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MIMO (Multi-Input Multi-Output) systems have become one of the most studied topics in research because 

of its ability to increase the spectral efficiency (capacity) over a limited bandwidth. The use of multiple antennas 

leads to an additional dimension in the degree of multiple access to the network compared to the single-antenna 

case and thus offers an effective solution to increasing data rates for future generations of cellular radioteleph-

ony. In this paper, a 2  6 MIMO antenna array structure is presented. HFSS software is used in the simulation 

process of the designed antenna. The proposed structure covers the frequency band ranging from 1.2 to 6.3 GHz. 

A thin Rogers 5880 RT substrate of 54  60  0.4 mm3 is used to design the antenna. The behavior of the MIMO 

antenna has been studied as a function of a certain number of parameters, namely: the distance separated 

MIMO antenna elements and the radius of the slot in the patch. The results show that the variation of these 

parameters affects the isolation. The design of the proposed antenna is done, by fixing the distance at /2 and 

the radius at 2.25 mm,  in such a manner we get a high isolation between the radiating elements of about 

– 83.8 dB which will provide a reliable anti-interference performance for the system. The outcomes make this 

antenna a potential candidate for 5G application at the sub 6 GHz band. 
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1. INTRODUCTION 
 

In the preceding few years, several applications have 

emerged such as the inevitable cellular telephony, pri-

vate and domestic networks, internet access by satellite, 

satellite positioning systems, satellite television, etc. 

Due to this stupendous growth, telecommunication sys-

tems are limited by a growing need for frequency bands, 

high data rates, latency, etc [1]. These limitations slow 

down the development of new applications whose de-

mand for spectrum resources is constantly increasing. 

Therefore, researchers and engineers in this field have 

joined their efforts to find new solutions to overcome 

these drawbacks, getting faster data transmission and 

high throughput. In order to address the concern, the 

deployment of lower frequencies of 5G NR sub-6 GHz 

and UWB technology are utilized at the present time. 

Nevertheless, UWB technology is mainly affected by 

multipath fading degradation [4]. Hence, MIMO anten-

nas turned up a key solution to meet the multipath fad-

ing. By increasing the number of radiators at both trans-

mitter and receiver sides, there is an excessive improve-

ment in data rate and channel capacity [5]. To fulfill 

these requirements, the communication channels be-

tween the sender and receiver need to be totally uncor-

related 7]. That means multiple radiators in the trans-

mitter and receiver ends should work individually [8]. 

There are two main reasons that increase the channel 

correlation, the first one is the coupling inside the struc-

ture of the antenna called isolation, and can be meas-

ured through the S parameters of the antenna. The  

second factor is the characteristics of the radiation pat-

tern measured through the correlation coefficients of the 
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antenna [10].  

Patch antenna arrays are widely used because of 

their small size, their low weight, a low cost, and their 

easy manufacture. However, they have certain disad-

vantages, in particular the low passband and the dielec-

tric and metal losses, in particular at high frequency, a 

relative low tolerance to manufacturing errors and an 

increased influence of surface waves. One solution for 

limiting dielectric losses and the influence of surface 

waves consists in choosing a substrate with a low loss 

tangent and a very thin thickness, but this leads to fur-

ther reducing the bandwidth. The difficulty of realiza-

tion lies not only in the radiating elements, but also in 

the power supply network. The access lines to the anten-

nas can become very thin, which increases their losses 

and can generate parasitic radiation, with a degradation 

of the radiation pattern of the network, its gain, and an 

increase in the level of the secondary lobes [11]. A 2  4 

MIMO antenna for mm-wave application is suggested in 

[12]. The presented antenna in [12] has high gain width 

dual band characteristics. A network of 8  8 cones con-

sisting of staggered cones studied in the reference [13]. 

This antenna offers a gain of 32 dBi (radiating physical 

aperture of 30 mm  30 mm), corresponding to an aper-

ture efficiency of 28 % and a bandwidth of 29.5 %. Authors 

of Ref. [14] presented a four ports MIMO antenna for 5G 

millimeter waves applications. The antenna was fabri-

cated and tested. Another example of a horn network is 

proposed in the reference [15]. In order to have a higher 

gain, this antenna contains 16  16 radiating elements, 

distributed over a panel of 68.5  82.2  10.1 mm3. The 

bandwidth of this antenna is 25.3 %, with a maximum 
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gain of 40.7 dBi. A phased array of 4  4 cones with an E-

band orientable radiation pattern with a maximum gain 

of 15.2 dBi is presented in [16]. In [17], a defected ground 

four ports MIMO Antenna for 5G Millimeter Wave Appli-

cations is presented. Authors of Ref. [18] suggested an ar-

ray antenna working at 38 GHz covering the USA band. 

This work comprises three sections in addition to an 

introduction. The first will be devoted to presenting the 

design geometry of the 2  6 MIMO antenna. The second 

section will be allocated to the parametric analysis and 

the results of the study will be presented and thoroughly 

discussed. The paper will end up with a conclusion. 

 

2. ANTENNA DESIGN GEOMETRY 
 

In this section, the snapshot of the final MIMO an-

tenna geometry is depicted in Fig. 1(a). The whole area 

occupied by the design is 54  60  0.4 mm3 and is real-

ized on Rogers RT duroid/5870 substrates having a die-

lectric constant and height of 2.33 and 0.4 mm, respec-

tively. The design progression of the required MIMO 

configuration initially starts with the modeling of a sin-

gle-element patch antenna as shown in Fig. 1(b). 
 

 
                                         (a) 

                       
                                             (b)     

 

Fig. 1 – Proposed antenna design; (a) geometry of the 2  6 

MIMO array antenna, (b) geometry of single antenna 
 

All the physical parameters mentioned in Fig. 1 are 

annotated in Table 1. 
 

Table 1 – Antenna parameters 
 

Parameters Value 

(mm) 

Parameters Value 

(mm) 

LA 60 r1 1 

WA 54 L1 6 

L 8 W1 1.2 

W 8 W2 2 

R 2 W3 3.4 

3. MIMO ANTENNA PARAMETRIC ANALYSIS 
 

Design and performance optimization of the MIMO 

antenna is illustrated by showing the effect of such pa-

rameters on reflection coefficient and isolation due to 

the alteration in the dimensions of the radius r and the 

dimensions of the distance d. Hence, in this section, the 

simulated results of these effects on the MIMO antenna 

are carried out, and thoroughly discussed. S-parameters 

and isolation of the optimized MIMO antenna structure 

at d  /2 and r  2 is shown in Fig. 2. 
 

 
                                                (a) 

 
 

(b) 
 

Fig. 2 – S-parameters of the MIMO array antenna; (a) S11 and 

S22, (b) isolation 

 

3.1 Effect of Distance Variation 
 

The effect of variations in the inter element distance 

d on the MIMO antenna parameters is studied and dis-

cussed in this section. First, the inner radius, r is set 

equal to 2 mm and we vary d from λ/2 – 1 to λ/2  1. Sim-

ulation will be carried out for reflection coefficient (S11 

& S22) and isolation. Table 3 summarizes the obtained 

results. As depicted in Fig. 3, the bandwidth of the pro-

posed antenna array did not depend on distance d. There 

is a little shift in reflection coefficient. So, to choose the 

value of d, we have carried out a parameter study re-

garding of isolation. Fig. 4 shows the isolation of the pre-

sented antenna for deferent value of d.  

From Fig. 3, Fig. 4, and Table 3, it can be seen that 

while increasing the distance d from λ/2 – 1 to λ/2  1, the 

MIMO antenna covers the same bandwidth ranging from 
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1.2 to 6.3 GHz, while a satisfactory reflection coefficient 

level of – 29.8 dB and good isolation of – 78.12 dB are 

achieved at a distance of λ/2. Besides, it is shown that 

when d  λ/2 and d  λ/2  1, the presented antenna gives 

reasonable isolation. So, d  λ/2 is the optimal dimension. 
 

 
(a) 

 
(b) 

Fig. 3 – Effect of d on S-parameters (a) S11; (b) S22 
 

 
 

Fig. 4 – Effect of d on isolation 
 

Table 3 – Performance parameters as a function of ‘d’ 
 

Inter ele-

ments dis-

tance 

S11 

(dB) 

Bandwidth 

(GHz) 

Isolation 

(dB) 

d  λ/2 – 1 – 27.3 dB [1.2-6.3]  5.1  – 15 

d  λ/2 – 29.8 dB [1.2-6.3]  5.1  – 50 

d  λ/2  1 – 28.8 dB [1.2-6.3]  5.1  – 45 

 

3.2 Effect of Radius Variation 
 

In this part, we have evaluated the effect of the pa-

rameter r on the behavior of the antenna by fixing the 

distance d at /2 as good results are obtained at this 

value. 
 

 
 

Fig. 5 – Effect of r on isolation 
 

Table 4 – Performance parameters as a function of ‘r’ 
 

Inner 

radius 

S11 

(dB) 

Bandwidth 

(GHz) 

Isolation 

(dB) 

r  2  – 29.8 [1.2-6.3]  5.1  – 50 

r  2.25 – 29.35 [1.2-6.3]  5.1  – 45 

r  2.5 – 29.77 [1.2-6.3]  5.1  – 47.5 
 

From Fig. 6, and Table 4, it is clear that for r  2 mm, 

2.25 mm and 2.5 mm, the antenna offers same value of 

bandwidth. However, it is observed that for r  2.25 mm, 

the system gives good results regarding isolation com-

pared to other cases especially in the operating band. In 

fact, isolation helps in mitigating unwanted coupling. At 

two other values of r, the isolation is weaker while the 

reflection coefficient levels are also not satisfactory. 

Thus, r  2.25 mm has been taken as an optimal value 

for designing the proposed antenna. 

 

4. GAIN 
 

Considering that the operational bandwidth is ex-

tremely broad, it is exceedingly challenging to draw ra-

diation patterns at all frequencies. As a result, the gain 

versus frequency plot shown in Fig. 7 is a far more prac-

tical method to illustrate and justify the directional pat-

tern obtained in Fig. 8. As depicted in Fig. 7, the antenna 

has a peak gain of around 16 dB at 5.60 GHz. 
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Fig. 7 – Gain versus frequency 

 

5. RADIATION PATTERN 
 

Fig. 8 shows radiation patterns at different frequen-

cies (1.7 GHz, 3.5 GHz) for the proposed MIMO antenna, 

obtained from the HFSS software.  
 

 
(a) 

 

 
(b) 

 

Fig. 8 – Radiation patterns at (a) 1.7 GHz, (b) 3.5 GHz 

 

The radiation patterns of the suggested antenna are 

bidirectional. So, antenna could be efficient in radiating 

towards 180 degree and 0-degree directions. 

 

6. SURFACE CURRENT DISTRIBUTION 
 

To further explore the MIMO antenna’s radiation 

mechanism, the current distributions on the surface of 

the MIMO elements are displayed in Fig. 9. The surface 

current distributions are observed at 1.7 and 3.5 GHz. 

As shown, the surface current predominantly distrib-

utes on the whole area whereas more current concen-

tration is seen at the feed line. 
 

 
(a) 

 

 
(b) 

 

Fig. 9 – Current distribution at (a) 1.7 GHz (b) 3.5 GHz 
 

In summary, the suggested MIMO antenna performs 

better than the majority of the MIMO antennas shown 

in Table 5 and strikes a decent balance between band-

width, isolation and miniaturized size. 
 

Table 5 – Performance comparison with previous published  

literature 
 

References Size 

(mm2) 

Bandwidth 

(GHz) 

Isolation 

(dB) 

[19] 40  100 [3.5-3.6] 15 

[20] 160  70 [5.6-5.67] 30 

[21] 60  60 [2.31-4.99] 20 

Proposed 

Antenna 

54  60 [1.2-6.3] 83.8 

 

7. CONCLUSION 
 

In this paper, a high isolation multiple-input multi-

ple-output (MIMO) antenna array is proposed. The de-

signed MIMO antenna system has a wide band ranging 

from 1.2 to 6.3 GHz. The antenna achieves isolation of 

more than – 83 dB and a peak gain of 16 dB. Moreover, 

the 54  60 mm2 sized compact MIMO antenna can be 

appropriate for integration into multiple 5G wireless de-

vices for sub-6-GHz band. 
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Системи MIMO (Multi-Input Multi-Output) стали однією з найбільш досліджуваних тем у дослідженнях 

через їх здатність підвищувати спектральну ефективність (ємність) в обмеженій смузі пропускання. Викори-

стання кількох антен призводить до додаткового виміру в ступені множинного доступу до мережі порівняно 

з випадком з однією антеною і, таким чином, пропонує ефективне рішення для підвищення швидкості пере-

дачі даних для майбутніх поколінь стільникового радіотелефонного зв’язку. У статті представлена структура 

антенної решітки MIMO 2  6. Програмне забезпечення HFSS використовується в процесі моделювання ро-

зробленої антени. Запропонована структура охоплює діапазон частот від 1,2 до 6,3 ГГц. Для розробки антени 

використовується тонка підкладка Rogers 5880 RT 54  60  0,4 мм3. Характеристики MIMO-антени були 

вивчені як функція певної кількості параметрів, а саме: відстані між елементами MIMO-антени та радіусу 

щілини в патчі. Результати показують, що зміна цих параметрів впливає на ізоляцію. Конструкція запропо-

нованої антени виконана шляхом фіксації відстані на /2 і радіуса на 2,25 мм, таким чином була отримана 

висока ізоляція між випромінюючими елементами приблизно – 83,8 дБ, що забезпечить надійну захист від 

перешкод продуктивність для системи. Результати роблять цю антену потенційним кандидатом для засто-

сування 5G у діапазоні нижче 6 ГГц. 
 

Ключові слова: MIMO антена, Ізоляція, Захист від перешкод, DGS, 6 GHz. 
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