, #4 is exactly the same as antennas #1, #2. The calculated and measured
envelope correlations of the array structure are shown in Figures 13 and 14. The envelope
correlation in the interested frequency band is less than 0.05 which is good enough for
MIMO applications.
Table 2 shows the simulated peak gain and radiation efﬁciency. Results show that good
gain and high-radiation efﬁciency (more than 93%) have been achieved for the frequency
band of MIMO system.
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Table 2. Peak gain and radiation efﬁciency results.
Frequency (GHz)
Peak Gain (dB)
g (%)
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4.

2.4
4
97

3.5
4
93

5.2
5.8
99

Conclusion

A new L-shaped dipole-slot antenna with L-shaped slit has been presented. The L-shaped slot
provides two frequency bands at 2.4 GHz and 5.2 GHz, and the third frequency at 3.5 GHz is
achieved by introducing an L-shaped slit. The isolation better than 16 dB is achieved by
separating the common ground plane of MIMO antenna and placing the antennas at the bestarray conﬁguration. Relative high gain, envelope correlation less than 0.05, efﬁciency of
higher than 93% and almost omnidirectional patterns at all three frequencies are provided for
antenna-array conﬁguration with a low antenna spacing even less than 0.05 k. The results
show that this antenna array can be a good candidate for MIMO application at the frequency
band of WLAN and WiMAX.
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