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A Miniaturized Dual-Band MIMO Antenna with Low Mutual
Coupling for Wireless Applications
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Abstract—In this article, a parasitic element structure is proposed to reduce the mutual coupling in a
miniaturized microstrip dual-band Multiple-Input Multiple-Output (MIMO) antenna, which resonates
at (7.8 GHz) for X-band and at (14.2 GHz) for Ku band applications. The design of the primary
antenna consists of two identical radiators placed on a 24 × 20 mm2 Fr-4 substrate, which are excited
by orthogonal microstrip feed lines. In addition, a single complementary split ring resonator (S-CSRR)
is used to improve the performance of proposed antenna. Simulation and measurement were used
to study the antenna performance, including reflection coefficients, coupling between the two input
ports, radiation efficiency, and the radiation pattern. The measured results show that the proposed
antenna achieves two operating bands with impedance bandwidths (|S11| ≤ −10 dB) of 560 MHz (7.6 to
8.16 GHz) and 600 MHz (13.8 to 14.4 GHz) and mutual coupling (|S12| < −26 dB), which are suitable
for X/Ku band applications.

1. INTRODUCTION

Multiple-Input Multiple Output (MIMO) technology is one of the most dynamic areas of research that
offers a significant increase in channel capacity and wireless system efficiency and meets the growing
demand for high-speed wireless communication systems [1]. It is characterized by its spatial diversity
and multi-path property. However, when antenna elements are placed in a confined space, the space
limitation will produce a strong coupling between ports and then degrade the antenna performance such
as diversity gain.

In this context, a compact MIMO system with low coupling between collocated antenna elements
has become a real challenge for antenna designers, and several decoupling methods have been devoted
to this issue. For example, defected ground structures (DGS) [2–4] and metamaterial structures in [5–7]
have been applied to achieve high isolation in MIMO antenna systems. Also, the weak mutual coupling
between the ports of a two orthogonal patches antenna has been designed in [8] for the 2.4 GHz industrial,
science, and medical (ISM) band. However, neutralization-line [9, 10] has been used to improve the
isolation between two-monopole-antenna system. There are still other methods to achieve a better
isolation by using metalized via wall [11], electromagnetic band-gap (EBG) structure [12–14], etching
slots in the ground plane [15, 16], and ELC resonator [17].

In this paper, a compact dual-band MIMO antenna with high isolation is designed using the
orthogonal microstrip line. The two frequency bands are obtained by embedding a particular form inside
the radiation patch and loading two symmetrical slits in the same patch. However, the performance
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of proposed antenna is optimized by embedding a single split ring resonator in ground plane. By
adjusting the geometrical parameter of each slit in the radiator, both frequency bands can be controlled
independently. The low mutual coupling and low envelope correlation coefficient make the proposed
antenna a good candidate for MIMO/diversity systems in the entire frequency band.

2. ANTENNA GEOMETRY AND DESIGN ASPECTS

2.1. The Evolve Process of the Proposed Antenna Design

The procedure to design a dual-band MIMO antenna with high isolation is shown in Figure 1. Initially,
Antenna 1 starts with two identical elements placed parallel to each other on a compact space with a

(a)

(b)
(Antenna 1) (Antenna 2) (Antenna 3)

Figure 1. Design evolution of proposed MIMO antenna: (a) front view, (b) bottom view.
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Figure 2. Simulated S-parameters of all structures.
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complete ground plane. By embedding a particular form inside the radiation patch, the first frequency
band at 7.8 GHz can be achieved as shown in Figure 2. In order to make the antenna resonate at the
second frequency band, each radiating element in Antenna 2 is loaded by two symmetrical slits. So, the
second resonance frequency is achieved at 14.2 GHz, whereas in Antenna 3, a single split ring resonator
is etched in the back substrate side to get a higher impedance matching over the operating dual bands
as displayed in the |S11| plot (Figure 2). The commercial software CST Microwave Studio is used to
design and analyze the S-parameter of each step of the proposed MIMO antenna.

2.2. Design of Proposed MIMO Antenna

The final geometry of the proposed dual-band MIMO antenna is illustrated in Figure 3. It is fabricated
on a compact FR4 substrate of 24∗20 mm2 with a relative permittivity of 4.4 and a substrate thickness
of 1.6 mm. The optimized geometrical parameters of presented antenna are listed in Table 1.

(a) (b)

Figure 3. The geometry of proposed MIMO antenna: (a) top view, (b) bottom view.

Table 1. Dimensions of the proposed antenna.

Parameters L W Lf L1 L2 W1 W2 W3 W4 d1

Value (mm) 20 24 3 5 2 7 1 5 2 6
Parameters d2 d3 a b d g f s Ls Ws

Value (mm) 4 2 4.5 4.5 0.5 2.5 1.5 7 1 0.4

2.3. Study the Effect Lengths of Proposed Antenna

To further evaluate the performance of antenna design, a parametric study is carried out on two
geometrical parameters “W4” and “Ls”, respectively. These parameters have an important effect on
both frequency bands. Figure 4 exhibits the effect of parameter “W4” on return Loss of the proposed
antenna. It can be seen that the first frequency band is shifted from 8.2 GHz (W4 = 1.6 mm) to 7.6 GHz
(W4 = 2.4 mm). These descriptions show the effect of W4 on the first resonant frequency.

The simulated return loss of proposed antenna with different values of “Ls” is presented in Figure 5.
Ls corresponds to slots length. It is observed from Figure 5 that by increasing the value of Ls, the second
resonating frequency is also shifted toward the higher frequency.

It can also be observed from Figures 4 and 5 that the isolation between ports is not influenced
significantly by different values of “W4” and “Ls”. Based on this study, the optimal values of W4 and
Ls are as follows: W4 = 2mm and Ls = 1mm.
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Figure 4. Simulated return loss results of
proposed antenna with variation of parameter W4.
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Figure 5. Simulated return loss results of
proposed antenna with variation of parameter Ls.

3. FABRICATION AND MEASUREMENT RESULTS

3.1. Fabricated Antenna and Measured Results

Based on the optimized dimensions shown in Figure 3, a prototype of the proposed antenna has been
successfully fabricated on an FR4 substrate (dielectric constant = 4.4, loss tangent = 0.02) using
LPKF ProtoMat E33 compact circuit board plotter device as shown in Figure 6. Then, it is measured
experimentally using the A Rohde and Schwarz ZVB 20 vector network analyzer.

(a) (b)

Figure 6. Photograph of fabricated prototype
antenna: (a) the front view, (b) bottom view.
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Figure 7. Simulated and measured S-parameters
|S11| and |S12| versus frequency of the proposed
antenna.

Figure 7 shows the comparison between measured and simulated S-parameters of the proposed
antenna. Due to the symmetric structure of the proposed antenna, the simulated and measured |S22|
and |S21| are almost the same as |S11| and |S12|, and they are not shown in this figure for the sake of
brevity.

The experimental results are in close agreement with the simulated ones. As can be seen from
measured results, the impedance bandwidth (|S11| < −10 dB) of fabricated MIMO antenna can cover
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the lower frequency band 7.6–8.16 GHz (X-band) with the maximum value of 28 dB at 7.83 GHz, and
in the higher frequency band 13.8–14.4 GHz (Ku-band) with the maximum value of 20 dB at 14.2 GHz.
In addition, along the frequency range, the measured isolation values between ports over the operating
bands are less than −26 and −22 dB, respectively. This indicates a high isolation for the proposed
dual-band MIMO antenna.

3.2. Diversity Performance

This section presents an analysis of diversity performance of proposed MIMO antenna in terms of
envelope correlation coefficient, diversity gain, and radiation efficiency.

The envelope correlation coefficient is an important metric to study MIMO antenna systems and
can be computed using the far-field patterns described in detail in [18]. The correlation coefficient
ECC(i,j), between the ith and jth antenna elements is calculated and put as the following formula:

ECC(i, j)=

(∮ (
XPREθi(Ω)E∗

θj(Ω)Pθ(Ω) + Eϕi(Ω)E∗
ϕj(Ω)Pϕ(Ω)

)
d(Ω)

)2

∮
(XPRGθi(Ω)Pθ(Ω)+Gϕi(Ω)Pϕ(Ω)) d(Ω)·

∮
(XPRGθj(Ω)Pθ(Ω)+Gϕj(Ω)Pϕ(Ω)) d(Ω)

(1)
In the case of uniform multipath environment, Equation (2) can now be expressed as the envelope
correlation coefficient ECC for two antenna elements:

ECC =

(∮ (
Eθ1(Ω)E∗

θ2(Ω) + Eϕ1(Ω)E∗
ϕ2(Ω)

)
d(Ω)

)2

∮
(Gθ1(Ω) + Gϕ1(Ω)) d(Ω) ·

∮
(Gθ2(Ω) + Gϕ2(Ω)) d(Ω)

(2)

where E1 and E2 are the far-field radiation patterns, generated from ports 1 and 2, respectively.
The diversity gain (DG) from ECC [19, 20] can be calculated to evaluate the MIMO antenna

performance by using Equation (3):
DG = 10 ×

√
1 − |ρ|2 (3)

where ρ is the complex cross correlation coefficient, with

|ρ|2 ≈ ECC (4)

Figure 8. Envelope correlation coefficient and diversity gain of proposed antenna.
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Figure 8 shows the correlation coefficient between the antenna elements of the proposed MIMO
antenna system from far-field radiation patterns. We can notice that the maximum values of correlation
coefficient are 0.07 and 0.04 in the region of resonances and within the acceptable limits. According to
the same figure, the diversity gain for both bands is greater than 9.8 dB, which means that the proposed
MIMO antenna has a good diversity gain performance.
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Figure 9. Simulated radiation efficiency of proposed antenna.

Figure 9 shows the simulated radiation efficiency plots of the proposed antenna. The radiation
efficiency is around 80% across the operating bands.

3.3. Surface Current Distributions

The surface current distributions of presented MIMO antenna at desired frequency bands 7.8 GHz and
14.2 GHz are shown in Figure 10. It can be seen that when port 1 is exited and port 2 terminated with
a 50-Ω load, a strong current appears on port 2 around the particular form inside the radiation patch
and on the single-CSRR in lower band, whereas for upper band, more surface current is induced in a
slit. Thus, both slit and single-CSRR helps to achieve high isolation over the operating dual bands of
the proposed MIMO antenna. This effect remains the same when port 2 is exited and port 1 terminated
with a 50-Ω load.

(a) (b)

Figure 10. Surface current distribution at: (a) 7.2 GHz and (b) 14.2 GHz.
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3.4. Radiation Patterns

The simulated and measured radiation patterns of the proposed MIMO antenna at the frequencies of
7.8 GHz and 14.2 GHz in the E- and H-planes when port 1 is excited and port 2 terminated with a 50-Ω
load are plotted in Figures 11(a) and (b), respectively. Note that the radiation patterns in the H-plane
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Figure 11. Radiation patterns of proposed antenna E-plane (left) and H-plane (right) at: (a) 7.8 GHz,
(b) 14.2 GHz.
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is nearly omnidirectional and identical to radiation pattern of dipole antenna in E-plane, which is quite
suitable for X-band and Ku-band applications. We can also notice that there are some ripples in the
measured pattern compared with the simulated one due to reflections coming from the condition of
measurement and the chamber that was not helicoidal, which reflected waves.

3.5. Performance Comparison

The comparisons of the proposed MIMO array among other referenced designs are listed in Table 2.
We can show from this table that the proposed antenna has high isolation, low ECC, and small size
compared to the reported MIMO antenna.

Table 2. Performance comparison among the proposed (PS) antenna and other MIMO antenna.

Ref.
No

Antenna Size
(mm3)

Number of
Elements Used

Minimum
Isolation (dB)

ECC Sub. εr

P.S 24 × 20 × 1.6 2 22 < 0.07 FR-4 4.4
[21] 50.54 × 21.29 × 1.59 2 18.43 < 0.2 Fr-4 4.4
[22] 25 × 25 × 1.6 4 15 < 0.14 FR-4 4.4
[23] 17 × 42 × 1.6 2 13 < 0.015 FR-4 4.4

4. CONCLUSION

A compact dual-band MIMO antenna for X-band and Ku-band applications has been presented in
this paper. A parametric study has been carried out to show the effect of various parameters on the
performances of the proposed MIMO antenna. Using a single complementary split ring resonator helps
to achieve a significant isolation less than −22 dB in two operating bands (X and Ku). The central
frequency of each band can be easily adjusted by altering the geometrical parameters of corresponding
slit. In addition, the antenna has ECC < 0.04, diversity gain > 9.8 dB, radiation efficiency around 80%,
and stable radiation patterns over the operating bands. Thus, the proposed dual-band MIMO antenna
is an appropriate candidate for X-band and Ku-band applications.
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