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ABSTRACT This paper presents a simple design of a compact 4-port multiple-input multiple-output 
(MIMO) microstrip antenna using polarization diversity technique. The proposed structure consists of four 
monopole elements operating in the fifth generation n79 band (4800–5000 MHz). To achieve good 
performance with a more compact design, the four identical elements are arranged orthogonally to each other. 
The proposed antenna is fabricated using a Rogers RT6010 substrate with a compact size of 28 × 28mm2 
(0.46 𝜆"* 0.46 𝜆"), where 𝜆" is the guided wavelength at the lowest generating frequency. The measured 
results of the manufactured antenna in terms of S-parameters and radiation pattern are in good agreement at 
the operating frequency band. Moreover, the diversity performance of the proposed MIMO antenna is 
evaluated through the envelope correlation coefficient (ECC), the diversity gain (DG), the total active 
reflection coefficient (TARC) and the channel capacity loss (CCL). 

INDEX TERMS CCL, DG, diversity technique, ECC, MIMO antenna, n79. 

I. INTRODUCTION 
he fifth generation (5G) mobile communications systems 
are evolving rapidly to meet a wide range of demands, 

due to their advantages of high channel capacity, high spectral 
efficiency and massive connection density [1]. As one of the 
key technologies in 5G communication systems, MIMO 
technology exploits the use of multiple antennas at each end 
to improve performance reliability and thus allows for a linear 
increase in channel capacity without increasing bandwidth or 
transmission power. The diversity performance of a MIMO 
system is evaluated by studying important parameters such as 
ECC, DG, TARC and CCL. One of the main constraints of the 
MIMO technique is that the integration of multiple antennas 
in a small size increases the coupling in the structure and 
deteriorates the performance of the other parameters. In this 
regard, and to avoid these problems, several techniques have 
been introduced in the literature. Such as the insertion of 
Electromagnetic Band Gap structures (EBG) [2]–[4], 
Defected Ground Structure (DGS) [5]–[7], including the 
neutralization line [8]–[10], using metamaterial structures 
[11]–[13], and etching a slot in the feed lines [14], [15]. Other 
techniques have been proposed in the literature, which consist 
in inserting a parasitic element [16] or a meander-shaped 
resonator [17] between the radiating elements of MIMO 
antenna. 

The objective of this work is to design a low profile of a 
compact MIMO antenna with a high performance using a 
substrate that is characterized by less loss (RT6010) and a 
polarization diversity technique. The evolution process of the 

presented antenna is studied based on the characteristics and 
optimized single-element antenna. To make antenna compact 
and achieve a polarization diversity without using any 
additional decoupling structures, each antenna element is 
arranged orthogonal to each other. The final 4-port MIMO 
antenna has the following advantages: compact size, high 
isolation, low envelope correlation coefficient and easy-to-
fabricate structure. 

II. INITIAL EVOLUTION PROCESS 
The initial evolution process of the proposed MIMO antenna 
design, which contains three steps, is illustrated in fig.1.  
 

Ant.1  Ant.2   Ant.3 
FIGURE 1.  Design evolution of the compact MIMO antenna. 
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The first step (Ant.1) consists of a simple rectangular patch 
feeding with a quarter-wave transformer and a complete 
ground plane. The corresponding results of simulated S11 
parameter of this step by using Computer Simulation 
Technology (CST) Microwave Studio Software are illustrated 
in fig.2. A resonant frequency at 5.54 GHz is generated with -
7.2 dB.  

 
FIGURE 2.  S11 parameter of the initial evolution process. 

 
For the second and third steps (Ant.2 and Ant.3), 

respectively, the insertion of a rectangular slot in the radiating 
element and an inverted L-slot in the ground plane allowed the 
resonant frequency to be shifted towards the desired band and 
improved the S11 parameter (-26 dB). The result of the final 
antenna geometry (Ant.3) shows that the impedance 
bandwidth extends from 4.8 to 5 GHz. 

III. DESIGN OF FOUR-PORT MIMO ANTENNA  
The schematic of the proposed 4-port MIMO antenna design 
dimension is shown in fig.3, which illustrates how the 
proposed patch antennas are arranged in a limited space.  

(a)    (b) 
FIGURE 3.  Proposed four-element MIMO antenna: (a) Front view, (b) Bottom 
view. 
 

The presented antenna is printed on a Rogers RT6010 
substrate (relative permittivity of 10.2, substrate thickness of 
0.635  mm, and loss tangent of 0.0023). To make antenna 
compact and achieve polarization diversity without using any 
additional decoupling structures, each antenna element is 
arranged orthogonal to each other. The structure of the 

presented 4-port MIMO antenna with detailed dimensions is 
shown in fig.3 and the optimal values are presented in table 1. 
 
TABLE I. Optimized antenna parameters 

 Parameters W W1 W2 W3 W4 W5 h 

Values (mm) 28 0.6 1.7 3.56 1.5 4.5 0.635 

Parameters L L1 L2 L3 L4 L5 b 

Values (mm) 28 4 4 8.25 8.5 0.5 2.25 

Parameters b1 a a1 a2 d d1  

Values (mm) 5 2 2 3.3 4.6 10  

IV. EXPERIMENTAL RESULTS AND DISCUSSION 

A. FABRICATION AND MEASUREMENT 
In order to validate the simulated results, the proposed MIMO 
antenna is fabricated using the LPKF Protomat E33 machine. 
In addition, the S-parameters of the prototype MIMO antenna 
are measured by using a Rohde and Schwarz ZVB 20 vector 
network analyzer (fig.4).  

 
FIGURE 4. Proposed Antenna in the step of measuring the S parameters. 
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FIGURE 5.  Simulated and Measured S-parameters S11, S12, S13 and S14. 
The measured and simulated results of the MIMO antenna are in 

good agreement (fig.5) and are summarized in Table 2. 
 

TABLE II. Measured and simulated S-parameters of the proposed antenna. 
  

Proposed MIMO antenna F (GHz) BW (GHz) Isolation (dB) 

Measured 4.93 4.83-4.98 -22.5 

Simulated 4.9 4.8-5.0 -18.2 

 

B. SURFACE CURRENT DISTRIBUTION 
The surface current distribution at 4.9 GHz for the proposed 
MIMO antenna has been described to confirm the decoupling 
between the antenna elements. From the figure 6, we can see 
that the current density is highest around the rectangular slot 
in the radiating element and the inverted L slot in the ground 
plane, reaching a maximum of 424 A/m. Thus, there is no 
current distribution from antenna 1 to the other antennas and 
therefore little or no current transfer between the four 
elements, leading to a good isolation. This result is due to the 
techniques used in the construction of the proposed antenna, 
especially the diversity of polarization. In addition, at the edge 
of the excited patch and on the ground plane, the current has 
to bypass the slots, increasing the current path, which 
ultimately reduces the effect of mutual coupling and increases 
radiation efficiency at the frequency band (4.9 GHz). 
 

 

Figure 6. The surface current distribution of proposed MIMO antenna at 4.9 
GHz 
 
C. RADIATION PATTERN 
The measured radiation patterns of the fabricated MIMO 
antenna are compared with the simulated patterns, as shown in 
fig.7 at the resonant frequency of 4.9 GHz.  

 
(a) 

 
(b) 

FIGURE 7.  Simulated and measured radiation patterns at 4.9 GHz in the 
principal planes: (a) E-plane and (b) H-plane. 

 
The radiation patterns in the H-plane are nearly 

omnidirectional, whereas they are identical to the radiation 
pattern of the dipole antenna in E-plane, which is quite suitable 
for fifth-generation applications. Because of symmetry, the 
measured results are obtained when one port is excited and 
other ports is terminated with a 50-ohm load. 

The measured radiation patterns are mostly very similar to 
the simulated ones but there are some differences between 
them. This discrepancy is due to measurements that were not 
performed inside an anechoic chamber, but in a free space. 

V. MIMO PERFORMANCE PARAMETERS 
MIMO diversity performance can be explicated in terms of 
many parameters such as envelope correlation coefficient, 
diversity gain, total active reflection coefficient and channel 
capacity loss. 
 
A. ENVELOPE CORRELATION COEFFICIENT AND 
DIVERSITY GAIN 
The envelope correlation between the ith and jth antenna 
elements using far-field patterns [18] can be calculated from 
equation (1): 
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Where, X=>	denotes cross-polarization power ratio of the 

propagation environment. In the formula above, 𝐺/(Ω) =
𝐸/(Ω)𝐸/∗(Ω)	and 𝐺5(Ω) = 𝐸5(Ω)𝐸5∗ (Ω) are the power 
patterns of 𝜃	and 𝜑 polarizations, respectively. 𝑃/(Ω) and 
𝑃5(Ω) denote the angular density functions of the 𝜃 and 𝜑 
polarizations, respectively. 𝐸/&(Ω) and 𝐸/((Ω) are the electric 
field patterns of the 𝑖BCand 𝑗BC antenna elements in the 𝜃 
polarization, respectively. 𝐸5&(Ω) and 𝐸5((Ω) are the electric 
field patterns of the 𝑖BC and 𝑗BC antenna elements in the 𝜑 
polarization, respectively. 

In the case of uniform multipath environment: 

 𝑋-. = 1	AND  𝑃/(Ω) = 𝑃5(Ω) =
F
G
 

The envelope correlation coefficient for two antennas can 
be approximated as follow [18]: 
 

𝐸𝐶𝐶 =
H∮H𝐸/F(Ω)𝐸/7∗ (Ω) + 𝐸5F(Ω)𝐸57∗ (Ω)I𝑑(Ω)I

7

∮ H𝐺/F(Ω) + 𝐺5F(Ω)I𝑑(Ω).∮ H𝐺/7(Ω) + 𝐺57(Ω)I𝑑(Ω)
 

 

 

FIGURE 8. The ECC curve. 

 
For a MIMO antenna system with four antenna elements 

(N= 4), the envelope correlations between the antennas i= 1 
and j = 2, 3, 4 are shown in Fig.8, where ECC (1, 2), ECC (1, 
3), and ECC (1, 4) are less than 0.31 which is good enough for 
MIMO applications. 

The diversity gain is dependent on the correlation 
coefficient and can be given by the following approximate 
expression [19]. 
 

DG = 10M1− |𝜌|7     (3) 
 

Where ρ is the complex cross correlation coefficient, and 
|𝜌|7≈ECC 

Fig.9 illustrates the simulated diversity gain of proposed 
MIMO antenna. These curves show that the diversity gain 
from the far-field patterns is about 9.2 dB at the operating 
frequency. 

 

 

FIGURE 9.  The DG curve. 
 
B. TOTAL ACTIVE REFLECTION COEFFICIENT AND 
CHANNEL CAPACITY LOSS 
TARC is calculated using the S-parameters [20] of MIMO 
antenna using the following equation. 
 

𝑇𝐴𝑅𝐶 =
W∑ |YZ|[\

Z

W∑ |]Z|[\
Z

                                               (4) 

 
Where ai and bi is the incident wave and reflected wave 
respectively. TARC is less than −10 dB at the 5G n79 band as 
depicted in fig.10 (a). 

The simulated TARC coefficient of the proposed MIMO 
antenna is less than -10 dB at the frequency band, which is 
required for good MIMO performance. The channel capacity 
loss has been included among the MIMO performance 
parameters, thereby providing details of channels capacity 
losses of the system during the correlation effect. The CCL is 
calculated numerically by the following equations. 
 

𝐶𝐶𝑙 = − log7 𝑑𝑒𝑡(𝜓.)                        (5) 
 
Where 𝜓. is the correlation matrix  
  

𝜓. = e
𝜌FF ⋯ 𝜌F(
⋮ ⋱ ⋮
𝜌&F ⋯ 𝜌&(

i 

 

𝜌&& = 1 − |∑ 𝑆&k∗l
kmF × 𝑆k&|		and		𝜌&( = −∑ 𝑆&k∗l

kmF × 𝑆k(				
for		𝑖, 𝑗 = 1,2…𝑀	
 
ρii and ρij are the correlation coefficients. 
 

In general, it is desirable to have a CCL value less than 0.4 
bits/s/Hz [21] at the frequency band. As shown in fig.10 (b), 
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the CCL is very well at 4.9 GHz and its value is less than 0.05 
bit/s/Hz. 

 

 
(a) 

 
(b) 

FIGURE 10.  (a): TARC and (b): CCL 

VI. PERFORMANCE COMPARISON  
Table 3 summarizes the comparison between the proposed 
antenna and the other antennas reported in the literature. 
 
TABLE III. Performance comparison between proposed structure and other 
MIMO antennas 
 

Ref. 

N° 

Size (mm2) 

 (𝜆") 

MIMO 

elements 

Frequency 

(GHz) 

Minimum 

Isolation 

(dB) 

ECC 

[22] 
80 × 80 

0.12𝜆"*0.12𝜆" 
5 4.5–5.0 15 0.01 

[23] 
80 × 80 

0.94𝜆"*0.94𝜆" 
4 3.5/5.5 18 <0.2 

[24] 
30 × 30 

0.48𝜆"* 0.48𝜆" 
4 4.8–6.0 10 <0.15 

[25] 
112 × 112 

1.93𝜆"* 1.93𝜆" 
4 5.15/5.3 22 <0.15 

[26] 
70 × 70 

0.12𝜆"* 0.12𝜆" 
4 2.5/ 5.5 21 <0.27 

[27] 
56×56 

0.93𝜆"* 0.93𝜆" 
4 4.9 20 <0.01 

[28] 40 × 40 4 4.7–5.1 25 <0.01 

0.63𝜆"* 0.63𝜆" 

P.S 
28 × 28 

0.46𝜆"* 0.46𝜆" 
4 4.9 -18.2 < 0.31 

P.S= Proposed Structure 
 It can be observed that the presented antenna has advantages 
over existing antennas in terms of size and the techniques 
used. As well as the performances of our antenna such as ECC 
and DG are calculated from the far field. 

VII. CONCLUSION 
This paper presented a simple design of a rectangular antenna 
with an inverted L-shaped defected ground structure. The 
proposed antenna was designed to resonate at the resonance 
frequency of 4.9 GHz allocated for the 5G n79 band. 
Furthermore, the proposed antenna has been developed as a 
four-element MIMO array system arranged orthogonally to 
each other, which yields a minimum isolation of 18.2 dB. In 
order to verify the presented idea, a prototype of the developed 
antenna was manufactured and measured. According to the 
measured results, the proposed antenna covers the frequency 
band from 4.83 to 4.98 GHz. The ECC, DG, TARC and CCL 
of the proposed MIMO antenna are also taken into account, 
giving excellent results for MIMO applications. 
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